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S11e 1 Title d es {Introduction )

By definition, environmental tobacco smoke (ETS) is an
aerosol composed of sidestream and exhaled mainstream smoke

. Themainstream fraction of total ETS can usually be ignored as it is
small compared to the contribution of sidestream smoke

. An abun-dent and unique component of ETS is nicotine
. Approximately 3-4

miligrams of nicotine are released in the environment by a burningcigarette . Consequently, nicotine has been used by many workers
as a marker for ETS exposure .

The exact physical behavior of environmental nicotine ,i .e .,the distribution between vapor and particulate phases, is not wellunderstood
. A regent review article stated that sidestream

nicotine exists primarily in the gas phase as the free base due to
the alkaline nature of the smoke . However, there have been otherconflicting reports suggesting that environmental nicotine is
mainly in the particulate phase or evenly distributed between thetwo phases .

The research which I will present has been directed towardtwo objectives
: firstly, to develop methods to characterize ETS,

and secondly, to better define the physical behavior of environ-
mental nicotine . We have taken the approach of using selective
trapping and detection methods to meet these objectives .

Slide 2 it of Selective Ira L and Detector s

The selective traps used in this work were : Cambridge filter
pads, Polymeric adsorbents, denuder tubes, and an electrostaticprecipitator . The selective detectors employed were : TAGA MS/MS,GC-NPD, GC-FID, and a piezoelectric mass balance

. Traps were con-
nected singly or serially in different configurations to collect
vapor phase nicotine and/or ETS

. ETS samples were obtained from
the environmental chamber or a 2'x2'x3' plexiglas box .
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9114e Co rison of Van ,.
and TAGA MS MSNi cotine SamDlin of ETS

This slide compares ETS data obtained in our laboratory by
two different instrumental techniques

. The uppe
r levels versus time as determined by the eNI05H method

.This method employs adsorption on a al plot shows

desorption with ethylacetate, and subsequentianalysis (by gas
chromatography with a nitrogen specific detector (GC-NPD)

. A per er-sonal sampling pump draws sample at a flowrate of 1-1
.

In the lower plot 5 1/min.

TAGA MS/MS at m/e 163, nicotine was monitored in real-time by the
techniques yam 3, the protonated parent ion (MH+)

. Bothgennae b pled ETS from the environmental chamber
. ETS wasy smoking two cigarettes in the chamber under standardsmoking conditions (35 ml puff volume and 2 se

cThe nicotine decay curves are very similar and the (maxim, ntipeakconcentrations are within 5% . pea

In the two previous talks

, described in detail the environmental chamber andd TAGAd MS/MS,
,

respectively
. Briefly, the chamber is a 18 cubic meter stainless

steel room capable of six different modes of operation
. All theexperiments which I will describe yere performed with the chamberin the static mode, i .e ., no recii lation or make-up

. advantages of the TAGA MS/MS are real-time monitoring ofbs seou scompounds at ppb-ppt levels
. It is worth repeating that the TAGAonly "sees" compounds in the gas phase

; particulate phasematerials are not detected .

S ids 4 Nicotine
ion Tube A aratus

This slide shows a thermostated diffusion tube device whichprovides a source of gas phase nicotine
. The output of the diffu-sion tube was monitored weekly by the NIOSH CC method and a valueof 5

.48 ug/min gas phase nicotine was determined
. The output wasalso monitored by a piezoelectric mass balance and a condensation

nucleus counter (CNC) to detect particle mass and number, respec-tively
. No particles were detected

. A standard source o fphase nicotine was then available to calibrate the TAGA . Bas
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Slide 5 SchemEatic Diseram of Diffusion Tube- Adsorbent
TAGA x riment

This is a schematic diagram of experiments performed to
evaluate several adsorbents which are commonly used to trap en-
vironmental nicotine .

Slide 6 TAGA MS/MS Monitoring of Diffusion Tube Nicotin e

This slide presents a plot of ion intensity versus time ob-
tained by sampling gas phase nicotine iron the diffusion tube
apparatus .

Slide T Comparison of Three Nicotine Adsorbents

The results of diffusion tube nicotine trapping of three ad-
sorbents, Uniport-S, Tenax, and XAD-4 are shown in this slide .
The tubes were constructed with approximately 70-80 mg adsorbenteach . The XAD-4 resin is more efficient at trapping vapor phase
nicotine . No breakthrough was observed after 60 min for the XAD
sorbent . In contrast, Tenax and Uniport-S showed considerable
vapor phase nicotine breakthrough . It is important to note that
the Cambridge filter pad will also trap gas phase nicotine and ex-
hibits a breakthrough profile similar to Tenax (not shown in
slide) . The trapping efficiency of any sorbent is dependent upon
flowrate, concentration, and the chemical properties of the com-
pound of interest . However, based on a weight-to-weight basis,
XAD sorbent is superior to Tenax, Uniport-S, and the Cambridge
filter pad for trapping gas phase nicotine .
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Slide8 Sch m t D Adsorbent- TAGA MS MSEx erimen t

This is a schematic diagram of experiments conducted to
evaluate the ETS trapping efficiency of the XAD-14 adsorbent andthe Cambridge filter pad

. The TAGA samples from the exhaust of abellows pump .

