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Abstract

Background: Comprehensive smoke-free legislation covering all enclosed public places and workplaces was implemented
in England on 1 July 2007. This study examines the impact of this legislation on smoking prevalence, number of cigarettes
smoked and location of smoking, controlling for secular trends through the end of 2008.

Method and Findings: Repeat cross sectional survey using nationally representative data from the Health Survey for
England (HSE). In total there are 54,333 respondents from 2003–2008. Logit and linear regression models were used to
examine the effect of the legislation on smoking prevalence and the number of cigarettes smoked daily among continuing
smokers which took the underlying trend into account. Our finding suggest that smoking prevalence (current smoker)
decreased from 25% in 2003 to 21% in 2008 (AOR = 0.96 per year, 95% CI = 0.95–0.98, P,0.01) and the mean number of
cigarettes consumed daily by smokers decreased from 14.1 in 2003 to 13.1 in 2008 (coefficient for time trend = 20.2860.06
SE cig/day per year, P,0.01). After adjusting for these trends the introduction of smoke-free legislation was not associated
with additional reductions in smoking prevalence (AOR = 1.02, 95% CI = 0.94–1.11, P = 0.596) or daily cigarette use in
smokers (0.4260.28 SE; P = 0.142). The percentage of respondents reporting smoking ‘at work’ and ‘inside pubs or bars’
decreased significantly from 14% to 2% (p,0.001) and from 34% to 2% (p,0.001), respectively, after the legislation. The
percentage reporting smoking ‘inside restaurants, cafes, or canteens’ decreased significantly from 9% to 1% (p,0.001) and
‘inside their home’ decreased significantly from 65% to 55% (p,0.01).

Conclusion: There is widespread compliance with the smoke-free legislation in England, which has led to large drops in
indoor smoking in all venues, including at home. Declines in smoking prevalence and consumption continued along
existing trends; they did not accelerate during the 18 months immediately following implementation.

Citation: Lee JT, Glantz SA, Millett C (2011) Effect of Smoke-Free Legislation on Adult Smoking Behaviour in England in the 18 Months following
Implementation. PLoS ONE 6(6): e20933. doi:10.1371/journal.pone.0020933

Editor: Joseph S. Ross, Yale University School of Medicine, United States of America

Received January 26, 2011; Accepted May 13, 2011; Published June 15, 2011

This is an open-access article, free of all copyright, and may be freely reproduced, distributed, transmitted, modified, built upon, or otherwise used by anyone for
any lawful purpose. The work is made available under the Creative Commons CC0 public domain dedication.

Funding: JTL is funded by NIHR Research Design Service. CM is funded by the Higher Education Funding Council for England and the National Institute for
Health Research. SAG is an American Legacy Foundation Distinguished Professor in Tobacco Control; his work on this project was also supported by National
Cancer Institute Grant CA-61021. The Department of Primary Care & Public Health at Imperial College is grateful for support from the National Institute for Health
Research Biomedical Research Centre Funding scheme, the National Institute for Health Research Collaboration for Leadership in Applied Health Research and
Care scheme, and the Imperial Centre for Patient Safety and Service Quality. The funders had no role in study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

* E-mail: t.lee@imperial.ac.uk

Introduction

Comprehensive smoke-free legislation covering all enclosed

public places and workplaces was implemented in England on 1

July 2007, following implementation of similar legislation in other

parts of the United Kingdom (Scotland in March 2006 and Wales

and Northern Ireland in April 2007). The hospitality industry

(public bars, clubs and restaurants) was most affected by the

legislation because the workplaces of approximately half of

employed persons were already smoke-free as a result of voluntary

action [1]. The legislation has been well received by the public

with 79% in support in 2009 [2,3] and inspections of premises

by enforcement authorities indicate near universal compliance

(98–99%) [4]. As has been demonstrated elsewhere, there is

accumulating evidence from the UK that this legislation has

resulted in substantial population health gain [5]. This includes

reduced exposure to second hand smoke, among hospitality

workers [6] and the general public [7,8], and reduced hospital

admissions for acute myocardial infarction [9,10] and childhood

asthma [11].

