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Health of workers exposed to electric fields
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ABsTRAcr The results of health questionnaire interviews with 390 electrical power transmission
and distribution workers, together with long term estimates of their exposure to 50 Hz electric
fields, and short term measurements of the actual exposure for 287 of them are reported. Twenty
eight workers received measurable exposures, averaging about 30 kVm-'h over the two week
measurement period. Estimated exposure rates were considerably greater, but showed fair corre-
lation with the measurements. Although the general level of health was higher than we have
found in manual workers in other industries, there were significant differences in the health
measures between different categories of job, different parts of the country, and in association
with factors such as overtime, working alone, or frequently changing shift. After allowing for the
effects of job and location, however, we found no significant correlations of health with either
measured or estimated exposure to electric fields.

The suggestion that occupational exposure to the
electric fields near power transmission plant might
have adverse effects on human health first began to
be made in the Soviet Union in the late 1960s and
early 1970s. Korobkova et al reported that workers
in new 500 kV switchyards in the Ukraine com-
plained of several non-specific symptoms, such as
tiredness, headache, nausea, and loss of sexual
potency, which wvere attributed to exposure to high
electric fields.' Rules were published in the Soviet
Union which put limits on permissible occupational
exposure to electric fields greater than 5 kV/m. Sub-
sequent studies of comparable scope in the West-
for example Malboysson,2 Roberge,3 Stopps et al,4
Knave et aP5-have found no similar problems
associated with electric field exposure in either
switchyard workers or linesmen.

Nevertheless, if there is one general criticism that
might be made of all studies so far carried out it is
that exposures to electric fields have been in varying
degrees estimated rather than measured directly. In
the present study we have attempted to remedy this
deficiency by including individual exposure meas-
urements for the whole study population. Our aim
has been to relate these exposure measurements
(together with estimates of exposure produced by
local management) to several possible indicators of
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ill health as elicited by a questionnaire interview.
The groups chosen for study consisted of the

non-clerical staff of three Central Electricity
Generating Board (CEGB) transmission districts in
the south west of England and South Wales,
together with a group of similar staff of the South
Wales Electricity Board (SWaEB). The CEGB staff
o,prated and maintained transmission lines and sub-
stations running at 132, 275, and 400 kV. The
SWaEB staff worked with distribution systems run-
ning at 11, 33, 66, and 132 kV; the geographical
area they covered overlapped with that of CEGB
South Wales district. From the nature of their
duties, it was expected that the CEGB groups were
more likely to be exposed to high electric fields than
the SWaEB group.
From a general occupational health point of view,

the interview results contain much interesting mater-
ial, particularly on the health differences between
different jobs. In the present report, however, we
concentrate on the relationships with exposure to
electric fields.

Methods and measurements

For a two week period, closely preceding his ques-
tionnaire interview, each subject wore a simple
single channel electrochemical exposure meter
strapped to his upper arm. On interrogation at the
end of the period, it gave a single measure of inte-
grated exposure to all field strengths above about
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360 volts per metre. Sometime earlier, estimates
had been made of the percentage of his working
time that the man had spent exposed to low,
medium, and high field strengths during the past six
months and also during the past 15 years.
The interview questions, about 150 in all,

included several directly related to symptoms of the
type originally reported from the Soviet Union.
They were administered by CEGB nurses, specially
trained in a standard interview technique and
methods of coding the responses.
The interviews and exposure assessments were

carried out quite separately so that people collecting
one set of data were prevented from being
influenced by a knowledge of the other set. The two
separately coded data sets were brought together for
analysis at Oxford. This procedure incidentally
helped to maintain confidentiality of the information
and was known to the respondents.

Within the four districts studied 540 men were

identified as potential subjects. Of these, 484 agreed
to participate, although in several cases the inter-
view or exposure assessments were unsatisfactory
for one reason or another. A systematic bias towards
low ill health scores was apparent in the question-
naire responses elicited by one of the nurses and it
was thought safer to omit all 65 subjects interviewed
by her from the analysis. (Interviewer differences
were checked by ensuring that two nurses operated
in each district and one of the nurses operated in all
districts.) In 18 cases exposure measurements were
not obtained and in two cases the measurements
were rejected as faulty at an early stage. (In one case
the meter was faulty and in the other the value was

suspiciously high (more than 1000 kVm-' h) and the
man's work history over the measurement period
made it unlikely that he had been appreciably
exposed.) For a further nine subjects exposure esti-
mates were not obtained.
As many as possible of the meters (72 of 92 origi-

nally deployed) were recovered at the end of the
study. Several had faults that had not been detected
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at the outset. If this was the case or if the meter
could not be recovered, the exposure measurements
were rejected: 112 measurements were thus lost.
Analyses have been conducted including these
doubtful measurements, but they do not alter the
conclusions given below.
There are no other lost data. With regard to

exposure measurements, therefore, the present
findings are based on 287 subjects; with regard to
exposure estimates, they are based on 390 subjects
and, for health interviews alone, on 399 subjects.
Jobs were classified into five main categories; fitters,
linesmen, engineers, substation attendants, and mis-
cellaneous others.* Table 1 gives the distribution of
subjects between the various jobs and districts.

