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Abstract

This research was performed with the subject of 111 offices in a chemical plant of Korea. Airborne
concentration level of carbon dioxide, carbon monoxide, formaldehyde and total suspended particulates in
the office rooms were measured along with temperature and relative humidity. Simultaneously, general
characteristics and subjective health symptoms of 500 office workers were investigated through a
guestionnaire consisting of the five point weighting method : 0 = not at all, 1 = a little bit, 2 = moderately,
3 = quite a bit and 4 = extremely. Results showed that the mean values for temperature and relative
humidity in investigated office rooms were 22.2C and 34.3%, respectively. The concentrations of
formaldehyde, PMyo, carbon dioxide and carbon monoxide were 0.17 ppb, 28.8 ug/m’, 0.95 ppm and 424 ppm,
respectively. 56.4% of all the workers investigated replied with a sense of fatigue or weariness (mean=2.23),
drowsiness or languidness (mean=2.22), sneezing (mean=2.11) and ophthalmia oreye fatigue (mean=2.07).
Female workers, non-smokers, non-drinkers, workers who do shift more than nine hours a day, and workers
in poor health experienced more subjective symptoms than other workers (p<0.05). Subjective symptoms of
office workers were significantly associated with the following items of office characteristics: the purchase
date of office equipment, the change of office furniture, the use of paint, smoking in the office, ventilation
condition, the use of an individual air-conditioner, the use of a fax machine, the degree of office repair, the
proportion of workers per office, the degree of satisfaction in office environment, and the operation hours
of the air-conditioner. Also, subjective symptoms were positively correlated with indoor environmental
factors such as relative humidity, carbon dioxide level, level of PMy, and formaldehyde (p<0.05). In
conclusion, office characteristics and air quality in a chemical plant affected subjective health symptoms of
office workers. Thus, in order to improve the health of workers, to enhance work efficiency, and to establish
a better office environment, air quality control in office rooms by optimal ventilation, adequately occupied
number of workers in one office, and maintenance of office equipment should be fulfilled thoroughly.

keywords * Air quality, Subjective health symptom, Formaldehyde, PM10, Carbon monoxide, Carbon dioxide
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Table 1. Indoor environmental factors of office according to building year.

< 3 years 4-10 years = 11 years Total
(n=5) (n=62) (n=44) (n=111) p-Value
Mean +SD Mean  £SD Mean  4#SD  Mean  £SD

HCHO (ppb) 0.16 £0.06 0.17 £0.10 0.18 £0.12 0.17 £0.11 0.903
PMo(pg/m’) 25.57 48.64" 25.09 £16.40° 3449 £13.19° 2884 1553  0.007
CO (ppm) 1.50 +0.56" 0.78 £0.33° 1.13 +0.44° 0.95 +0.44 <0.001
CO; (ppm) 518.00 £12945  416.45 £90.78 42341 £89.60  423.78 £93.55  0.064
Temperature (C) 22.40 £1.82° 2177 £2.21° 22.86 +1.60" 2223 £2.03 0.022
Relative humidity (%) 32.52 +4.84 34.25 +4.94 3429 £3.12 34.19 +4.28 0.675

* ab,c means that averaged values within the row by the same letter are not significantly different.

201 21.77CE 7P BT (p<0.05). HCHO, COy,
MG EE AAl Ax| wet Eﬁ]@-x%gi o
oJgt zol7} §lof vl Y & Al
(Table 1).

o] gAY Aol Slol 9] ok AR,
Z A87)2 31 & 417) AFEA A|A o)
A 222} ]:]]E—Oﬂ e = __za goﬂ 24 =5
B3I 4 AF} CO, CO,, JHiFEIA EAIEH]
o7 g Ao)7k St Co%} €O,

AA oy] AR 4 vlEo] &

=
B R

0.07 o) AR

)

Aol FAACE 7P E(p<0.01), FEE
A eR] QAL 7 8]l 0.02 ol3ke] ARl
MR P e AloR EAHdY
(p<0.05)(Table 2).

3.2 stehe il AR TEAe A S

321 Z2Xte| et EMof| wE Azt
é]ﬂ- ZVZA)
i)

= Ab
S

479 22 4 e A
Aol2 HAg Al PYM=165)HR= o4

N

1=
E
J

Table 2. Indoor environmental factors of office according to ratio of number of workers and

office volume(m*).

<0.02 0.03-0.06 >0.07 Total
(n=17) (n=12) (n=12) (n=41) p-Value
Mean £SD Mean £SD Mean £SD Mean £SD

HCHO (ppb) 0.16 +£0.12 0.19 £0.17 0.22 £0.12 0.17 £0.11 0.575
PMi (pg/m’) 24.81 £11.90 20.36 £10.63 29.71 £16.15 28.84 £15.53 0.222
CO (ppm) 0.65 £0.12° 0.68 £0.18" 1.04 £0.51° 0.95 +0.44 0.003
CO, (ppm) 462.24 +83.32° 483.04 £74.15° 55323 £92.15°  423.78 493.55 0.008
Temperature (C) 22.61 £2.39° 22.83 +1.85° 23.14 +1.34° 22.23 £2.03 0.022
Relative humidity (%) 36.15 +4.72° 31.98 +4.89° 33.20 £2.14% 34.19 +4.28 0.032

* ab,c means that averaged values within the row by the same letter are not significantly different.
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Table 3. Subjective symptoms of workers according to general characteristics of subjects.

