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ETS Indoor & Outdoor Air Pollution!

•! Can ETS be detected outdoors? 

•! What pollutants should be measured? 
•! How to eliminate confounders? 
•! What instruments should be used? 

•! How to calibrate the instruments? 
•! Relative ETS levels in outdoor vs. indoor venues? 
•! Is ETS outdoors a health risk to outdoor workers? 

•! What are the implications for outdoor bans? 



Controlled Experiments for RSP & PPAH !
Using Smoldered Marlboro Medium 100’s!



0

100

200

300

400

500

600

0

100

200

300

400

500

600

360 400 440 480 520

Smoldered Marlboro Medium 100 Cigarette RSP & PPAH
measured by 4 instruments vs. SCEM model of Ott et al.

(Silicon Valley Experiments, 031103, Ott & Repace, unpublished data)
SCEM Model Assumptions:  ACH = 0.8 h-1; g = 1.4 mg ETS-RSP/min; 10 min/cigarette

V = 41 m3; background RSP = 6.38 µg/m3. 

SCEM RSP Model, 14 mg/cig
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PPAH Emissions/cigarette = ERPPAH = 13.0 µµg/cig!

Concentration Ratio = 

*(from Delaware field survey regression)!

PPAH Emissions from 7 Smoldered Marlboros: Controlled Expt.†!
†JL Repace, JOEM 46:887-905(2004)!

7th Cigarette RSP 

PPAH 
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 Delaware Hospitality Industry Secondhand Smoke Survey:  Real-time RSP & PPAH, Friday Nov. 15, 2002 

PPAH ng/m3

RSP µµg / m3 PPAH
, nanogram

s per cubic m
eter (ng/m

33))CASINO
    A

BAR B 

6:15 pm 11:45 pm9:15 pm

fine-particle air pollution

particle-bound carcinogens

BAR C 

BAR D

BAR E
BAR F

BAR G

POOL
HALL H

SSMMOOKKIINNGG

Figure 3.  Real-time respirable-particle (RSP) air pollution  and airborne carcinogens (PPAH) in a casino,!
6 bars, and  pool hall before a smoking ban. Data recorded on Friday Evening, November 15, 2002.  !
Outdoor & in-transit location measurements  precede & follow each Venue sampled.   All venues were!
crowded, with persons observed to be smoking throughout the sampling periods. !

Mean indoor 
PPAH: 134 ng/m3 

(SD 86.5) 
Mean outdoor 

PPAH: 27 ng/m3 
(SD 28) 

JL Repace, JOEM 46:887-905(2004)!

WILMINGTON, DELAWARE RSP/PPAH AQ STUDY 
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 Delaware Hospitality Industry Secondhand Smoke Survey:  Real-time RSP & PPAH After The Smoking Ban
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Figure 6.  Real-time respirable-particle (RSP) air pollution  and airborne carcinogens (PPAH) in the casino, 6 bars, !
and the pool hall after the smoking ban.  Compare with Figure 3.  Data recorded on Friday Evening, January 24, 2003. !
Outdoor & in-transit location measurements precede & follow each Venue sampled. All venues were crowded,!
and all appeared to be in compliance with the Delaware smoking ban.  !

Mean indoor PPAH 
4.6 ng/m3 (SD 3.7) 

Mean outdoor 
PPAH: 7.9 ng/m3 

(SD 11.5) 

JL Repace, JOEM 46:887-905(2004)!

WILMINGTON, DELAWARE RSP/PPAH AQ STUDY 
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y = 2.054x + 1.741   r = 0.860

Delaware  Air Quality Survey
SHS-RSP/SHS-PPAH = ~2000:1 
in micrograms/cubic meter

Figure 5.  A plot of total indoor RSP minus the average outdoor/hotel RSP background (estimated SHS-RSP)!
 versus total indoor PPAH minus the average outdoor/hotel PPAH background (estimated SHS-PPAH) !
pre-smoking ban for the 8 hospitality venues on November 15, 2002.  A strong linear correlation between !
SHS-RSP and SHS-PPAH is seen (r2 = 0.74), with a RSP/PPAH ratio of ~2000:1 .!

