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I      n June 2013, indoor air quality was assessed in 
Vicksburg and Natchez. Neither community has an 
ordinance regarding smoking.
						    
    We used a TSI SidePak AM510 Personal Aerosol 
Monitor using the protocol developed by the Roswell 
Park Cancer Institute to measure the concentration 
of fine particle air pollution, PM2.5. Air quality studies 
typically monitor particles of this size because PM2.5 
are released in significant amounts from burning 
cigarettes, are easily inhaled deep into the lungs, and 
cause a variety of adverse health effects including 
cardiovascular and respiratory morbidity and death. 

executive summary

}
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tobacco smoke
      ccording to the Surgeon General, there is no safe 
level of exposure to secondhand smoke1. Tobacco smoke 
contains more than 7,000 chemicals, of which at least 
69 cause cancer2. Acute risks of secondhand smoke 
exposure include sudden infant death syndrome, acute 
respiratory problems, otitis media, increased asthma 
severity, and myocardial infarction. The numerous 
chronic and acute harms of tobacco smoke have been 
documented in many literature reviews1,2.

amer ican heart  assoc iat ion

     Tobacco smoke causes about 46,000 heart disease 
deaths and 3,400 lung cancer deaths. Studies show 
that the risk of developing heart disease is about 25-30 
percent higher among people exposed to environmental 
tobacco smoke at home or work. Secondhand smoke 
promotes illness, too. Children of smokers have 
many more respiratory infections than do children of 
nonsmokers. Nonsmoking women exposed to tobacco 
smoke are also more likely to have low-birthweight 
babies. 

amer ican cancer soc i e ty

     Secondhand smoke is classified as a “known 
human carcinogen” (cancer-causing agent) by the 
US Environmental Protection Agency (EPA), the US 
National Toxicology Program, and the International 
Agency for Research on Cancer (IARC), a branch of the 
World Health Organization.

     Tobacco smoke contains more than 7,000 chemical 
compounds. More than 250 of these chemicals are 
known to be harmful, and at least 69 are known to 
cause cancer. SHS has been linked to lung cancer. There 
is also some evidence suggesting it may be linked with 
childhood leukemia and cancers of the larynx (voice 
box), pharynx (throat), brain, bladder, rectum, stomach, 
and breast.

current study

     Mississippi is one of the few states that has not 
passed a statewide law regulating smoking in public 
indoor places. However, several municipalities in this 
state have passed local ordinances restricting smoking. 
Currently, 71 municipalities have implemented 100% 
comprehensive smoke-free ordinances and 12 have 
passed partial ordinances.
     The goal of this study was to measure the level of fine 
particle air pollution in restaurants where smoking was 
permitted and compare this to smoke-free locations. 
Specifically, we examined indoor particle air pollution 
levels in locations where smoking is not allowed at 
all, non-smoking areas within locations that allow 
smoking, and locations where smoking is allowed in all 
places.

i
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http://www.heart.org/HEARTORG/GettingHealthy/QuitSmoking/QuittingSmoking/Smoking-Do-you-really-know-the-risks_UCM_322718_Article.jsp
http://www.cancer.org/cancer/cancercauses/tobaccocancer/secondhand-smoke
http://www.epa.gov/pmdesignations/2006standards/basicinfo.htm
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tobacco smoke & methods

m ic rogr a ms per  cu b ic  m eter  ( /m3)
     Air quality is assessed based on Particulate Matter 
(PM). The size of particles is directly linked to their 
potential for causing health problems. Very small 
particles generally pass through the throat and nose and 
enter the lungs. Once inhaled, these particles can affect 
the heart and lungs and cause serious health effects. 
Air quality levels are defined as the mass of particulate 
matter ≤2.5 microns in diameter in a volume of air: 
micrograms per cubic meter (μg/m3). A microgram is 
one millionth of a gram. A cubic meter (approximately 
39” X 39” X 39”) describes a volume of air that is about 
the size of a washing machine. 

