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• • • • • • • • • • • • • • • • • • • • • • • 
In an eponymous lecture it is the custom to 
speak about the person commemorated 
and I should like to follow that custom. It is 
particularly important to do so because 
this year is the centenary 01 the Factory 
and Workshop Act, described as the first 
comprehensive essay in health and safety 
legislation for factories ( 1). That Act 
created the post of Chief Inspector. 
Appointed. to that crucial position and at 
that critical time was Alexander Redgrave; 
appointed at 60 years of age he continued 
until his resignation, at the age of 73, in 
1891. He died in 1894. 

He was a health and safety strategist of 
power and vision, making extensive use of 
opportunities presented by the legislation 
(for example), he made use of quasi
legislation). What is difficult to discern is 
the extent to which his ideas influenced 
the initial shape of that legislation. Nor can 
one delimit the entirety of the development 
which the legislation in his hands brought 
about. 

What emerges from the published 
sources is a shadowy picture of a forth
right man. forthright and perhaps peppery 
in temperament, a clear thinker and, 
perhaps above all, a man with a deep 
concern for the social evils of his day. 

The most important service I can pay to 
the memory of Sir Alexander Redgrave is 
to record the point that no one has yet 
done him the honour. a necessary honour, 
of writing a scholarly account of his life 
and work. Thai he merits this effort cannot 
be in doubt and I hope very much that this 
year, the centenary year, of his appoint
ment as HM Chief Inspector, someone will 
take that initiative. 

As a coda it is perhaps worth saying that 
the legal reference text which bears his 
name contains virtually no mention of him, 
and that is an omission which clearly 
should be rectified. 

• Present address Department of Preven
tive Medicine and Biostatistics, Univer- .. 
sity of Toronto, Ontario, Canada. 
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Developing Health and Safety 
Standards 

I begin with the question of what needs 
to be done in relation to developing 
optimum health and safety standards. 
Manifestly, questions of standards arise 
when once a danger-or more than one 
danger acting in the same place or at the 
same time-has been identified, and 
identified in regard to its nature, its form, 
its manifestations, and its quantity. My 
discussion starts at the point where 
identification has been carried out as fully 
as possible and attention is being turned to 
questions of standards. There are seven 
steps in the development, summarised in 
table 1. 

TABLE 1: The Seven Steps in Develop-· 
ing Standards {see text). 

Identify; adapt; agree/select; implement; 
inform; monitor; review. 

The first step is to identify all the 
existing standards which· are applicable 
and which require to be invoked. There 
may be instances where no relevant 
standards exist; more commonly standards 
do exist but their relevance is incomplete. 
In the circumstances where a particular 
standard is not wholly relevant, considera
tion would be given to the adaptation 

of the standard for local use in a way 
which adequ,ately reflects current sound 
principles -and practice in occupational 
health and safety, with benefit from 
previous experience in any context in 
which valuable lessons can be drawn. 

Where adaptation seems not _ to be 
feasible it may be necessary to propose 
interim standards for local use which are 
then subject to appropriate proc~sses of 
agreement and selection. 

Once standards have been fully estab
lished the question then arises of im
plementation. Implementation involves 
the identification, elaboration, and initia
tion of the strategies (3) needed to secure 
the conditions specified in the relevant 
standard. But strategies do not effect 
themselves-they must be made the object 
of individual and collective responsibilities. 
Therefore, the distribution of respon
sibilities becomes important, a point 
recognised in the statutory requirement for 
employers to prepare a written statement 
of health and safety policy. 

Implementation of standards is seldom 
a once-and.-for-all business-commonly 
there is a. need for periodic or even 
continuous monitoring to ensure con
tinuing compliance with all the require
ments of relevant standards. Monitoring 
represents the "after sales service" which 
ought to form part of the warranty which 
should be given, by standards, to those at 
risk. 

TABLE 2: Framework proposed for responsibilities: an indication of the role 
of the heaith and safety adviser 

Key: L=lead 

Identify 
Adapt 
Agree/ select 
Implement .. 
Inform , 
Monitor 
Review 

P=participate 
Health and 

Safety Advisers 
L 
L 
p 
p 
p 
L 
L 

Decision 
Makers 

L 

p 
p 
p 

Personnel 
Executives at Risk 

L p 
p L 
p p 
p p 
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Bu~ standards are unstable, that is to say 
they are subject to processes of revision-

.., by Parliament. by the courts, by competent 
government authorities, by technical and 
scientific bodies. The circumstances to 
which standards apply also change with 
time and. periodically, review is needed of 
the applicability and nature of standards. 