While the primary purpose of the legislation was to reduce

exposure to second hand smoke in enclosed public places a

secondary objective was to ‘‘help people trying to give up smoking

by providing supportive smoke-free environments’’ [12]. This

objective is supported by an early systematic review which found

that implementation of totally smoke-free workplaces was

associated with a 3.8% reduction in smoking prevalence and

lower cigarette use in continuing smokers [13]. However, more
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recent international evidence on the impact of smoke-free

legislation on smoking behaviour has produced mixed findings

and most studies did not adjust for underlying trends

[14,15,16,17,18]. A recent study of 21 jurisdictions (not including

England) that did consider pre-existing secular trends found that

comprehensive smokefree laws were associated with acclerations in

declines in prevalence in 8 of these jurisdictions and that the laws

did not affect the trend in 13 others [19]. Preliminary studies

suggest that smoke-free legislation in the UK was associated with a

greater number of quit attempts during the first two months after

implementation in England [20] and increased sales of nicotine

replacement therapy (NRT) and contacts with smoking cessation

services in the months prior to implementation in Scotland

[21,22]. However, little is known about how many people were

actually successful in quitting smoking or reduced their cigarette

use as a result of the legislation. This study aims to examine the

impact of this policy on smoking prevalence, volume of cigarettes

smoked, and where people smoke in England using data using

nationally representative survey data.

Methods

Sampling and Data Collection
This study used pooled cross-sectional data from six waves

(2003–2008) of the Health Survey for England (HSE). The HSE

is an annual survey of people living in private households and is a

primary mechanism for monitoring population health in

England. The survey is conducted by the National Centre for

Social Research and University College London on behalf of the

NHS information Centre. The methods of the survey are

described in detail elsewhere [23]. Briefly, a two-stage stratified

sampling process is employed to obtain an independent, national

representative sample each year. The core sample from the

general population is boosted by sampling from population

groups of interest in some years i.e. persons from ethnic

minorities in 2004, older persons in 2005. Interviewers obtain

household, socioeconomic and personal details, information on

health and illness, and health service use from respondents.

Respondents aged above the age of 16 years are then visited

separately by a trained nurse. The nurse visit involves

anthropometric measurements and collection of saliva samples

(which can be used to test for cotinine a stable metabolite of

nicotine used to validate self-reported smoking behavior) in some

years. All measurements are taken according to survey protocols.

This study only looked at respondents from the core sample in

each year as we are not able to examine impacts on specific sub

groups. We excluded respondents aged under 18 years for our

study because: (1) workplaces most affected by this legislation

(pubs and clubs) have restricted access to persons under eighteen

years of age (2) legislation increasing the age for the legal

purchase of cigarettes from 16 to 18 years was introduced in the

same year (1 October 2007) (3) children and adolescents have

been found to substantially under-report regular smoking in the

HSE. Individuals with missing values in any of the variables used

in the analysis were also excluded from the study (14.3%). The

characteristics of respondents with missing data were not

substantially different from HSE respondents in general,

suggesting that the data were missing at random. In total there

were 54333 observations across from 2003–2008 (12559 in 2003;

5660 in 2004; 6344 in 2005; 11730 in 2006; 5633 in 2007; 12407

in 2008). The number of observations, derived from the core

sample of the HSE, was smaller in 2004, 2005 and 2007 because

the survey had a boost sample (and a smaller core sample) in

those years.

Study variables
Our main outcome variable was self reported smoking as

determined by responses to the question ‘‘Do you smoke cigarettes

at all nowadays?’’ (Note that this question will capture both regular

daily and occasional nondaily smokers). Secondary outcome

measures were volume of cigarettes smoked and location of

smoking. Our main predictor variable was the introduction of

smoke-free legislation on 1 July 2007. Covariates in our analysis

were age, sex, social class and frequency of alcohol use. We

categorised age into three groups (18–34, 35–69, 70+ years) and

collapsed social class from six (I–professional, II–managerial and

technical, IIIN–skilled non-manual, IIIM–skilled manual, IV–

partly skilled, V-unskilled) into two occupational groupings (non-

manual, manual) for the analyses to increase the power of test.

Frequency of alcohol use was categorised into four groups: daily

use; use on 3–6 days a week; use on 1–2 days a week; less than

weekly use.