JL Repace, JOEM 46:887-905(2004)!

REGRESSION RSP vs PPAH, DELAWARE AQ STUDY 



Table 3.  Carcinogenic PPAH, IARC Status, Amount in Cigarette Smoke*

Particulate Phase PAH
(PPAH)

†[4 or more rings]G

IARC
Carcinogen

In Lab
Animals (a)
Humans (h)

Amount
Measured

In
Mainstream
Smoke (MS)

(ng/cig)

Amount
Measured

in Sidestream
Smoke (SS) or
SHS  (ng/cig)*

Reference*

Benz(a)anthracene† Sufficienta 20-70 412 A,B,F
Benzo(b)fluoranthene† Sufficienta 4-22 132 A,B,F
Benzo(j)fluoranthene† Sufficienta 6-21 32 A,B,F
Benzo(k)fluoranthene† Sufficienta 6-12 A,F
Benzo(a)pyrene† Sufficienta,h 20-40

8.5-11.6
74 A,B,

F
Dibenzo(a,e)pyrene† Sufficienta present F
Dibenzo(a,i)pyrene† Sufficienta 1.7-3.2 A
Dibenz(a,h)anthracene† Sufficienta 4 A
Indeno(1,2,3-cd)pyrene† Sufficienta 4-20 51 A,D
5-methylchrysene† Sufficienta ND-0.6 A

All PPAH in SS
machine-smoked 1R4F

research cigarette

- - 1,067 B

All PPAH in SHS
human-smoked Camel,
Merit, Winston, Benson

& Hedges cigarettes

- - 13,500 C

All PPAH in SHS
smoldered Marlboro

Medium 100s

13,300 E

All PPAH in SHS
human-smoked

Marlboro Lite 100s

- - 13,000 this
experiment

*References: A. Hoffmann & Hoffmann (1998); B. Gundel et al. (1995);
C. Rogge et al. (1994);  *ng/cig = nanograms per cigarette.  Blank cells
indicate no data available; IARC = International Agency for Research on Cancer.
D.  Hecht (2004). E. Measured by EcoChemPAS2000CE; Repace (JOEM, 2004).  F.
IARC Monographs, Volume 83 (2004). G.  Hoffmann and Wynder (1967).
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St. Lucia 
Barbados 
St. Maarten 
St. Thomas 

} 1st Monitoring Study: Feb. 15-16, 2004!

} 2nd Monitoring Study: Feb. 21-22, 2004!

Gas-Turbine Powered: 
Low PPAH emissions; 

10-day Eastern Caribbean Cruise 
February 2004 





At Sea: 1st Monitoring Study!



Deck 4: Casino & Indoor Restaurant Deck!

Decks 5-9, Inside & Outside Staterooms!

Decks 10-11, Pool Deck, Outdoor Smoking Bars!
SSttaarrbbooaarrdd  SSiiddee--  NNoonnssmmookkiinngg!

PPoorrtt  SSiiddee--  SSmmookkiinngg  

NNoonnssmmookkiinngg!

SSmmookkiinngg!
((NNoonnssmmookkiinngg))!

CCiiggaarr    
BBaarr  

Fore Aft 

11 



PPAH!
Monitor!

SMOKER!



EcoChem PAS2000CE Human Smoker Calibration Experiment: !
ETS PPAH Emissions: 13.3 µµg/cigarette from Mass-Balance Model 
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Summit Stateroom 2169 Experiment 
PPAH Emissions from a Marlboro Lite Cigarette Smoked by a Smoker

PPAH Growth&Decay

PPAH Model
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PPAH emission rate
g

c
 = 1.576 µµg/min

! = 9.05 h-1; t
b
 = 6.67 min;

19 µg PPAH/g of tobacco;
10.5 µg PPAH per 0.554 g, or 
13.26 µµg PPAH per 0.7 g cigarette

Cigarette Extinguished

vs. 13.5 µµg/cig!
(human smokers)!
reported by!
Rogge, et al.!
ES&T 1994; !
26:1375-1388,!

vs. 13.0 µµg/cig!
(smoldered)!
estimated from!
Repace, JOEM!
2004;46:887-905.!Model!
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Ship’s motion!





