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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 filter had the same laser smoke particle amount that passed through 
each filter of the intranasal stent. The cyclical air flow rate of 2 Vmin 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(!). 
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(5,6). Laser smoke particles are 
composed of suitable polydisperse atmospheric 
suspended particulate matterC7 ,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 em with 
1.3 em outer diameter and 1.1 em 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 em in length and 5.5 em 
in width. There was one 2.0 em in diameter outlet 
and two 1.5 em 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 em in diameter (Grade 1, What­
man Group, U.S.A.) which fitted in the middle 
inner 1.3 em 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 (FPl Dynamic calibration for 
NR6-2 rhinomanometer, Mercury Electronic Ltd., 
Scotland). The cyclical air flow rate of 2 1/min 
from FP I was measured by a respirometer (Model 
RMI21, 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, I 0 
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 em, plastic box with the specimen 
inside. Three 1.5 em 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. 

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 IOX40 
optical microscope with each field area of 0.0013 
cm2. 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 steht 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 l ). 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, ll.l and 21.3 
particles I 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/1(9,10). The polydisperse 
particles amount from laser smoke matched that of 
suspended particulate matter in highly air-polluted 
areas01-14). The intranasal stent with filters as a 
personal respiratory protective device for suspended 
particulate matter prevention has not been reported 
previously05-17). 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 !/min is equal to the continuous air flow 
rate of 7 l/min09). 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 

Whatman filter** Whatman filter Whatman 

Mean 580.6 525.4 1514.3 1432.2 2914.0 
+I-S.D. 44.8 78.9 123.0 194.7 273.8 
Particles/cm3 • • • 4.3 11.1 21.3 
Efficacy(%)**** 90.5 94.6 

• count in ten fields of each filter under I Ox40 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 
****efficacy of intranasal stent with filters compared with Whatman filter 

20 
filter 

2785.8 
455.3 

95.6 
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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. 

ACKNOWLEDGEMENTS 
The author wishes to thank Jaruayporn 

Sunateworakul, General Affairs Officer for the 
manuscript preparation; nurses in the operative 
room for the laser evaporative procedure; person­
nel in the Pathology Department for the optical 
microscope evaluation; personnel in the Inhalation 
unit of the Anesthesiology Department for air flow 
devices consultation and personnel in the Audio­
visual unit for the drawings and photograghy. 

(Received for publication on October 28, 1998) 

REFERENCES 
1. Tanpowpong K. Experiment of intranasal synthe­

tic filter for prevention of suspended particulate 
matter: rhinomanometric evaluation. J Med Assoc 
Thai 1998; 81:608-15. 

2. Carpenter DR, Willeke K. Non-invasive, quantita­
tive respirator fit testing through dynamic pres­
sure measurement. Am Ind Hyg Assoc J 1988;49: 
485-91. 

3. Carpenter DR, Willeke K. Quantitative respirator 
fit testing: dynamic pressure versus aerosol mea­
surement. Am Ind Hyg Assoc J 1988;49:492-6. 

4. Cooper DW, Hinds WC, Price JM, Weker R, Yee 
HS. Common materials for emergency respiratory 
protection: leakage tests with a Manikin. Am Ind 
Hyg Assoc J 1983;44:720-6. 

5. Boondesh N. Factors associated with reduced­
pulmonary functions of traffic policeman in Bang­
kok metropolis. Thesis for Master of Science, 
Industrial hygiene and safety. Mahidol University. 
Bangkok, 1992. 

6. Laeidee A. A study of relationship between res­
pirable dusts and pulmonary function of traffic 
policeman in Bangkok metropolis. Thesis, Faculty 
of Graduate Studies, Mahidol University, Bangkok, 
1982. 

7. Mihashi S, Ueda S, Hirano M. Some problems 
about condensation induced by col laser irradia­
tion In:Atesumi K, Nimsakul N, eds. Proceeding 
of the 4th Congress of the International Society for 
Laser Surgery. Tokyo. Japan: Inter Group Corp, 
1981:2-25. 

8. Somjos K, Sobhon P. The potential alveolar hazard 
of carbon dioxide laser - induced smoke·. J Med 
Assoc Thai 1998;81 :278-82. 

9. National Institute of Environmental, Committee. 
Report of the air quality at roadside in Bangkok. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

Bangkok: Religious Affairs Publishing, 1989. 
National Institute of Environmental, Committee. 
Report of the air quality and sound in Thailand. 
Ladproa, Bangkok: The Council of Teacher 
Publishing, 1990. 
Freitag I, Champma GA, Sielczak M. Laser smoke 
effect on the bronchial system. Lasers Surg Med 
1987;7:286-8. 
Dirkesmann R, Hugly A. Side effects of endotra­
cheal laser treatment. Endoscopy 1975;2:49-53. 
Blanchard J, Willeke K. Total deposition of ultra­
fine sodium chloride particle in human lungs. J 
Applied Physiol Resp : Resp Environ Exer Physiol 
1984;57: 1850-6. 
Hyatt EC, Pritchard JA, Richards CP. Respirator 
efficacy mesurement using quantitative DOP man 
test. Am Ind Hyg Assoc J 1972; 33: 635-43. 
Brown RC. Air filtration : protection against res­
pirable dust. In: Sci. Prog, London : Oxford, 1989; 
73:413-28. 
Cooper DW, Hinds WC, Price JM. Emergency 
respiratory protection with common materials. Am 
Ind Hyg Assoc J 1983;44:1-6. 
Hemenway DR, MacSkill SM. Design, develop­
ment and test results of a horizontal flow inhala­
tion toxicology facility. Am Ind Hyg Assoc J 1982; 
43:874-82. 
Tanpowpong K. Normal value of standard anterior 
rhinomanometry in adult. Rama Med J 1994;17: 
395-401. 
Nunn JF. The minute volume of pulmonary ven­
tilation. In: Nunn JF. Applied respiratory physio­
logy. 200 ed, chapter 6, London :Butterworth, 1977: 
178-212. 
Lee KW, Liu BYH. On the minimum efficiency 
and most penetrating particle size for fibrous 
filters. J Air Poll Control Assoc 1980;30:377-81. 



