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Abstract

The Ramathibodi nasal filter was specially designed as a personal respiratory protective
device. It was attached to a simulated human airway composed of a nasal and pharyngeal model,
airway passage and lung model machine. The system was run in a laser smoke particles environ-
ment. The laser smoke particles with suspended particulate matter size of less than 15, 10 and
2.5 microns (PM15, PM10 and PM2.5) were selected. The amount of each particle size in the
simulated human airway with and without the Ramathibodi nasal filter was measured continuously
by a laser diode portable dust monitor. One hundred sample sizes were analyzed by a descriptive
statistical method at the Department of Otolaryngology, Ramathibodi Hospital from January to
November 1999. The graphic distribution patterns of each restdual particle size in the simulated
human airway with and without the Ramathibodi nasal filter were compared. The filtration effi-
cacy of the Ramathibodi nasal filter should be tested further by this experimental model. The
device could be applied intermittently in adult nasal vestibules.
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 The Ramathibodi nasal filter applied in a
simulated human airway was proposed to be used
in adult human nasal vestibules(1). The simulated
human airway mimicked the human respiratory sys-

tem composed of a nasal and pharyngeal model,
airway passage and lung model machine(2). The
filter got rid of laser smoke particles which caused
injury to human health(3). The development of air
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pollution standards ideally involves the integration
of data from the disciplines of epidemiology, con-
trolled clinical studies, and animal toxicology. Laser
smoke particles were used to represent suspended
particulate matter. PM15, PM10 and PM2.5 were
selected(4.5), A laser diode portable dust monitor
was the real time instrument which measured both
amount and size of the particles(6). The portable
dust counter was used to detect the residual amount
of laser smoke particles in the simulated human
airway with and without the Ramathibodi nasal filter.
The distribution patterns of the suspended particu-
late matter in the simulated human airway with and
without the Ramathibodi nasal filter were analysed
and compared.

MATERIAL AND METHOD

The Ramathibodi nasal filters are composed
of a cylindrical medical grade silicone stent first
with filter material sealed at both ends and second
with filter material put inside. The simulated human
airway was composed of a nasal and pharyngeal
model, airway passage and lung model machine. The
nasal and pharyngeal model was Y-shaped plastic
with one circular outlet and two circular inlets. The
inlets had a diameter like that of adult human nasal
vestibules with the Ramathibodi nasal filter fitted at
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Fig. 1.

The Ramathibodi nasal filter at both inlets
ends of nasal and pharyngeal model on the
left, adaptor with airway passage in the
center or with the laser diode portable dust
monitor on the right.
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both ends (Fig. 1). The nasal and pharyngeal model
outlet was connected to lung model machine inlet
(Ventilog 2, Oranger, Germany) with the airway
passage of a corrugated tube 3 cm in diameter and
60 cm in length by an adaptor. The experiment was
conducted in the Department of Otolaryngology,
Ramathibodi Hospital from January to November
1999. The lung model machine created a respiratory
rate of 15 /min, tidal volume of 700 ml, inspiratory to
expiratory phase ratio of 1:2 and was run for 1
minute for each test (Fig. 2). Laser smoke particles
came from the same power of laser evaporation
(Model 1060, Sharplan, Laser Industies Ltd., Tel
Aviv, Israel) of a specimen put within a sealed plastic
box. The box had one hole for the laser hand piece
and two holes for the inlets of the nasal and pharyn-
geal model. The residual laser smoke particles in the
simulated human airway after each Ventilog mani-
pulation were measured continuously by a laser diode
portable dust monitor (Series 1.104, Grimm Techno-
logies Inc., Ainring, Germany) for 1 minute by an
adaptor. Laser plume evacuator (X-plume, Sharplan,
model 100, Laser Industries Ltd., Tel Aviv, Israel)
cleaned the remaining laser smoke particles in the
simulated human airway prior to next dust measure-
ment (Fig. 3). One hundred samples size were cal-
culated by a descriptive statistical method and the

Fig. 2. Lung model machine in the center, airway
passage with a box for laser evaporation on
the right, laser diode portable dust monitor

with adaptor and accessory on the left.
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Fig. 3.

Laser smoke particle generator and laser
plume evacuator at the center, lung model
machine on the right, laser diode portable
dust monitor, adaptors and connecters on
the left.

distribution patterns of residual PM15, PM10 and
PM2.5 in the simulated human airway with and
without the Ramathibodi nasal filter were shown.