Statistical Methodology
We conducted two separate analyses to examine the effect of the

legislation on smoking prevalence and number of cigarettes

smoked each day among continuing smokers [24,25]. The model

for smoking prevalence is a binary outcome equation that models

Pr (smoking Status = 1) using a logit model. To model consumption

among continuing smokers we used linear regression which models

E,number of cigarettes a day-smoking status = 1, where E is the expected

number of cigarettes consumed a day if the person is a smoker.

The main predictor variable is the implementation of smoke-free

legislation in England. We include year, with years other than

2007 (the year the law took effect) set to mid-year, i.e., we set year

to 2006.5 for all data collected in 2006. For 2007, we set year to

2007.25 for data collected before the law took effect on 1 July 2007

and 2007.75 for the second half of 2007. We then subtracted

2007.5 from all years, so that the date the law took effect became

year 0. Presence of the smoke-free law coded as 1 for interviews

conducted after the law was introduced on 1 July 2007.

We also investigated whether there was a ‘‘hardening effect’’

[26,27], i.e. fewer, high consumption smokers, by regressing

cigarettes consumed a day per smoker against prevalence with a

variable for the smoke-free legislation and all the other covariates

used in this study.

Covariates included age group, gender, occupational status and

frequency of alcohol use as covariates. Mulicollinearity diagnostics

(VIF) were all less than 5, indicating that the assumption of

reasonable independence among predictor variables was met.

Adjusted odds ratios were reported, heteroscedasticity-consistent

standard errors were used for hypothesis testing. In addition, this

study also examined the differential effect of the smoking policy on

different subgroup by testing interactions terms between smokefree

legislation and the above covariates. Because many interaction

terms introduced collinearity into the models we also conducted

subgroup analysis.

We also examined whether smoking prevalence and number of

cigarettes smoked decreased in the six months leading up to the

legislation (Jan–June 2007), as has been suggested in some studies

[20,21]. For this analysis, we set the law dummy variable to 1 at 1

Jan 2007 instead of 1 July 2007.

We used multivariate logistic regression model, adjusting for

age, gender, socio-economic status and alcohol consumption to

examine the impact of the legislation on location of smoking

among smokers by comparing the six months in 2007 before and

after the legislation went into effect.

Our sample size has 80% power to detect a 5% relative

reduction (1% absolute reduction) in smoking prevalence due to

Smoke-Free Legislation on Smoking in England
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the legislation i.e. over and above the underlying trend at the 5%

level of significance.

We did not use weighting in our analysis because previous work

suggests doing so only has a very small bearing on study results

[28]. All statistical analyses were performance using STATA 11.

Results

The response rate for the Health Survey for England was 73%,

72%, 64%, 61%, 66% and 64% in the years from 2003 to 2008.

Impact of the legislation on smoking prevalence and
number of cigarettes smoked

Figures 1 and 2 present the smoking prevalence and number of

cigarettes smoked per day by smokers in the study period (2003–

2008). Smoking prevalence decreased from 25% in 2003 to 21%

in 2008. The mean number of cigarettes consumed daily by

smokers decreased from 14.1 in 2003 to 13.1 in 2008.

The effect of the smoke-free legislation on smoking prevalence

and number of cigarettes smoked among continuing smokers are

shown in Table 1. There was a statistically significant time trend

with smoking prevalence falling over time (AOR = 0.96 per year,

95% CI = 0.95–0.98, P,0.001) and number of cigarettes smoked

(20.28 cigarettes/day per year, SE = 0.06, P,0.001). The

implementation of smoke-free legislation was not associated with

a statistically significantly change in the trend in smoking

prevalence (AOR = 1.02, 95% CI = 0.94–1.11, P = 0.596) or

number of cigarettes smoked per day (0.42, SE = 0.28,

P = 0.142). Our investigation of whether there was a ‘‘hardening

effect’’ found no significant effect of prevalence (20.03 per

prevalence rate, P = 0.790) and the smoking law (0.433, P = 0.135)

on the consumption per continuing smoker.

After controlling for the time trend and all the other covariates

as above, the results suggest that there was no significant

additional reduction in smoking prevalence (AOR = 1.00, 95%

CI = 0.93–1.07, P = 0.905) or number of cigarettes smoked per day

(20.07, SE = 0.257, P = 0.795) in the six months prior to the

legislation being implemented.

