




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.

Broadbent, Broadbent, Male, and Jones
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Book reviews

Ergonomics and Health in Modern Offices E
Grandjean, ed. (Pp 510, £35.00.) London; Taylor
and Francis, 1984.

This collection of papers presented at the Turin
Conference on Ergonomic and Health Aspects in
Modern Offices in 1983 highlights the fact that
office life is becoming increasingly technical and
complicated. Traditional ergonomic checklists are
inadequate to cope with the trend towards multi-
functional office spaces housing a vast array of elec-
tronic equipment such as visual display terminals,
microfiche readers, laser printers, and photocopying
machines. In many offices environmental problems
related to some "traditional" factors, such as noise,
lighting, heat, and cold are still present and in some
cases are increasing side by side with the introduc-
tion of new technologies and new forms of work
organisation.
The 510 page book comprises some 76 papers,

aspects of using visual display units predominating,
with an excellent section on ophthalmology in con-
sideration of the contentious topic of visual "fitness"
for visual display unit operators. Also covered are
conclusions concerning visual, musculoskeletal,
pregnancy, dermatological, neurological, and stress
problems suspected of affecting visual display unit
operators in relation to work organisation, environ-
ment, and equipment design hazards.
Of toxicological interest is reference to the effects

of sealed office buildings to conserve energy, the so
termed"building illness" syndrome that appears to
emanate from these conditions. Papers covering the
quality of indoor air in offices include reference to
allergies caused by sources of biological contamin-
ants such as humidifiers, and health risks caused by
pollutants such as tobacco smoke, building and fur-
niture materials, insulating boards, solvents used for
cleaning, photocopying equipment, and photochem-
ical "smog' formations. Altogether a stimulating
book and a useful source of reference material for
anyone dealing with this challenging field of occupa-
tional health, which is newly emerging as seeking
increased attention.

J CONYERS

Biological Monitoring and Surveillance of Workers
Exposed to Chemicals. Edited by A Aitio, V
Riihimaki, and H Vainio. (£64-00.) New York:
Hemisphere Publishing Corporation, 1984.

These papers were presented at an international
course on biological monitoring of exposures to
industrial chemicals that was held in Helsinki in
1980. It is astonishing that it has taken four years to
see the light of day, especially as the bulk of the text
has been prepared photographically from typescript.
There are 33 contributors, all but three of whom hail
from Scandinavia, and this has led to a certain
unevenness in both style and content.
Many of the chapters reiterate what may be found

in dozens of other books-there is little new to say
about most of the toxic metals or about the
solvents--but several chapters deal with topics that
will be unfamiliar with many occupational health
practitioners (or at least, they would have been in
1980!). Those which deal with solvent interactions,
with urinary thioether excretion, with the excretion
of mutagenic substances in the urine, haemoglobin
alkylation, and chromosomal aberrations are all val-
uable. In general, however, the editors have allowed
the authors to stray too far from their brief,and sev-
eral have used the opportunity to present a (pre-
sumably unrefereed) version of their own work.
What I looked for and did not find in this book

was any guidance on biological monitoring. Scarcely
any of the authors say what should be done as the
result of all the monitoring and surveillance which is
to be carried out, and where is the reference to
action levels? Anyone coming to this book in the
hope that he will be given clear or concise informa-
tion on how to monitor a hazard in the workplace
will be greatly disappointed. With the present par-
lous state of the pound, this book will cost well over
£50 and at that price I regret that I am unable to
recommend it.

H A WALDRON

Correction
Health of workers exposed to electric fields
(February 1985)

The last sentence on page 75 should read "On inter-
rogation at the end of the period, it gave a single
measure of integrated exposure to all field strengths
above about 60 volts per metre."
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