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I am Professor of Epidemiology at Nottingham University, and an honorary consultant physician in
respiratory medicine at Nottingham City Hospital. My qualifications and experience are
summarised in the appended curriculum vitae.
This report is prepared on the instruction of The National Offender Management Service (NOMS) to
provide clarification and background information on the findings contained in our report on air quality
testing in four prisons in England, submitted to NOMS in March 2015. I am asked to clarify the
implications of our report in relation to the reasonable probability of injury being caused by exposure
to second-hand smoke (also referred to in the literature as passive smoke, or environmental tobacco
smoke (ETS)) in the prisons we studied, and to distinguish where possible between inception injuries
(those caused directly as a result of exposure to second hand smoke) and exacerbation of existing
conditions. I am invited also to identify any additional questions which, in my opinion, would assist
NOMS in being able to make an informed assessment of what, if any, reasonable steps it might need
to consider taking. I am asked to comment specifically on the following questions (reproduced in bold;
responses in indented text):
1.

In the discussion section of their report at annex A, the authors say “Research by the World
Health Organisation (WHO) and others suggests that there is no safe level of exposure to
second hand smoke”. We should be grateful for your opinion as to what this actually means.
Does it mean that it is not possible to say at what point second-hand smoke might cause injury,
as opposed to meaning that even the smallest amount carries with it a reasonable probability
of injury?
1.1 This means that even the smallest amount carries with it a reasonable probability of injury.
The authors of the WHO report cited as our reference 15, which aims to define safe limits for
indoor air pollution, comment as follows:
The group concluded that the WHO guidelines for environmental tobacco smoke (ETS)
published in the second edition of Air quality guidelines for Europe (2), stating that there is no
evidence for a safe exposure level, are clear and still valid. Therefore, ETS is not included in
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the current work. Furthermore, the guidelines for other pollutants should be developed based
on the assumption that ETS is eliminated from indoor spaces.1
1.2 The guideline from the second edition of Air quality guidelines for Europe, referred to in the
2010 WHO report at 1.1 above, is as follows: 2
ETS has been found to be carcinogenic in humans and to produce a substantial amount of
morbidity and mortality from other serious health effects at levels of 1–10 µg/m3 nicotine
(taken as an indicator of ETS). Acute and chronic respiratory health effects on children have
been demonstrated in homes with smokers (nicotine 1–10 µg/m3 ) and even in homes with
occasional smoking (0.1–1 µg/m3 ). There is no evidence for a safe exposure level. The unit
risk of cancer associated with lifetime ETS exposure in a home where one person smokes is
approximately 1 × 10–3.
This guideline refers to levels of ambient nicotine as a marker of second-hand smoke
exposure. For logistic reasons we used PM2.5 particulates rather than nicotine as a marker of
second-hand smoke but this does not matter; the important conclusion above is that serious
health effects occur with exposure in the range generated by living in a home with a smoker.
This level of exposure will be broadly similar for staff and prisoners in areas of a prison where
someone is smoking.
This WHO report quantifies that lifetime risk of cancer in someone who lives with a smoker
at one in a thousand.
1.3 Our report did not attempt to summarise the extensive scientific evidence on the health
effects of second-hand smoke; rather we referred to the above authoritative statements by
the World Health Organisation, and also to review [reference 22] reporting a 2010 study
which specifically looked for evidence of a threshold of exposure at which second-hand
smoke exposure begins to have an adverse effect on the function of cells lining the airways
of human lungs. The study concluded
There was no threshold of urine nicotine without a small airway epithelial response, and only
slightly above detectable urine cotinine threshold with a small airway epithelium response. 3
1.4 However there are many other reports reaching similar conclusions, and aside from the
World Health Organisation we could also have cited a 2005 report by the Royal College of
Physicians of London 4, and a 2006 report by the US Surgeon General which states: 5
This broadly reaching body of evidence on the toxicology of second-hand smoke and on these
biologic mechanisms indicates that any exposure to second-hand smoke will increase risk for
adverse health outcomes.
1.5 It is therefore evident that even the smallest amount of exposure to second-hand smoke
carries a reasonable probability of injury.
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2.

How does the WHO upper limit guidance of 25µg/m3 as a 24 hour mean relate to the results
contained in the report at Annex A which were done over a shorter period of time?
2.1. When we undertook to measure second-hand smoke levels in the sample of prisons we
made the decision, on the grounds of logistics and costs, to use a proxy measure in the
form of PM2.5 particulate levels. Second-hand smoke generates high levels of PM2.5 in the
atmosphere, and this measure is widely accepted and used as a marker of second-hand
smoke pollution in environmental studies such as ours. More specific markers of secondhand smoke, such as atmospheric nicotine or tobacco-specific nitrosamines, can be
measured in indoor settings but the methods involved are more complex, costly, and
less suitable for the prison environment.
2.2. However, as stated in our report, PM2.5 pollution also arises from other sources, such as
cooking, open fires and motor vehicle emissions. Therefore whilst we consider that the
great majority of the sometimes high PM2.5 levels detailed in our report are attributable
to tobacco smoke, some is likely to have arisen from other sources.
2.3. We therefore cited the WHO limits on PM2.5 levels to provide some context for the levels
we observed, but did not intend by doing so to imply that exposure below these levels
are safe, since the evidence given under section 1 above indicates that, insofar as the
PM2.5 are attributable to second-hand smoke, there is no safe level of exposure.
2.4. However for context, the WHO conclude in their 2005 global update on particulate
pollution 6 that:

The risk for various outcomes has been shown to increase with exposure and there
is little evidence to suggest a threshold below which no adverse health effects
would be anticipated. In fact, the low end of the range of concentrations at which
adverse health effects has been demonstrated is not greatly above the
background concentration, which for particles smaller than 2.5 µm (PM2.5) has
been estimated to be 3–5 µg/m3 in both the United States and western Europe.
The epidemiological evidence shows adverse effects of PM following both shortterm and long-term exposures.
2.5. The WHO report goes on to say that the annual average concentration of 10 µg/m 3 was
chosen as the long-term guideline value for PM2.5 as this level represents the lower end
of the range over which significant effects on survival were observed. Specifically, this is
stated to be the lowest level at which total, cardiopulmonary and lung cancer mortality
have been shown to increase with more than 95% confidence in response to long-term
exposure 6.
2.6. With regard to the 24-hour limit of 25 µg/m3 the report comments that
(a) the annual average [should] take precedence over the 24-hour average since, at low
levels, there is less concern about episodic excursions.
(b) Meeting the guideline values for the 24-hour mean will however protect against
peaks of pollution that would otherwise lead to substantial excess morbidity or
mortality. 6
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2.7. The 25 µg/m3 is an arithmetic mean, and on the assumption that second-hand smoke
levels are highest during the day, rather than at night when many if not all prisoners are
asleep and therefore not smoking, 24-hour average levels are likely to be lower than the
average levels we recorded during the day.
2.8. However the WHO guidance is clear in stating that the 24-hour limit is intended to
prevent exposure to peaks of pollution, such as we recorded in smoking areas of the
prison. The more important limit is the annual limit of 10 µg/m3 which, even assuming
no exposure during sleeping hours, is likely to be exceeded in many of the prison settings
we studied. Average levels in the prisons are documented in Tables 2-4 of our report for.
2.9. The data in our report can therefore be interpreted as demonstrating that indoor levels
of particulate pollution in smoking areas of the prisons we studied exceeded the WHO
24 hour limit some of the time, the annual limit much of the time, and the safe limit for
second-hand smoke exposure (zero) almost all of the time.

3.

Assuming that there is no safe level of exposure to second hand smoke, are particular levels
of exposure to second hand smoke related to the risk of injury and/or a particular type of
injury? If so, we should be very grateful if you could give some examples based on the
levels of exposure recorded in the report at Annex A.
3.1. Evidence relevant to this question is summarised in the 2005 RCP report 7.
3.2. The three most common causes of death from active smoking are lung cancer, chronic
obstructive pulmonary disease (COPD) and cardiovascular disease, of which myocardial
infarction and stroke are key components. These conditions are all caused by smoking
(ie, in the terms of the opening paragraph of this document are inception injuries).
3.3. The exposure-response curve for lung cancer is approximately linear, that is,
demonstrates that every cigarette smoked adds to the risk of developing and dying from
lung cancer 8. This increase in risk of cancer is not reversed by stopping smoking 9.
3.4. Non-smokers who live with smokers typically sustain smoke exposure equivalent to about
1 or 2% that of active smoking 7. Meta-analyses indicate that the risk of lung cancer is
increased by second-hand smoking by about 25%, and this increase is roughly
proportionate to the effect of the higher levels of exposure arising from active smoking.
3.5. Evidence on COPD is less extensive than for lung cancer, but indicates that the nature of
the exposure-response relation is similar to that for lung cancer, and that second-hand
exposure increases risk also by about 25% 7.
3.6. For cardiovascular disease the exposure-response relation is very different, rising very
quickly at very low levels of exposure and then much less steeply with heavier smoking.
Thus, while smoking 5 cigarettes a day is associated with a 50% increase in risk, and 20
cigarettes a day an approximate 80% increase in risk, second-hand smoke increases risk
by about 30%. One cohort study of British men suggested that non-smokers exposed to
high levels of second-hand smoke in the home were at similar risk of cardiovascular
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events to light (around 7/day) smokers 10.
3.7. The risk of cardiovascular disease from second-hand smoke is therefore
disproportionately high, and indicates that even low level exposure translates into
increased risk. This disproportionate effect of low levels of exposure probably explains
why admissions to Scottish hospitals for acute coronary syndrome fell by around 14%
more than the background secular trend when Scotland went smoke-free in 2006 11.
3.8. This increased risk of cardiovascular disease arising from low levels of exposure is thought
to be mediated by an increase in blood coagulation, which occurs almost immediately
after exposure and is probably reversed within a few days of ending exposure.
3.9. In sub-questions i-iii I am asked the following:
i. For example, all other things being equal, does exposure to 1124µg/m 3 necessarily
cause a greater likelihood of risk of injury/a particular injury compared to, say,
806µg/m3?
ii. Would, for example, all other things being equal, exposure to 806µg/m 3 cause a
greater likelihood of risk of injury compared to, say, 121µg/m 3?
iii. Do certain levels of exposure increase the probability of particular types of injury? If
so, which levels and which types of injury do those levels ‘correspond’ to?
The evidence above suggests that the higher the exposure the greater the risk of lung
cancer or COPD, but that even very low exposures can trigger acute cardiovascular
problems. For particulate pollution in general, the WHO reports indicate that risk
increases with exposure, and therefore that exposure to 1124µg/m3 will cause a greater
likelihood of risk of injury/a particular injury compared to, say, 806µg/m 3; and that
exposure to 806µg/m3 will cause a greater likelihood of risk of injury compared to, say,
121µg/m3. However, exposure at all of these levels causes harm. The evidence on the
exposure-response curve for smoking and cardiovascular disease also indicates that the
risk of acute cardiovascular events could be raised to a relatively similar at all of these
levels of exposure.