Older respondents were less likely to smoke than younger

respondents (age 18–34) (AOR = 0.55, 95% CI = 0.52–0.58,

P,0.001 for the 35–69 years; AOR = 0.17, 95% CI = 0.16–0.19,

P,0.001 for 70+ age group) and females were more likely to

smoke than males (AOR 1.07, 95% CI = 1.03–1.12, P,0.001).

Respondents in manual occupations were more likely to smoke

(AOR = 2.19, 95% CI = 2.10–2.29, P,0.001) and smoked more

cigarettes per day (2.00 cigarette per day, SE = 0.152, P,0.001)

compared to those in non-manual occupations. Compared to

people who drink less than weekly, most frequent drinkers (drink

almost every day) were significantly more likely to smoke

(AOR = 1.39, 95% CI = 1.30–1.48, P,0.001) and the volume of

cigarette smoked (1.19 cigarette per day, SE = 0.241, P,0.001) are

more as well. We tested for and did not find any significant

interactions between the implementation of smoking policy with

time, age, sex, occupation or drinking status and our outcome

measures (results not shown).

Impact of the legislation on where people smoke
Data on where people smoke before (1 Jan–30 June 2007) and

after (1 July–31 Dec 2007) the legislation are presented in Table 2.

The percentage of respondents who reported that they smoke ‘at

work’ and ‘inside pubs or bars’ decreased significantly from 15%

to 2% and from 36% to 3% respectively. The percentage

reporting smoking ‘inside restaurants, cafes, or canteens’ decreased

from 9% to 1%. There was a non-significant reduction in those

reporting that they smoke ‘inside shops’ and ‘inside other places’.

The percentage of respondents who reported that they smoked

‘‘inside their home’’ decreased significantly from 65% to 55%.

Smoking ‘whilst travelling by car’ decreased significantly from

32% to 26%. The percentage reporting that they smoke ‘outside’

increased significantly from 45% before the legislation to 63%

after.

Discussion

Main findings
Our findings indicate an underlying trend of reduced smoking

prevalence and decreasing daily cigarette use by smokers in

England between 2003 and 2008. After taking this trend into

account we found that smoke-free legislation introduced on 1 July

2007 was not associated with a significant acceleration or

deceleration in reductions in smoking prevalence or daily cigarette

consumption among continuing smokers during the 18 months

following implementation of the law. We found no evidence that

anticipation of the legislation by smokers resulted in a reduction in

Figure 1. Smoking Prevalence (2003–2008 Mean; 95% CI).
doi:10.1371/journal.pone.0020933.g001

Smoke-Free Legislation on Smoking in England
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prevalence or use in the months prior to implementation. Very few

respondents (1–2%) report smoking in workplaces, pubs, cafes or

other enclosed public places after the legislation was introduced in

keeping with high compliance reported by local enforcement

agencies.

Previous studies
Previous studies suggest increased NRT use, contacts with

smoking cessation services and quit attempts leading up to and

after the introduction of smoke-free legislation in the UK

[20,21,22]. Our findings suggest that this increase did not translate

into a significant acceleration in reductions in smoking prevalence

or daily cigarette consumption in the period prior to and after the

introduction of smoke-free legislation in England beyond the

established trend. These findings confirm a preliminary analysis

undertaken using HSE data which found no significant change in

smoking prevalence in respondents interviewed in the six months

before and after the legislation was implemented on 1 July 2007

[29].

A previous local study conducted in north-west England 3

months after the law took effect found no significant change in

smoking prevalence but found a reduction in the proportion of

heavy smokers ($20 cigarettes per day) [30].

Consistent with previous studies we found that implementation

of smoke-free legislation was associated with reductions in smoking

in the home and whilst travelling in a car [31,32], suggesting a shift

in social norms around exposing others to second hand smoke in

private as well as public places.

Figure 2. Daily Cigarette Consumption in Smokers (2003–2008 Mean; 95% CI).
doi:10.1371/journal.pone.0020933.g002

Table 1. Impact of legislation on smoking status.

