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Abbreviations and technical terms used in the report
Abbreviations
g/m3 – Micrograms per cubic metre
ETS – Environmental tobacco smoke (also known as second-hand smoke)
GM – Geometric mean
GSD – Geometric standard deviation
IQR – Inter-quartile range
LC-MS/MS – Liquid chromatography tandem mass spectrometry
LOD – Limit of Detection
NIHR – National Institute for Health Research
PM – Particulate matter
SD – Standard deviation
SHS – Second-hand smoke
SPS – Scottish Prison Service
TIPs – Tobacco In Prisons study
WHO – World Health Organisation
Technical terms
Cotinine – the major metabolite (breakdown product) of nicotine. Exposure to nicotine can
be measured by analysing the cotinine level in the blood, saliva, or urine.
Median – the middle number in a set of numbers that have been ranked in numerical order.
Particulate matter – the sum of all solid and liquid particles suspended in air; many of which
are hazardous.
PM2.5 – particulate matter 2.5 micrometers (m) or less in diameter.
PM10 – particulate matter 10 micrometers (m) or less in diameter.
Process evaluation – a method of assessing how a programme or service is being
implemented, focussing on its operations, implementation, and delivery.
Standard deviation – a quantity expressing the amount of variation in a group of
measurements.
Static or area sampling – an air sampling method where the position of the sampler is fixed
next to a workstation or source of contaminant.
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Executive summary
This study used multiple methods to estimate the exposure of prison staff to second-hand
tobacco smoke (SHS) in all 15 prisons in Scotland. These inter-linked methods were carried
out between September 2016 and January 2017 and included: six-day static measurement
of fine Particulate Matter (PM2.5) and airborne nicotine in each prison; short (30-minute)
mobile measurements covering a range of specific locations and activities; salivary cotinine a biomarker of recent exposure to SHS – from non-smoking workers at the start and end of
their shift; and a questionnaire to collect data to estimate the extent and duration of
workers’ self-reported SHS exposure.
There was evidence of exposure to SHS in all prisons from the air quality measurement
results. Salivary cotinine also showed that approximately two-thirds of non-smoking staff
who participated in the saliva testing had measurable levels of SHS exposure over the
course of their work-shift. In terms of self-report, 81% of responding staff indicated that
they were exposed to SHS at work, with approximately one-third reporting 20 hours or
more each week.
Exposure to SHS varied considerably between the 15 prisons and within each prison,
depending on specific locations and activities. Some tasks involved exposure to SHS
concentrations that were comparable to levels that were measured in bars in Scotland prior
to smoke-free legislation in 2006.
Taken overall, the evidence suggests that a typical prison worker is exposed to PM2.5-SHS of
approximately 20-30 g/m3; a value that is broadly similar to that experienced by someone
living with a smoker in Scotland.
This is the most comprehensive assessment of prison workers’ exposure to SHS in the world.
The results are highly relevant to the development of smoke-free policies in prisons and
should be considered when deciding on the best approach to provide prison staff with a safe
and healthy working environment.
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Background: The Tobacco In Prisons study (TIPs)
The Tobacco in Prisons study (TIPs) is funded by the UK NHS National Institute of Health
Research (NIHR) as a three phase evaluation of graduated progress towards smoke-free
prisons. The full protocol of the study is available from the NIHR website at
https://www.journalslibrary.nihr.ac.uk/programmes/phr/155544/#/
The aims of the project are:
a) To evaluate the process of implementing enhanced tobacco control in Scottish prisons to:
i) strengthen the evidence-base on what is likely to facilitate successful
implementation of smoke-free prison policies for other jurisdictions; and
ii) feed into planning and communication strategies.
b) Assuming that policy changes are implemented at some stage in the future, to evaluate:
i) changes in smoking status and exposure to second-hand smoke;
ii) changes in related health indicators among prisoners and staff;
iii) organisational/cultural impacts in Scottish prisons, following the implementation
of a smoke-free prison service.
Phase 1 (Autumn 2016 to Summer 2017) has obtained baseline values for smoking,
exposure of staff to second-hand tobacco smoke (SHS), and relevant health indicators and
social norms around smoking in Scotland’s 15 prisons, and will scope the international
landscape, through a review of published literature and interviews in jurisdictions which
have already introduced smoke-free prisons. Phase 2 will entail a process evaluation of
initiatives within Scottish prisons in anticipation of the implementation of increased
restrictions on smoking in prison facilities in Scotland. Phase 3, which will only proceed if
smoke-free prisons are introduced in Scotland, entails an evaluation of the impact of the
implementation of such a policy on health, economic, cultural and organisational outcomes,
and predictors of success or difficulties. This report provides results of Phase I research for
the TIPs Work Package 2 (WP2) and describes the pre-change (baseline) measurements of
prison staff exposure to SHS in all of Scotland’s prisons.
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1. Introduction
The risks to health from exposure to second-hand tobacco smoke (SHS) are well
described in the scientific literature with high-quality epidemiological evidence
linking SHS to respiratory and cardiovascular disease (US Surgeon General, 2006).
The World Health Organisation (WHO) Framework Convention on Tobacco Control,
published in 2003, called on governments to provide protection from exposure to
tobacco smoke in indoor workplaces under Article 8 (WHO, 2003). Restrictions on
smoking in enclosed public spaces, including most workplaces, were implemented in
Scotland in 2006 and elsewhere in the UK in 2007. Smoke-free laws have been
shown to decrease workers’ exposure to SHS (Semple et al., 2007a) with direct shortterm health advantages for workers (Ayres et al., 2009) and longer-term, populationlevel improvements to respiratory and cardiovascular health (Pell et al., 2008).
Prisons are both workplaces for staff but also serve as prisoners’ homes. The latter
function poses challenges in terms of balancing the rights of the prisoner with the
rights of prison staff to be protected from the harms posed by SHS. Prisons are
currently exempt from smoke-free legislation in the UK and many other countries. In
Scotland, the smoking policy is set out in Rule 36 of the Prisons and Young Offenders
Institutions (Scotland) Rules 2011 and associated Direction, the Scottish Prison Rules
(smoking) Direction 2014. Under these rules, staff and visitors are not permitted to
smoke on prison premises at any time, while those in custody are only permitted to
smoke in a cell in which a single individual is accommodated, in a cell where two or
more individuals are accommodated but has not been designated as non-smoking, or
during outdoor recreation activities. Prisons are one of the few institutions in which
smoking remains normative: recent data for Scotland indicate that nearly threequarters (72%) of prisoners smoke (Scottish Prison Service, 2015).
Prisoners’ high levels of smoking can lead to high levels of SHS within prisons
(Semple et al. 2015; Jayes et al., 2015), despite the fact that smoking is already
subject to some restrictions in these settings. Exposure to SHS in prisons is attracting
increasing concern both internationally and within the UK and there is international
interest in finding suitable methods for greater tobacco control in prisons to benefit
prisoner and staff health (Butler et al., 2007; Baybutt et al., 2014). Several countries
have implemented total smoke-free policies (i.e. all indoor and outdoor areas) across
their prison estate. In the UK, comprehensive smoke-free policies were adopted by
Broadmoor Secure Hospital in 2007 and by the State Hospital in Scotland in 2011. In
October 2015, following several years of preparation, it was announced that a
comprehensive smoke-free policy would be implemented in all Welsh prisons from
January 2016 and at four early adopter sites in England from March 2016.
The Scottish Government sees a smoke-free prison service as a key step towards a
smoke-free Scotland (Scottish Government, 2013) and is committed to finalising
SHS in prisons in Scotland
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plans that set out how indoor smoke-free prison facilities will be delivered. Part of
the momentum for this has come from the need to protect prison workers’ health.
The Scottish Government’s current Tobacco Strategy states that “[C]reating a smokefree prison service should be seen as a key step on our journey to creating a smokefree Scotland” (Scottish Government 2013). The Scottish Government, NHS Boards
and the Scottish Prison Service (SPS) are currently considering options on how best
to proceed towards a smoke-free prison service.
One problem in characterising occupational exposure to SHS is that there is no
standard method for assessing workplace SHS exposure. Previous work in the
hospitality industry has used the concentration of particulate matter (PM 2.5) (Semple
et al., 2010) or airborne concentrations of nicotine (Mulcachy et al., 2005) to provide
data on the effect of implementing smoke-free regulations or policy changes. Some
studies have also used measures of salivary cotinine, a biomarker of exposure to
nicotine (Lawhorn et al., 2013).
Another problem in characterising occupational exposure to SHS is that there is no
UK Workplace Exposure Limit or international equivalent. Research studies on
occupational exposure to SHS have therefore tended to utilise environmental
exposure guidance values from the World Health Organisation (WHO, 2010) as
benchmarks to provide some indication of the potential harm from SHS
concentrations measured as PM2.5. Comparison with these values should be
considered alongside the WHO’s scientific consensus statement that ‘there is no safe
level of exposure to SHS’ (WHO, 2010).
Recent studies which have examined prison staff exposure to SHS have reported on
fixed location or area PM2.5 (or PM10) and/or nicotine concentrations measured over
varying periods in one to six prisons (Proescholdbell et al., 2008; Ritter et al., 2012;
Thornley et al., 2012; Semple et al., 2015a; Jayes et al., 2016; He et al., 2016). The
study reported here characterises the exposure of prison staff exposure to SHS in all
prisons within a national jurisdiction, and thus provides the most globally
comprehensive evaluation of prison workers’ exposure to SHS. The report provides
details of the assessment of exposure to SHS by a suite of complementary methods
involving air quality measurements and biomarkers of SHS intake, and examines
differences in the concentrations of SHS between and within all 15 prisons in
Scotland.
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2. Methods
2.1 Overview
Five complementary methods were used to quantify the exposure of prison staff to
SHS. These were:
 Static (or area) measurement of PM2.5 concentrations over a six-day
period within a residential hall or landing area in each prison;
 Static measurement of airborne nicotine concentrations over a six-day
period within a residential hall or landing area in each prison;
 ‘Mobile’ measurement of PM2.5 concentrations in specific locations or
during particular activities;
 Measurement of cotinine concentrations in the saliva of non-smoking
staff at both the beginning and end of a work-shift;
 Self-report of exposure to SHS via questionnaire.
Full details of these methods are provided in the following sections.
The study was carried out in all 15 of the operational prisons in Scotland. Thirteen of
these prisons are managed and run by the Scottish Prison Service: two further
establishments, HMP Addiewell and HMP Kilmarnock, are run by Sodexo Justice
Services and Serco respectively on behalf of the SPS. Details of the names of each
prison, prisoner capacity and staff numbers are provided in table 1. The study was
reviewed and gained approval from the Scottish Prison Service Research Access and
Ethics Committee and the University of Glasgow College of Social Sciences Ethics
Committee for Non-Clinical Research Involving Human Subjects (ref number:
400150213).