4.

Is the amount of time that a person is exposed to second hand smoke relevant to assessing
the risk of injury and is that the case for every type of likely injury or just some types of
likely injuries? For example, all other things being equal (including the level of exposure), is
someone exposed to second hand smoke for, say, 2 minutes a day at lesser risk than
someone exposed (to that same level) for 5 hours a day? If so, we should be very grateful if
you could give some examples based on the report at Annex A.
4.1. For the same reasons outlined above, I would expect the risk of lung cancer and COPD to
be higher in someone exposed to the same level of exposure for 5 hours than for 2
minutes, but would expect the increase in cardiovascular risk to be less proportionate
and hence relatively similar.

5.

Does the degree of risk of injury (either generally or particular types of injury) to a person
vary depending on whether the period of time for which that person is exposed to second
hand smoke is continuous or made up of separate periods of shorter exposure, between
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which they are not exposed to second hand smoke or to much reduced levels. For
example, all other things being equal, is exposure for a continuous period of 2 hours more
likely to cause injury compared to 12 separate periods of 10 minutes. If so, we should be
very grateful if you could give some examples based on the report at Annex A.
5.1. In relation to the risks of lung cancer and COPD, I would expect the cumulative injury
from continuous or interval exposure at the same level and totalling the same duration
to be exactly the same. This would also be true for cardiovascular disease if the intervals
of exposure occurred within a short period (for example, the same day), as the effect of
short-term exposure probably lasts for a few days. If comparing two hours of exposure
on one day with twelve 10-minute intervals spread over a year, then in relation to total
increase in cardiovascular risk the latter would much more sustained with interval
exposure.
6.

Are prisoners and staff with underlying health conditions more at risk of injury from second
hand smoke compared to prisoners and staff who are fit and well? If so, which underlying
medical conditions give the most cause for concern with respect to probability of risk of
injury either generally or in relation to particular types of injury? (Please note that NOMS is
taking immediate steps already in relation to staff and prisoners who NOMS knows are
pregnant.)
6.1. Second-hand smoke harms everyone. However people with a history of cardiovascular
disease are probably at increased risk of acute exacerbation with short-term exposure.
6.2. Second-hand smoke also exacerbates, but does not necessarily cause, asthma; and can
cause infective exacerbations among individuals with other chronic lung conditions.

6.3.

7.

Given that NOMS is already taking measures to protect pregnant women I would identify
people with cardiovascular disease, asthma and other chronic pulmonary complaints as
those at particular risk of injury (exacerbation) from short term exposure. However
everyone, whether or not they have these conditions, is harmed by second-hand smoke.

If possible, we should be grateful if you could provide a view on how NOMS might identify
those staff and prisoners who are at greatest risk of exposure to second hand smoke.
7.1. To identify staff or prisoners to prioritise for protection from second hand smoke my
personal suggestion would be to select those receiving treatment for, or with a history
of, asthma, COPD, other chronic lung disease, angina, myocardial infarction, stroke or
transient ischaemic attack. As a second-line and on account of the increased risk of
cardiovascular disease that these conditions confer, I would identify those treated for
hypertension or diabetes

The opinions I have expressed represent my true and complete professional opinions on the
matters to which they refer. I believe that the facts that I have stated in this report are true and
that the opinions I have expressed are correct.

John Britton
28th May 2015
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