I

u.s .  env ironmental  protect ion agency              
     Health studies have shown a significant association 
between exposure to fine particles and premature death 
from heart or lung disease. Fine particles can aggravate 
heart and lung diseases and have been linked to effects 
such as: cardiovascular symptoms; cardiac arrhythmias; 
heart attacks; respiratory symptoms; asthma attacks; 
and bronchitis. These effects can result in increased
hospital admissions, emergency room visits, absences 
from school or work, and restricted activity days. 
Individuals that may be particularly sensitive to fine 
particle exposure include people with heart or lung 
disease, older adults, and children.

methods

     n June 2013, indoor air quality was assessed in 
Vicksburg and Natchez. We applied a purposeful 
convenience sample rather than a random sample of 
venues for logistic reasons. Also, a small random sample 
of venues would unlikely be representative of the entire 
population of venues in the state. Neither community 
has an ordinance regarding smoking. There were two 
smoke-free restaurants and bars with no observed 
smoking, one non-smoking section within a restaurant 
that allowed smoking, one smoking-permitted 
restaurant with observed smoking, and two smoking-
permitted casinos with observed smoking, one with a 
non-smoking section. 
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methods
     We used a TSI SidePak Monitor using the protocol 
developed by the Roswell Park Cancer Institute3 to 
measure the concentration of fine particle air pollution. 
The specific class of RSPs monitored was particulate 
matter ≤2.5 microns in diameter (PM2.5), a commonly 
used marker for tobacco smoke exposure4,5. Air quality 
studies typically monitor particles of this size because 
PM2.5 are released in significant amounts from burning 
cigarettes, are easily inhaled deep into the lungs, and 
cause a variety of adverse health effects including 
cardiovascular and respiratory morbidity and death.

th e  roswell  park can c er i nst i tute 
protoco l6

     The number of people inside the venue and the 
number of burning cigarettes were recorded during 
sampling. These observations were averaged over 
the time inside the venue to determine the average 
number of people on the premises and the average 
number of burning cigarettes. Room dimensions were 
also determined using a combination of counting 
construction materials of a known size such as floor 
tiles or estimation. Room volumes were calculated from 
these dimensions. 
     

     A TSI SidePak AM510 Personal Aerosol Monitor 
(TSI, Inc., St. Paul, MN) was used to sample and record 
the levels of respirable suspended particles in the air. 
The SidePak uses a built-in sampling pump to draw 
air through the device where the particulate matter 
in the air scatters the light from a laser. This portable 
light-scattering aerosol monitor was fitted with a 2.5 
μm impactor in order to measure the concentration of 
particulate matter with a mass-median aerodynamic 
diameter less than or equal to 2.5 μm, or PM2.5. 
Tobacco smoke particles are almost exclusively less 
than 2.5 μm with a mass-median diameter of 0.2 μm. 
The Sidepak was used with a calibration factor setting 
of 0.32, suitable for secondhand smoke. In addition, 
the SidePak was zero-calibrated prior to each use by 
attaching a HEPA filter according to the manufacturer’s 
specifications.
     Sampling was discreet in order not to disturb the 
occupants’ normal behavior. For each venue, the first 
and last minute of logged data were removed because 
they are averaged with outdoor and entryway air. The 
remaining data points were averaged to provide an 
average PM2.5 concentration within the venue.
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results&conclusion

5

s m o k e - f r e e  r e s t a u r a n t s  &  b a r s 

non-smoking sec tion of restaurants & bars 
s m o k i n g  p e r m i t t e d  r e s t a u r a n t s  &  b a r s

s m o k i n g  p e r m i t t e d  c a s i n o s

size avg number of people avg number of burning cigarettesvenue number

36,000 16 01

7,200 23 02

18,000 41 13

12,000 22 34

320,640 263 115
4,054,000 1,200 276

110,000 80 36

6 36,000 99 2

avg pm 2.5 level

3.0
3.3
19.3

96.9

26.0
20.5

28.4

18.0

smok ing bar  in  smok ing permi t ted  cas ino
non-smoking section of smoking permitted casino

r e s u l t s

T      his study demonstrates that employees 
and patrons in Mississippi venues permitting 
indoor smoking are exposed to harmful levels 
of indoor air pollution resulting from indoor 

smoking. A comprehensive smoke-free air 
policy that prohibits indoor smoking in all 
indoor places is the only proven means to 

eliminate this exposure to toxic tobacco smoke 
pollution. This type of policy will result in 

improved quality of life and health outcomes 
for Mississippi workers and residents.