1306 K. TANPOWPONG J Med Assoc Thai November 2000 

21. 

22. 

Yeh HC, Liu BYH. Aerosol filtration by fibrous 
filters. 1 Aerosol Sci 1974;5: 191-217. 
Silver L, Davidson G, Jansson D, Yankovich D, 

Burgess W, DiBerardinis L. Analytical modeling 
of respiratory protective devices. Am Ind Hyg 
Assoc 1 1971;55:775-85. 

tJ-,~i'YI B 111 ow~D~ L fil ~D~ ti1~-fD~ ~~now i' D 3-1 u ~u n 'lD~ D1 n1 f"T.iD ~ uil Ln., ~1 n 

n1'lL~.n 1 ~Jl'~D~L~L'ffD-ftn3-11tuJh~ 1 nu 

nT"i'Yl (;INDtJ ti1::~Y1Bm-w 'liD~ LLr.hm1D~ ND~.fflJ-u Dn•nn'D'li (;!Yl1 'lfuD~nlJ qlJ l11D 1-rt "Wli'D~ c.h~(;IN1l1fuiJ(;l t11 n 
.I • ' ..J. I "' .I ' ..J. I "' "' .I .I ' ..J U ' • •t • ~ m~::'ll;jn 'lf~(;l(;l 2 LL~lJ'Ylu~1~'ll1~l1lJ~LL~:: 1 U.~lJ'Ylu~1~Dn'll1~l1lJ~'lltl~LI'\1D~m~'ll;Jn'YlL lJ'Yltl'lf~ 1'1"\Jnm~ N1l11tJ 

uD~nlJqlJtli~1tuU.(;ln~h~nlJ'I1nm1Lcn1l13!'!1D~I'l1fuD-u l(;liitJn l'lf~L~L'lfDf'D'u(;l single mode L vlD L'lfLL'YllJD~ml'l~~Vl~ 

;H~ii~m~ru::1mfLfl~~nlJ L Yi~unuu.c.llJmD~ Whatman ru !1ll'll'D'1 TN(;! lJ1~n ~11~'!fi'Ylm 1'\tu::u. "W'Y1W'I1N(;Jf 

h~-wmu1~11~1Bu~ 1::wil~L~DlJmni.J11'l~ii~nlJm~lJ -w.i'f.2541 t(;J~~(;J1l1iitli~1(;11m11'r1~'liD~mmi'f~1lJ1\J 2 ~(;11 

(;) DtJ1Yi c.l1u~u ~1 ~ D~ 1'1 lf1 ~'liD~'IlJn li11 ~ L 1'1~ D~~1 ~ D~ tiD(;! L Yi ~~ '11 n m 1(;1 11 '~,; u tl1~1 ru qu uu LLc.lu n 1mlil1 ~ n If D~ 
"!~'Yl11i'f'll"nl~~'llm~~~wu-ll LLc.lumD~ Whatman Lnunnqutl1~lru~~i'f(;J;H~1nlfLfl~~nutl1l-·nruqu'~lnu.m~~nlL11(;J 
t.b::~'Yl0!1l"Wnl1n1tl~'lltl~U.c.J\JmD~LlJLI'\~D~ri1~'JID~'Il;jn L~DiiqlJ'Ilnnl1L~11l13!'!1D~L~L'lfDf~1lJ1lJ 5, 10 LL~:; 20 1'\.f~ 
LYhnui'D~~:: 90.5, 94.6 u.~:: 95.6 'liD~LLc.lumD~ Whatman m~~1~u t(;J~ilf'i1LQ~mvhnui'D~~:-: 93.6 •nn'li'DlJ~ 
~~n l'i11'111~1illJDWu1LI'\~D~rh~illJnrltb::~~s;fu 1l1,.Jif~lth::~n(;)1 .at um1tlD~nu~~Vl~ 1umml'f1linuth::'D'l'll'u 1'1\J 1 'Yl ~ 
"-1' '!'1..'1 "' ~..J ..J ~ - -II, ' ..J 
'Yl~lJ~ L"nil::(;)tJ~ H'iLI'\1tl~).Jtl'Jl'\JVI\J L \J'll'D~ill;jntj'JlJ vestibule 

fll1&hil)l : 'JID~'Il;jn, LI'\~D~ril~, LLc.JlJmD~. tb::~'Yl0!1l"W, qlJil1nnl1LC·Jl lvi3!'!1D~Lm'lfD{ ~lJ~1~D~'Jim<il;jn, 
Ll'l~tl~~l~D~UDVIL Yi ~~ 

,.,."~ 'YI'W i-uu.howoQti 
'lfl'l'l1(l!I~'MflmoQIL'W'YIIf "I 2543; 83: 1302-1306 


	0344
	0345
	0346
	0347
	0348