In Table 2 is a framework for respon
sibilities in connection with the various 
steps so far identified. By no means is it 
meant to be the last word because in 
practice all the responsibilities are nego
tiable; its purpose is to propose a role for 
the health and safety adviser relative to th~t 
of certain other parties to the health and 
safety contract. Two levels of respon
sibility are identified: leadership and 
participation. Four parties to the contract 
are identified: health and safety advisers, 
decision-makers, executives (those who 
execute the decisions), and those at risk_ 
from the danger which the application of 
the standard is intended to combat. (There 
are other parties who could, of course, be 
included). 

Also identified are the seven stages of 
development. In the list is one stage not so 
far mentioned: the need to inform properly 
interested parties about the danger and the 
steps being taken to combat it. It is a 
fundamental principle in the social as well 
as the legal context that those at risk have a 
""right to know"'. In order to emphasise that 
point I have classified .. inform·· as a 
leadership responsibility, envisaged for the 
representatives of those at risk. 

the need to inform 

But there are other aspects of the need 
to inform which could also be included 
under this heading. For example. the 
agencies of government call for informa
tion as do insurance companies who, after 
all, have a legal as well as a financial 
involvement with employers. 

On the framework, it can be seen that 
agreement. selection, implementation, and 
information are seen as matters for 
participation rather· than leadership by 
health and safety advisers. Overall, the 
framework provides one picture of the role 
of health and safety advisers which can be 
used to identify the four stages in the 
development of standards with which the 
health and safety adviser should be 
expertly concerned and capable of exer
cising leadership. 

The role of health and safety advisers 
can be expressed as a set of objectives. 
Fully trained and experienced health and 
safety advisers should be able to {1) 
identify all standards relevant to any 
danger once identified (doubtless the 
health and safety adviser will have been 
involved in the identification of that 
danger) ; (2) identify the extent of the 
obligations on employers and others 
implied by a standard and. where no 
appropriate or adaptable standards exist, 
(3) propose interim standards for con
sideration by decision-makers. Once a 
standard has been implemented (4) be 
made responsible for monitoring continuing 
compliance, and (5) keep the standard 
under review. (Monitoring and review form 
a logical responsibility for health and safety 
advisers though, as with other respon-
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sibilities, there will be participation by 
decision-makers and those at risk). 

Classification of Standards 
Under the general heading of standards 

are included technic.al standards as well as 
legal standards. Classification of standards 
according to their essential nature is 
difficult because standard.s include such a 
diversity of documents and instruments. An 
easier approach is to look not at the 
standards themselves but at the degree to 
which they possess legal standing, see 
Table 3. 

TABLE 3: Classes of standards. 

legal: 
statutory duties; 
common law standards of care; 

approved codes of practice; 
quasi-legislation; 
judicial notice; 
other. 

Legal standards are prescribed in 
connection with statutory duties and there 
are common law standards of care. 
Approved Codes of Practice form a separate 
category because these have a special 
standing under the Health and Safety at 
Work Act. 

Distinct from the others is quasi
legislation. This describes standards pre
scribed by government agencies in docu
mentation which, of itself, carries no legal 
force. But the advice is of such a character 
that ignoring it could put someone in 
breach of a statutory duty. An example is 
to be seen in the Health and Safety 
Executive's Guidance Note EH/10 which 
shows how Inspectors would, for the 
present. interpret S2(3) of the Asbestos 
Regulations which is concerned with 
asbestos dust ""to such an extent as is 
liable to cause danger to the health of 
employed persons."" Though EH/10 of 
itself has no legal force it becomes in effect 
an extension of the Asbestos Regulations 
and thereby acquires the standing of 
quasi-legislation. 

quasi-legislation 
I suppose, by a stretch of the terminology 

that duties accepted by employers for 
themselves in the statutory health and 
safety policy could be seen as a category 
of quasi-legislation. {I can add that 
Redgrave recognised the value of quasi
legislation in the conditions which he laid 
down for the certification needed at that 
time for white lead processes). 

Judicial notice (4 ), the fourth category, 
requires explanation. As defined by 
lawyers, it refers to facts which a judge 
can be called upon to receive and to act 
upon, coming from sources to which it is 
proper for him to refer. In connection with 
the case Berry and Stone Manganese 
Marino (5) the Judge acknowledged 
90dB(A) as a limit by which the excessive
ness of noise could be established, in 
respect of occupational deafness. 

Thus, in the Berry case, 90dB{A) could 
be said to be a standard possessed of 
judicial notice. 