Exposure assessments

MEASUREMENT TECHNIQUE
In this context the term " exposure" has no generally
agreed definition. Nevertheless, in their study of
Ontario Hydro transmission workers, Stopps and
Janischewskj used a parameter that combined field
strength (E) and duration (t) in the simplest possible
way-that is, exposure = fE dt.4 A similar parame-

ter had been suggested by Deno in conjunction with
his design for an -electrochemical "dosimeter."6
Whereas this method of quantifying exposure is
convenient, it should be emphasised that there is
little evidence for supposing that it has any

significance in terms of biological effects-for
example, that long exposure to low fields is in any
way equivalent to short exposure to high fields.

*Substation attendants: take instrument readings, operate switches
and other equipment about a substation. Linesmen: repair and
maintain overhead power lines; (no live line work is undertaken in
the United Kingdom at voltages of 132 kV or more). Fitters: repair
and maintain equipment and plant in substations. Engineers: have
a mainly supervisory role, partly office based and including on site
inspections of lines and substations. Others: include messengers,
drivers, painters, etc, who may on occasion spend time near ener-
gised equipment.

Table 1 Distribution between the various jobs and districts ofsubjects with measured or estimated exposure to electric
fields or both

District Substation Fitters Engineers Linesmen Others Totals
attendants

South Wales Measured 6 10 15 5 14 50
Estimated 9 21 25 11 22 88

Severn and Measured 26 35 32 9 14 116
Thames Estimated 28 39 36 15 22 140

SWaEB Measured 4 39 16 16 46 121
Estimated 5 51 21 22 63 162

Totals Measured 36 84 63 30 74 287
Estimated 42 111 82 48 107 390

Note that the propo'tions iL different jobs differ significantly between the districts. CEGB Severn and Thames districts have been
amalgamated for the analysis.
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We used a miniature version of the Deno dosime-
ter in the present study. It weighs about 15 g and
comprises two parallel copper plates, 44 mm square
and 10 mm apart mounted in the base and lid of a
plastic box about 50 mm square and 13 mm deep.
Displacement current flowing between the plates is
full wave rectified by a passive diode bridge and
passed through an electrochemical storage cell
(Plessey E-cell). During exposure, silver is plated on
to a central gold electrode in the cell in proportion
to the charge passing. Read out is accomplished by
passing a controlled current for a measured time in
the reverse direction until removal of all the plated
silver is signalled by a sharp rise in voltage across the
cell.

Laboratory tests established that the meters did
not respond to field strengths less than about 150
V/m, this field being necessary to establish the for-
ward voltage drop across the diode bridge. For grea-
ter field strengths, the response was linear at 34
,uC/kVm-' h* with a standard error of about 5%.

In use, the meter was worn facing outwards on the
subject's upper arm, held outside the normal clo-
thing in an armband sleeve incorporating an inside
facing layer of conducting fabric to improve capaci-
tive coupling to the subject's body. When worn in
this way by different subjects standing upright in a
uniform vertical electric field, the meters gave an
average response of 82 ,uC/kVm-' h, corresponding
to an effective field enhancement factor (the factor
by which the strength of the local field near the body
surface exceeds its unperturbed value) of about 2-4.

Individual subjects of different height and build,
however, gave mean responses up to 20% above or
below this average, and individual readings were
themselves subject to considerable variability on dif-
ferent occasions, due partly to differences in clo-
thing and footwear and partly to the precise way the
armband was worn and the way the meter was
positioned within it. For a given subject standing
upright, the standard deviation of calibration read-
ings taken under similar exposure conditions was
about 20%. For practical reasons, however, the
overall average response of 82 ,uC/kVm-' h quoted
above was assumed throughout the survey, with no
allowance for individual subject variations or post-
ures or for possible non-uniformity of the actual
field configurations that might have been encoun-
tered.
As a result of polarisation effects within the elec-

trochemical cells, the minimum "zero-exposure"
read out was about 150 ,uC and over a two week
period this figure tended to drift upwards, although
the "noise" thus introduced was effectively non-

*Microcoulomb per kilovolt per metre hour.
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additive in the presence of moderate genuine expos-
ure. Read outs from a group of 64 meters, left for
two weeks in zero electric field in a metal enclosure,
ranged from 170 ,uC to 500 ,uC and closely followed
a log/normal statistical distribution. Assuming this
distribution to hold, a value of 540 ,uC (three stan-
dard deviations above the mean and therefore likely
to occur less than once during the whole survey) was
adopted as the threshold for reliable detection of
exposure. The corresponding exposure value is 6-6
kVm-' h.*

MEASUREMENT RESULTS
The most striking feature of the measured exposures
is their generally low level compared with prior
expectations or the estimates. Of the 287 subjects
included in the analysis, only 28 received exposures
above the 6.6 kVm-' h threshold of reliable detec-
tion. These individuals are listed in table 2.
The most heavily exposed group were in the

CEGB South Wales district, with 13 subjects out of
50 recording above the threshold and the largest
exposure being 242-6 kVm-' h. The least exposed
group were the SWaEB distribution staff, also in
South Wales but working exclusively with lower vol-
tage systems (132 kV and below). They registered
exposure in only two cases out of 121, and the most
exposed individual recorded only 11-6 kVm-' h
over the ten working days.