RESULTS

Without the Ramathibodi nasal filter, the
residual amount of laser smoke particles in the simu-
lated human airway were continuously counted by
a laser diode portable dust monitor. The suspended
particulate matter of PM15, PM10 and PM2.5
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amount were calculated by a descriptive statistical
method. The mode and median of each particle size
were not much different. The arithmetic mean of
each particle size was higher than the mode and
median value. The coefficient of variation of PM15
was 2.3 per cent which was less than 10.3 per cent
and 12.6 per cent of PM10 and PM2.5 respectively.
Third quartile (Q3) and first quartile (Qy) for PM15
were 44.9 and 37.5 with a quartile deviation of 3.7.
Q3 and Q for PM10 were 38.6 and 32.4 with a
quartile deviation of 3.1. Q3 and Q; for PM2.5 were
34.1 and 27.9 with a quartile deviation of 3.1. (Table
1)

With the Ramathibodi nasal filter, the resi-
dual amount of laser smoke particles in the simulated
human airway with mode, median and arithmetic
mean of each particle size were not different. The
coefficient of variation of PM15 was 17.0 per cent
which was greater than 1.9 per cent and 5.5 per cent
of PM10 and PM2.5 respectively. Third quartile (Q3)
and first quartile (Q;) for PM15 were 54.7 and 44.7
with a quartile deviation of 5.0. Q3 and Q; for PM10
were 44.5 and 39.5 with a quartile deviation of 2.4.
Q3 and Q for PM2.5 were 40.4 and 32.9 with a
quartile deviation of 3.8 (Table 2). The distribution
patterns of residual of three particle sizes was very
mildly skewed to the right and the graphic patterns
of each particle size differed slightly from the others
(Fig. 4 & 5).

DISCUSSION
The Ramathibodi nasal filter in a simulated
human airway was proposed to testify retention of

Table 1. Descriptive statistics of continuous measurement of
residual PM15, PM10 and PM2.5 amount in a simu-
lated human airway without the Ramathibodi nasal
filter.

PMIS * PMIO * PM2.5 *

Mean + SD 556+1.3 455+4.7 39.8+5.0

Range 28 - 65 21-54 17 -45

Mode 40 38 30

Median 41.2 355 31.0

CV ** 2.3 10.3 12.6

QD **x* 37 3.1 3.1

* Laser smoke particles with particulate matter size of less than 15, 10 and 2.5
microns
** The coefficient of variation (CV) in %
*** Quartile deviation (QD) = Q3 minus Q divided by 2
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Table 2. Descriptive statistics for continuous measurement of
PM15, PM10 and PM2.5 residual amount in a simu-
lated human airway with the Ramathibodi nasal filter.
PM15 * PMI10 * PM2.5*
Mean t SD 494+ 84 42.1+0.8 385+2.1
Range 30-71 27 - 56 26-42
Mode 50 45 39
Median 49.7 42.1 36.6
CV ** 17.0 1.9 55
QD *** 5.0 24 38
* Laser smoke particles with particulate matter size of less than 15,10 and 2.5
microns
** The coefficient of variation (CV) in %
*** Quartile deviation (QD) = Q3 minus Q divided by 2
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Fig. 4. Graphic pattern of residual PM15, PM10 and PM2.5 distribution in the simulated human airway

without the Ramathibodi nasal filter.

suspended particulate matter in the human respira-
tory system. It is a specially designed personal res-
piratory protective device(7). The simulated human
airway with the Ramathibodi nasal filter testified the
impact of air pollution on human health(8). Laser
smoke particles were used as a source of suspended
particulate matter as in our previous study(9). Laser
smoke particles less than 15, 10 and 2.5 microns

were selected due to their human health impac-
tions. Air particles with a diameter of less than 10
microns are a threat to public health but tiny par-
ticles with a diameter of less than 2.5 microns are
more dangerous(10). The dust measurement ranges
include occupational and environmental situations.
The occupational values was inhalable, thoracic and
respirable dust and U.S. Environmental Protection
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Fig. 5. Graphic pattern of residual PM15, PM10 and PM2.5 amount distribution in the simulated human

airway with the Ramathibodi nasal filter.

Agency (EPA) criterias include PM15, PM10 and
PM2.5(11,12), A laser diode portable dust monitor
measured continuously the residual laser smoke
particles in the simulated human airway with and
without the Ramathibodi nasal filter. Epidemiologi-
cal studies showed statistical associations between
health outcomes and exposure; they could not esta-
blish a definite cause-effect relationship(13). The
utility of toxicological studies is to establish this
relationship(14). An almost symmetrical distribu-
tion pattern of PM15, PM10 and PM2.5 amount in
the simulated human airway with and without the
Ramathibodi nasal filter were shown. This experi-
mental model could be used further for evaluation

of efficacy of the Ramathibodi nasal filter applied
in human nasal vestibules.

ACKNOWLEDGEMENTS

The authors wish to thank Chanintr Pho-
pichitra, M.D. Assistant Professor, Department of
Anesthesiology for his suggestions in the mecha-
nism of the simulated human airways ; Ms. Kulsuda
Jiamsuchon, medical statistician for her valuable
data analysis; Petro-instrument Corp., Ltd, Bangkok
for dust monitor technical suggestions and Ms.
Jaruayporn Sunateworakul, General Affairs Office,
Department of Otolaryngology for manuscript pre-
paration.

(Received for publication on May 14, 2001)



1672

K TANPOWPONG & C. CHIRATTHITI

REFERENCES

L.