Inevitably there must be a taxonomic 
class for everything which one cannot 
classify; mine is called "other." 
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Next I examine questions of standa.rds 
in the context of the relation between 
standards and occupational disease. But in 
doing so, and this is a point I wish .to 
emphasise in the strongest possible way, 
I am not implying that the unitary nature 
of health and safety, as explicitly ~om
bined in the Health and Safety at Work 
Act, should be bisected. 

The dimensions and trends in the 
problem of occupational disease can be 
seen, partly, from figures available about 
claimants awarded benefits in respect of 
the fifty or so diseases prescribed for the 
plJrposes of the National Insurance Indus
trial Injuries Act, and from figures about the 
Notifiable occupational diseases-a much 
shorter list (6). What these figures are 
measuring is the number of di.agnoses 
made and accepted for compensation or 
notification purposes. It is not at all clear 
what relation this measurement bears to 
the totality of the burden of occupational 
disease. Moreover, there is the fact that the 
list of fihy or so prescribed diseases is not 
a comprehensive list of occupational 
disease-notable absentees include occu
pation-linked chronic bronchitis and vibra
tion-induced white finger. It is true to say 
that no complete picture is available of 
occupational disease in Britain. 

three broad categories 
If we were to limit our attention to three 

broad categories: occupational respiratory 
disease, occupational skin disease, and 
occupational deafness, we should identify 
a substantial burden of death, disability, 
and discomfort which is not, certainly not, 
acceptable to anyone, nor can it be 
regarded as an acceptable risk. Nor is it 
right to regard occupational disease as a 
legacy of unhealthful conditions of the 
past, now successfully controlled. I have 
first hand knowledge of people who have 
developed occupational deafness since 
1972, 1972 being the date of publication 
of the Department of Employment's Code 
of Practice for reducing the exposure of 
employed persons to noise. New cases of 
respiratory and skin disease linked with 
occupation continue to occur-occupa
tional disease has not been eradicated. 

Occupational disease by its very nature 
is preventable, and it is becoming more not 
less important as social and medical 
progress deal with the other risks of Jife. 

Doll in 1977 stated (7) : 
"It· is now clear that most if not all 
cancers have environmental causes 
and can in principle be prevented." 

This is not to say that all environmental 
causes are occupation-linked and neither 
is it to say that all the environmental factors 
have a human instrumentality; nature is 
capable of producing hostile and harmful 
environments. But it is to say that human 
instrumentality should be invoked for 
prevention. 

For an increasing number of non~cancer 
diseases environmental factors are being 
identified. Here is an essentially hopeful 
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picture because the identification of cause, 
external to the indi'vidual, raises hopes of 
prevention. 

Environmental factors, of which occupa
tional factors form a part, are an increasingly 
important cause of disease: as a proposi
tion this would not, I think, be seriously 
challenged. Therefore, it must be asked 
what strategies will lead to a worthwhile 
reduction in occupational disease and, the 
ultimate goal, the eradication of occupa
tional disease 7 

Protection of employees against occupa
tional disease from the earliest times of 
factory legislation in Britain was seen 
largely and at times wholly in terms of 
medical examination and the exclusion of 
affected work-people from dangerous 
work. But many of the last century's health 
and safety strategists, including Alexander 
Redgrave, saw the strategy of "exclusion 
of the vulnerable" as inherently unsatis
factory and potentially socially unjust. and 
preferred strategies aimed at the source of 
the danger. Redgrave, for example, saw 
very clearly the vital role of extract 
ventilation. 

Traceable to Germany in the 1880's 
there began a process of science which 
has led to the development of families of 
numerical standards applicable to the 
working environment (8). 

first exposure limit 

The very first exposure limit was 
published by Gruber in 1883 (9) following 
an extensive investigations of animal 
exposure to carbon monoxide carried out 
at the Hygiene Institute, Munich. For up to 
about three days he exposed twelve rabbits 
and two hens to carbon monoxide. From 
this information he concluded that the boun 
dary of. injurious action of carbon mono
xide lies at a concentration in all probability 
of 0.05 per cent but certainly not less 
than 0.2 per cent. By way of confirmation 
of this conclusion Gruber had also exposed 
himself to concentrations of 0.021 per cent 
and 0.024 per cent for three hours on each 
of two consecutive days. It is interesting 
that his 0.02 limit corresponds to 200 parts 
per million. compared with the current 
American Conference of Governmental 
Industrial Hygienists Threshold Limit Value 
of 50 parts per million and the Russian 
Maximum Allowable Concentration o 20 
parts per million. Work continued in 
Munich and in other countries. By 1922 the 
study of exposure limits had begun in the 
USSR; in the 1930's study was taken up 
in the United States of America. 