COMPARISON WITH ESTIMATES
In considering the above results, it comes as no sur-
prise to find that distribution staff (the SWaEB
group) were rarely exposed. They had been included
in the survey with this expectation. What is surpris-
ing is the comparative rarity of exposure among the
transmission staff. Of the 166 measurements, only
26 exceeded the detection threshold, their average
being 3 19 kVm-' h per working day.
The exposure estimates made in the present study

suggest average exposures considerably greater than
those indicated by the measurements. The estimates
were made by a senior engineer in each district on
the basis of his own records and personal knowledge
of the work histories of the men concerned. They
were guided by electric field maps of typical substa-
tion and overhead line environments and were made
in terms of subjective judgments of the percentage
of the man's working time spent in three. bands of
field strength: 1-5-5-5, 5.5-9-5, and >9.5 kV/m for

*In an attempt to reduce bias due to noise, 41 of the later meas-
urements were made differentially, with preinjected meters. Their
median value was 3-6 kVm ' h less than that of the remainder.
This difference was added individually to all such differential
results below the 6-6 kVm h threshold before combining them
with the general pool for analysis. In only one case did this raise a

result from below the threshold to above it.



Table 2 Cases ofexposure to 6-6 kVm ' h or more over ten working days

Job District Main actvities/environment Exposure
(kVm-' h)

Eng S Wales Power stn, 275/132 kV substn 74 5
SWaEB 132 kV overhead lines (OHL) 7-7

L Thames Routine maintenance, 400 kV OHL 8-2
Thames Routine maintenance, 400 and 132 kV OHL 8-7
Thames Insulator cleaning, 400 kV OHL 56 8
S Wales Earth wire maintenance, 275 kV OHL 34 1
S Wales Earth wire maintenance, 275 kV OHL 6-8
SWaEB Line patrol, 33 kV OHL 11-6

SSA Thames 400 kV substn 8-3*
Severn 275 kV substn 12- 1
S Wales 275 and 132 kV indoor and outdoor substns 7-3
S Wales 400 kV substn 19-3
S Wales 400 kV substn 25 0

F Thames 400 and 275/66 kV substn 23-7
Thames Insulator cleaning, 400 kV substn 29-4
Thames Cct-breaker maintenance, 275 kV substn 7-1
Thames Construction work and transformer maintenance, 275/66 kV substn 14-0
Thames Cct-breaker maintenance, 400 kV substn 10-2
Thames Insulator cleaning and general duties, 400 kV substn 31-5
Thames Scaffolding and compressor maintenance, 400 kV substns 14-9
Severn Various duties, 400, 275, and 132 kV substns 7-3
S Wales Busbar maintenance, 275 kV indoor substn: cct-breaker maintenance, 132 kV substn 15-2
S Wales Various duties, 400 and 132 kV indoor substns 75-6
S Wales Wiring modifications, 275/132 kV substn 12 9
S Wales Piotection tests, 400 and 132 kV indoor substns; cct-breaker tests, 132 kV substn 242-6

Other S Wales Foreman: supervising cct-breaker maintenance, 132 kV substn 43-4
S Wales Painter, 400 kV substn 11-5
S Wales Mate, building work, 400 kV substn: cct-breaker maintenance, 275 kV indoor substn 30-1

Eng = engineers, L = linesmen, SSA = substation attendants, F = fitters.
*Includes 3-6 kVm' h "compensation" for differential measurement.

periods of six months and 15 years before the meas-

urement survey. Averaged results are given in table
3.
Although the average of all 287 meter readings

was 6-32 kVm-' i over the two week period, the
estimates (for 390 subjects) would yield approxi-
mate corresponding averages of 79 kVm-' h
(6 months) and 61 kVm-' h (15 years). Neverthe-
less, despite the quantitative differences, the esti-
mates and measurements do show some correlation
with each other, particularly in the medium field
ranges (see also table 9).

