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Abstract

Suspended particulate matter in an office and laser smoke particles in a laser operative
room of the Otolaryngology Department, Ramathibodi Hospital were compared. Suspended parti-
culate matter sizes of PM15, PM10 and PM2.5 were selected due to their impact on health. The
amount and sizes of the particles were measured by a laser diode portable dust monitor. The mean
and standard deviation were measured every hour for 6 periods and calculated by specific computer
software. The amount of suspended particulate matters in the office were within the accepted safety
level. The amount of suspended particulate matter including laser smoke particles in the operative
room before, during and after each laser evaporative procedure was much higher than that of the
office. The amount of suspended particulate matter was dangerous for all personnel in the opera-
tive room. Risk management for patients in the operative room should be stressed. The ventilation
system of the operative room will be assessed further.
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During laser evaporation in an operative
room, laser smoke particles developed as sus-
pended particulate matter in various sizes and
amounts. The particle sizes of PM15, PM10 and
PM2.5 were selected due to their impact on health
(1,2), Recent experimental findings in animals and
humans have indicated adverse respiratory effects
from short-term exposure to particulate air pollu-
tants, especially in sensitive subpopulations such as
asthmatics(3). Motor vehicles and wood burning
were significant sources of both PM2.5 and PM10
in most cities(4). The suspended particulate matter
in an office was one indicator for the quality of
indoor air(5). Personal exposure measurements and
additional demographic and daily activity data are
crucial for accurate evaluation of exposure to parti-
cles(6). Validated tools are needed to assess expo-
sure most relevant to health. A laser diode portable
dust monitor evaluated the amount and size of sus-
pended particulate matter as a real time measure-
ment. The laser diode portable dust monitor appears
to be a useful tool for epidemiologic study that aims
to examine the relationship between health outcome
and personal exposure to peaks in suspended parti-
culate matter(7). The association between daily mor-
tality and air pollution depended on the pollutant or
suspended particulate matter metric, the type of
collection filter used, and location of the sampling
(8,9). Measurement of laser smoke particles before,
during and after each laser evaporative procedure
were compared with that of suspended particulate
matter in an office.

MATERIAL AND METHOD
The study was done in the Otolaryngology
Department, Ramathibodi Hospital from May to
October 2000. The real time analysis of the envi-
ronmental EPA amount of the suspended particulate
matter was PM15, PM 10 and PM 2.5 in mcg/m3. A
laser diode portable dust monitor (Series 1.104,
Grim Labortechnik, Ainring, Germany) measured
the suspended particulate matter continuously in-
cluding laser smoke particle in the following situa-
tions (Fig. 1.):
1. In an office of the Otolaryngology
Department during working hours:
1.1. In the morning : 06.00 - 07.00 a.m.
1.2. Inthe afternoon: 15.00- 16.00 p.m.
2. In the Otolaryngology laser operative
room during working hours but no operative cases
were done on the day of the study. There was one
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air-conditioner and one exhaust fan. The suspended
particulate matters in the operative room including
the laser smoke particles created by a carbondi-
oxide laser evaporator (Model 1060, Sharplan,
Laser Industries Ltd., Tel Aviv, Israel) of a specimen
put within a plastic box:

2.1. Pre-laser evaporation in the morn-
ing :10.00 - 11.00 a.m.

2.2. During-laser evaporation in the
morning :11.00 - 12.00 a.m.

2.3. During-laser evaporation in the
afternoon :13.00 - 14.00 p.m.

2.4. Post-laser evaporation in the
afternoon :14.00 - 15.00 p.m.

Each period measurement was calculated

by specific computer software to get the mean and
standard deviation values.

RESULTS

Measurements of the amount and sizes of
suspended particulate matter are shown from dif-
ferent periods and sites (Table 1). The amount of
PM15, PM10 and PM2.5 are shown seperately in
mean and standard deviation values. The amount of
suspended particulate matter in the office prior to
the morning working hours was not much different
from the afternoon. The amount of suspended par-
ticulate matter before laser evaporation (OR pre-

Fig. 1.

Laser diode portable dust monitor with
accessory to measure suspended particulate
matters including laser smoke particles on
the left ; computer with specific software
for data analysis on the right.
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Table 1.
and without laser evaporation.