c o n c l u s i o n

ac kn owledgem ents

     The study was funded by the American Lung Association Gulf-
Plains Region. The protocol for this study and the report approach 
were developed by the Roswell Park Cancer Institute (RPCI). 

pr i n c i pal  i nvest i gato r Dr. Robert McMillen, Ph.D

gr aph ic  des i gn er Mrs. Miranda Robertson

ph otogr aph er shutterstock.com
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appendix
US EPA AIR QUALITY INDEX

Hazardous

Very 
Unhealthy

Unhealthy

Unhealthy for 
Sensit ive Groups

Moderate

Good

Air Qualit y Health Advisory
PM2.5

(μg/m3)

≥251

151-250

66-150

41-65

≤15

16-40

People with hear t  or lung disease, older adults,  and 
children should remain indoors and keep act ivit y 

levels low. Everyone else should avoid all  physical 
act ivit y outdoors.

People with hear t  or lung disease, older adults, 
and children should avoid all  physical  act ivit y 

outdoors.  Everyone else should avoid prolonged 
or heavy exer t ion.

People with hear t  or lung disease, older adults, 
and children should avoid prolonged or heavy 

exer t ion. Everyone else should reduce prolonged 
or heavy exer t ion.

People with hear t  or lung disease, older adults,  and 
children should reduce prolonged or heavy exer t ion.

Unusually sensit ive people should consider 
reducing prolonged or heavy exer t ion.

None.
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smoke-free  | natcheZ restaur ant

PM2.5 = 3.0 μg/m3
This PM2.5 level  is  within the current U.S.  Environmental 
Protect ion Agency’s threshold for Good Air Quali ty.

TIME

P
M
2
.5

AIR QUALIT Y INDEX

Very Unhealthy

Unhealthy

Unhealthy for Sensit ive Groups

Moderate

Good

Air Qualit y

0	
  

20	
  

40	
  

60	
  

80	
  

100	
  

120	
  

140	
  

160	
  

17
:35
:00
	
  

17
:38
:20
	
  

17
:41
:40
	
  

17
:45
:00
	
  

17
:48
:20
	
  

17
:51
:40
	
  

17
:55
:00
	
  

17
:58
:20
	
  

18
:01
:40
	
  

18
:05
:00
	
  

18
:08
:20
	
  

18
:11
:40
	
  

18
:15
:00
	
  

18
:18
:20
	
  

PM
2.
5	
  

Time	
  

SmokeFree	
  -­‐	
  Natchez	
  Restaurant	
  

Very	
  Unhealthy	
  

Unhealthy	
  

Unhealthy	
  for	
  Sensi;ve	
  Groups	
  

Moderate	
  

Good	
  

Air	
  Quality	
  

venue 1
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smoke-free  | natcheZ restaur ant

TIME

PM2.5 = 3.3 μg/m3
This PM2.5 level  is  within the current U.S.  Environmental 
Protect ion Agency’s threshold for Good Air Quali ty.

P
M
2
.5

AIR QUALIT Y INDEX

Very Unhealthy

Unhealthy

Unhealthy for Sensit ive Groups

Moderate

Good

Air Qualit y

0	
  

20	
  

40	
  

60	
  

80	
  

100	
  

120	
  

140	
  

160	
  

18
:31
:00
	
  

18
:33
:30
	
  

18
:36
:00
	
  

18
:38
:30
	
  

18
:41
:00
	
  

18
:43
:30
	
  

18
:46
:00
	
  

18
:48
:30
	
  

18
:51
:00
	
  

18
:53
:30
	
  

18
:56
:00
	
  

18
:58
:30
	
  

19
:01
:00
	
  

19
:03
:30
	
  

PM
2.
5	
  

Time	
  

SmokeFree	
  -­‐	
  Natchez	
  Restaurant	
  

Very	
  Unhealthy	
  

Unhealthy	
  

Unhealthy	
  for	
  Sensi;ve	
  Groups	
  

Moderate	
  

Good	
  

Air	
  Quality	
  

venue 2
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venue 2

non-smoking section in smoking allowed | natcheZ restaur ant

Non-Smoking PM2.5 = 19.3 μg/m3
This PM2.5 level  exceeds the current U.S.  Environmental 
Protect ion Agency’s threshold for Moderate Air  Quali ty.