In studies carried out elsewhere estimated expos-

ures for comparable staff have also been rather grea-
ter than our measured values. Knave et al in Sweden
estimated typical exposures for substation workers
on the basis of measurements made with portable
multichannel dosimeters.5 They concluded that
significant periods were spent in fields exceeding
5 kV/m. Although the form of their published data

does not allow precise calculation, the figures
quoted suggest overall average exposures an order

of magnitude greater than those measured in the

present study.
On the basis of brief measurements made during

live line working, Stopps et al estimated that Ontario

Table 3 Average measurements and estimates ofexposure for the whole population andfor those with measured exposures
above the threshold of reliable detection. (Standard deviations in parentheses)

Exposure meter Estmated percentage of working time spent in three ranges of field
readings over strength (kVlm)
2 weeks
(kVm h) Over past 6 months Over past 15 years

Low Medium High Low Medium High
(1-5-5-5) (5-5-9-5) (>9-5) (1-5-5-5) (5-5-9-5) (>9-5)

Average for whole population (287 for 6-32 10-66% 6-24% 1-52% 8-24% 5-10% 0-99%
measurements, 390 for estimates) (16-18) (16-19) (10-96) (4.63) (14.22) (9-53) (2.94)

Average for those measured above 30-35 5-63% 15-03% 2-21% 4-29% 12-05% 0-98%
6-6 kVm-' h (28 for measurements, (45.83) (9.99) (15-31) (6.49) (8.09) (16-28) (2.32)
26 for estimates)
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Hydro linemen averaged 6 9 kVm-' h a day.4 Our
six " exposed" linesmen averaged only 2*10 kVm- ' h
a day, although it should be borne in mind that
CEGB staff do not undertake live line work. The
Ontario study quotes an average exposure of 12-7
kVm-' h a day for station workers (who would be
classed as fitters in the present study) also based on a
combined measurement and estimation approach.
Our 12 "exposed" fitters averaged 4 04 kVm-' h a
day with an overall average for fitters (even assum-
ing all the "non-exposed" to be at the detection
threshold) of only 1 14 kVm -I h a day.

INTERVIEW MEASURES
In looking for possible effects of exposure attention
should be concentrated on the ten main health
scores listed in table 4. Five of these (Nos 5-8 and
their total No 9) are based on 25 of the original
questions in the interview; these questions were
modified from the Middlesex Hospital Question-
naire (MHQ) (Crown and Crisp7'). That question-
naire has been shown to give higher scores in people
assessed as ill by more thorough medical examina-
tion than it does in the general population; it has
been slightly modified for use in industrial rather
than hospital populations by Broadbent and Gath9;
see also Broadbent."' The revised version has again
been checked by ourselves against independent
examination of a series of patients to make sure that
the four scores are related to the assessment that
would be given by direct medical interview. The four
scores are of anxiety (0-14), depression (0-14),
somatic (bodily) symptoms (0-14), and obsessional
symptoms (0-8). The questions, as it happens, do
not ask about headaches, which are often mentioned
in connection with exposure to electric fields; each
man was therefore asked to assess his own experi-
ence of headaches in the past six months on a scale
0-3. For completeness, the man was also asked to
recall the number of visits to the doctor in the past
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six months, whether he had taken any medicine on a
prescription in the same time (yes/no), and whether
he had taken any unprescribed medicine regularly or
frequently (yes/no).

Finally noted in table 4 is a measure of cognitive
failure-that is, of the frequency of minor episodes
of forgetfulness or inattention. This was based on 25
questions, each scored with a maximum of four, so
that the score used has a maximum of 100. This
measure was first included in industrial studies as a
measure of effects of conditions; but it now seems
more likely that it is actually a pre-existing charac-
teristic of the individual that makes him more vul-
nerable to other conditions." This means that
people with high cognitive failure tend to be those
who show ill health in other ways when conditions
are difficult; but they do not show more cognitive
failures in bad rather than in good conditions. The
measure has nevertheless been examined in this
study as electric fields might have some effect on
cognitive failure even if other conditions do not.
Table 4 shows the intercorrelations of the various

health measures; many of them are positively
correlated-that is, people who report headaches
also tend to have high depression scores, and so on.
This is particularly true of the MHQ measures, and
for many purposes the total MHQ score may be
used as a typical measure of ill health.
The fact that the average measures for the whole

population are low should also be noted. That is, this
group is in general fit rather than unfit. Average
scores of less than one on anxiety, depression, and
obsessional symptoms are creditable. Table 5 com-
pares the average values of several dependent vari-
ables for the current sample with previously
obtained corresponding values for samples of car
production workers and Health Service manual
workers. It will be seen that on every measure the
electricity workers show the healthiest score; on
every measure the difference from car production

Table 4 Correlations between a number ofindices ofpoor health

10 9 8 7 6 5 4 3 2 1
Cognitve Total Depression Somatic Obsessional Anxiety Headaches Unprescribed Prescribed Doctor
failure MHQ symptoms symptoms medicines medicines visits

