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Abstract

Intranasal, hollow, cylindrical, medical grade, silicone stent with two layers and one layer
of half face mask outer filter at each end was tested with different concentrations of laser smoke
particles. A single pulse mode of carbon dioxide laser smoke particle created suitable poly-
disperse atmospheric suspended particulate matter amount. The personal respiratory protective
device efficacy was done at the Otolaryngology Department, Ramathibodi Hospital from July to
September 1998. The Whatman fiiter had the same laser smoke particle amount that passed through
each filter of the intranasal stent. The cyclical air flow rate of 2 V/min in the nasal model was
controlled by a lung model machine and respirometer. The particle deposition in filter materials
was counted under a high power optical microscope. The filtration efficacy of an intranasal stent
with filters for 5, 10 and 20 shots of laser smoke particle were 90.5, 94.6 and 95.6 per cent res-
pectively with a mean of 93.6 per cent. The device application in a human nasal vestibule
depended on acceptable nasal air flow resistant in various highly air-polluted areas.
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Intranasal stent with filters as a personal
respiratory protective device has been reported(l).
The filters are the outer layers of a half face mask
or surgical mask which is very popular. The mask
is sealed around the mouth and nose creates a high
nasal air flow resistance due to its middle paper

layers(2-4). The device should be used in highly
air-polluted areas(3:6). Laser smoke particles are
composed of suitable polydisperse atmospheric
suspended particulate matter(7.8). The filtration
efficacy of the intranasal stent with filters for con-
tinuous air flow pattern was in consideration. The
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filtration efficacy of filters in the intranasal stent for
different laser smoke particle concentrations was
evaluated under cyclical air flow conditions like
that in the human respiratory system.

MATERIAL AND METHOD

The experiment was conducted at the
Otolaryngology Department, Ramathibodi Hospital
from July to September 1998. Ten intranasal stents
with filters for each 5, 10 and 20 laser shots or a
total of 30 intranasal stents with filters were used.
The length of each intranasal stent was 1.0 cm with
1.3 cm outer diameter and 1.1 cm inner diameter.
Two layers and one layer of the outer layers of a
half face mask were sealed at each end of the intra-
nasal stent with adhesive tape. The nasal model was
Y-type hollow plastic, 9.5 cm in length and 5.5 cm
in width. There was one 2.0 cm in diameter outlet
and two 1.5 cm in diameter inlets. The intranasal
stents with filters were attached at both inlet ends
of the nasal model (Fig. 1). The maximum laser
smoke particles were collected by 30 Whatman
filters each of 1.3 cm in diameter (Grade 1, What-
man Group, U.S.A.) which fitted in the middle
inner 1.3 cm in diameter circular ridge of the nasal
model with two hollow plastic filter adapters. The
nasal model outlet was connected to the inlet of a
lung model machine (FP1 Dynamic calibration for
NR6-2 rhinomanometer, Mercury Electronic Ltd.,
Scotland). The cyclical air flow rate of 2 I/min
from FP1 was measured by a respirometer (Model
RMI121, Ohmeda, BOC Health Care, Japan). The

Fig. 1.

Intranasal stent with filters on the right
connected to inlets of the nasal model on
the left.

particle amount created by a single pulse mode, 10
W, 0.2 s duration and 5, 10 and 20 shots of carbon
dioxide laser (Model 1060, Sharplan, Laser Indus-
tries Ltd, Tel Aviv, Isarael) was confined in a
sealed, 7 X 7 X 7 cm, plastic box with the specimen
inside. Three 1.5 cm diameter holes at the top of
the box were for the laser handpiece and nasal
model inlets (Fig. 2). Each test was run for 5
minutes. A laser plume evacuator was used to clear
residual laser smoke particles from the plastic box,
nasal model and lung model machine prior to the
next test (Fig. 3). Ten defined fields of particle reten-

Fig. 2.