TIME

P
M
2
.5

AIR QUALIT Y INDEX

Very Unheal thy

Unheal thy

Unheal thy for Sensi t ive Groups

Moderate

Good

Air Quali t y

0	
  

20	
  

40	
  

60	
  

80	
  

100	
  

120	
  

140	
  

160	
  

19
:42
:05
	
  

19
:43
:05
	
  

19
:44
:05
	
  

19
:45
:05
	
  

19
:46
:05
	
  

19
:47
:05
	
  

19
:48
:05
	
  

19
:49
:05
	
  

19
:50
:05
	
  

19
:51
:05
	
  

19
:52
:05
	
  

19
:53
:05
	
  

19
:54
:05
	
  

19
:55
:05
	
  

19
:56
:05
	
  

19
:57
:05
	
  

19
:58
:05
	
  

19
:59
:05
	
  

20
:00
:05
	
  

20
:01
:05
	
  

20
:02
:05
	
  

20
:03
:05
	
  

20
:04
:05
	
  

20
:05
:05
	
  

20
:06
:05
	
  

20
:07
:05
	
  

20
:08
:05
	
  

20
:09
:05
	
  

20
:10
:05
	
  

20
:11
:05
	
  

20
:12
:05
	
  

20
:13
:05
	
  

20
:14
:05
	
  

20
:15
:05
	
  

20
:16
:05
	
  

20
:17
:05
	
  

20
:18
:05
	
  

20
:19
:05
	
  

PM
2.
5	
  

Time	
  

NonSmoking	
  Sec2on	
  -­‐	
  Natchez	
  Restaurant	
  

Very	
  Unhealthy	
  

Unhealthy	
  

Unhealthy	
  for	
  Sensi<ve	
  Groups	
  

Moderate	
  

Good	
  

Air	
  Quality	
  

venue 3
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venue 13

smoking allowed | natcheZ restaur ant

PM2.5 = 96.9 μg/m3
This PM2.5 level  exceeds the current U.S.  Environmental 
Protect ion Agency’s threshold for Unhealthy Air Quali ty.

TIME

P
M
2
.5

AIR QUALIT Y INDEX

Very Unhealthy

Unhealthy

Unhealthy for Sensit ive Groups

Moderate

Good

Air Qualit y

0	
  

20	
  

40	
  

60	
  

80	
  

100	
  

120	
  

140	
  

160	
  

20
:3
6:
07

	
  
20

:3
7:
07

	
  
20

:3
8:
07

	
  
20

:3
9:
07

	
  
20

:4
0:
07

	
  
20

:4
1:
07

	
  
20

:4
2:
07

	
  
20

:4
3:
07

	
  
20

:4
4:
07

	
  
20

:4
5:
07

	
  
20

:4
6:
07

	
  
20

:4
7:
07

	
  
20

:4
8:
07

	
  
20

:4
9:
07

	
  
20

:5
0:
07

	
  
20

:5
1:
07

	
  
20

:5
2:
07

	
  
20

:5
3:
07

	
  
20

:5
4:
07

	
  
20

:5
5:
07

	
  
20

:5
6:
07

	
  
20

:5
7:
07

	
  
20

:5
8:
07

	
  
20

:5
9:
07

	
  
21

:0
0:
07

	
  
21

:0
1:
07

	
  
21

:0
2:
07

	
  
21

:0
3:
07

	
  
21

:0
4:
07

	
  
21

:0
5:
07

	
  
21

:0
6:
07

	
  
21

:0
7:
07
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:0
8:
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:0
9:
07

	
  

PM
2.
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Time	
  

Smoking	
  Allowed	
  -­‐	
  Natchez	
  Restaurant	
  

Very	
  Unhealthy	
  

Unhealthy	
  

Unhealthy	
  for	
  Sensi<ve	
  Groups	
  

Moderate	
  

Good	
  

Air	
  Quality	
  

venue 4
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venue 4

smoking allowed | natcheZ cas ino

PM2.5 = 26.0 μg/m3
This PM2.5 level  exceeds the current U.S.  Environmental 
Protect ion Agency’s threshold for Moderate Air  Quali ty.

