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Abstract. A number of legislative bodies in Europe have already made or are currently considering making policy deci-
sions on the issue of smoking in public places. Policy alternatives have been discussed in Town and Country Planning
(2002). In the last decade, the scientific evidence relating to this debate has been reported in a diverse range of publica-
tions such as the British Medical Journal, Indoor Air and The Chartered Institution of Building Services Engineers journal.
On inspection much of this reporting concludes negatively on the performance of ventilation systems. In this paper, a cri-
tical review is undertaken of the “before and after smoking ban™ study papers. This paper aims to critically review the fin-
dings of these studies in relation to ventilation and draw some working conclusions from these studies.
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1. Introduction

A number of legislative bodies in Europe have already
made or are currently considering making policy deci-
sions on the issue of smoking in public places. Policy
alternatives have been discussed in Town and Country
Planning (Jones et al. 2004). In the last decade, the scien-
tific evidence relating to this debate has been reported in
a diverse range of publications such as the British Medi-
cal Journal (BMJ), Indoor Air and the Chartered Institute
of Building Services Engineers (CIBSE) Journal. On
inspection much of this reporting concludes negatively on
the performance of ventilation systems (Mulcahy, Repace
2000; Carrington et al. 2002, 2003; Gee et al. 2005,
2006; Kotzias ef al. 2004).

Where introduced, smoking bans usually identify a
number of specific exemptions, for example prisons and
long stay psychiatric care homes, and it is important that
these spaces are ventilated using the best technologies
available in order to protect both user groups and staff
employed in these buildings (Geens 2008). The most
immediate health and safety concern from smoking in
such buildings is probably that of fire with the risk of
smokers falling asleep in their rooms whilst smoking.
This risk is reduced by providing a centralised smoking
room which is more easily monitored than individual
rooms. The same strategy facilitates easier management
of longer term health and safety concerns about the
exposure of staff to environmental tobacco smoke (ETS).
The use of ventilation to prevent migration of ETS
through the building and to dilute ETS in the smoking
room is more readily and economically managed if smo-

king is limited to one room. This technique already is
used very effectively in infection control in hospitals
(Geens 2008). Ironically, many in the medical profession
have dismissed the role of wventilation in limiting
exposure to ETS in their campaign for the introduction of
smoking bans, although this debate has highlighted the
case that many hospitality venues do not currently use
ventilation systems effectively, and that not all ventilation
systems are equally effective. Ventilation systems are
now being installed in hospitality venues to reduce smells
that were originally masked by the tobacco smoke after
the smoking ban came into force for example such as
stale beer and food odours.

As a result of the negative reporting on ventilation in
the debate leading up to the introduction of the ban, there
is a possibility that the potential contribution from venti-
lation systems in managing such risks may simply be
ignored. It would appear that the UK government
unquestioningly accepted the argument that adequately
ventilated rooms were not an alternative to a complete
ban. Consequently it is now difficult for the government
to offer advice to exempt building operators on how to
ventilate their buildings to comply with Health and Safety
requirements. Many of these buildings are government
controlled and regulated.

This paper begins by explaining the regulatory
framework which requires the ventilation of occupied
spaces, then reviews ventilation terminology and theory
for the benefit of those interested in this issue who have
neither a ventilation industry background nor experience,
before reviewing a number of “before and after smoking
ban” studies related to this issue. Some of the studies
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referred to have been presented as evidence in Govern-
ment Committee reviews prior to the introduction of
smoking bans.

2. Regulatory framework for ventilation in buildings

There are two primary regulations which are The Build-
ing Regulations 2000 and The Workplace (Health, Safety
and Welfare) Regulations 1992 as amended by the Health
and Safety (Miscellaneous Amendments) Regulations
2002 that have a bearing on the ventilation requirements
for buildings in the UK. Both the Building Regulations
2000 and the Workplace (HSAW) Regulations 1992
make reference to supporting documents and guidance.
This can be British or European Standards or guidance
provided by relevant professional bodies, such as in this
case, CIBSE, the Building Services Research and Infor-
mation Association (BSRIA), or the American Society of
Heating Refrigeration and Air-conditioning Engineers
(ASHRAE). The Federation of European HVAC Associa-
tions (REHVA), which represents European Professional
in the fields of Building Engineering Services (heating,
ventilating and air-conditioning for energy efficient
healthy buildings), is also a significant source of guidance
in this area.

