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Table 1. Subjective Rating on Conditions of Indoor Environment
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Environmental conditions Strongly disagree Disagree Neither Agree  Strongly agree Total (%)
There is a sense of the airflow 6 (33.3) (11.1) 3 (16.7) 4 (22.2) 3 (16.7) 18 (100)
There are unpleasant odors - (5.6) 4 (22.2) 11 (61.1) 2 (11.1) 18 (100)
The environment is too dusty - - 5 (27.8) 6 (33.3) 7 (38.9) 18 (100)
The environment is too drafty 8 (444) 2 (11.1) 4 (22.2) - 4 (22.2) 18 (100)
The environment is too crowded 1 (5.6) 6 (33.3) 7 (38.9) 3 (16.7) 1 (5.6) 18 (100)
The temperature is comfortable 4 (22.2) 4 (22.2) 5 (27.8) 2 (11.1) 3 (16.7) 18 (100)
The temperature is too warm 2 (11.1) 3 (16.7) 5 (27.8) 4 (22.2) 4 (22.2) 18 (100)
The humidity is comfortable 5 (27.8) 6 (33.3) 7 (38.9) - - 18 (100)
The lighting is acceptable 1 (5.6) 1 (5.6) 10 (55.6) 3 (16.7) 3 (16.7) 18 (100)
The environment is generally acceptable 6 (33.3) 7 (38.9) 4 (222) 1 (5.6) - 18 (100)
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Table 2. Classification of Subjective Symptoms

Subjective symptoms Experiences Rate (%)

Fatigue or drowsiness 17 89.5
Headache 15 78.9
Dry, itching, or irritated eyes 14 73.7
Sore throat 17 89.5
Nasal obstruction or discharge 11 57.9
Cough 12 63.2
Shortness of breath or chest tightness 11 579
Cold sensation 11 57.9
Diarrhea 8 421
Stomachache or epigastric pain 8 421
Constipation 7 36.8
Nausea 9 474
Urticaria 10 52.6
Dry skin 15 18.9
Numbness in hands or feet 11 57.9

Pain or stiffness in neck, back,

18 94.7
or shoulders

Table 3. Eight-hour Time Weighting Average Levels of Fine Particulate
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Fig. 1. Fine particulate levels in specific areas. A: planning

room, B: simulation room, C: nursing room, D: outdoor area, E
physician room, F: hallway or passage, G: control room.

Date Area Samples Mean levels Ranges

May 2 (day) Planning room 2 40.6pg/m’ 38.1~43. Ous%
Simulation room 2 36.81g/m’ 35.3~38.3"/™
Nursing room 2 51.9ug/m’ 48.6~55.1"8/™
Outdoor air 1 71.2ug/m’ -

May 2 (night) Physician room 1 16.9ug/m’ -
Planning room 1 17.3ug/m’ -
Passage 1 21.1pg/m’ -

May 3 (day) Physician room 2 40.6pg/m’ 37.1~52.1pg/m’
Control room 2 1 32.6ug/m’ -
Control room 1 1 58.4pg/m’ -
Passage 1 33.4pg/m’ -
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Fig. 2. Variations of CO; levels in specific areas in length of
time.

- 247

HEY 9 506 XS0l ?IXIS SAHS LS BUIAS ALHSI| & Eot

4 931, 1,000 ppmS ZHsHH Fr]o] a3 AV}
Ao AUAEE sla gEd, e Fr1ed
3 o]itsletATt QlAld vA|= gk

rlo
R
=
>
1
r
[
o
X

=
S
(=)
=
=
=]
S
—
§
L
o
lo,
fr
al
=2
>
X
N
=
ry
4o
ol
O
X
rr
ot

o
3, A5 U750 JFE E 5 om 4% o

FEAME oF, 5, EWds, 49 59

ae
BEEETE 1 ppm AFZ A BARO
)
» p

ppm RO g {AFH1 )

aly
»)
18

D)
N
FN
ro
IS
S
=i
o
ol
o
e
=

oAl Fzrel Hlgl oF 2uf 7} H& FAE B, ol
oF7ke] AL FZ7| HI7FEOZ Q18 QAEA] AA W
o7 FAA