Tanpowpong K. Nasal and lung model machine for
intranasal stent with filters efficacy evaluation. J
Med Assoc Thai 2000; 83: 1077-81.

Kelly JT, Prasad AK, Wexler AS. Detailed flow
patterns in the nasal cavity. J Appl Physiol 2000;
89: 323-37.

Passali D, Lauriello M, Mezzedimi C, Bellussi L.
Nasal allergy and atmospheric pollution. Int J
Pediatric Otorhinolaryngol 1999; 49: §257-60.
Romig CL, Smalley PJ. Regulation of surgical
smoke plume. AORN J 1997; 65: 824-8.

Wilson WE, Suh HH. Fine particles and coarse
particles: Concentration relationships relevant to
epidemiologic studies. J Air Waste Manag Assoc
1997, 47: 1238-49.

Middendorf PJ, Lehocky AH, Williams PL.
Evaluation and field calibration of the Miniram
PDM-3 aerosol monitor for measuring respirable
and total coal dust. Am Ind Hyg Assoc J 1999; 60:
502-11.

Tanpowpong K. Personal respiratory protective
device: Efficacy of intranasal stent with filters. J
Med Assoc Thai 2000; 83: 21-7.

10.

11.

12.

13.

14.

J Med Assoc Thai December 2001

Tsai FC, Smith KR, Vichit-Vadakan N, Ostro BD,
Chestnut LG, Kangskulniti N. Indoor/outdoor
PMI10 and PM2.5 in Bangkok, Thailand. J Expo
Anal Environ Epidemiol 2000; 10: 15-26.
Tanpowpong K. Efficacy of intranasal stent with
filters for different laser smoke particle concentra-
tion. J Med Assoc Thai 2000; 83: 1302-6.

Dickey JH. Part VII. Air pollution: Overview of
sources and health effects. Dis Mon 2000; 46:
566-89.

Breslin K. EPA: Airing on the side of caution or
pulling standards out of thin Air? Environ Health
Perspect 2000; 108: A176-7.

Guidotti TL. Proposed air quality objectives for
fine particulate air pollution. Can J Public Health
1999; 90: 285-17.

Calderon-Garciduenas L, Delgado R, Calderon-
Garciduenas A, et al. Malignant neoplasm of the
nasal cavity and paranasal sinuses: A series of 256
patients in Mexico City and Monterrey. Otolaryn-
gol Head Neck Surg 2000; 122: 499-508.
Monitoring ambient air quality for health impact
assessment. WHO Reg Publ Eur Ser 1999; 85: 1-
196.




Vol. 84 No. 12 THE RAMATHIBODI NASAL FILTER IN A SIMULATED HUMAN AIRWAY 1673

& - - ale [l Y ' - v o -t -
JagnIpwianiniudsmiulalurasynlsufiumeaInulsun LT NEL-

¢ - ' v L4 | o 1 Y o
melauystmelasmazguenlinniagpiuszsinmasdugudihlarin
iwenslalon

o

o ! M o - -
ATIUUNIW WIS, W.LLY I35y II0, INHN*H

minsanslaiansaslunyenasandonammeaptunpa fuinms  grasaninisensawinunbud
dFmivlalurpsayninlusaslslusdbadsuwuumadumealasamyss  fusenaumouitassaaynuaziing
gpamudumelanasaipsmnuunmuseluanisjuiiiennmasinieaiaes  [asfmuanneaaauiiannn
15, 10 uar 25 luasau (PM15, PM10 and PM2.5) -'fmmﬂﬁmazhwimﬁawmzjuuﬁia:mmmmvmm‘%mmnu”utju
Foleriaagailalon naapesdinnu 100 Mot o mednlan WEn RN ANzuwngmans
TRWEMNRTBUA  stmafaunnianfafiaunnAimen WA, 2542 mslaadadewssand@miumsfan
AMNTNLERIMINITNgIBITBRANBN iU mIuuuRsznameTuaspudsuuuumadumelasasy s
yauzAluiuazan At iaansasdumaynainandud - mavaassivnivnuzduuumsnszanseaafumeluados
@euuuumadumelaupiywe msUszgnaiamnUssansnwaasagnsnsiaiiAnUaaiugunwraeysean
sammzmeinmadudndidnmsdnmealy

. . . . . o o i aan
ARy TEgNIDY, TRy, Beuuuy, madumals, aywe, duaes, Wiswmhwiuguiile, woaslalaa

mTianw suenwes, 3y $3g3R
SRNBYTNULANE 4 2544; 84: 1667-1673

- - - T ¢ - - - -~ -

* mainlan udn NN, AUSUNNEAEAT Iiﬂwtﬂtﬂiﬁ'\ﬂ?ﬁuﬂ, HUPTINEIRENAAR, NTUNW 4 10400
¢ - v o

> EWFJBUWNEJa\!LL’JﬂRDNL‘Uﬂ 1, NINBUNE, NIENTNODIIUFY, uumﬁ 11000