The Building Regulations 2000 apply when a new
building is being constructed and to a limited extent when
modifications are being carried out on an existing buil-
ding. Compliance with these regulations is monitored and
verified by building control bodies. Part F of Schedule 1
to the Building Regulations 2000 sets out the following
requirement: Means of ventilation — There shall be
adequate means of ventilation provided for people in the
building.

Approved Document F is a commentary on the new
requirements introduced in 2006, the main changes listed
suggest — a mainly performance based approach has
been adopted. Paragraph 0.21 states — This Approved
Document focuses on performance based guidance which
suggests to the designer what level of ventilation should
be sufficient, rather than how it should be achieved. The-
refore the designer has the freedom to use whatever ven-
tilation provisions suit a particular building, including
the use of innovative products and solutions, if it can be
demonstrated that they meet the performance standard
recommended in this Approved Document. The industry
has and continues to deliver new products and solutions
to improve indoor air quality. Paragraph 0.26 states that —
Ventilation effectiveness is a measure of how well a venti-
lation system works in terms of delivering the supply air
to the occupants of a building. If the supply air is fully
mixed with the room air before it is breathed by the oc-
cupants, the ventilation effectiveness is one. (The calcula-
tion of decay rates relies on this assumption). If the
supply air is extracted from the room before it mixes with
any room air, the ventilation effectiveness is 0. If the
supply air reaches the occupant without mixing with any
room air the ventilation effectiveness tends towards infi-
nity. This suggests that ventilation effectiveness is at least
as important as air supply rate/air change rate, the normal
determinant for indoor air quality. With good displace-

ment ventilation, (air reaches occupant without mixing),
effectiveness tends towards infinity and air quality tends
towards being infinitely good.

Ventilation fulfils a number of different functions:

—health: respiration, odour avoidance and pollutant

removal. Pollutants commonly being dealt with in
buildings include nitrous oxide and carbon mon-
oxide from combustion appliances, formaldehyde
from chipboard, ETS and in some parts of the
country, radon;

—cooling: removal of heat produced by internal and

solar gains, both during the daytime and at night;

—comfort: provision of air movement to increase

perceived cooling.

A ventilation system (whether natural, mechanical,
or some combination of the two) should be able to cope
with all of these situations providing draught-free ventila-
tion with a high level of local control. Suitable systems
vary according to the type of building and whether the
ventilation system is being installed after or during const-
ruction. Designs can be complex, with ventilation rates
varying from room to room and with the use of heat reco-
very devices to improve the energy performance of the
building.

2.1. Ventilation and air movement in rooms (Room air
diffusion)

The effectiveness of any ventilation or air conditioning
system depends on the method of introduction of supply
air and the removal of extract air. The condition of this
supply air, the currents that are induced, the noise emit-
ted, and the appearance and position of the openings are
all factors, which directly influence the occupants’ per-
ceptions of the performance of the system. Architectural
requirements will often influence terminal layout and
type, but ideally the building design and structure will be
designed/configured to take account of air diffusion re-
quirements. Air diffusion is the interface between the
systems and the occupants. Regardless of how well the
building loads are modelled and plant and equipment
selected, if the air diffusion is not well designed the sys-
tem will underperform. Draughts, stagnation, poor air
quality, large temperature gradients, and disturbing noise
are common by-products of poor air terminal selection
and positioning. It is for this reason, that the detailed
specification for the ventilation system used in any “be-
fore and after” study is an essential criterion to be consid-
ered when drawing any conclusions related to the
performance of the system.