EcoChem!
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inside ship, 
nonsmoking 

inside ship,  

nonsmoking 

REAL-TIME PPAH DATA before/after Cigar Bar 



PPAH!
monitor!



At Sea: 2nd Monitoring Study 





PPAH!
Monitor!











ASHRAE Casino: 120 Persons/1000 ft2 @ 25.5% DPC smoking prevalence ! 31 HS/1000 ft2 ! 10 AS/1000 ft2  
Summit Casino: 2.2 Active Smokers/5292 ft2 = 0.42 AS/1000 ft2, Ceiling Height: 8.6 ft; PPAH: 11 ng/m3. 
Summit Casino scaled to ASHRAE: (10/.42)(11 ng/m3) = 262 ng/m3.  Summit Scaled to Delaware Park Casino 
Ceiling Height: (8.6 ft/14 ft)(262 ng/m3)= 161 ng/m3.  Meas. Delaware Park Casino (DPC) PPAH: 163 ng/m3. 
Delaware State smoking prevalence ! U.S. smoking prevalence of 23%. 
INFERENCE:  SMOKING PREVALENCE ON SHIP --indoors & outdoors-- IS LOWER THAN U.S. PREVALENCE. 
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n = 85 n = 296 n = 79 n = 188 n = 76

OUTDOORS
Nonsmoking

  OUTDOORS
Smoking Bars

  INDOORS
Nonsmoking

   INDOORS
Mixed SM-NS
   Corridors

INDOORS
 Smoking
  Casino

INDOOR & OUTDOOR PPAH COMPARABLE WHEN ETS IS PRESENT!

3-fold!
nonsmoking!

levels!

3.6-fold!
nonsmoking!

levels!

~!

~!



Summary!



Summary !

TThhee  aassssiissttaannccee  ooff  HHiillaarriinnee  RReeppaaccee,,  BBSScc..  iiss  ggrraatteeffuullllyy  aacckknnoowwlleeddggeedd..  









Platform W1B Indoor Exposures & ETS 
Abstract W1B-07 
Indoor and Outdoor Carcinogen Pollution on a Cruise 
Ship 
James L. Repace, Repace Associates, Inc. and Tufts University School of Medicine 
A contribution to the exposure assessment of secondhand smoke (SHS) in 
outdoor microenvironments is made by measuring a class of carcinogenic 
compounds emitted during tobacco combustion, particulate polycyclic 
aromatic hydrocarbons (PPAH). Using a personal exposure monitor for 
PPAH, measurements were made on a gas-turbine-powered cruise ship 
underway in the South Atlantic to eliminate the omnipresent background of 
PPAH due to diesel emissions in urban environments. A controlled experiment 
was conducted using a human smoker in a well-ventilated inside stateroom 
to assess the PPAH emission from both exhaled mainstream and sidestream 
smoke from the most commonly smoked brand of cigarette, Marlboro. These 
cigarettes are estimated to emit ~13 micrograms of PPAH when smoked, or 
~19 micrograms per gram of tobacco consumed. Peak levels of PPAH after 
6.7 minutes of smoking increased 100-fold. Two field surveys were conducted 
indoors and outdoors on the ship in the presence and absence of tobacco 
smoking. The number of cigarettes, pipes, and cigars within 30 ft of the monitor 
were recorded. Steady tobacco smoking in various smoking-permitted outdoor 
areas of the ship tripled the level of PPAH to which nonsmokers were exposed 
relative to indoor and outdoor areas in which smoking did not occur, despite the 
strong breezes and unlimited dispersion volume. Moreover, outdoor smoking 
areas were contaminated with PPAH to nearly the same extent as a popular 
casino on board in which smoking was permitted. SHS PPAH in outdoor 
environments are readily detectable, and measurably increase the exposure 
of outdoor hospitality workers, such as waitstaff, bartenders, and musicians, 
to a class of compounds heavily implicated in tobacco carcinogenesis. 