The ·early exposure limits were extra
polations from experiments involving only 
short term exposure. Long term exposure 
limits were (and still are) based on studies 
of occupational exposure of employees 
and not on animal experimentation. 

Of these· long term exposure limits the 
earliest can be traced to South Africa as far 
back as 1916. It set an exposure limit of 
8.5 million particles per cubic foot of air for 
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dust with a free silica content of between 
80 per cent and 90 per cent. In 1919 this 
exposure limit was reduced to 5 million 
particles per cubic foot of air. ' 

In Britain, to the Royal Commission on 
Safety in Coal Mines in 1938 (9) Captain 
Haye, HM Inspector of Mines and 
Quarries, gave evidence to the effect that 
this Inspectorate had adopted the South 
African exposure limits. But because the 
Inspectorate used diffeient methods of 
measurement the limits had been trans
posed to a figure of 450 particles per cubic 
centimetre. He went on to say: 

"In other words, Inspectors, interpreting 
the results of dust counts regard any 
couAt up to 450 particles per cubic 
centimetre as justifying the assumption 
that the atmosphere is fit for men to 
work in safely but any count in excess of 
the limit is regarded as an indication of 
the need for measures either to reduce 
the dust concentration or, if it is not 
possible, to protect the persons exposed 
to that concentration." 
Here, exactly, is the concept of 

Maximum Allowable Concentration. 
New let is move to the present day. A 

suitable generic term for enviro_nmental 
standards is "exposure limit", a term 
adopted by the Working Environment 
Convention of the International Labour 
Conference in 1977. It is used by the ILO 
in its publication "Occupational Exposure 
Limits for Airborne Toxic Substances", 
published in 1977 (10), to cover the family 
of terminologies comprising terms such as 
Maximum Allowable Concentration, 
Threshold Limit Value, and numerous 
others. 

There is a view of exposure limits to 
which I wholeheartedly subscribe-the 
view is that numerical exposure limits 
applicable to the working environment are 

the most significant development so far in 
\e struggle against occupational disease. 
That occupational disease has not dis
appeared is owed to several factors of 
which I identify two: deficiencies intrinsic 
to exposure limits currently in use and 
deficiencies in the applieation of currently 
available exposure limits. 

TLV - a proprietary term 

In Britain exposure limits adopted by the 
American Conference of Governmental 
Industrial Hygienists are re-published by 
the Health and Safety Executive in the 
Environmental Hygiene Guidance Notes 
Series. Two, perhaps obvious, preliminary 
observations are in order: first, "Threshold 
Limit Value" (TLV) is a proprietary term 
belonging to the ACG I H but "Threshold 
Limit Value" has .become a generic term 
for exposure limits. No useful purpose 
would be served in our attempting to upset 
this usage but it would be desirable if we 
were always to make clear where the term 
is being used generieally rather than 
specifically. 

The second observation is that, despite 
its name, the American Conference of 
Governmental Industrial Hygienists is not 
an official body of the United States 
government. Rather, it should be regarded 
as a scientific, learned society whose 
committee membership includes occupa
tional hygienists of distinction drawn from 

Ameri~an .industry, government and aca
demic life. 

Understandably, the ACGIH, with the 
many years of work that have gone into 
compilation of the system, imposes con
ditions upon its adoption by other organ
isations. In particular, it is a condition of 
publication that the system should be 
reproduced in its entirety. This condition 
creates difficulties in Britain because in a 
handful ot instances exposure limits have 
been set at values numerically different 
from those adopted by the ACGIH. 

_Not recognised in law 

What legal standing in Britain is 
possessed by the ACGIH-TLV system 7 The 
ACHIG-TLV system is certainly not the 
subject of statutory requirements in 
Britain. Neither does the system as a 
whole appear to be recognised as a 
common law standard of care, although 
there have been cases in which exposure 
limits have figured and in which ceiling 
values (mentioned later) have been 
important (11 ). From an admittedly sketchy 
survey I see few signs of the system's 
having rece.ived judicial notice. In the 
introduction for British readers prefacing 
the HSE Guidance Note there is to be 
found no statement which could be taken 
to signify that the system should be seen 
as quasi-legislation. Seemingly, it is right 
to say that the ACG I H-TLV system does 
not, at present, have a clear legal position 
in Britain, and certainly not in relation to 
S2 of the Health and Safety at Work Act. 