Whether smoke or not Number of Cigarettes per day

AOR P-value VIF Coefficient P-value VIF

Year 0.96 (0.95, 0.98) 0.0005 2.94 20.28 (20.40, 20.16) 0.0005 2.41

Smoke-free legislation 1.02 (0.94, 1.11) 0.596 2.94 0.42 (20.14, 0.98) 0.142 2.41

Age (18–34 reference)

35–69years 0.55 (0.52, 0.58) 0.0005 1.48 3.02 (2.71, 3.32) 0.0005 1.18

70+years 0.17 (0.16, 0.19) 0.0005 1.54 20.38 (20.98, 0.23) 0.225 1.16

Female 1.07 (1.03, 1.12) 0.002 1.07 21.43 (21.73, 21.12) 0.0005 1.10

Manual Occupation 2.19 (2.10, 2.29) 0.0005 1.08 2.00 (1.70, 2.30) 0.0005 1.08

Alcohol consumption
(reference less than weekly)

1–2 days/wk 0.89 (0.84, 0.93) 0.0005 1.42 21.24 (21.59, 20.88) 0.0005 1.40

3–6 days/wk 0.87 (0.82, 0.92) 0.0005 1.41 21.08 (21.51, 20.66) 0.0005 1.37

almost every day 1.39 (1.30, 1.48) 0.0005 1.34 1.19 (0.72, 1.66) 0.0005 1.33

Constant 21.05 11.26

AOR – adjusted odds ratio.
VIF – variance inflation factor.
doi:10.1371/journal.pone.0020933.t001

Smoke-Free Legislation on Smoking in England
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Strengths and limitations
Our study had a number of strengths and limitations. The HSE

is a representative national survey and a primary mechanism for

monitoring population health in England. By pooling six years of

cross sectional data this study is adequately powered to detect a

5% relative deviation from the underlying time trend due to the

smoke-free legislation. Having said that, the fact that we only have

18 months of data following implementation of the law does

reduce the ability of our study to detect changes in the rate of

change over time

The use of cross-sectional data to compare outcomes over time

may introduce bias, given that there may be systematic differences

in respondents sampled in the different survey years. Our outcome

measures were based on self report. We were unable to validate

smoking status or daily tobacco use with salivary cotinine

measurements as these were not available in all of the study

years. A preliminary analysis using 2007 HSE data found

significant reductions in cotinine levels among male (316 ng/ml

to 276 ng/ml) and female (277 ng/ml to 250 ng/ml) smokers in

the six months after the legislation was introduced, consistent with

our and others’ [23] finding of a continuing decline in daily

cigarette consumption among continuing smokers. Previous

qualitative research suggests that the English smoke-free legislation

may have a differential impact by ethnic group [33]. We were not

able to examine this quantitatively in our study because the

number of HSE respondents from ethnic minority groups was too

small in most years.

Policy implications
The secondary policy objective of implementing smoke-free

legislation in England to ‘‘support people trying to give up smoking

by providing supportive smoke-free environments’’ appears not to

have resulted accelerating the rate of reduction in smoking

prevalence or tobacco use beyond the existing downward secular

trend based on the first 18 months after the law was implemented.

However, this result may reflect the fact that the majority of

employed persons in England worked in smoke-free environments

before 2007 and the legislation largely affected the hospitality

industry. As the new restrictions thus impacted on relatively

infrequent social rather than work activities for most of the

population more gradually changes in social norms around

smoking behaviour might be anticipated although, as noted

earlier, our study suggests that there were modest reductions in

smoking in locations not affected by the legislation, i.e., at home

and whilst travelling in a car. Another implication of our findings

is that there is no evidence of the ‘‘hardening’’ of smokers as

prevalence falls. If such hardening were taking place, one would

expect that consumption per smoker would increase as prevalence

fell. We found just the opposite: as prevalence fell so did

consumption per smoker. Globally, most countries have no or

very limited smoke-free legislation and enforcement activities are

generally weak [34]. Implementation of comprehensive smoke-free

legislation as part of Article 8 of the Framework Convention on

Tobacco Control may have more discernible impacts of tobacco

use in these countries.
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Heterogeneous trend in smoking prevalence by sex and age group following the

implementation of a national smoke-free law. Journal of Epidemiology and

Community Health.

