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ETS Indoor & Outdoor Air Pollution

e Can ETS be detected outdoors?
* What pollutants should be measured?

* How to eliminate confounders?

e What instruments should be used? °/®
* How to calibrate the instruments?
* Relative ETS levels in outdoor vs. indoor venues?
* |s 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

MIE PPAH



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

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(Silicon Valley Experiments, 031103, Ott & Repace, unpublished data)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'; g = 1.4 mg ETS-RSP/min; 10 min/cigarette
VsS4 ms; background R%P =6.38 ptg/m3. ‘ |

SCEM RSP Model, 14 mg/cig
MIE 1200 RSP

PzB 3511 RSP

EcoChem PPAH
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*(from Delaware field survey regression)




WILMINGTON, DELAWARE RSP/PPAH AQ STUDY

Delaware Hospitality Industry Secondhand Smoke Survey: Real-time RSP & PPAH, Friday Nov. 15, 2002
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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.
JL Repace, JOEM 46:887-905(2004)



WILMINGTON, DELAWARE RSP/PPAH AQ STUDY

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.

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



REGRESSION RSP vs PPAH, DELAWARE AQ STUDY

Delaware Air Quality Survey

SHS-RSP/SHS-PPAH = ~2000:1
in micrograms/cubic meter

y=2054x+1.741 r=0860 @
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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 (r? = 0.74), with a RSP/PPAH ratio of ~2000:1 .

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

outdoors



VS.
IARC
CARC.
Status

Table 4 Carcinogenic PPAH, IARC Status, Amount in Cigarette Smoke*

Particulate Phase PAH IARC Amount Amount Reference*
(PPAH) Carcinogen Measured Measured
[4 or more rings]® In Lab In in Sidestream
Animals (a) | Mainstream | Smoke (SS) or
Humans (h) | Smoke (MS) | SHS (ng/cig)*
(ng/cig)
Benz(a)anthracene’ Sufficient” 20-70 412 A,BF
Benzo(b)fluoranthene’ Sufficient” 4-22 132 A,B,F
Benzo(j)fluoranthene’ Sufficient” 6-21 32 A,B,F
Benzo(k)fluoranthene’ Sufficient” 6-12 AF
Benzo(a)pyrene’ Sufficient™ 20-40 74 A,B,
8.5-11.6 F
Dibenzo(a,e)pyrene’ Sufficient” present F
Dibenzo(a,i)pyrene’ Sufficient” 1.7-3.2 A
Dibenz(a,h)anthracene’ | Sufficient® 4 A
Indeno(1,2,3-cd)pyrene’ | Sufficient® 4-20 51 A,D
5-methylchrysene’ Sufficient” ND-0.6 A
All PPAH in SS - - 1,067 B
machine-smoked 1R4F
research cigarette
All PPAH in SHS - - 13,500 C
human-smoked Camel,
Merit, Winston, Benson
& Hedges cigarettes
All PPAH in SHS E
smoldered Marlboro 13,000
Medium 100s
All PPAH in SHS - - this
human-smoked 13,300 experiment

Marlboro Lite 100s

*References: 4. Hoffmann & Hoffmann (1998); B. Gundel et al. (1995);
C. Rogge et al. (1994); *ng/cig = nanograms per cigarette. Blank cells
indicate no data available; [ARC = 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).

Rogge, et al.

Si Valley
Expts.

Cruiseship




Gas-Turbine Powered:
Low PPAH emissions;
10-day Eastern Caribbean Cruise
February 2004

} 15t Monitoring Study: Feb. 15-16, 2004

St. Lucia —

Barbados
St. Maarten
St. Thomas

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






At Sea: 15 Monitoring Study



Deck 4: Casino & Indoor Restaurant Deck

< Fore Aft >

\ /

Decks 5-9, Inside & Outside Staterooms

Cigar
Bar

Necks 10-11, Pool Deck _Outdoor SmokiqﬂBaQ j

11

Starboard Side- Nonsmoking

Port Side- Smoking






EcoChem PAS2000CE Human Smoker Calibration Experiment:
ETS PPAH Emissions: 13.3 ug/cigarette from Mass-Balance Model

PPAH Growth&Decay, ng/m3

PPAH Emissions from a Marlboro Lite Cigarette Smoked by a Smoket
250 T——
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Summit Stateroom 2169 Experiment

50 e .....................E .. .

=9.05h";t =6.67 min;

119 ug PPAH/g of tobacco;
:10.5 ug PPAH per 0.554 g, or
° 513.26 ug PEPAH per 07 g cigaretf
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\ Ciéarette Extingélished I
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e PPAH Growth&Decay | |
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g, = 1.576 pg/min
..................................................................................................................................... — 1 50

e
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Time, min

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

vs. 13.0 ug/cig
(smoldered)
estimated from
Repace, JOEM
2004;46:887-905.



peck 11

Pool Deck 10

port (smoking) sige



Outdoor Nonsmoking Location:
Starboard Side Forward, Deck 11



Indoor Sampling Location 2:
Nonsmoking Restaurant
Deck 4



open
balcony
door









BINER



inside ship,

nonsmoking

inside ship,

nonsmoking




PPAH
monitor



At Sea: 2" Monitoring Study



Indoor Sampling Location 1:
Nonsmoking Stateroom 7200



Outdoor Control Location:
Nonsmoking Side Deck 11



Indoor Sampling Location 2:
Nonsmoking Restaurant Deck 4

mean PPAH Level:
8.4 ng/m3 (SD 29) (n = 59)
2.4 ng/m3 (SD 2.6) (n = 55)*

*(removed 4 outliers from birthday candles)












