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ABSTRACT

This study was to evaluate the change in characteristics of concentration of ozone after exposure to high
energy radiation in linac room. Background ozone concentration of linac room was measured and compared to
ozone concentration around linac room. Background ozone concentration of linac room was mean 17.4+7.9 ppb.
It was 50% of the ozone concentration(36.8422.3 ppb) around linac room(p<0.05). The concentration of ozone
after exposure to high energy radiation in linac room was elevated to double of background ozone level, intensity
after exposure. with exposure time concentration of ozone increased proportionally. It showed maximum level at
130~180seconds and slowed a tendency to saturate. It required more than 10 minutes for ozone concentration in
linac room to drop to ozone concentration around linac room. The concentration of ozone after exposure to high
energy radiation is high enough to cause specific physical symptoms, such as acute dyspnea or chest pain due to
dry cough. Exposure to high concentration of ozone in sealed linac room can aggravate pulmonary disease, so
special attention is needed.
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STEP O, + hv— 0+ 0: Oxygen molecules are photolysis,
01 yielding 2 oxygen atom (slow).

0+ 0y + M — 03+ M: Ozone and oxygen atomsare

STEP continuously beinginterconvertas radiations breaks
02 ozone and the oxygen atom reacts with another oxygen
molecule (fast).
STEP Oy +hv—> 0+ 0y, 03 +R —> 0+ R0O,: Ozone islostby a

reactionofthe oxygen atomand the ozone molecule

03 with each other (slow).

STEP 30,+hv—20;: Ozoneis created by oxygenmolecules
04 and energetic radiation.

Fig. 1. Schematic diagram for the process of ozone
production in radiotherapy room by the photochemical
reaction of the high energy radiation and oxygen
molecular.
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Fig. 2. Shows the ozone analyzer (Model: DIGS 130)
used to measure the concentration of ozone generated
by the high-energy radiation in radiotherapy room, and
the flow diagram of data processing for the ozone
analysis.

Signal processing and
calculation block

Table 1. Technical specifications of the ozone
analyzer (DIGS 130 model) used in this study.

Specifications Descriptions
Measurement:
Item Ozone (O%)
Method UV photometry (absorption)'

Selectable range 0-200, ~500 ppb, and ~20 ppm
Units? ppb ppm, pg/m’, mg/m

Mechanical features: 0.25 ppb

Noise 0.50 ppb
Low detectable limit Within 1.0 ppb/day

Zero drift Within 1.0% of full scale/day
Span drift ne

Response time (95%) With\ynl tlinln 20b ng 1%
Linearity pp ¢

Stabilized flow control by

Sampling flow 2L/min

, Measured the ozone by UV absorption photometry in a
narrow wavelength interval at 254 nm.
2, ppb: parts per billion, ppm: parts per million.
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Irradiation conditions is variable in:

Energies: 6, 10 MV X-rays, and 6, 9,
12, 16, 20 MeV electrons.

SAD: 100 cm

Dose rate: 300 MU/min

Field size: 10 x 10 cm?

accelerator and an ozone analyzer for measuring the
indoor ozone concentration in the radiotherapy room.
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Table 2. Comparison of the annually and
five-monthly average ozone concentrations in the
atmosphere around the radiotherapy room
(Suchang-dong).

Average ozone concentrations (ppb)

Years Annually Five-monthly' % changed?
2012 28.0 384 1.37
2013 25.7 352 1.37
2014 29.0 38.6 1.33

! Means average ozone concentrations from March to July.
2, Were divide by the five-monthly and annually average
ozone concentrations.
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Fig. 4. Monthly average ozone concentrations in the
atmosphere of Daegu and Suchang-dong from 2012 to
2014 in the last three years.
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Fig. 5. Monthly average ozone concentrations for the
Suchang-dong in atmospheric (a) and background of
radiotherapy room (b) during the measurement period
(from March to July 2015).

Table 3. Compared the annually and from march to June
average ozone concentrations (ppb).

Monthly average ozone concentrations

(ppb)
Measured In the atmosphere Indoor background
riod around the ozone of the P-values®
(glonth) radiotherapy room radiotherapy room
(Suchang-dong)
Values' chafl/;e £ Values % changed
March  28.3+17.2 -23.09 14.3+6.8 -17.81 .007
April 35.6+£20.8  -03.26 18.6+8.2  06.90 .000
May 47.1£24.7 2799 19.5£8.9  12.07 .023
July 42.3422.0 14.95 19.5£7.6  12.07 018
June 30.8+#19.4  -16.30 15.1+8.7 -13.21 .002
Five-month 36.8422.3 17.4+7.9 .008

! Monthly ozone concentration for the average + standard deviation.
, Variation ratio is a measure of statistical dispersion in nominal
distributions. It is defined as the proportion of cases which are not
the mode. The formula for calculating the variation ration is, thus:
variation ratio = [(monthly average ozone concentrations /
five-month average ozone concentrations) - 1] x 100%.

3 P-values are statistically significant at the 0.05 level as compared
with atmospheric ozone concentration around the radiotherapy room
(One-sample T-test).
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