18. Nagelhout GE, Willemsen MC, de Vries H (2011) The population impact of

smoke-free workplace and hospitality industry legislation on smoking behaviour.

Findings from a national population survey. Addiction 106: 816–823.

19. Bajoga U, Lewis S, McNeill A, Szatkowski L (2011) Does the introduction of

comprehensive smokefree legislation lead to a decrease in population smoking

prevalence? Addiction, no-no.

20. Hackshaw L, McEwen A, West R, Bauld L (2010) Quit attempts in response to

smoke-free legislation in England. Tobacco Control 19: 160–164.

21. Lewis SA, Haw SJ, McNeill A (2008) The impact of the 2006 Scottish smoke-

free legislation on sales of nicotine replacement therapy. Nicotine & Tobacco

Research 10: 1789–1792.

22. NHS Smoking Cessation Service Statistics (Scotland) 1st January to 31st

December 2006 http://www.scotpho.org.uk/nmsruntime/saveasdialog.as-
p?lID = 4200&sID = 3584 Accessed 17th December 2010.

23. The Health Survey for England 2008. Volume 2. Methods and documen-

tation. http://www.ic.nhs.uk/webfiles/publications/HSE/HSE08/Volu-
me_2_Methods_and_Documentation.pdf Accessed 13th December 2010.

24. Mullahy J (1998) Much ado about two: reconsidering retransformation and the
two-part model in health econometrics. Journal of Health Economics 17:

247–281.

25. Madden D (2008) Sample selection versus two-part models revisited: The case of
female smoking and drinking. Journal of Health Economics 27: 300–307.

26. Hughes JR. The hardening hypothesis: Is the ability to quit decreasing due to
increasing nicotine dependence? A review and commentary. Drug and Alcohol

Dependence In Press, Corrected Proof.
27. Mathews R, Hall WD, Gartner CE (2010) Is there evidence of ‘hardening’

among Australian smokers between 1997 and 2007? Analyses of the Australian

National Surveys of Mental Health and Well-Being. Australian and New
Zealand Journal of Psychiatry 44: 1132–1136.

28. Craig R, Mindell J, (eds). Health Survey for England 2006: Latest Trend The
NHS Information Centre, 2008. http://www.ic.nhs.uk/webfiles/publications/

HSE06/Health%20Survey%20for%20England%202006%20Latest%20-

Trends.pdf Accessed 14th April 2011.
29. Craig R, Shelton N, (eds). Health Survey for England 2007: Healthy lifestyles:

knowledge, attitudes and behaviour (Volume 1.) The NHS Information Centre,
2008. http://www.ic.nhs.uk/webfiles/publications/HSE07/HSE%2007-Vol-

ume%201.pdf Accessed 14th April 2011.
30. Elton PJ, Campbell P (2008) Smoking prevalence in a north-west town following

the introduction of Smoke-free England. Journal of Public Health 30: 415–420.

31. Fong GT, Hyland A, Borland R, Hammond D, Hastings G, et al. (2006)
Reductions in tobacco smoke pollution and increases in support for smoke-free

public places following the implementation of comprehensive smoke-free
workplace legislation in the Republic of Ireland: findings from the ITC

Ireland/UK Survey. Tobacco Control 15: iii51–iii58.

32. Hyland A, Hassan LM, Higbee C, Boudreau C, Fong GT, et al. (2009) The
impact of smokefree legislation in Scotland: results from the Scottish ITC

Scotland/UK longitudinal surveys. The European Journal of Public Health 19:
198–205.

33. Lock K, Adams E, Pilkington P, Duckett K, Gilmore A, et al. (2010) Evaluating
social and behavioural impacts of English smoke-free legislation in different

ethnic and age groups: implications for reducing smoking-related health

inequalities. Tobacco Control 19: 391–397.
34. World Health Organisation. WHO report on the global tobacco epidemic, 2009:

implementing smoke-free environments. http://whqlibdoc.who.int/publica-
tions/2009/9789241563918_eng_full.pdf Accessed 12th January 2011.

Smoke-Free Legislation on Smoking in England

PLoS ONE | www.plosone.org 6 June 2011 | Volume 6 | Issue 6 | e20933