2.2. Criteria for observations on “before and after”
studies

The criteria set out by the authors below will be used to
give an indication of the quality of the reviewed studies.
Based on the experience of conducting studies “before
and after” ventilation system upgrades, these are the crite-
ria that are generally required for a “before and after”
study unless measures incorporated into the design of the
study mitigate against their need. The study criteria are
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recorded in tabulated form under the following headings:
Type of ventilation: (The type of information required
here is that required to determine the ventilation effec-
tiveness, for example if the ventilation effectiveness is
0.5, it will not perform as well as a system with an effec-
tiveness of 2. According to Building Regulations Ap-
proved Document F (2006), ventilation efficiency can
approach infinity). Air tightness of buildings: Length of
measurement: Measured outdoor air quality: Weather
conditions: Number of active smokers: Measured area /
volume of venue (see Tables 1-4).

3. Discussion

It is interesting to note that in the published results of a
number of “before and after ban” studies (Tables 1-4),
the levels of ETS markers such as carbon monoxide and
fine particulates are comparable with those found in well
ventilated venues before the ban (Geens et al. 2006).
Furthermore several of the authors of the papers reviewed
suggest that further research is required to establish the
extent to which smoke may migrate into the building
from outside areas, rather than concluding that ventilation
is equally effective. There is already evidence in the UK
that some organisations are arbitrarily imposing exclusion
zones around buildings as in the case of NHS Trusts such
as the East Sussex Hospitals. The ‘Smoke free NHS Poli-
cy’ bans smoking from taking place outside hospital
buildings and even in the hospital grounds since the 1%
January 2007. These exclusion zones are not based on
existing scientific evidence, exceed the requirements for
example, on the separation requirements for the low level
discharge of the products of combustion from heating
appliances. These discharges contain amongst other
things the potentially poisonous gas carbon monoxide
and may be in continuous use in the winter months
(Geens et al. 2008).

The authors of this paper intend to conduct the pri-
mary research necessary to assess the true extent and
magnitude of these exposures in order to provide guidan-
ce on whether or to what extent controls are necessary as
concluded by Mulcahy ef al. 2004. Although some count-
ries have already legislated for an outright ban, others
have introduced a partial ban conditional on providing
ventilation to a specified standard. The decision on which
path to pursue is still to be made in many other countries,
and in order to provide evidence the authors have been
involved in field studies in Russia, Switzerland, the
Czech Republic and Belgium. In addressing this problem,
much of the research reviewed is openly antagonistic
towards the use of ventilation and too readily claim that it
is ineffective. This is at a time of raised awareness of
concerns over exposure to ETS when effective ventilation
solutions should not be ignored or simply dismissed.
With the number of venues being investigated having
ineffective ventilation (Carrington 2002), it is likely that
this is a fundamental problem and that many venues in
the United Kingdom may not be complying with existing
health and safety legislation which requires “adequate
ventilation”.

This raises health concerns whether or not smoking is
taking place. The smoking ban in Wales has allowed a
number of exemptions, and it is important that such spaces
are ventilated using the best techniques available in order
to reduce the exposure of both user groups and staff emp-
loyed in these buildings. The role of ventilation and techni-
cal guidance covering its effective use has been reviewed
in a recent paper by the authors (Geens ef al. 2007).

4. Conclusion

1. The “Findings” columns in Tables 1 to 4 su-
mmarise the conclusions of the papers under review
whilst the remarks column summarises the review against
the tabulated criteria. These criteria have been estab-
lished as important from a review of the literature, su-
pported directly by the findings of the authoring team of
conducting field work of the same nature. The common
weakness amongst the studies reviewed is that they sys-
tematically under-estimate the importance of the ventila-
tion effectiveness, perhaps because they believe,
incorrectly, that all ventilation systems are the same. It
has also been observed that in most cases, the levels of
monitored contaminants are reported as being at a level
above zero. This is a significant observation as a major
criticism of ventilation in the literature is that it cannot
reduce the level of contamination to zero. Neither, it
seems from a review of these papers, can a smoking ban
achieve this target.