2.2 Staff training and engagement
Representatives from all of the 15 prison establishments in Scotland were invited to
attend a half-day training session at the SPS College, Polmont on the 29th September
2016. The aim of this session was to provide staff with the background to the TIPS
study, to explain the methods that would be used to assess the exposure of prison
staff to SHS and to provide basic training in the use of two air quality measuring
devices (described in more detail in section 2.3).
On completion of the training session, at least one trained member of staff from
each prison took responsibility for a box containing the two air quality monitoring
devices together with the necessary forms to complete when they installed the
instruments within their prison (see Appendix A).
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2.3 Instruments used for air quality measurement
Two types of devices were used to assess air quality in prisons: the Dylos DC1700 Air
Quality Monitor; and a nicotine monitor produced by an established research team
at John Hopkins University in the USA.
2.3.1. Dylos DC1700
The Dylos DC1700 is a laser-based particle counter that provides data on the number
of airborne particles in two size fractions. The device measures the number of
particles that are greater than 0.5 m diameter and also the number that are greater
than 2.5 m in diameter, thus enabling these values to be used to calculate the
number of particles between 0.5 and 2.5 m. Previously published work has
established the relationship between the measurements of these two size fractions
and an estimate of the mass concentration of PM2.5 when measuring SHS (Semple et
al., 2013; Semple et al., 2015b). PM2.5 is an internationally recognised size fraction of
fine particulate matter smaller than 2.5 m diameter that is used to characterise
both outdoor and indoor air pollution and has health-based guidelines from the
World Health Organisation (see section 2.9 for further detail). PM2.5 is a wellestablished marker of SHS concentrations and has been reported in many
international scientific papers as a way of describing and comparing SHS exposures
and concentrations.
The Dylos devices measure particulate concentrations every second and record the
average level each minute. The device operates from mains electric power – but can
function for 3-4 hours on an internal rechargeable battery when this is not available
or when used as a ‘roving’ or mobile monitor. The instrument can store up to 9056
minutes (6 days and 6 hours) of data.
Data captured on the device is downloaded to a computer and converted to an
estimate of the PM2.5 concentration for each minute, using Microsoft Excel software
and a previously published equation (Semple et al., 2015b). Each Dylos device had a
specific calibration factor applied from a chamber experiment where measured
concentrations of SHS-PM2.5 were compared to those reported from a TSI Sidepak
AM510 Personal Aerosol Monitor itself set to a correction factor of 0.295 for SHS
aerosol (Jiang et al., 2011). Time-resolved graphs of PM2.5 concentrations for each
prison were produced.
2.3.2 Nicotine monitor
The nicotine monitors used in this study were produced by the Environmental Health
& Engineering department at the John Hopkins Bloomberg School of Public Health in
the USA. These monitors have been previously used in many studies to measure
SHS in prisons in Scotland
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airborne concentrations of nicotine (Hammond & Leaderer, 1987). They capture
nicotine on a sodium bisulfate treated filter placed within a passive diffusion
monitor. Unlike the Dylos instrument these monitors simply provide an overall
average concentration from the time the device is exposed to air until they are resealed, and do not provide time-resolved, minute-by-minute information on
variations in concentrations.
The nicotine monitors require careful handling to ensure that the front diffusion
membrane remains intact and that the devices are stored in conditions where
further nicotine contamination cannot occur. Two field-blank monitors were
included in the study to check for nicotine contamination during the transport and
handling process. These field blank monitors were unsealed in an office environment
for a period of <1 minute to replicate the handling and transport of the filters in
every way. Two prisons also installed duplicate nicotine monitors to check the level
of agreement when devices were placed adjacent to each other.
On completion of sampling, the monitors were returned to the University of
Aberdeen and stored for a period of 1-2 weeks before being shipped to John Hopkins
University for analysis. There, the filters in each monitor were extracted with an
internal standard (isoquinoline, Sigma-Aldrich, St. Louis, MO, USA) and analysed
using a gas chromatograph with a nitrogen phosphorus detector (GC-FTD, Shimadzu
GC-2014, Shimadzu, Columbia, MD, USA). Nicotine was separated using a capillary
column (SHRXI-5MS, Shimadzu, Columbia, MD, USA). The analytical limit of detection
(LOD) based on a six-day measurement period was 0.031 g/m3 of nicotine. Both
field blanks were below the LOD indicating that no nicotine contamination was likely
to have taken place during the transport or storage of the monitors.