Now, thanks to the ILO and its publica
tion "Occupational Exposure Limits for 
Airborne Toxic Substances", we can 
compare numerical limits from one country 
to another and, in passing, we can also see 
that the hitherto large differences between 
the American and Soviet systems -of 
numerical limits are narrowing. 

The setting or selection of exposure 
limits at a national level is a difficult matter 
for decision makers because all exposure 
limits in excess of zero exposure must 
inevitably be compromises. In selecting an 
optimum compromise,• decision makers 
must weigh the danger of setting the limit 
too high against costs in terms of dimin
ished competitiveness of industry and loss 
of jobs which might be a result of setting a 
limit which is too stringent. (Here is a 
principle clearly recognised by Redgrave). 
Two further dimensions to the decision
making have recently been identified. One 
is the right of those at risk to participate in 
the decision-making process, according to 
the extent to which they are likely to be 
affected by the risk. This principle is a 
useful one because it provides a formula 
for. limiting the extent of the consultative 
processes in a fair and reasonable way. The 
second dimension to the decision-making 
recently recognised but not much spoken 
about is that the application of stringent 
standards may bring benefit in terms of 
improved technology, more effective use 
of resources, and general improvement of 
efficiency. 

Ultimately, of course, decisions about the 
system for official use in Britain rest with 
the Health and Safety Commission and the 
European Communities Commission. It is 
clear that deficiencies in the present 
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numerical values for exposure limits 
represent a problem in need of attention 

,; but this is a problem not, in my view, by 
any means the most important impediment 
to progress against occupational disease. 

In certain important respects, exposure 
limits· can be·paralleled with speed limits· 
for vehicles on the roads. Speed limits are 
values for speed which must not be 
exceeded, otherwise the law is broken. No 
time limit is specified but in practice the 
duration of the measurement is roughly 
related to the method of measurement. 

The offence lies in the exceeding of the 
limit. Penalties appear to be influenced by 
circumstances such as the degree of exce~s 
speed and perhaps the nature of the road. 
The courts do not have to decide complex 
issues centred on the relation between 
speed and danger or, for that matter, speed 
and fuel economy. 

To attempt to legislate road speeds in 
terms of averages wou Id manifestly be ab
surd. The law would bG unenforceable and 
there is reason to suppose that neither road 
safety nor fuel economy would be 
advanced by such a nonsensical strategy. 

Yet it is a pprallel principle, and a 
precisely parallel principle, which the 
ACGIH and several other systems of 
exposure limits depend upon: the method 
of calculation known as time-weighted 
average {TW.A.). The point can be illus
trated by visualisation of a simple sampling 
method for airborne dust. A filter paper is 
mounted in a holder and air is drawn 
through the filter paper by means of a 
pump at a known rate r ml/mm. Particles 
of contamination are deposited on the 
filter paper and the quantity of material 
deposited, m, is found by weighing the 
filter paper befofe and after sampling. The 
total quantity of air, v, drawn through the 
filter can be dedur.ed•from the rate at which 
the pump is pulling through the air: V=rt, 
where t is the time for which the sample 
has been run. The experiment gives us two 
quantities: m and v. The average concen
tration of contaminant is given by m/v 
(which, definitely, is analagous to average 
speed). The calculation method for time
weighed average gives the same answer. 

What evidence do we have that occupa
tional disease is correlated to time
weighted average or average concentra
tion. whichever synonym we prefer 7 The 
answer is astonishingly little. 

what are we to accept 7 

Let us consider what we are being asked 
to accept: ·we are being asked to accept 
that for a given average concentration the 
tortoise pattern of exposure is just as 
damagin·g as the hare pattern. Put in 
scientific terms it means that we are being 
required to· accept that the rate of exposure 
is not a factor to be reckoned with. Put in 
yet another scientific form it means we are 
being asked to accept that there is no 
dose-rate-dependency. 

I know of only one harmful agent for 
which there is reasonable empirical 
evidence that dose-rate need not be 
reckoned with: noise. I know of two 
examples where it has been clearly 
demonstrated that it does matter: ionizing 
radiation, and certain cardnogens. But for 
many agents no conclusive evidence 
exists either way. What we are being called 
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upon to accept is scientifically unfounded 
if not frankly invalid for a great number of 
agents for which exposure limits are 1978 

• expressed, although it must· be clearly 
stated the ceiling values and excursion 
factors do represent attempts to solve the 
problems· created by' the Lise of time-· ,c-
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weighted averages. -----------------