General characteristics N M +SD p-Value
Gender Male 367 1.7 £0.6
Female 8 2.1 405 <0.001
Age 20-30 104 1.8 £0.6
30-40 109 1.7 £0.6
40-50 147 1.7 £0.6 0.13
50-60 55 1.6 £0.6
Smoking Yes 150 1.6 +0.6"
No 164 1.8 £0.6 0.023
No (smoking in the past) 101 1.8 +0.6°
Drinking Yes 348 1.7 n£0.6"
No 38 1.9 £0.6° 0.006
No (drinking in the past) 29 2040.7
Career < 2 years 157 1.7 £0.6
3-5 years 121 1.7 0.6 0.108
= 6 years 137 1.7 £0.7
No. of shift < 8 hours 125 1.6 +0.6"
(per day) 8 hours 169 1.7 £0.6' 0.004
> 8 hours 121 1.9 +0.7°
Health status Good 254 1.6 £0.6"
Moderate 146 1.9 £0.6° <0.001
Bad 15 21207

* ab,c means that averaged values within the row by the same letter are not significantly different.
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Table 4. Subjective symptoms of workers according to general characteristics of office.

General characteristics of office N M +SD p-Value
Period since construction < 3 years 14 1.8 £0.7
4-10 years 237 1.7 £0.6 0.644
= 11 years 164 1.7 £0.6
Ratio of number of workers and <0.02 52 1.7 £0.5
office volume(m’) 0.03-0.06 40 1.7 £0.8 0.842
= 0.07 39 1.8 £0.7
Fax machine use Yes 303 1.8 £0.6
No 112 1.6 £0.6 0.003
Copy machine use Yes 222 1.7 0.6 0.886
No 193 1.7 £0.6 '
Laser printer use Yes 403 1.7 £0.6 0.116
No 12 2.0 £0.7 '
Window Open 284 1.7 £0.6 0271
Closed 131 1.8 £0.7 '

Al 217k 31 p>0.05).
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Table 5. Subjective symptoms of workers according to environmental characteristics of office.

Environmental characteristics of office N M £SD p-Value
Cleanliness of office Good 236 1.6 +0.6°
Moderate 138 1.8 £0.6° 0.000
Bad 41 22 +0.7°
Remediation Yes 118 1.8 £0.7
No 297 1.7 £0.6 0.006
Efficiency of HVAC system Good 55 14 £04
Moderate 116 1.8 £0.6° 0.000
Bad 17 1.9 £0.6°
Air conditioner Yes 369 1.7 £0.6 0513
No 46 1.7 £0.6 '
Air cleaner Yes 2 1.5 40.1
No 413 1.7 £0.6 0.579
Smoking in office Yes 217 2.1 206 0.023
No 198 1.7 £0.6 '
Ventilation by window opening Frequent 154 1.5 £0.6"
Moderate 145 1.7 +0.6" 0.000
Seldom 116 1.9 £0.7°
Temperature condition Hot 49 1.9 +0.6°
Moderate 345 1.7 £0.6" 0.000
Cold 21 21407
RH condition Wet 10 1.9 £0.8°
Moderate 206 1.5 £0.5° 0.000
Dry 199 1.9 £0.6°
[lumination Light 158 1.7 £0.6
Moderate 240 1.7 £0.6 0.116
Dark 17 2.0 +0.6
Satisfaction degree of office high 181 1.5 £0.6"
environment moderate 180 1.7 £0.6° 0.000
low 54 22 0.7
* ab,c means that averaged values within the row by the same letter are not significantly different
Agjolt}, Z4zke] A e9EH FE W Al =0.104, p<0.05)7} HETF AT TAT =9k
A5 EHHERE o Aol AEE(8=0.151, 1, HCHO®S(A=-0.117, p<0.05)E W= 2}
p<0.01), COYEI(A=0.141, p<00l), PMiE (8 757 T47b =tor Co%t & SAH S
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Table 6. Contribution of each variables to subjective symptoms of workers by multiple linear

regression analysis.

Envg(;rtl(r)rrlsental Coe(fgc;ent p-Value General characteristics Coe(fg(;ent p-Value
- HCHO -0.117 0.007 - Cleanliness of office -0.362 p<0.001
- PMyg 0.104 0.023 - Gender -0.192 p<0.001
- CO 0.123 0.096 - Health status -0.214 p<0.001
- CO, 0.141 0.006 - Air conditioner 0.110 0.011
- Temperature 0.132 0.108 - Shift 0.110 0.023
- Relative humidity 0.151 0.005 - Drinking -0.111 0.037
- Ratio of number of workers and 0.161 p<0.001
office volume(m’)
- Ventilation by window opening -0.116 0.029
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