2.4 Static monitoring of PM2.5 and nicotine
The Dylos and nicotine monitoring devices were placed at a secure location where
mains power was available in an atrium or landing of one residential hall in each
prison. Exact locations were chosen by prison staff who made pragmatic decisions,
based on such factors as proximity to a power source, to allow six days continuous
monitoring whilst protecting the devices from malicious or accidental interference.
Table 1 provides details of the exact locations in each prison.
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Table 1: Details of prisons studied and location of static monitors in each prison
Prison

Prisoner
capacity

Staff
numbers

Location of static monitors

HMP Addiewell

700

347

Houseblock 2 Forth Alpha

HMP Barlinnie

1000

630

‘C’ Hall main desk at entrance to hall

HMP Castle Huntly

285

112

HMP Cornton Vale

230

195

Murray House Central Core at staff
work station
Peebles House Unit 7; Outside office

HMP Dumfries

180

162

Residential B desk

HMP Edinburgh

870

476

Glenesk Level 2 Staff Desk Area

HMP Glenochil

670

401

Harviestoun Flat 2 Staff Desk

HMP Grampian

500

334

Ellon Hall – core area

HMP Greenock

249

198

HMP Inverness
HMP Kilmarnock

103

123

500

257

Darroch Hall, Ground Floor Desk
adjacent to intercom
‘A’ Hall; behind officers’ desk
HB1A – Letterbox

HMP Low Moss

784

352

Kelvin House level 2 – core area

HMP Perth

630

368

‘C’ Hall; Level 4 – central atrium

HMP Polmont

712

452

Iona Level 1- staff desk

HMP Shotts

553

370

Allanton Hall Level 3

The Dylos and nicotine monitors were placed within the same location (within 1m of
each other). This enabled directly comparable, contemporaneous measurements of
both PM2.5 and airborne nicotine in order to test the hypothesis that measured PM2.5
concentrations reflected SHS levels. On placement, the nicotine monitor was
unsealed to expose its membrane to the environment at the same time as the Dylos
machine was switched on to commence the static reading. After six days of static
monitoring the Dylos machine was switched off and the nicotine monitor sealed and
bagged. Study team staff downloaded the Dylos data using Dylos Logger software.
The nicotine monitors were transported to the University of Aberdeen prior to
shipment to the USA for analysis.

2.5 Mobile monitoring of PM2.5
After the completion of the static monitoring, the Dylos devices were returned to the
staff member responsible for air quality measurement. A number of short, mobile
and activity-based measurements were then carried out in each prison. The timing
and location of these measurements was at the discretion of the staff member, to
reflect operational requirements and local concerns about SHS exposure. The staff
were provided guidance on gathering measurement data from between four and
SHS in prisons in Scotland
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eight 30-minute measurements across a range of locations including cells, offices,
reception areas, workshops, on-landing activity and during any duties where they
suspected SHS exposure may occur. The Dylos’ DC1700 internal battery enabled
short, 30 minute measurements to be performed by carrying the device while
shadowing workers performing duties such as cell unlocking, cell searches etc. A
form (see appendix A), describing the time and location of the measurement and the
associated activity being undertaken, was completed by staff. On completion of
these mobile measurements, the Dylos DC1700 was collected and the data
downloaded and analysed as described for the static monitoring.

2.6 Methods used for salivary cotinine data collection
Staff in each prison were informed of our aim of collecting saliva samples as a further
method of assessing exposure to SHS. Salivary cotinine is a well-recognised
biomarker of recent exposure to SHS. Staff were invited to take part and asked to
provide a pre- and post-shift sample of saliva. Participation was restricted to nonsmokers, not using any type of nicotine product (gums, patches, e-cigarettes) and
who neither lived with a smoker nor travelled to work in a vehicle where smoking
took place. A Participant Information Sheet and a Consent Form (appendix B) were
provided to all those indicating interest in the study. Written consent was obtained
from all participating volunteers.
Saliva samples were collected using a published method similar to that used for
other occupational groups (Semple et al., 2007a). The exact time of sample
collection was noted pre-and post-shift to calculate the exposure time. Saliva
samples were stored at room temperature before shipping to ABS Laboratories, UK
for analysis. Samples were analysed for cotinine using a method employing liquid
chromatography tandem mass spectrometry (LC-MS/MS). This method had a Limit of
Detection (LOD) of 0.1ng/ml and was cross validated to a previous method
(Feyerabend & Russell, 1990) in an inter-laboratory study (Bernert et al 2009).
Where the laboratory analysis indicated a salivary cotinine concentration less than
the LOD, an estimated value of one-half the LOD (0.05 ng/ml) was entered, to enable
summary statistics to be calculated. This method was employed to allow direct
comparison with data from the Scottish Health Survey (Scottish Health Survey,
2015).
The study also compared the salivary cotinine value obtained from the post-shift
saliva sample with a predicted value based on the pre-shift sample modified by the
toxicokinetics for cotinine elimination in the general population (Jarvis et al., 1988).
This method is rather like testing blood for alcohol – we know the average rate that
an individual metabolises or removes alcohol from their body and so we can use this
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average rate of elimination of alcohol from their system to estimate how much
alcohol they have consumed over a recent period. Similarly the method described
here in relation to cotinine allows the calculation of the amount of nicotine inhaled
over the period of the shift by looking at the difference between each individual’s
predicted post-shift cotinine value (assuming an average rate of elimination of
cotinine from their system) and their actual measured post-shift cotinine value.
Because overall average population estimates for the speed of cotinine elimination
(rather than those of any given individual) are used, the results are only presented at
a group level (i.e. over large numbers of workers). A positive value is indicative of the
average SHS exposure during a work-shift. Analysis was restricted to participants
whose pre-shift sample was greater than the analytical LOD and where the predicted
post-shift cotinine value – calculated by assuming zero nicotine intake – was also
greater than the LOD. This latter requirement was due to the need to capture
samples that could provide data on change in salivary cotinine levels between the
start and end of the shift.

2.7 Staff Questionnaire
An anonymous online questionnaire was made available to all staff working in
Scottish prisons. An invitation and link to the questionnaire, plus reminders, were
emailed to TIPs contacts in each prison for forwarding to staff. The link was live
between the 1st November and 16th December 2016. Staff were asked ‘On average,
how many hours per week do you work within a prison?’ and ‘On average, how
many hours per week are you exposed to other people’s smoke in a prison? This
includes smoke from prisoners and colleagues’.

2.8 Comparison with local outdoor PM2.5 data
One of the potential criticisms of using PM2.5 as a surrogate for assessing SHS is the
lack of specificity of the technique and the risk that other non-tobacco combustion
sources may contribute to the concentrations measured. Most previous work that
has measured PM2.5 in prisons has not addressed this potential interference and
simply assumed that all PM2.5 measured arises from tobacco combustion. To identify
if ambient or outside air pollution was likely to have contributed significantly to the
PM2.5 concentrations, we acquired contemporaneous data from the nearest Local
Authority PM2.5 static environmental measuring device.
These data are publically available from the website www.scottishairquality.co.uk. In
the case of HMP Dumfries the nearest environmental PM2.5 monitoring station was
in Carlisle with data from this site taken from www.airqualityengland.co.uk
Most prisons were a considerable distance from the nearest outdoor PM 2.5
monitoring station. The median distance between each prison and the nearest PM2.5
SHS in prisons in Scotland
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measuring station was 16 km (range 3-133km), with 14 of the 15 prisons located
within 50 km of a measurement station.