1 Visits to doctor 0-100 0-294** 0257** 0-315** 0-121* 0-267** 0-196** 6-080 0567**
2 Prescribed medicines 0133 0-199** 0-187** 0-229** 0059 0.170** 0-168** 0-002
3 Unprescribed medicines 0-143* 0-145* 0-105 0-100 0.136* 0-150* 0-192**
4 Headaches 0-228** 0-298** 0-291** 0-293** 0-142** 0.258**
5 Anxiety 0-466** 0-882** 0-693** 0-648** 0-612**
6 Obsessional symptoms 0.433** 0-775** 0.518** 0.552**
7 Somatic symptoms 0-383** 0-864** 0-632**
8 Depression 0-342** 0-838**
9 Total MHQ (5-8) 0-481**
Average value for each

variable 31-29 3.79 0.74 1-31 0-83 0-92 0-52 0 37 0 40 1-10
(Standard deviation) (11-03) (4.86) (1-30) (1.72) (1.20) (1-53) (0.71) (0.48) (0.49) (1.46)

Notice that many are significantly correlated-that is, the same people visit the doctor and also feel depressed or have headaches. Any value above 0.12
indicates a relationship unlikely to be due to chance. * p < 0 05, ** p < 0-01.
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Table 5 Average values ofseveral health indicators for the
present and for other samples

Variable Car workers Health service Electrical
(all on manual workers (all
production workers (22 399 interviewed)
190 in two in several
plants) South Midlands

hospitals)

Visits to doctor 1-41* 1-23 1-09
Anxiety 2-28** 1-68** 095
Somatic symptoms 2-28** 2-32** 1-31
Depression 1-93** 1-59** 077
Job dissatisfaction 1-41** 0-76 0-64
Cognitive failure 35-71** 32-43 31-38
** Difference from electrical workers significant with p < 0-01.
* Difference significant with p < 0 05.

workers is significant, usually enormously so, F
being over 30 for the three MHQ scales. On the
MHQ scales the differences from the Health Service
workers are also significant.
The present study also included several other

questions, many of them concerning features of the
job itself other than exposure. These yielded 64
scores in all. Most of those featured in the tables or
discussed in the text are self explanatory, such as the
hours of overtime worked each week in the previous
month or the amount of physical work done. One
measure that perhaps needs clarification is the
degree of discretion in the job; this is the sum of
several questions used by Karasek'2 13 which ask the
person about the amount of control he exercises
over his work. Jobs with high and low discretion are
known to differ in various indices of health.

Analyses performed

In examining relations to measured exposure the
actual meter readings, regardless of level, were ini-
tially used as the score for each man. As noted ear-
lier, however, readings up to 6-6 kVm-' h should
probably be regarded as the noise in the measure-
ment system. We shall see evidence later that sup-
ports this view. For later analyses, therefore, we
divided men into "exposed" and "non-exposed"
using this level of 6 6 kVm-' h as the cutting point.
The following analyses were carried out.
(a) Product-moment correlations were calculated

over the available populations for all the variables
concerned-that is, not only the seven exposure
indices and the ten main measures of health effects
but also the 64 other measures relating to features of
the job.

(b) The population for whom measurements were
available was then split into those with exposures of
6-6 kVm-' h or over (28 men) and the remainder
(259 men), and the two groups were compared on
the average value for each of the other 80 variables.
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This was because of the possibility that differences
in measured exposure might ;at the lower levels be
simply random error. For the same reason, the cor-
relation matrix of (a) was recalculated for the 28
exposed men alone.

(c) Because job and geographical district
appeared to be related to exposure, the men were
divided according to the five categories of job and
the three geographical districts. Within each of the
15 cells thus formed the exposed men were sepa-
rated from the non-exposed. A three way analysis of
variance was then performed, separating the effects
of exposure, district, and job and correcting each for
the effects of the other two (SPSS "classic"
approach, options 7 or 8).' The dependent meas-
ures examined in this way were total MHQ, each of
the subscales, cognitive failure, job dissatisfaction
(scale 0-3), headaches, personal problems (0-2),
and the taking of unprescribed medicine.
These analyses examine effect of exposure cor-

rected for job and district. It could be argued, how-
ever, that the main effects should be corrected for
interactions (changes in the size of one effect in the
presence of another). Analyses were therefore per-
formed using this technique (SPSS option 9)14 for
total MHQ, cognitive failure, and job dissatisfac-
tion.

(d) As a further precaution, two way analyses of
variance were conducted extracting only jobs or
only districts, thus decreasing the number of empty
cells. Correlations between exposure indices and the
dependent measures were also calculated separately
for each geographical area. Lastly, the mean scores
in each of the job/district cells were correlated with
other features of that cell, such as the hours of work
and the number of recent changes of shift.

Results

OVERALL CORRELATIONS
Table 6 shows the correlations of each of the depen-
dent measures with the exposure measures for the
whole study population. It can be seen at once that
this table shows no significant correlations with the
recorded exposure readings.