2. Rather than ignoring/dismissing ventilation as a
result of these and similar studies, policymakers should
be focusing on improving the standard of ventilation in
all public buildings. Ventilation technology as in other
fields of engineering is continually being developed and
refined and therefore experience of current ventilation
systems is not necessarily the best indicator of future
performance.

3. This conclusion is supported by recent results
presented by the authors (Geens et al. 2006) and further
studies need to be undertaken to collect additional data
before a definitive conclusion can be reached to what is a
complex and multi-dimensional problem that has increa-
singly attracted emotional, highly biased and unscientific
commentary.
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VEDINIMO POVEIKIS: TYRIMAI PRIES [VEDANT IR [VEDUS RUKYMO DRAUDIMA

A. Geens, D. Snelson, H. Al-Madfai, D. Hillier

Santrauka

Daug teisiniy institucijy Europoje jau padaré ryztingus sprendimus rokymo vie$ose vietose klausimais ar dar svarsto dél juy
priémimo. Apie alternatyvas buvo diskutuojama Town & Country. Bita jvairiy publikacijy, susijusiy su Siomis
diskusijomis, pateikta moksliniy jrodymy, pavyzdziui, DidZiosios Britanijos Medical Journal, Chartered Institution of
Building Services Engineers leidiniuose. Daug iSvady siejasi su negatyviu ventiliacijos sistemy veikimo vertinimu.
Apzvalga atliekama istyrus situacija prie§ jvedant rikymo draudima ir ji jvedus. Siekta perziaréti tyrimy, susijusiy su

veédinimu, i$vadas ir padaryti tam tikrus sprendimus.

ReikS§miniai ZodZiai: védinimo sistemos, tabako diimai, riikimo draudimas, cigaretés, teisés aktai.

BO3JIEICTBUE BEHTUJIALUA: UCCJIENOBAHME 10 M ITOCJIE 3AIIPETA HA KYPEHUE

. I'muc, 1. CHencon, I'. Anb-Maadaii, /. I'nanauep

Pesome

MHorue 1paBoBbie MHCTUTYIIMK B EBpoIie yKe NMPHUHSIIM PEHICHUS WM PACCMATPUBAIOT BO3MOXKHOCTH HPHUHSTHS pellie-
HM, KacarolIMXCs BOIMPOCAa O KYPEHUM B OOLIECTBEHHBIX MecTaX. J[MCKYCCHs O BO3MOKHBIX aJIbTepHATUBAX Bellach B
Town & Country. JluckyccusiM Ha 3Ty TeMy OBLIO IOCBSIIIEHO HEMAJO IyOIUKaluii, IpeaCcTaBICHBl HAyYHBIE JOKa3a-
TEJbCTBA, HATMPUMeEp, B M3JaBaeMbIX B BemmkoOpurannu xypHanax Medical Journal, Chartered Institution of Building
Services Engineers. Bo MHOTMX BBIBOJIaX TIPUBOJMTCS HEraTHBHAS OLICHKA JICHCTBUS CUCTEM BEHTHIISIUM. [IpUBOIUMBIIA
B CTaThe aHAJIM3 OCHOBAH HA WCCJIEJ0BAHUM CUTYAIlMM JI0 BBEJCHHS 3alpera Ha KypeHHe | Tocie ero BBeaeHus. [Ipei-
MPHHSTA MOTBITKA OLCHUTH BHIBOJIBI HCCIICIOBAHKM, KACAIOIINUXCS JICHCTBHS CUCTEM BEHTHIISILIMH, U MPEIUIOKUTE OTIPE/Ie-

JICHHBIC pCUICHUS.

KunroueBble cJ10Ba: CUCTEMBbI BCHTUJIALINH, TaOAYHBIN JbIM, 3aIpe€T Ha KYPEHUE, CUIapCThl, [IPABOBBIC aKThI.
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