2.9 Comparing PM2.5 concentrations with health-based guidance and other
measurements
In the absence of any Workplace Exposure Limit or International limit for SHS the
PM2.5 data presented here are compared to three benchmarks. The first is the WHO
guideline for PM2.5 in indoor air over a year (10 g/m3), which given that the
measured exposures are assumed to be typical and likely to reflect the exposure
experienced by those working within that environment on a daily basis, is perhaps
the most relevant; the second is the WHO guideline for PM 2.5 in indoor air over a 24h
period (25 g/m3); and the third is the average level of PM2.5 measured in bars in
Scotland prior to smoke-free legislation in 2006 (246 g/m3) (Semple et al., 2007b).
While all of these benchmarks provide useful comparative values, it is important to
note again that the World Health Organisation guidance states that “there is no safe
level of exposure to SHS”. This is further explored in the Discussion section.

SHS in prisons in Scotland

Page 14

3. Results
3.1 Static monitoring
Air quality monitoring at fixed locations was carried out in all 15 prisons in Scotland
between 30th September and 7th November 2016. All 15 prisons gathered airborne
nicotine concentrations, although data from one monitor was excluded (HMP Castle
Huntly) because the staff member noted that it had been tampered with, resulting in
a hole in the outer membrane. Two prisons experienced initial problems with air
quality measurements using the Dylos device: in one the Dylos device was tampered
with and switched off on several occasions (HMP Kilmarnock), and in the other (HMP
Addiewell) the power adapter failed causing the PM2.5 measurement process to
terminate when the internal battery ran out of charge. After these problems were
revealed during data downloading by the research team, both establishments were
able to repeat the Dylos measurement process to ensure complete data coverage.
However, as a consequence of the problems in the initial measurement period, HMP
Addiewell and HMP Kilmarnock did not have PM2.5 and airborne nicotine data from
contemporaneous time periods.
Table 2 provides details of the start and end time of measurement and the total
number of minutes measured during the static sampling in each prison. The 15
prisons in this study include a range of prison types from buildings first established in
the 16th century through to several new-build establishments opened within the
past decade. Most prisons have undergone recent refurbishment and some are
mixed in terms of modern residential accommodation that is combined with older
sections. Ventilation and heating systems differ considerably, both between and
even within individual prisons.
Table 2: Timing and duration of static sampling in each prison
Prison

Start time

End time

Duration
(minutes)

HMP Addiewell
HMP Barlinnie
HMP Castle Huntly
HMP Cornton Vale
HMP Dumfries
HMP Edinburgh
HMP Glenochil
HMP Grampian
HMP Greenock
HMP Inverness
HMP Kilmarnock
HMP Low Moss
HMP Perth
HMP Polmont
HMP Shotts

01/11/2016 17:38
14/10/2016 11:17
20/10/2016 14:26
04/10/2016 07:15
30/09/2016 11:58
30/09/2016 09:49
04/10/2016 14:00
25/10/2016 08:16
04/10/2016 14:50
04/10/2016 12:29
27/10/2016 14:20
18/10/2016 10:32
06/10/2016 13:42
14/10/2016 15:10
14/10/2016 07:39

07/11/2016 17:32
20/10/2016 11:20
26/10/2016 13:44
10/10/2016 07:12
05/10/2016 13:38
06/10/2016 09:49
10/10/2016 13:59
31/10/2016 09:15
10/10/2016 14:51
10/10/2016 12:30
02/11/2016 15:21
24/10/2016 10:36
12/10/2016 13:28
20/10/2016 16:13
20/10/2016 07:59

8635
8644
8610
8638
7301
8641
8640
8700
8642
8642
8701
8645
8627
8704
8661
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A total of 128,431 minutes of PM2.5 data were collected from the 15 prisons –
equivalent to over 89 days of measurement with a time resolution of one-minute.
The mean sampling duration was 8562 minutes (5.95 days, range 5.1-6.04 days).
Figure 1 provides an example of the graph showing PM2.5 measurements over a sixday period from HMP Grampian. This prison was chosen as our illustrative example
as the 6-day average PM2.5 value was closest to the median value from all 15 prisons.
The graphs showing the results for all prisons are provided in appendix C.
Figure 1: PM2.5 concentrations measured over a six day period in HMP Grampian.

The results for each minute of sampling in each prison were brought together and a
mean concentration for each prison was calculated with values ranging between 11
and 136 g/m3. The median of these 15 prison values was 31.7 g/m3. Figure 2
provides detail on the mean concentration of PM2.5 measured in each prison.

SHS in prisons in Scotland
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Figure 2: PM2.5 static monitoring results from each prison.
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Table 3 summarises the measurements in each prison, including the percentage of
the sampling period when concentrations were above three comparative thresholds
(see section 2.9).
Table 3: Results of static PM2.5 measurements in each prison.
Prison

% time
a
>10
3
g/m

% time
a
>25
3
g/m

% time
a
>246
3
g/m

Maximum
3
g/m

Mean (SD) g/m

HMP Addiewell
HMP Barlinnie
HMP Castle Huntly
HMP Cornton Vale
HMP Dumfries
HMP Edinburgh
HMP Glenochil
HMP Grampian
HMP Greenock
HMP Inverness
HMP Kilmarnock
HMP Low Moss
HMP Perth
HMP Polmont
HMP Shotts

40
99
86
98
89
93
97
94
87
81
84
68
94
87
40

16
93
50
78
70
63
71
66
45
55
57
39
69
69
7

0
0
0
20
3.1
0
0
0
0
0.1
0.1
0
0
0.1
0

64
222
62
1009
569
132
171
198
162
272
335
111
142
466
125

11.2 (9.4)
54.6 (37.5)
28.8 (16.7)
135.9 (189.4)
48.6 (62.4)
28.5 (15.8)
36 (15.1)
31.7 (16.2)
23.4 (13.5)
49.2 (48.6)
32 (20.8)
19.8 (12.1)
35.3 (21.0)
31.1 (18.8)
10.5 (8.7)

Overall Median

87

63

0

171

31.7

b

3

a

These columns provide information on the percentage of 1-minute measurements that exceed each
3
of these benchmarking values. The 10 g/m value is the WHO air quality guidance for PM2.5 averaged
3
3
over one-year; the 25 g/m value refers to the WHO guidance averaged over 24h; the 246 g/m
value is the average value measured in Scottish pubs prior to smoke-free legislation in 2006.
b

SD=Standard deviation

Analysis of data in relation to a broadly defined ‘day’ period is provided in table 4
and is worth consideration given that most staff spend the majority of their time in
prisons during these 16 ‘daytime’ hours. In 14 of the 15 prisons PM2.5 concentrations
were higher during the ‘daytime’ hours of 7am-11pm with measurements during
these hours typically having concentrations that are about 77% higher than those
measured during night-time hours (median ‘daytime’ concentration was 36.5
compared to a median ‘night-time’ value of 20.6 g/m3). In the case of HMP Cornton
Vale the difference was particularly marked with ‘daytime’ exposures over the six
day sampling period averaging 180 g/m3 compared to 48.5 g/m3 when averaged
over the night period. The exception was Castle Huntly where PM2.5 concentrations
were higher during the ‘night-time’ hours. This is an ‘open prison’, where prisoners
are allowed to leave on temporary licence to work within the community or return
home for limited periods.
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Table 4: Daytime and Night-time static PM2.5 concentrations for each prison.
‘Daytime’a
Mean g/m3