Relations with the estimated exposures are also
predominantly negligible, only six of the 60 correla-
tions being statistically significant. Furthermore,
three of these are in the direction of more exposed
men having fewer symptoms. The three positive
ones are the correlation of frequency of visits to the
doctor with estimated 15 year exposure to low fields,
and of taking unprescribed medicine with estimated
six month and 15 year exposures to low fields, the
relationships reversing for medium and high fields.
As we shall see later, the most plausible explanation



Table 6 Correlations between measured and estimated exposures and each of the indices of poor health for all available
respondents

Measured Six month estimates for field ranges: Fifteen year estimates for field ranges:
exposure
(all readings) Low Medium High Low Medium High

1 Visits to doctor 0-006 0-036 -0-033 0-006 0.111* -0.049 0-013
2 Prescribed medicines 0-007 -0-040 -0-102' -0.032 0-015 -0.063 -0.041
3 Unprescribed medicines 0-071 0 190* -0 167" -0.046 0.171'' -0.238"* -0.032
4 Headaches 0-045 0063 0009 0.045 0-077 -0.046 0040
S Anxiety 0-104 -0-006 0.037 0 050 0-023 0 004 0-039
6 Obsessional symptoms -0 001 -0.023 0-072 0045 -0.015 0-075 0.016
7 Somatic symptoms 0-089 0 011 0.014 0-049 0-045 0-020 0-008
8 Depression 0.012 -0.015 0.051 0.021 0.058 0.069 0.057
9 Total MHQ 0.067 -0.008 0.049 0-050 0-036 0.047 0.035
10 Cognitive failures 0-071 0074 0.002 0.082 0.006 0.032 0.042

A significant result would be detected if the value reached 0- 138 for the measurements and 0- 1 for the estimates-that is 1% of variance.
* p < 0.05,'** p < 0-01.

Table 7 Some examples ofsignificant correlations with indices ofpoor health that do appear

Reported personal Time working Amount of recent No of recent shift Inability to correct
problens alone overtime changest mistakes

1 Visits to doctor 0-151* - - -
2 Prescribed medicines 0-117* - -
3 Unprescribed medicines - - 0-198** - 0-211*
4 Headaches 0-168** - - -

5 Anxiety 0-183** - - 0-427* 0-132*
6 Obsessional symptoms - - - 0-379* -

7 Somatic symptoms 0-118* 0-123* - - -

8 Depression 0-232** - - 0-421* -

9 Total MHQ 0-185** 0-122* - 0-419* -

10 Cognitive failures - - - - 0- 132*

* p< 0-05, ** p < 0.01.
tFor the 33 shift workers only.

of these paradoxical relationships is that exposure
differs in different jobs; we would not argue that
exposure to electric fields makes people healthier.
As some indication of the sensitivity of the study,

table 7 shows a few of the factors that did appear to
be significantly correlated with some of the health
indices. As can be seen, associations were picked up
with such factors as personal problems, working
alone rather than in company, or (particularly)
working long hours and having recently changed
shift.

In addition to the ten main health indices pre-
sented all other available variables were examined
for possible relations with measured or estimated
exposure. The only ones showing some correlation
were those characterising the job itself. Thus, for
instance, no correlations with number of male chil-
dren, use of leisure, or anything of that sort were
significant. Estimated exposure was, however, corre-
lated with the amount of physical work in the job,
with absence of discretion in the way it was done,
with inability to control the duration of restbreaks,
and so on. The people who were thought to receive
exposure had very different work from the others.
A point requiring particular attention is that

measured and estimated exposures did not correlate

well with each other; not one of the six estimates
was significantly correlated with the actual exposure
readings. As the distribution of exposure readings
was heavily skewed, product-moment correlations
are suspect. Furthermore, it was thought that much
of the variation in those measurements less than 6-6
kVm- ' h was attributable to noise and only readings
above that value were truly due to exposure.
Accordingly, we proceeded to the second analysis.

COMPARISON OF EXPOSED AND NON-EXPOSED
GROUPS
When the correlation analysis was repeated on the
exposed men only, no special fresh findings
emerged, apart from a single significant positive cor-
relation between estimated 15 year exposure to high
fields and frequency of visits to the doctor (see
table 8).

Nevertheless, the separation into two sharply dis-
tinct groups did indeed find several factors to be
different for the exposed and non-exposed men and
these are shown in table 9. The exposed men do jobs
with greater physical work, travel more, have less to
remember, and normally do less overtime. The dif-
ference in estimated recent exposure is particularly
satisfactory because it increases confidence in both
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Table 8 As for table 6, but restricted to the 28 (26 for estimates) subjects whose exposure measurements were above the
detection threshold of6-6 kVm- h

Measured Six month estimates for field ranges: Fifteen year estimates for field ranges:
exposure
(above noise Low Medium High Low Medium High
only)