Slide Schematic
Ex einien~ orbent Breakthrough

This slide presents a schematic diagram of experiments which
were done to detect if any nicotine breakthrough occurs duringsampling of ETS

. Interestingly, the XAD resin removes only 20% of
the ETS particulate mass and 55% of the number of particles

. ACambridge filter pad or another XAD sorbent tube was placed
downstream from the first tube to trap possible particulate phase
nicotine, if in fact it exists

. No nicotine was detected indownstream traps .

sz i- j e 10
Cam a son a Fite Pad and XAD- Tra in of
Nicotine ETS

A comparison of the trapping efficiency of XAD sorbent andthe Cambridge filter pad is shown
. Two cigarettes were smoked in

the chamber and ETS nicotine was monitored by the TAGA
.Approximately 20 min after lighting, nicotine breakthrough occursfrom the filter pad

. No nicotine breakthrough is observed aftertwo hours from the XAD sorbent .

Sl i--d- Eorrwaldt Electrostatic Preciitato_r~

The Borgwaldt electrostatic precipitator is shown in thisslide
. The instrument requires a high voltage power supply andoperates at 5-241K volts .
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Slide 1 Block Disaram of Electrostatic Precini
Coupled to a Pleixlas Chamber itato r

This is a block diagram of the electrostatic precipitatorcoupled to a 2'x2'x3' plexiglas box
. Both $idestream andmainstream trapping experiments per-were carried out . Smoking i s formed in an enclosed vessel and sidestream smoke is forced b

ypositive pressure into the box
. A small fan provides adequatesample mixing.

When the precipitator was connected in series with the
mainstream pad, more than 95% of the nicotine was trapped in thetar

. This was expected as mainstream nicotine is a salt and is
associated with the particulate phase

. However, when theprecipitator is positioned to sample sidestream smoke (or ETS),
the results are completely opposite

. The precipitator had no ef-fec t

tubes (#4)iwere equivalent for both non"t and "off" experimXAD resin
ents

.

911je 13 l ock is ram o a Va or Phase Nicotine -
Elec rostatic Preci it tor Ex erimen t

A block diagram of the electrostatic precipitator in series
with the diffusion tube apparatus and the TAG

Athis slide. is presented in.

91141e.-U4 Effect of Electrostatic Preci itator on
Diffusion Tube Nicotine

The electrostatic precipitator had no effect on the standard
gas phase nicotine .
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Slide Effect of Electrostatic Precipitator on
T$ Ni of ne

Runs 1 and 2 are replicate smoking experiments with ETS
nicotine being monitored by the TAGA

. The electrostaticprecipitator remained off for the duration of run 1, but was ac-
tivated at approximately 18 min in run 2

. ETS nicotine as detec-ted by the TAGA was not distrubed by the electric field .

UL4e _; 6 $~ock Diagram of Vapar Phase Nicotine
Denuder Tube- TAGA MS /MS Experiment

A denuder tube is a long, hollow tube coated with some
material which efficiently removes a particular vapor phase com-
ponent from an aerosol as it flows through the tube

. Diffusinggas molecules collide with the denuder tube wall and are irrever-
sibly adsorbed, while the aerosol particles pass through undistur-bed

. This slide shows a schematic diagram of a denuder tube in
series with the diffusion tube nicotine source

. The denuder tube
was constructed from a 1/4" glass tube and coated with phosphoric
acid- UCON 5100 stationary phase . A flowrate of <1 1/minpredicted by the Gromley-Kennedy equation) was required to remo(asve99% of the vapor phase nicotine and still allow 99% of the par-
ticles to pass through the tube .

Slims Denuder Tube Trappinu oP Diffusion Tube Nicotine

The denuder tube efficiently removes gas phase nicotine asdetected by the TAGA .
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Lice 18 Block Diagram of ETS- Denuder Tube Experimen t

A similar denuder tube experiment was performed to sampleETS .

Slide 19 Denuder Tube Trapping of ETS Nicotine

The denuder tube traps the majority of environmental nicotine
as detected by the TAGA .

Sl
ide 20 Denuder be Sampling- Particle Mass Detection of ETS

A msimilar experimen t
replacing the TAGA was the detector

. with E Ta S Piezoelectric
was o sampled c for s5

min through the denuder tube, the 3-way valve was switched, and
the sample passed through the blank glass tube . As shown by the
plot of mass versus time, a "normal" ETS curve was obtained . The
denuder tube removed the ETS nicotine but allowed the particles to
pass unobstructed .

Slide 2l Denuder Tube- XAD Trapping of ETS

A final plot shows the results of XAD trapping of ETS with
the denuder tube connected in series . The upper curve is derivedfrom direct XAD sampling of ETS . In the next curve (noted by
circles), a blank glass tube was placed in series . The lower
curve represents data obtained by sampling through the denudertube . It is obvious that the blank glass tube behaves like a
denuder tube toward nicotine . The denuder tube curve (triangles)is flat over the 120 min run . As in the previous denuder tube ex-
periments, nicotine is essentially 100% removed by the denudertube . This is further evidence that ETS nicotine is in the vaporphase .
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S ide 22 Conclusions (no sid e

I have described several methods which we use to study ETS
and detect selective components

. I have also presented work
directed at studying the physical behavior of environmentalnicotine . To summarize these results :

XAD sorbent efficiently traps gas phase nicotine

Cambridge filter pads trap gas phase nicotine, but
less efficiently than a XAD resin tub e

" XAD sorbent efficiently traps ETS nicotine

Electrostatic precipitator traps MS nicotine but
has no effect on vapor phase or ETS nicotin e
Denuder tube traps approx . 100% vapor phase andETS nicotine

These results support the hypothesis that most of the nicotine
(probably 95-100%) is in the vapor phase of ETS .

t

Source: https://www.industrydocuments.ucsf.edu/docs/fmbv0193


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9