‘Night-time’a
Mean g/m3

% increase
during
‘daytime’

HMP Addiewell
HMP Barlinnie
HMP Castle Huntly
HMP Cornton Vale
HMP Dumfries
HMP Edinburgh
HMP Glenochil
HMP & YOI Grampian
HMP Greenock
HMP Inverness
HMP Kilmarnock
HMP Low Moss
HMP Perth
HMP & YOI Polmont
HMP Shotts

14.9
57.4
25.8
179.6
62.5
32.1
40.9
36.5
25.6
66.9
41
25.7
40.3
36.3
13.4

3.7
48.9
34.8
48.5
20.4
21.3
26.3
22.0
19.0
14.0
13.8
8.2
25.4
20.6
4.8

303
17.4
-25.9
270
206
50.7
55.5
65.9
34.7
378
197
213
58.7
76.2
179

Overall Median

36.5

20.6

77.2

Prison

a

‘Day-time’ hours were arbitrarily set at ‘7am-10:59pm’ with night-time’ from ‘11pm-06:59am’

3.1.1 Adjustment for outdoor air PM2.5 concentrations
The mean PM2.5 concentration measured at the nearest Local Authority outdoor air
quality measurement stations during the times when sampling took place in each
prison was 9 (range 5-23) g/m3. Table 5 presents the location of the outdoor
measurements, the mean (and Standard Deviation (SD)) values for PM 2.5 measured
at that location and an ‘adjusted’ value of SHS-PM2.5 for each prison based on the
premise that PM2.5 concentrations greater than the outdoor concentration values
are from SHS. As noted earlier, the distance from the nearest outdoor air quality
measurement station varied but it is worth observing that 14 of the 15 ambient
PM2.5 concentrations are within a very narrow range of 5-13 g/m3 (with the other
being 22.8 g/m3). This indicates that there is much smaller variation in outdoor
ambient concentrations of PM2.5 across Scotland than the amount of variation
observed in indoor PM2.5 concentrations in prisons. This adjustment for outdoor
PM2.5 levels (see table 5) strongly supports the existence of a major source of PM2.5
within prisons and taken with other evidence presented in this report, it is difficult to
dispute that this source is likely to be SHS.
The median value of these adjusted SHS-PM2.5 concentrations is 22.6 (range 3-131)
g/m3.
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Table 5: Adjustment of static PM2.5 measurements for outdoor PM2.5 for each
prison.
Prison

Nearest
outdoor monitora

Outdoor
Mean (SD)
PM2.5 g/m3

‘Adjusted’ SHSPM2.5 g/m3

HMP Addiewell
HMP Barlinnie
HMP Castle Huntly
HMP Cornton Vale
HMP Dumfries
HMP Edinburgh
HMP Glenochil
HMP Grampian
HMP Greenock
HMP Inverness
HMP Kilmarnock

Lanark
High St, Glasgow
Kirkcaldy, Fife
Falkirk Banknock
Carlisle Roadside
St Leonards, Edinburgh
Grangemouth
Errol Place, Aberdeen
Greenock A8
Errol Place, Aberdeen
St Marnock Street,
Kilmarnock,
High St, Glasgow
Kirkcaldy, Fife
Grangemouth
Lanark

6.6 (6.9)
11.4 (4.9)
10.5 (3.7)
5.2 (11.4)
9.4 (4.1)
5.9 (2.6)
6.4 (2.2)
22.8 (6.2)
5.3 (1.4)
5.7 (2.1)
11.5 (6.0)

4.6
43.2
18.3
130.7
39.2
22.6
29.6
8.9
18.1
43.5
20.5

12.6 (5.0)
5.3 (1.6)
6.5 (4.7)
7.7 (5.5)

7.2
30
24.6
2.8

6.6

22.6

HMP Low Moss
HMP Perth
HMP Polmont
HMP Shotts

Overall Median
a

several prisons had the same nearest outdoor monitor. As Dylos measurements took place over
different time periods in the prisons so the outdoor monitor results for each prison are specific to that
time period.

Although there are no directly comparable studies that have used this method of
adjusting for outdoor air we have carried out a post-hoc analysis of the PM2.5 data
from the five prisons in England & Wales [data presented in
https://www.gov.uk/government/publications/air-quality-reports ]. Outdoor PM2.5
data from the nearest environmental monitoring station was gathered from
http://www.airqualityengland.co.uk and an adjustment was made in an identical
manner to that described here for the Scottish prisons’ data. The median value of
the outdoor PM2.5 concentrations was 14 (range 7-19) g/m3 and when the nearest
value was applied to each prison this gave an ‘adjusted’ SHS-PM2.5 median
concentration in the five prisons in England & Wales of 16 (13-62) g/m3.
This adjustment method was used to demonstrate that PM2.5 concentrations inside
prisons are generally much greater than outdoor, ambient concentrations and are
thus suggestive of a major emissions source of particulate within prisons.
Furthermore, the patterns of variation within the prisons conform to expectations of
SHS exposures given prisoner movements and activities over the week and the times
and places where they are most likely to smoke. The ‘adjusted’ levels should not
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therefore be construed as being the ‘correct’ measurements of SHS and we have
used the unadjusted data for the remainder of the report.”
The Dylos device also provides the ability to determine the ratio of coarse particulate
(particles greater than 2.5 microns in diameter) to fine particulate (those under 2.5
microns in diameter). Previous work by our group (Semple et al., 2015b) has noted
that the percentage of coarse particulate in ambient air pollution or in homes that
are smoke-free tends to be in the range of 5-15%, while environments where SHS is
the predominant source of PM2.5 tend to have values of 0.5-3.0%. All 15 prisons had
mean values of <3% of coarse particles with the average values ranging from 0.82.1% providing further weight to the assumption that SHS was the primary source of
PM2.5 in these settings.

3.2. Static nicotine measurements
After excluding the damaged monitor from HMP Castle Huntly, sixteen filters were
analysed (two prisons had duplicate monitors). Table 6 presents the results from the
nicotine monitors. Nicotine was detected on 14 monitors with no nicotine detectable
on the filter analysed from monitors in HMP Perth and HMP Shotts. For the purposes
of presenting summary statistics, these two filters were assigned values of ½ the LOD
(0.016 g/m3). In the prisons where duplicate measurements were made, the
arithmetic mean of these two samples was used. Agreement between these paired
samples was variable: values differed from the mean by 8% at HMP Barlinnie and by
26% HMP Low Moss.
The median airborne concentration of nicotine measured was 0.32 g/m3 (range
<LOD – 1.65 g/m3).
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Table 6: Results of the airborne nicotine measurements in each prison.
Prison

Nicotine

HMP Addiewell
HMP Barlinnie
HMP Castle Huntly
HMP Cornton Vale
HMP Dumfries
HMP Edinburgh
HMP Glenochil
HMP Grampian
HMP Greenock
HMP Inverness
HMP Kilmarnock
HMP Low Moss
HMP Perth
HMP Polmont
HMP Shotts

g/m
0.349
0.592
1.651
0.608
0.436
0.159
0.323
0.169
0.546
0.101
0.183
0.016
0.319
0.016