1 Visits to doctor 0-090 0-146 -0-110 0-323 0-236 0-032 0-392*
2 Prescribed medicines 0-117 0-268 -0-054 0-275 0-359 0-091 0-324
3 Unprescribed medicines 0-241 0-026 -0 425* -0-110 0-039 -0-474* -0-196
4 Headaches 0-233 0-140 -0-183 -0-056 0-136 -0-058 -0-091
5 Anxiety 0-155 -0-098 -0-089 -0-009 -0-111 -0-120 -0-070
6 Obsessional symptoms -0.119 0-120 -0 005 0-075 0-228 -0-016 -0-053
7 Somatic symptoms 0-143 0-005 -0-025 0-149 0-097 0-040 0-058
8 Depression -0-045 0-030 0-036 0-103 0-048 0-019 0-099
9 Total MHQ 0-049 0-031 -0-027 0-085 0-063 -0-024 0-007

10 Cognitive failures 0-093 0-124 -0-134 0-047 0-186 -0-163 -0-102

A significant result for this smaller sample requires a correlation coefficient greater than 0-39.
* p < 0.05, ** p < 0.01.

Table 9 Some differences in average values ofmeasures
for the exposed (>6-6 kVm- ' h) and non-exposed groups

Variable Measure of Measure of Significance
28 exposed 259

non-exposed

Amount of physical
work 1-43 0-92 p < 0-01

No of shift changes
in past 3 days 1-67 0-87 Insignificant

(only 33 men
doing shift work)

Amount of time spent
travelling 1-68 1-35 p < 0-05

Proportion saying they
often work
overtime 0-18 0-41 p < 0-05

Amount and variability
of what has to be
remembered 1-00 1-31 p < 0-05

Total MHQ 4-89 3-67 Insignificant
(difference
would need to
be 1-89 for
significance)

Measure of Measure of
26 exposed 253

non-exposed
6 months estimated
exposure to medium
fields 15-03 5-43 p < 0-05

the estimates and the measurements.
The appearance of these significant differences

once we separate out those with definite measured
exposure is possibly due to the skewness of the dis-
tribution of actual meter readings and it lends
weight to the argument that the lower readings are

largely spurious. The difference in total MHQ scores

between the two groups, however, is numerically
only about two thirds the size necessary to achieve
significance. Therefore, although we have a clear
difference in the types of job done by the exposed
men, there are no definite indications about their
health and there is a need for further analyses.
As we shall see later, these analyses will make us

conclude that there is no evidence for effects of
exposure on health; the insignificant difference in
MHQ scores between exposed and non-exposed is
accounted for by differences in job and district.
Before drawing a negative conclusion, however, it is
proper to explore the devirls advocate hypothesis
that some contaminating factor is concealing an
effect of exposure. One such factor might itself be
the nature of the job done by an individual. If, for
instance, exposed workers were in jobs that were in
other ways healthier, that might explain the absence
of overall effects on health.

DIVISION OF SAMPLE BY DISTRICT AND JOB
In fact, the number of people exposed is related to
the category of job they do and to the district they
come from (p < 0-01 in each case) and this confirms
the differences in job related factors found already.
Therefore, we proceeded to split up the sample by
job and by district, amalgamating the adjacent
CEGB Severn and Thames districts to maintain
adequate numbers in each of the 15 resulting sub-
divisions, which are shown in table 10, together with
the mean total MHQ score for each cell.
When the numbers of cases in each cell are

unequal, as in these data, there are several possible
methods of analysis. Each makes slightly different
assumptions and these assumptions are debatable.
For example, should one test the effect of factor A
only after eliminating that of factor B, or should one
correct each for the other? We thought it best,
therefore, to try several of the most plausible
options, so that the conclusion would not rest on any
particular assumption. In the first instance, analysis
of variance was carried out correcting the effects of
exposure, district, and job each for the effects of the
other. The resulting F values are given in table 11.

It is immediately obvious that there are major dif-
ferences between districts; of the ten measures
shown, all but one (the number of personal prob-
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Table 10 Numbers ofexposed (>6-6 kVm' h) and non-exposed subjects in various jobs and districts, together with the
average MHQ score for each group

Substation Fitters Engineers Linesmen Others Totals
attendants
No MHQ No MHQ No MHQ No MHQ No MHQ No MHQ

South Wales Exposed 3 17-67 4 5 75 1 1-00 2 9-50 3 3-67 13 8-23
Non-exposed 3 10-00 6 8-83 14 5 29 3 8-00 11 5-82 37 6-62

Severn and Exposed 2 1-50 8 3-25 0 - 3 0 00 0 - 13 2-23
Thames Non-exposed 24 4.00 27 3-59 32 2-63 6 1-50 14 2 50 103 3-12
SWaEB Exposed 0 - 0 - 1 0-00 1 1-00 0 - 2 0 50

Non-exposed 4 3-00 39 3-82 15 3-27 15 4-47 46 2 35 119 3-23

The proportion of exposed men is significantly different between districts and between jobs. Note that in most cases the MHQ score
indicates poorer health for the non-exposed group.