ASHRAE (Casino: 120 Persons/1000 ft> @ 25.5% DPC smoking prevalence =~ 31 HS/1000 ft> ~ 10 AS/1000 ft2
Summit Casino: 2.2 Active Smokers/5292 ft? = 0.42 AS/1000 ft2, Ceiling Height: 8.6 ft; PPAH: 11 ng/m>.
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.




mean # active smokers:

1.0 (SD 0)
Outdoor Sampling Location 1: cigars: 1.0 (SD 0)
Deck 11 Smoking Bar
PPAH Cigaretiag

monitor\ ! cjgar



COMBINED CRUISE SHIP PPAH LEVELS FEB 15, 21, 2004
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Summary

1. PPAH measured in real-time using EcoChem PAS2000CE

2. Monitor calibrated under controlled conditions for ETS-PPAH

3. Cigarettes emit ~13 ug ETS PPAH/cig; 19 vg PPAH/g tobacco

4. ETS-PPAH emission factor in good agreement with other workers

5. Field Survey: PPAH measured indoors/outdoors on cruise ship at sea
6. Time-Activity Pattern Diary recorded location, presence of ETS

7. Number of cigarettes, pipes, cigars within ~10 meters recorded

8. Levels of PPAH tripled during smoking in Outdoor Bar Areas despite unlimited
dispersion volume and strong breezes underway at sea...




Summary

9. Levels of PPAH comparable in outdoor bar areas
and indoor casino during smoking

10. Levels of PPAH comparable indoors and outdoors
in absence of smoking

11. Outdoor workers exposed to elevated PPAH levels
from outdoor ETS, increasing exposure to carcinogenic
and toxic compounds

12. Further research: characterize worker PPAH exposure

in land-based outdoor cafés where smoking prevalence
is higher.

The assistance of Hilarine Repace, BSc. is gratefully acknowledged.

This work is supported by the Flight Attendant Medical Research Institute




Table 1. Indoor/outdoor PPAH levels in nanograms per cubic meter (ng/m’) on a
cruise ship in the presence and absence of smoking. Sunday, Feb. 15, 2004, at sea

(unless otherwise specified, the number of active smokers refers to burning cigarettes only).

Microenvironment | Mean PPAH | Mean # of | Number of 1- Range Ratio to

(SD) active min data Outdoor
smokers points Nonsmoking

Outdoor Deck 11 26229) 0 58 0-13 1.00

Nonsmoking

Deck 4 269(24) 0 130 0-11 1.03

Restaurant (NS)

Stateroom 7200 7.00 (18) 0 41 0-115 2.67

Stateroom 7200° 430 (3.0) 0 40 0-11 1.64

Ship Cornidors 6.22 (10) NR 40 0-49 2.37

Cigar Bar Outdoors 8.45(12) 2.9 (1.61) 60 0-81 323

C=cigars C: 3.8(0.1)

Breezy Pipe-1 (0)

Deck 10 Pool Bar 891(12) 1.87 (1.6) 45 0-60 340

Outdoors, Forward

“Outlier removed: probably due to smoking on adjacent balcony; NR = not recorded




Table 2. Indoor/outdoor PPAH levels in ng/m” on a cruise ship in the presence and

absence of smoking. Sunday, Feb. 21, 2004, at sea (unless otherwise specified, the number of
active smokers refers to burning cigarettes only).

Microenvironment | Mean PPAH | Mean # of | Number of 1- Range Ratio to

(SD) active min data Outdoor
smokers points Nonsmoking

Outdoor Deck 11 396 (2.49) 0 27 0-8 1.00

Nonsmoking*

Deck 4 8.44 (29) 0 59 0-197 2.13

Restaurant (NS)

Deck 4 2352.6) 0 55 0-13 0.59

Restaurant (NS)?

Stateroom 7200 3.11(291) 0 71 0-18 0.78

Ship Cornidors 544 (49) NR 39 0-19 1.37

Cigar Bar Outdoors, 995 (8.96) 1.62 (0.52) 42 0-48 251

Light wind; C: 1.4(0.52)

C=cigars

Deck 11 Bar 11.12(11.66) 1.0 (0) 16 3-52 281

Outdoors, Forward C:1(0)

Casino 10.71 (10.18) 2224 76 0-54 2.70

Outdoors Smoking 8.60 (13.56) 1.33(0.82) 25 0-58 217

“Outliers removed.:likely due to birthday cake candle smoke; *possibly biased upwards by proximity to
door; NR = not recorded




Table 3. Capacity of Public and Private Cruise ship Areas in which PPAH were

measured.

Location Capacity, Persons Area Volume
Stateroom 2169 2 - 28 m’
Deck 4 1170 - =
Restaurant (NS)
Stateroom 7200 2 - 36 m’
Cigar Bar Outdoors, Aft ~105 2155 ft° 12 ft partial

overhead canopy
Deck 11 Bar ~25 - 101t partial canopy
Outdoors, Forward open to air 3 sides
Casmo Indoors 270 5292 ft° 1286 m’
(ceiling ht. 8.583")

Outdoors Deck 10 ~325 - 12 ft overhead
Smoking Port Side

canopy; in corner of
pool area




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.