Overall Median

0.319

Notes

3

Not contemporaneous with static PM2.5
Average of two duplicates (0.637, 0.546 g/m3)
Monitor membrane damaged

Not contemporaneous with static PM2.5
Average of two duplicates (0.137, 0.230 g/m3)
<LOD so ½ LOD applied
<LOD so ½ LOD applied

3.3 Comparison of PM2.5 and nicotine measurements
The data from the 12 prisons where contemporaneous measurement from both
Dylos PM2.5 and nicotine monitors exists (i.e. all prisons except HMP Addiewell, HMP
Castle Huntly and HMP Kilmarnock due to the reasons outlined above) were
analysed to determine the relationship between these two measurement methods.
The correlation results, presented in Figure 3, provide re-assurance that the use of
PM2.5 is a good surrogate for SHS with the R-squared value of 0.91 showing a high
association between the two measures. Even excluding the outlier from HMP
Cornton Vale the relationship between Dylos PM2.5 concentrations and airborne
nicotine was strong with an R-squared value of 0.60.
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Figure 3: Relationship between static PM2.5 and airborne nicotine concentrationsa.

a

Nicotine data from HMP Barlinnie and HMP Low Moss are generated from the mean of two
duplicate measurements.

3.4 Mobile measurements
In contrast to the static measurement analysis which seeks to identify differences
between prisons in SHS concentrations, this section describes pooled data from
across the prison estate. It aims to determine which areas or tasks, common to
many prisons, give rise to exposure to SHS and the magnitude of the exposure
experienced while staff spend time in these locations or undertaking these
activities.
During the mobile measurement period a total of 86 short (typically 30 minute
long) measurements were carried out using the Dylos devices across the 15 prisons.
The median number of these mobile measurements made in each prison was six
(range 2-8) with the total sampling duration being 2860 minutes (sample duration
median was 30 minutes; range 5-150 minutes). Data were transformed and
corrected in the same manner as the Dylos static measurements: measurements
from each prison were corrected with an instrument specific calibration factor
generated from a laboratory side-by-side measurement with a TSI Sidepak AM510
device set to measure PM2.5.
For the 86 mobile measurements, the Geometric Mean (GM) was 24.1 g/m3 and
Geometric Standard Deviation (GSD) was 4.2, both very similar values to the GM for
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70 ‘spot’ measurements made using a near identical protocol in six prisons in
England & Wales (GM 24g/m3; GSD 3.5) in 2015 (Semple et al., 2015a).
Each period was assigned a code based on the activity taking place or location
where the measurement was taken, and table 7 shows the median and range
values for each activity code with data pooled across all 15 prisons. The dashed line
helps demarcate those areas or activities where SHS is likely to be present, based
on the median value >10g/m3. Graphs showing all of these measurements from
all 15 prisons are provided in appendix D.
Table 7: PM2.5 concentrations measured across all 15 prisons and categorised by
activity/location.
Activity/Location

Reception
Teaching area
Health care/gym
Outdoor
Staff offices
Workshops
Corridor/landing
Unlocking/locking
Cell search/inspection
Recreation
Maintenance
a

N

Minimum
PM2.5
g/m3
5
1.0
6
0.8
5
1.1
2
4.0
5
7.8
9
8.5
12
3.5
18
4.2
17
7.8
5
31.2
2
53.9
th

Maximum
PM2.5
g/m3
4.1
15.5
8.7
7.8
42.9
217.1
436.4
89.7
753.6
86.7
103.4

Mean (SD)
PM2.5
g/m3
2.6 (1.3)
5.4 (5.2)
4.8 (2.8)
5.9 (2.7)
21.9 (13.0)
45.3 (66.6)
98.0 (146)
40.5 (22.7)
122 (185)
106 (116)
78.7 (35.0)

Median (IQR)a
PM2.5
g/m3
2.4 (1.9-3.8)
4.1 (2.7-4.9)
4.7 (3.4-6.0)
5.9 (4.0-7.8)
18.8 (16.9-23.3)
19.1 (11.1-46.0)
37.5 (24.7-69.6)
40.4 (26.7-49.3)
44.1 (24.1-111)
72.2 (32.6-86.7)
78.6 (53.9-103)

th

IQR = Inter-quartile range (25 percentile to the 75 percentile of the measurements)

3.5 Salivary cotinine results
Saliva samples were collected from prison staff in all prisons between 7th November
2016 and 16th January 2017. In total, 422 eligible prison staff working within their
prison on the day of sampling agreed to provide a sample. The median number of
participants per prison was 27 (range 5-74). Three participants did not provide valid
pre- or post-shift saliva samples and were excluded from further analysis. Using a
threshold of >5ng/ml at either pre- or post-shift sampling as a criterion to determine
if the participant was a smoker (Jarvis et al., 1988), a further twelve participants
were excluded leaving a final dataset of 407 subjects.
The post-shift salivary cotinine concentration was used to compare the exposure to
SHS of these non-smoking prison staff with that of other relevant occupational or
population groups. To facilitate comparison the median and GM values were
calculated. The median was 0.155 (range <LOD to 1.65) ng/ml while the GM (and
Geometric Standard Deviation (GSD)) was 0.145 (2.48) ng/ml. Table 8 provides
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details on the median and inter-quartile range (IQR) together with information on
the number of post-shift samples that were lower than the analytical Limit of
Detection (LOD) for each prison.
Table 8: Post-shift salivary cotinine concentrations from participants in all 15
prisons.
Prison
HMP Addiewell
HMP Barlinnie
HMP Castle Huntly
HMP Cornton Vale
HMP Dumfries
HMP Edinburgh
HMP Glenochil
HMP Grampian
HMP Greenock
HMP Inverness
HMP Kilmarnock
HMP Low Moss
HMP Perth
HMP Polmont
HMP Shotts
All

N

N (%) with measures
<LOD

Median (IQR) (ng/ml)

16
73
5
15
11
30
32
46
19
26
26
10
35
28
35
407

12 (75%)
16 (22%)
3 (60%)
2 (13%)
3 (27%)
6 (20%)
7 (22%)
22 (48%)
9 (47%)
5 (19%)
14 (54%)
4 (40%)
15 (43%)
11 (39%)
10 (29%)
139 (34%)

0.050 (0.05-0.132)
0.194 (0.112-0.323)
0.050 (0.05-0.175)
0.214 (0.132-0.292)
0.187 (0.05-0.240)
0.166 (0.115-0.380)
0.170 (0.105-0.275)
0.106 (0.05-0.328)
0.120 (0.05-0.232)
0.206 (0.117-0.492)
0.050 (0.05-0.301)
0.198 (0.05-0.315)
0.139 (0.05-0.229)
0.129 (0.05-0.244)
0.154 (0.05-0.246)
0.155

Overall approximately two-thirds (66%) of these non-smoking prison staff provided
end-of-shift saliva samples that presented measurable evidence of recent SHS
exposure. This ranged from 25% in HMP Addiewell to 87% in HMP Cornton Vale. The
highest median salivary cotinine value was recorded in HMP Cornton Vale staff
where the value was 0.214 ng/ml. HMP Cornton Vale also recorded the highest static
airborne nicotine and PM2.5 concentrations.
To estimate the amount of nicotine inhaled during the work-shift, the dataset was
refined to those participants where the pre-shift sample was >LOD and where the
predicted post-shift cotinine value – if there had been zero nicotine intake – was also
>LOD. This resulted in a sub-sample of 149 subjects. A positive value (when
subtracting the predicted post-shift value from the measured post-shift value)
indicates that SHS exposure was likely to have occurred. Overall, 138 of these 149
participants had a positive value where the post-shift salivary concentration
exceeded the predicted value. The median increase experienced by the 149
participants was +0.138 (range -0.875 to +1.406) ng/ml.