Table 11 F values for effects ofexposure, district, and job, each corrected for the other but not for interactons

Factors Measured exposure District Job
Degrees offreedom 1 and 262 2 and 262 4 and 262

1 Job dissatisfaction 0-818 (NB) 11-420** 0-782
2 Personal problems 0-244 1-316 0-156
3 Unprescribed medicines 0-341 (NB) 39-484** 1-055
4 Headaches 0 715 (NB) 4-326* 2-252
5 Anxiety 0-024 (NB) 7-696** 1-979
6 Obsessional symptoms 0-074 10-487** 1-706
7 Somatic symptoms 0-905 (NB) 13-729** 2-530*
8 Depression 0.549 (NB) 16-140** 3-364**
9 Total MHQ 0-278 (NB) 16-927** 3.003*
10 Cognitive failure 0-377 3-960* 1-822

* p < 0-05; ** p < 0.01.
(NB) indicates corrected means differ by exposed group having lower mean. Job dissatisfaction and personal problems have been given,
rather than visits to doctor and prescribed medicine as in other tables, because the latter measures showed no effect of any factor.

lems) give significant effects. In each case the CEGB
South Wales district is, in fact, the highest; possible
reasons will appear later. Differences between jobs
are also prominent; two of the MHQ measures and
the total MHQ score give significant differences, the
substation assistants and fitters having the most
symptoms and the "others" the least.

If we now turn to the effects of measured expo-
sure, however, we find that not one of the ten vari-
ables shows a significant difference. Furthermore,
the correction has actually reversed the difference
between exposed and non-exposed in the uncor-
rected means for total MHQ (table 9) and for cer-
tain other scores. Thus it is not merely that these
differences fail to reach the level of significance;
numerically, they are in the direction of greater
health for exposed men. Because of the dependence
of corrected means on the exact assumptions used in
their calculations, they are not shown in table 11;
but the measures are marked that give reversed dif-
ferences when corrected.

EXTRA PRECAUTIONARY ANALYSES
The analyses of variance based on different assump-
tions, and the two way analyses, all came to the same
conclusion as the main ones. Similarly, correlating
the exposure indices (both measurements and esti-
mates) with the dependent measures separately

within each district required no change in the nega-
tive conclusions reached over the whole sample.
Correlating mean MHQ in a job/district cell with
other properties of that cell showed that the exposed
men tended to come from cells which seemed to
have poor health in general; the proportion of
exposure in a cell correlated not only with the mean
MHQ of the exposed men (tau = 0.66), but also
with that of the non-exposed men (tau = 0.56). We
therefore considered the hypothesis that in those
cells there might be some exposure that was not
shown either by estimate or by measurement in one
sample of two weeks; however, there seems no need
to believe this, because those cells are also high in
other factors that are known to impair health. For
example, the mean MHQ of the non-exposed men
in a cell is correlated (tau = 0.52) with a measure of
the abnormal overtime that has been worked in that
cell in the past month. It seems in fact that exposure
is tending to occur in job/district combinations
where operational problems are causing extra load
on the staff, and this is reflected in the MHQ scores
even of the non-exposed men.

Conclusions

We have found no evidence in the transmission and
distribution staff studied for health effects of occu-
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pational exposure to electric fields, whether meas-

ured or estimated. Naturally some caution must be
used in drawing inferences from this result. Firstly, it

may be that there is an effect of electri fields, but
that it is on some aspect of health we have not
studied. Secondly, it is conceivable that there could
be an effect at higher levels of exposure. Thirdly, it
is possible that there is an effect only on certain
vulnerable individuals or in the presence of some

factor such as outside stress, which is reversed in
other individuals or conditions. (We have noted that
our sample is a relatively healthy one.)

Nevertheless, the present study has been sensitive
enough to show clear health differences between job
categories and geographical districts. It has also
detected the effects of working alone, working long
hours, and, particularly, of having changed shift sev-

eral times in the past three days. The fact that such
aspects of the job may be associated with poor

health provides one possible explanation for the
original observations from the Soviet Union that
workers in high voltage substations have poor

health. If jobs with exposure mean working long
hours, shift work, or working alone, or a combina-
tion of these one might well detect symptoms in the
people concerned. The present data associate ill
health with the other features of the job, not with
the degree of exposure.

This research depended on the willing cooperation
and effort of many members of CEGB staff, both
those interviewed and those organising and helping
the inquiry. Thanks are due to all of them, but espe-

cially to Alice Gillett, Susan Lorman, and Elizabeth
Westall who undertook much of the actual inter-
viewing with Margaret Jones. We also gratefully
acknowledge the extensive help and advice given by
numerous colleagues, including J A Bonnell, P F
Chester, R H Minors, W T Norris, A E T Nye, C J
Stringfellow, and M W Watts.
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