The difficulty associated with the en
forcement of exposure limits based on 
time-weighted averages has been acknow
ledged recently by speakers from the 
Health and Safety Executive. That difficulty 
might perhaps be justified if the TWA 
principle were scientifically established
but that is not so and what we have, 
therefore, is an almost indefensible impedi-
ment to progress. 

immediate consumer needed 

Mention was made earlier of the need for 
monitoring of compliance- with standards. 
Suppose, for instance, that compliance is 
to be judged in connection with the 
performance of an extract ventilation 
system installed at great cost. The time
weighted average method is really far too 
insensitive for any such evaluation. And 
let us think for the moment of safety 
representatives concerned about condi
tions and wanting a quick answer: neither 
workpeople nor management are likely to 
be satisfied with the reply that a period of 
8 hours cif continuous measurement may 
be required before a definitive answer can 
be given to the question. What they really 
require. surely, is an answer there and then 
which tells them whether the relevant 
exposure limit is or is not being exceeded. 
With these and other problems with time
weighted average it is scarcely surprising 
that exposure limits are neither effectively 
applied nor effectively enforced-how 
could they be with such an unnecessarily 
complex and suspect mett-:od of computa
tion 7 

There is every reason to believe that 
substantial progress in the struggle against 
occupational disease would come from 
comprehensive. enthusiastic and thorough 
application of almost any one of the 
existing systems of exposure limits pro
vided that they had been adapted, where 
necessary, by the abandonment of the 
time-weighted average principle and the 
return to the original concept of Maximum 
A//o.wable Concentration. corresponding 
to the eminently practical concept of speed 
limit. 

Here is a scheme which would be 
reasonably practicable to apply, with the 
guidance of health and safety advisers: At 
the workplace, once the d2nger associated 
with occupation,!! disease has been 
-identified, suitable exposure limits are 
adopted in the form of Max·imum Allowable 
Concentrations. Adoption takes place in a 
decision-making forum with all parties to 
the health and safety contract present. 
Agreement is come to about implementa
tion, information, monitoring and review. 
Everything is then expressed in the 
statutory health and safety policy, for 
inspection by HSE Inspectors who would 
need to be satisfied that what had been 
agreed satisfied general and specific legal 
requirements and, moreover, represented 
the best compromise applicable in the 
circumstances. Nothing would be agreed 

without adequate discussion of all the 
implications, and with all the parties 
properly concerned, but once agreement 
had been reached the policy would be kept 
to, watched over by HSE. 

Conclusions 
Occupational disease may be declining 

but it is still widespread. The decline is 
attributable in large measure to the 
development and application of exposure 
limits. Further decline could be brought 
about if only there were effective applica
tion of exposure limits currently available. 
Effective application is impeded by an 
artefact, an artefact doubtful in science, 
complex in concept, and obscure in 
practice. Fortunately for us there is 
nothing legally to prevent the impediment 
of time-weighted average being removed 
by local agreement in favour of something 
better, such as Maximum · Allowable 
Concentrations. 

Trade unionists are uneasy about the 
whole threshold limit value system, and 
understandably so. But they may not yet 
have fully seen the point that there are 
exposure limits which they could now 
agree to in the confident knowledge that 
agreement to their effective application 
would produce real benefit in terms of a 
reduction in the risk of occupational 
disease. It would be a very great pity if 
legitimate criticisms of the principle of 
time-weighted average were to undermine 
the very concept of exposure limits; it is 
the artefact which deserves the attack not 
the concept. What is needed is a lead at 
each workplace so that there is set up a 
local. relevant and workable system of 
exposure limits. From this step-and I 
believe this is a realistic claim-could stem 
the next significant advance against 
occupational disease. If health and safety 
advisers could induce the necessary 
initiative then their role in developing 
health standards would truly be vital. 
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5 Berry -v- Scone Manganese Marine 
(1971) 115 SJ 966; (1971) 12 KIR 13; 
(1972) 1 Lloyds' Rep. 182. 

6 Great Britain: Health and Safety 
Executive Health and Safety Statistics 
1975 (1977) Londen: HMSO. 
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u·nbreathable 
atmospheres 
Seventeen Turkish miners have just died in a coal 

mining accident, because they found themselves in 

an unbreathable atmosphere. They were unfortunate, 

because the kind of escape apparatus which would 

have enabled them to survive has Ofl'ly just come onto 

the market and would not have been available 

yet in Turkey. 