TIME

P
M
2
.5

AIR QUALIT Y INDEX

Very Unhealthy

Unhealthy

Unhealthy for Sensit ive Groups

Moderate

Good

Air Quali t y

0	
  

20	
  

40	
  

60	
  

80	
  

100	
  

120	
  

140	
  

160	
  
21

:2
2:
41

	
  
21

:2
5:
11

	
  
21

:2
7:
41

	
  
21

:3
0:
11

	
  
21

:3
2:
41

	
  
21

:3
5:
11

	
  
21

:3
7:
41

	
  
21

:4
0:
11

	
  
21

:4
2:
41

	
  
21

:4
5:
11

	
  
21

:4
7:
41

	
  
21

:5
0:
11

	
  
21

:5
2:
41

	
  
21

:5
5:
11

	
  
21

:5
7:
41

	
  
22

:0
0:
11

	
  
22

:0
2:
41

	
  
22

:0
5:
11

	
  
22

:0
7:
41

	
  
22

:1
0:
11

	
  
22

:1
2:
41

	
  
22

:1
5:
11

	
  
22

:1
7:
41

	
  
22

:2
0:
11

	
  
22

:2
2:
41

	
  
22

:2
5:
11

	
  
22

:2
7:
41

	
  
22

:3
0:
11

	
  
22

:3
2:
41

	
  
22

:3
5:
11

	
  

PM
2.
5	
  

Time	
  

Smoking	
  Allowed	
  -­‐	
  Natchez	
  Casino	
  

Very	
  Unhealthy	
  

Unhealthy	
  

Unhealthy	
  for	
  Sensi;ve	
  Groups	
  

Moderate	
  

Good	
  

Air	
  Quality	
  

venue 5
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venue 5

NON-SMOKING
(FLOOR)

Non-Smoking-Floor:  PM2.5 = 18.0 μg/m3
   This PM2.5 level  exceeds the current 
U.S.  Environmental  Protect ion Agency’s 

threshold for Moderate Air  Quali ty.

Smoking-Floor:  PM2.5 = 19.0 μg/m3
This PM2.5 level  exceeds the current 

U.S.  Environmental  Protect ion Agency’s 
threshold for Moderate Air  Quali ty.

smoking and non-smoking | v icksburg cas ino
P
M
2
.5

TIME

AIR QUALIT Y INDEX

Very Unhealthy

Unhealthy

Unhealthy for Sensit ive Groups

Moderate

Good

Air Qualit y

0	
  

20	
  

40	
  

60	
  

80	
  

100	
  

120	
  

140	
  

160	
  

21
:25
:59
	
  

21
:30
:59
	
  

21
:35
:59
	
  

21
:40
:59
	
  

21
:45
:59
	
  

21
:50
:59
	
  

21
:55
:59
	
  

22
:00
:59
	
  

22
:05
:59
	
  

22
:10
:59
	
  

22
:15
:59
	
  

22
:20
:59
	
  

22
:25
:59
	
  

22
:30
:59
	
  

22
:35
:59
	
  

22
:40
:59
	
  

22
:45
:59
	
  

22
:50
:59
	
  

22
:55
:59
	
  

23
:00
:59
	
  

23
:05
:59
	
  

23
:10
:59
	
  

PM
2.
5	
  

	
  

Time	
  
	
  

Smoking	
  Allowed	
  	
  with	
  nonsmoking	
  sec8on-­‐	
  Vicksburg	
  Casino	
  

Very	
  Unhealthy	
  

Unhealthy	
  

Unhealthy	
  for	
  Sensi;ve	
  Groups	
  

Moderate	
  

Good	
  

Air	
  Quality	
  

SMOKING 
ALLOWED (BAR)

SMOKING 
ALLOWED (FLOOR)

Smoking-Bar:  PM2.5 = 28.4 μg/m3
This PM2.5 level  exceeds the current U.S.  Environmental 
Protect ion Agency’s threshold for Moderate Air  Quali ty.

venue 6 venue 6

venue 6
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