SUSPENDED PARTICULATE MATTER IN AN OFFICE AND LASER SMOKE PARTICLES
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Suspended particulate matter amounts of PM15, PM10 and PM2.5 at various sites and times with

Sites* Time** PM15%** PM1Q*** PM2.5%**
1.1 Office 06.00-07.00 a.m. 9.6+12.3 5.0+1.8 2.1x0.3

1.2 Office 15.00-16.00 p.m. 17.5¢9.4 7.3+7.8 1.2+0.5

2.1 OR pre-laser 10.00-11.00 a.m. 85.7£16.4 77.0+14.2 69.0£13.4
2.2 OR during-laser 11.00-12.00 a.m. 236.5£16.5 204.0+ 8.0 111.0£13.0
2.3 OR during-laser 13.00-14.00 p.m. 306.3114.0 246.3+18.2 227.7£14.8
2.4 OR post-laser 14.00-15.00 p.m. 189.4+12.1 183.6x12.1 172.8x11.3

* OR = operative room

** Each period of measurement was recorded continuously for one hour
*** PM 15, PM10 and PM2.5 were the suspended particulate matter sizes of less than 15, 10 and 2.5 micron respectively with amount in

meg/m3

laser) used as the reference value in the operative
room was higher than that of the office. Even after
several working hours in the office, the amount of
suspended particulate matter was still lower than
that of OR pre-laser evaporation. The laser smoke
particles during-laser evaporative procedures both in
the morning and afternoon were much higher than
that without laser evaporation. The amount of laser
smoke particles after laser evaporation (OR post-
laser) was residual laser smoke particles which were
several times higher than that prior to the laser
evaporation in the operative room.

DISCUSSION

In the office, there were six ventilating
fans for the evacuation of suspended particulate
matter. In the laser operative room, there was only
one ventilating fan and the suspended particulate
matter was recirculated in the room due to lack of a
powerful exhaust system. The air ventilation system
of the operative room should be evaluated further.
Air exchange rates were found to be an important
determinant of both indoor and personnel levels.
The impact of indoor air quality on the health of
patients and personnel in the operative room should
be stressed(10,11), The relationship between air pol-
lution and asthmatic patients has mainly been deter-
mined using particulate matter measurements. Such
effects depend on the particle size and concentration
which can fluctuate daily at PM10 or PM2.5 levels
(12). The acute health effects of suspended parti-
culate matter, even short-term low levels of expo-
sure, increase the mortality and hospital admission
rates of respiratory disease, fluctuations in the pre-
valence of bronchodilator use, cough and peak flow

reductions, as well as long-term effects with respect
to mortality and respiratory morbidity(13). The rela-
tion between PM10 or PM2.5 exposure and acute
health effects is linear at standard concentrations
below 100 micrograms/m3. A relatively low correla-
tion between personal exposure and an ambient
PM2.5 that is not improved by assigning exposure
to the closest ambient monitor. The ambient moni-
tors are able to capture the daily variations of indoor
suspended particulate matter levels or even personal
exposure and may help explain the robust associa-
tion between ambient PM levels and health pro-
blems found in many epidemiological studies(14).
Higher personal exposures may be due to the proxi-
mity of individuals to particle sources, such as
cooking and cleaning. The strength of personal-out-
door association for PM2.5 was strongly related to
that for indoor and outdoor levels, suggesting that
home characteristics and indoor particulate sources
were key determinants of personal-outdoor associa-
tion for PM2.5(15). Whilst epidemiological studies
have consistently demonstrated adverse effects of
particulate matter exposure on human health, the
mechanism is currently unclear. One of the major
issues is whether the toxicity of the particles resides
in some particular fraction of particles as defined
by chemical composition or size(16). There is evi-
dence for still closer epidemiological association
with sulfate ions, and experimental exposure-res-
ponse studies suggest that the hydrogen ions and
ultrafine (PMO.15) concentrations may be important
risk factors(17). Human lung parenchyma effec-
tively retains PM2.5, suggesting the particles res-
ponsible for chronic particulate pollutant effects.
Several different type/size classes of particles are
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present in human parenchyma, but ultrafine particles
make up only a small fraction of the total(17). There
are measurement artifacts in current methods used
to measure ambient PM10 and PM2.5, including
negative artifacts because of losses of sampled semi-
volatile components (ammonium nitrate and some
organics) and positive artifacts due to particle-
bound water(18),

SUMMARY

Suspended particulate matter sizes of
PM15, PM10 and PM2.5 were selected in this study
due to their impact on human health. The amount
and size of suspended particulate matter including
laser smoke particles were measured by a laser diode
portable dust monitor. In the office environment,
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the amount of all three particle sizes was within the
safety margin.

The amount of suspended particulate mat-
ter including laser smoke particles in the operative
room before, during and after laser evaporation
was dangerous to the health of both patients and per-
sonnel in the operative room. The risk management
for indoor air quality index should be evaluated.
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