SHS in prisons in Scotland

Page 25

Applying this median value to a series of previously published equations (Repace et
al., 2006) relating salivary cotinine to PM from SHS suggests that, overall, this group
of workers was exposed to an average work-shift concentration of SHS-PM of 24.8
g/m3. Due to individual variation in the biological half-life of nicotine and cotinine
metabolism this analysis is unlikely to provide accurate information on any given
individual’s exposure to SHS. However, taken at a group level and based on nearly
150 subjects, this analysis provides a good estimation of the concentration of SHS
that this working group is exposed to, and confirms that prison staff are exposed to
SHS during their work-shift.

3.6 Self-report of SHS exposure from the staff survey
In total, 1271 (27%) of 4777 prison staff completed the online questionnaire. The
number of responses by prison ranged from 28 to 210 (10% to 38% response). A
total of 706 (56%) were ever-smokers, and 123 (9.7%) were current smokers. Whilst
lower than the smoking prevalence for adults in Scotland (Scottish Health Survey,
2015), this may reflect the additional barriers to regular smoking breaks that this
workforce experiences as staff are not permitted to smoke at work, and movement
through and out of the prison grounds is subject to operational considerations and
security procedures.
Respondents reported having worked in the prison service on average for 15.5
(range 0-46) years and for a median of 37 (range 10-55) hours per week. They
reported being exposed to other people’s cigarette smoke in prison for a median of
10 (range 0-48) hours per week. More than 80% (n=1035 (81.4%)) said they were
exposed to SHS at work, which is broadly comparable with the 66% of our sample of
non-smoking staff who provided a post-shift saliva sample that had measurable
levels of cotinine. A total of 456 (35.9%) of those staff who responded to the
questionnaire reported being exposed to SHS for over 20 hours per week suggesting,
that for a considerable proportion of staff, SHS exposure occurs for the majority of
their working week.
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4. Discussion
This is a comprehensive evaluation of prison workers’ exposure to SHS throughout
the entire prison estate in Scotland, and, as such, it represents one of the largest
studies in the world. Across a suite of measurement methods that include air
sampling, biological markers of exposure and subjective self-report, this report
provides evidence that prison staff experience SHS exposure within cells, prison
landings, halls, and other communal areas. Staff are exposed to SHS in all prisons,
and while the concentrations experienced are variable both across the estate and
within each prison, the evidence suggests that, for many staff, exposure is regular
and prolonged.
The six-day PM2.5 concentrations measured in a residential hall of each prison and
reported here should be considered alongside data from other studies where air
quality has been measured in prisons. The median PM2.5 concentration from the 15
prisons in Scotland here was 31.7 g/m3 (range 11-136 g/m3) which is within 12%
of the median value of 35.6 g/m3 (range 27-70 g/m3) reported from five prisons in
England and Wales assessed in a near identical manner using the Dylos DC1700
device (Semple et al., 2015a). Another study from four prisons in England (Jayes et
al., 2016) used a TSI Sidepak AM510 to measure PM 2.5 concentrations over shorter
periods (mean 6.5 hours) on residential landings and reported average
concentrations of 43.9 g/m3 on prison wings where smoking within cells was
permitted. Given that Jayes et al’s data were gathered during ‘daytime hours’, it is
worth noting that the six-day residential hall results from the present study were
36.5 g/m3 when restricted to ‘daytime’ hours (defined here as 7am-11pm). It is also
worth observing that the shorter, mobile Dylos measurements made in the 12
‘corridor/landing’ settings in the current study had a median value of 37.5 g/m3.
Research on SHS exposures and/or air quality in prisons in other areas of the world
shows a wide range of results, but these have generally been collected from single
prisons or from a small number of establishments within that country’s prison
estate. Reported measurements have also tended to be carried out over short
periods. One longer study was from a single New Zealand prison (Thornley et al.,
2012) that measured PM2.5 concentrations over a 14-day period and reported a GM
value of 6.6 g/m3 – much lower than the values indicated in this report. The device
was positioned in the staff base adjacent to the four prison wings and measurements
were made immediately prior to the introduction of smoke-free rules. Previous work
examining PM2.5 in six prisons in the USA (Proescholdbell et al., 2008) provided a
mean value of 93.1 g/m3 from measurements in prison dormitory areas and
lobbies. These 14 measurements were taken over short periods with between 43
and 91 minutes spent in each of the six prisons. A study in a single Swiss prison
(Ritter et al., 2011) reported PM10 concentrations made in three prison areas with
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mean values of 30, 120, and 180 g/m3. The duration of measurement was not
reported.
The SHS concentrations reported in Scotland’s prison settings should also be
considered in light of measurements made in other smoking and smoke-free
environments. To place this in context, the median PM2.5 concentrations measured in
smoke-free homes in Scotland is 3.1 g/m3 (Semple et al., 2015c). Data from the
same study show that homes where smoking takes place had much higher levels
with a median PM2.5 value of 31 g/m3 (Semple et al., 2015c). These latter results are
very similar to the 6-day static value measured across the 15 Scottish prisons in this
study and, taken together with the results from the salivary cotinine sampling,
suggest that the average non-smoking prison worker experiences an occupational
exposure to SHS that is in line with that received by a non-smoking adult who lives in
a home with a smoker.
There are no very recent data on occupational exposures to SHS in the UK but results
from measurements of PM2.5 in the hospitality sector before smoke-free legislation
was introduced in 2006 are worth noting. PM2.5 concentrations measured in Scottish
pubs prior to smoke-free legislation had a mean value of 246 g/m3 (Semple et al.,
2007b), nearly eight times greater than the static 6-day average value measured in
Scottish prisons. This finding is also reflected in the salivary cotinine values from nonsmoking hospitality workers at this time, where the GM value was 2.94 ng/ml
(Semple et al., 2007) – again much higher than the 0.145 ng/ml value from nonsmoking prison staff.
The results show that SHS exposures vary considerably between prisons and over the
course of the day in each prison. Time-course graphs of both the static and mobile
monitoring results provided in the appendices C and D show the wide range of PM2.5
concentrations measured and the value of measuring SHS levels with a 1-minute
resolution. Concentrations experienced by staff carrying out work such as in-cell
inspections or maintenance can be extremely high, with some of these activity-based
measurements indicating values comparable with those measured in Scottish bars
when smoking was permitted (Semple et al., 2007b).
The mobile or activity based measurements demonstrate that some areas and
activities record zero or minimal exposure to SHS while other settings lead to high
levels. The results suggest that areas such as health care, sports/gym facilities,
teaching and reception areas, are essentially smoke-free. As would be anticipated,
however, exposure is considerable in many other areas, particularly those settings
close to cells where smoking is permitted. Staff offices, corridors and landings show
evidence of SHS drifting from prisoners’ cells to these communal areas.
Concentrations during recreation activities can also reach high levels. Activities
involving cell unlocking, cell searches, cell fabric inspections and cell maintenance
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can all lead to considerable exposure. These activities can result in staff being
exposed to concentrations that are several times higher than the WHO guidelines for
PM2.5 with some specific activities leading to staff experiencing concentrations
similar to those measured during visits to bars in Scotland prior to smoke-free
legislation.
The airborne nicotine measurements showed a high level of association with the
airborne PM2.5 concentrations with an R-squared value of 0.91. This provides another
level of evidence that the PM2.5 measurements provide a good marker of SHS