Escape apparatus already in use cater for all kinds of 
emergencies but have proved unsuitable in a situation 
where there is a deficiency of oxygen and where men 
may have to run at maximum speed to escape from an 
unbreathable atmosphere. These limitations were high
lighted by the Cynheidre, South Wales mine incident 
in which six miners died as a direct result of oxygen 
deficiency due to the presence of methane gas. It was 
primarily for this reason that the Mines Rescue Service 
of the National Coal Board decided to install at 
strategic rescue stations apparatus which, in the event 
of an emergency, would enable the wearer to move 
from an irrespirable atmosphere to one of safety with 
maximum speed and a minimum of personal risk 
attributable to the increased respiratory demands. 

MRS feasability study 
A further stage in the rapid expansion of breathing 

apparatus specialists AGA Spira Limited of West Dray 
ton, Middlesex, England has been ·achieved as a result of 
the decision taken by the National Coal Board to 
supplement existing safety equipment with a new 
mine escape set developed by AGA Spira in association 
with its sister company in Sweden. 

To provide apparatus which would meet new 
standards in terms of size and performance, the Mines 
Rescue Service conducted a feasibility study involving 
a number of well-known companies in the field of 
breathing protection. Desirable parameters of the new 
apparatus were to include lightness of weight and 
simplicity of design, the latter requirements being of 
singular importance to facilitate use of the equipment 
with a minimum of training. The overriding prerequisite, 
however, was that the equipment had to be of the 
self-contained type capable of providing sufficient 

oxygen at all times and at an acceptable level of 
inspired air temperature. The apparatus would also have 
to pass the rigid endurance requirements specified by 
the Health and Safety Executive. 

Within six months, AGA Spiro submitted a prototype 
mine escape set for the ·stringent appraisal of the 
National Coal Board. A series of 'proving' trials sub
sequently took place at the Mines Rescue Station in 
Doncaster to determine whether or not the apparatus 
would pass the Health and Safety Executive's endurance 
tests. It was shown that the high-performance demand 
valve ensured the automatic release of oxygen in the 
event of increased respiratory activity, supplementing 
the constant flow of oxygen from the regulator. Con
siderntion to the cooling of the breathing gas had been 
made to the extent that the wearer could draw very high 
flows of oxygen immediately the cylinder valve was 
opened and still get the 30 minutes duration required. 

'Wearer' trials then took place at Cynheidre to assess 
both performance of the escape set and the attitudes 
of miners wearing the equipment in a simulated working 
environment. Men were subjected to peak work load 
characteristics and then requested to run at maximum 
speed to an assumed place of safety. The men were 
then given an intensive medical check up to determine 
respiratory effects and to locate any physical or other 
abnormality as a result of wearing the set. Having 
reconciled these results with·the wearers' observations 
on comfort and ease of breathing, it remained only for 
minor modifications to be made to meet the exception
ally high standards of safety demanded by the National 
Coal Board and to implement delivery of an initial 450 
mine escape sets. An NCB official told Protection that 
no other British mir:1e required these escape sets. 

1978" 7 Doll R ( 197 7) Srraregy for Dereccion of 
Cancer Hazards· ro Man Narure 265 
589-96. 

10 International Labour Office (1977) 
Occupational Exposure Limits for Air
borne Toxic Substances Occupational 
Safety and Health Series No. 37 /LO: 
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continued 

8 / am grareful to_ J B Watkinson for 
information on the historical back
ground of exposure limits. 
Gruber M ( 1883) Verber den Nachaveis 
und die Giftigbert des Kohlenoxyols 
und sein Vorkoramen in Wohnravmen 
Archives of Hygiene 1 745-151. 

9 Royal Commission on Safery in -Coal 
Mines. Final Report ( 1938) London: 
HMSO. 

Geneva. 
11 / am grateful to J Banham for drawing 

my attention to the case Cartwright ':__v 
- Joseph Sankey relating to welders 
lung. emphysema and bronchitis ( 1973 
14 KIR 349). 

NEXT MONTH- Time weighted 
Average calculated 
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Calculation of 
Time-Weighted Average Sampling 

period 
(Duration) 

t1 i\ 
t2 

,. 

Volume of 
air drawn 
sampler 

j t1 r !1 r 
t2 r r-. •· 

Quantity of 
contaminant 

Leve/of deposited on 
contaminant filter paper 

· I /1 '· t t1 r 11\ r l1 
lz I I t2 r lz• r I 

=0
:c ! As part of the· 1978 Alexander Redgrave memoriaf"•_,-£-J i I j . . I . 

lecture, printed in full in the May issue, Gordon Atherley 
referred to time-weighted average. Here, he 

· demonstrates how this is calculated. 