Plastic box with specimen for laser smoke
particle confinement during laser evapora-
tion at the center; laser hand-piece at the
left of the top wall of the box with the nasal
model on the right.
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Fig. 3.  Carbon dioxide laser with handpiece on the
right ; plastic box with specimen for laser
evaporation with nasal model connected to
the lung model machine at the center; laser

plume evacuator on the left.
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tion in each filter were counted under a 10X40
optical microscope with each field area of 0.0013
cm?2- Each filter had an active filtration area of
0.9507 cm2- Each Whatman filter and filter of the
intranasal stent had 5 and 10 focal levels respec-
tively.

RESULT

The efficacy of the intranasal stent with
filters for 5, 10 and 20 shots of laser smoke par-
ticles was 90.5, 94.6 and 95.6 per cent respectively
when compared with that of the Whatman filter
(Table 1). The mean filtration efficacy of the intra-
nasal stent with filters for all three shots of laser
smoke particle was 93.6 per cent. Total particle
amount in each filter was multiplied by ten fields
particle count with 73.1308. The Whatman filter
had the maximum laser smoke particle amount from
the laser evaporative field of 4.3, 11.1 and 21.3
particles / cm3 (Table 1). The laser smoke particle
amount that passed through the Whatman or filters
of the intranasal stent was the same. The mean par-
ticle amount in the Whatman filter was used to
calculate the filtration efficacy of the intranasal
stent with filters.

DISCUSSION

The suspended particulate matter amount
in some parts of Bangkok is 3-4 times above the
standard level of 0.33 mg/l(9:10). The polydisperse
particles amount from laser smoke matched that of
suspended particulate matter in highly air-polluted
areas(11-14). The intranasal stent with filters as a
personal respiratory protective device for suspended
particulate matter prevention has not been reported
previously(15-17). The selection of a three layered
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filter depended on the nasal air flow resistance
through the intranasal stent with filters in human
nasal vestibules that was tested by standard anterior
rhinomanometry(18),

More rigid filter material should be tried
with an intranasal stent with disposible, easier for
self-application, cheap and safety properties. Some
particles in the filters of an intranasal stent are lost
during the expiratory phase of the lung model
machine and while preparing the filters for micro-
scopic examination. The Whatman filter is more
rigid than the filters of the intranasal stent. Laser
smoke particles in the Whatman filter were the
reference maximum value that passed through the
filters of the intranasal stent. The cyclical air flow
through the filters of the intranasal stent in the nasal
model with the lung model machine mimicked the
human respiratory system. The cyclical air flow
rate of 2 I/min is equal to the continuous air flow
rate of 7 V/min(19). If the device could get rid of
laser smoke particles effectively, it could also filter
atmospheric suspended particulate matter. The
higher particle amount creates more particle depo-
sition in the filter material, increasing filtration
efficacy and air flow resistance(20-22), Sophisti-
cated instruments such as the automatic particle
counter under optical microscopy or the portable
airborne particle counter under isokinetic condi-
tions should be used.

SUMMARY

An intranasal stent with three layers of a
half face mask outer filters was used to get various
concentrations of laser smoke particles with the
mean filtration efficacy of 93.6 per cent. Laser
smoke particles are a suitable source for polydis-

Table 1. Efficacy of intranasal stent with filters for 5, 10 and 20 shots of laser smoke particles.
laser smoke particle count * in filters at different shots
5 10 20

Whatman filter** Whatman filter Whatman filter
Mean 580.6 5254 1514.3 14322 2914.0 2785.8
+/-S.D. 4.8 78.9 123.0 1947 273.8 455.3
Particles/cm3 *** 43 . 11.1 - 213 -
Efficacy (%o)**** - 90.5 - 94.6 - 956

* count in ten fields of each filter under 10x40 optical microscope

** three layer filters of intranasal stent

*** multiplied ten fields count in Whatman filter with 70.1308 to get total amount in 10 lilter of air flow
**xx efficacy of intranasal stent with filters compared with Whatman filter
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perse atmospheric suspended particulate matter.
The cyclical air flow rates passed through the nasal
model and the lung model machine mimicked the
human respiratory system. The personal respiratory
protective device was proposed for adult human
nasal vestibules application in highly air-polluted
areas. Selection of filter materials depended on
maximum filtration efficacy, acceptable nasal air
flow resistance, cost-effectiveness and human
safety.
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