concentrations.
One concern, however, was that the nicotine measurements were considerably
lower than anticipated. The median value of 0.32 g/m3 was nearly ten times lower
than the PM2.5 results from the co-located Dylos DC1700 devices would have
predicted. The ‘Rosetta stone’ equations developed by Repace and colleagues (2006)
suggest that PM2.5 concentrations are generally about ten times those of airborne
nicotine. With the Dylos median PM2.5 of 31.7 g/m3 an air nicotine median of about
3.2 g/m3 could be expected. Ritter reported mean values of 7.0 g/m3 nicotine in a
Swiss prison (Ritter et al., 2011) and work in smoking homes by Phillips and coworkers (1996) and by Butz et al (2011) provided airborne nicotine concentrations of
1.1 and 1.4 g/m3 respectively. Our results using pre and post-shift cotinine,
extracted from saliva samples provided by non-smoking staff members, also indicate
that prison workers’ nicotine intake matches with the 20-30 g/m3 estimate of PM2.5
when using the Repace (2006) Rosetta Stone equations. This again suggests that the
airborne nicotine measurements are under-reporting the actual concentrations.
It is unclear why the airborne nicotine measurements in this study are systematically
lower than expected. Given the strong and consistent relationship (R-squared = 0.91)
between the airborne nicotine and the PM2.5 concentrations it is possible that there
may have been some systematic nicotine loss from the filters during storage and/or
air transportation to/storage in the USA after collection.
The salivary cotinine levels among non-smoking prison staff at the end of their workshift indicate a GM (GSD) value of 0.15 (2.48) ng/ml. This is slightly higher than a GM
(GSD) of 0.12 (3.39) ng/ml in a much smaller sample of 54 prison workers in England
& Wales in 2015 (Semple et al., 2015a). It is also about 60% higher than a value of
0.09 ng/ml reported in the most recent (2014/5) population level survey of nonsmoking adults in Scotland (Scottish Health Survey, 2015).
Assessing SHS exposure by measuring airborne PM2.5 is an internationally accepted
method that has been employed in many occupational and non-occupational
settings including bars (Semple et al., 2007a), homes (Semple et al., 2015c) and
prisons (Jayes et al., 2016). However, PM2.5 is not specific to SHS and it is possible
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that results can be elevated from non-SHS sources, such as ambient air pollution and
other aerosol generating processes including use of deodorants, cooking with hot oil
and wood-working. The temporal patterns of PM2.5 concentrations presented in the
1-minute graphs (figure 1 and appendices C and D) are strongly suggestive that the
particles measured are from SHS sources. This is further backed-up by the estimates
generated from the change in salivary cotinine concentrations in non-smoking prison
workers which produced an overall estimate closely in line with the static PM 2.5
measurement data.
The study also considered the ambient PM2.5 concentrations from the nearest local
government environmental monitoring station where the median outdoor
concentration was 6.6 g/m3. These data provided further evidence that the PM2.5
measured within Scotland’s prisons are unlikely to be from industrial or vehicle
emissions or other outdoor air pollution sources and again suggest that the PM 2.5
measured in prisons is predominately from SHS sources.
The lack of a Workplace Exposure Limit in relation to SHS makes communicating
about the levels measured and the risks associated with those exposures difficult.
There is no simple concentration that can be regarded as safe or acceptable. In line
with other research on SHS, this report has employed the World Health Organisation
(WHO) Air Quality Guidance Values for PM2.5 in indoor air. It is important to note
however that the same guidance also cautions that “the WHO guidelines for
environmental tobacco smoke (ETS) [another term for SHS] published in the second
edition of Air quality guidelines for Europe, stating that there is no evidence for a
safe exposure level, are clear and still valid. Therefore, ETS [or SHS] is not included in
the current [guidelines]. Furthermore, the guidelines for other pollutants [i.e. PM2.5]
should be developed based on the assumption that ETS [SHS] is eliminated from
indoor spaces” (WHO, 2010). These guidelines are thus not specifically applicable to
SHS as the WHO make the clear case that there is no safe level of exposure. This
report has thus used a wide variety of comparative measurement data to provide
context using measurements of PM2.5 from other prison systems, smoking-permitted
and smoke-free homes and from Scottish bars prior to smoke-free legislation.
It is difficult to quantify the risks to health that could arise from the SHS exposures
measured across Scotland’s prisons. The risk to health for any given worker will be a
function of their personal smoking history and their current and past exposure to
SHS within prisons and other environments. Societal changes, the introduction of
tighter rules around smoking and anecdotal reports from prison staff would suggest
that SHS exposures within prisons in the past were much higher than those
measured during the autumn of 2016. However, simply taking the results from the
measurements reported here the risks from SHS are clearly much lower than those
experienced by bar workers prior to the introduction of smoke-free legislation in the
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UK in 2006/7 (Jamrozik, 2005). The measurements presented in this report suggest
the exposure to SHS of a typical prison worker is broadly similar to that of a nonsmoking adult living with a smoker who smokes at home. Epidemiological data on
non-smokers who live with smokers (Hole, 2004) would suggest relative risk ratios of
between 1.1 and 1.3 for four common diseases: lung cancer, stroke, ischaemic heart
disease and chronic obstructive pulmonary disease.
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5. Conclusions
Staff in Scotland’s prisons are exposed to SHS. They are one of a small number of
worker groups who continue to be exposed to SHS since the introduction of smokefree legislation in 2006. The concentrations of SHS measured vary by prison, time of
day and the specific locations or activities performed by each staff member. Utilising
all the evidence from this study it is likely that the typical exposure of a prison
worker lies somewhere between 20-30 g/m3 of SHS-PM2.5. Some staff in particular
prisons and during particular activities may experience exposures considerably
greater than this, while other staff with little work in or close to cells may have
minimal or zero exposure. This level of 20-30 g/m3 SHS-PM2.5 exposure is broadly
comparable to that measured in a similar, but smaller, study of prison settings in
England and Wales. It is also in line with levels measured in smokers’ homes where
smoking is permitted (Semple et al., 2015c). While there is no UK Workplace
Exposure Limit or international equivalent for SHS-PM2.5 it is worth emphasising that
the WHO state that ‘there is no safe level of exposure to SHS’.
SHS is harmful and the vast majority of people in the UK, and many other countries,
are now protected from exposure to this hazard while at work. Prison staff are aware
of the protection afforded to other worker groups and recognise governmental
campaigns and health advice on the importance of living in a smoke-free
environment (Scottish Government, 2015). There is a need to find suitable and
effective policies that can help protect prison staff from exposure to SHS at work.
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8. Appendices
Appendix A – proformas used in air quality monitoring
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Appendix B – participant information sheet and consent form used in salivary
cotinine collection
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Appendix C – Static measurements of PM2.5 from each prison
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Appendix D: Mobile monitoring data graphical outputs
HMP Addiewell

HMP Barlinnie
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HMP Castle Huntly

HMP Cornton Vale
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HMP Dumfries

HMP Edinburgh
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HMP Glenochil

HMP Grampian
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HMP Greenock

HMP Inverness
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HMP Kilmarnock

HMP Low Moss
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HMP Perth

HMP Polmont
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HMP Shotts

[END OF REPORT]
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