• • • • • • • • • • • • • 
The principle embodied in time-weighted average 
(TWA) is as follows: 

TWA = Average concentration of contaminant 
during working hours x number of hours actually 
worked-:- by total number of working hours. 
Suppose that the concentration of a particular 

contaminant varies at a place of work throughout the 
working day. The pattern of contamination can be 
described in terms of the level of contaminant, 1, and 
the time, t, in minutes, for which that level is 
maintained. Thus a concentration 11 is maintained for a 
period t1, 12 for a period t2, and so on as far as 1n for a 
period tn. . 

Suppose that two separate samplers are run simul
taneously. One of the samplers is left undisturbed with 
the pump running for the whole of the period t1 + t2 + ... 
+ tn. The other sampler has its filter paper changed at 
the end of each period ti, t2, as far as tn. 
. The intention is to use the first sampling strategy in 
order to artive at the average concentration of 
contaminant in the workplace; the second sampling 
strategy is intended to provide a time-wtdghted 
average, calculated according to the prescribed 
principle. 

Suppose that the sampler is drawing air at a rate r 
ml/min. Thus for the first sampling method the total 
volume of air drawn through the filter paper, v, is given 
as follows: 

v = r (ti + t2 + ... + tn ), · 
Let m be the mass of contaminant deposited on the 

filter paper (found by weighing the filter paper before 
and after sampling). Hence the average concentration, 
~ is given as follows: 

C=r m 
(t1 + t2 + ... + tn) 

The second sampler's use involved the replacement 
of the filter repeatedly throughout the sampling period. 
The data for this sampling pattern can conveniently bs 
expressed as a table: 

8 O e continued from page 24 • • • 

noteworthy that they appreciated the fact (and this was true 
for all but one of the sessions - see the prqgramme above} 
that they had all had the same story and were t_hus all brought 
to the same level of understanding. Evidently where training is 
given to one group but not to the other suspicion is generated. 

Probably the greatest stress was on attitude; that the magic 
date of 1 October would not see a traumatic change, but 
would usher in an era of informed and co-operative 
consultation. Years ago a favourite slogan was, ·"We're all in 
it when it comes to safety". "Working together for safety" 
seems to be the logical development that %he Regulations 
inspire. 

PROTECTION, AUGUST 1978 

. 
tn tn r In tn r In 

total total total 
t1+t2+ ... +Pi t1r+tzr+ ... + t1rl1+t2rl2+ 

tnr . .. tn rln 

t1 r 11 + t2 r 12 + ... + tn r In TWA = -=--=----''---''------
t1 r+ t2 r+ ... + tn r 

Inspection of the table shows that 
t1 r 11 + t2 r 12 + ... + tn r In = m. 

Therefore, TWA= C. 
Obvious as it is that TWA= C in the equation set out 

above the point must be made that the term "time
weighted" is misleading because time is_ manifest(y not 
weighted, that" is to say no account 1s taken m the 
calculation, as set out above, of variations 111 dose-rate. 
Moreover, the calculation of time-weighted average 
implies a fundamental assumption about the nature of 
the dose-effect relations, the fundamental assumption 
being that there is no dose-rate dependency. Put in 
another way time-weighted average assumes a 
summation law (except in so far as excursion limits and 
ceiling values are imposed upon the time-weighted 
average). A summation law has the following general 
form: 

D=dT 
where D is the total quantity of, say, a chemical 
substance entering the body over a period of years, dis 
the daily dose, and Tis the period of expos_ure to ~h~ 
chemical expressed in days. Under a summatJOn law it ,s 
assumed that the disease will develop when the total 
quantity of chemical substance received by the body 
amounts to D irrespective of the pattern of exposure to 
that chemical. 

As various authorities have pointed out, however, a 
· summation law is by no means universally valid for 
dose-effect relations. A possible alternative is: 

k=dTn 
where k is a constant for a particular disease and a 
particular chemical substance. It can be seen that where 
n is greater-than 1, dose~rate becomes an important. 
consideration. For further discussion on this point and 
an illustration of how it could be used to postulate a 
"one-fibre" theory for asbestos cancer see Atherley, 
1978. 

Postscript to the 
Alexander Redgrave Memorial lecture 
There was an unfortunate type error in the above 
lecture - reprinted in our May issue. On page 
17. paragraph 4, the sentence should read: "A 
filter paper is mounted In a holder end air Is 
drawn through the filter paper by means of a 
pump at a known rater ml/min". Not ••r ml/mm" 
as app_eared. Our apologies to Gordon Atherley 
and to any confused readenil 
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