5) E3dd®7|2=(TVOC)

LR IISFES AFAA, FARJNE, HFA, 33
oFE, A, o &, 7, A, WA, FA FolA vy
= WA, EF9, 4% gusle T ALE 2 BFE gl
Faf ToE A" IAEARVISIEES BT Eile
Ao Z, ol FE5& 2T F Atk A A
T A JFF, TES, TR BdEsEe 44
4.81, 4.71, 4.60 ppm©] AL, FHA, h714, B2 A=
Zr7} 3.10, 3.19, 3.26 ppm©]| ATt Aol AntHoE =
A ZA4E olfe MEE o2 Xz g 2o ® 30
A FAo] o] FofR olfrzta AZAEHUT HEe e
AFAT MAE] A ALEgH T3 FHIE ©]&3F
of 7& & 1367] WIATF-&)S ez Z43 A%
(AHFAU: 1.22 ppm, A 9] 0.99 ppm)<} Bl P 7ta] £ o,



[e)

. A=
o 6HA FAYYEoIH, A7 FAHLE
AE, e, 34, 324 2 o5& ARE 3= A
ol Mg g FRHf e, gEvtsel iE
7+ 2 Y

A= JE
EEHE A5 A EHE0 2 Ao

100 —e— |eft side of physician room (ACH: 9.4 times/hr)
—0— Center of physician room (ACH: 9.8 times/hr)
c
104
1S
a
a
LI:D
w
1 -
01 T T T 1
0.0 0.1 0.2 0.3 0.4

Time, hr

Fig. 3. Changes in SF6 levels at regular intervals.
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Abstract

Evaluation of Indoor Air Quality in a Department of Radiation
Oncology Located Underground

Won Taek Kim, M.D.*, Byung Hyun Kwon, M.D.*, Yong Chul Shin, Ph.D.F,
Dong Mug Kang, M.D.", Yong Kan Ki, M.D.* and Dong Won Kim, M.D.*

Departments of *Radiation Oncology and " Preventive Medicine, College of Medicine,
Pusan National University, i Department of Occupational Health and Safety Engineering,
Inje University, Busan, Korea

Purpose: Indoor air quality (IAQ) in the radiation treatment center which is generally located underground is
important to the health of hospital workers and patients treated over a long period of time. This study was
conducted to measure and analyze the factors related to IAQ and subjective symptoms of sick building
syndrome, and to establish the causes influencing IAQ and find a solution to the problems.

Methods and Materials: Self administrated questionnaire was conducted to check the workers’ symptoms and
understanding of the work environment. Based on a preliminary investigation, the factors related to IAQ such
as temperature, humidity, fine particulate. carbon dioxide, carbon monoxide, formaldehyde, total volatile organic
compounds (TVOC), and radon gas were selected and measured for a certain period of time in specific sites
where hospital workers stay long in a day. And we also evaluated the surrounding environment and the
efficiency of the ventilating system simultaneously, and measured the same factors at the first floor (outdoor) to
compare with outdoor air quality. All collected data were assessed by the recommended standard for IAQ of
the domestic and international environmental organizations.

Results: Hospital workers were discontented with foul odors, humidity and particulate. They complained symp-
toms related to musculo-skeletal system, neurologic system, and mucosal-irritatation. Most of the factors were
not greater than the recommended standard, but the level of TVOC was third or fourth times as much as the
measuring level of some offices in the United States. The frequency and the amount of the ventilating system
were adequate, however, the problem arising in the position of outdoor-air inlets and indoor-air outlets involved
a risk of the indraft of contaminated air. A careful attention was a requirement in handling and keeping che-
mical substances including a developing solution which has a risk of TVOC emissions, and repositioning the
ventilating system was needed to solve the contaminated-air circulation immediately.

Conclusion: We verified that some I|AQ-related factors and inadequate ventilating system could cause
subjective symptoms in hospital workers. The evaluation of IAQ was surely needed to improve the underground
working environments for hospital workers and patients. On the basis of these data, from now on, we should
actively engage in designs of the department of radiation oncology or improvement in environments of the
existing facilities.

Key Words: Indoor air quality, Sick building syndrome, Radiation oncology, Underground
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