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Purpose: The aim of this study was to evaluate relationship between worker's ophthalmoxerosis symptom and 1AQ
(Indoor Air Quality) variation after planting indoor plants at newly-built office building. Methods: We selected a new
office building located in Sejong-si and occupants who work in the Office for study. The indoor air pollutant was
investigated according to applying indoor plants. The indoor air quality of the new building was evaluated by measuring
volatile organic compounds (VOCs), aldehydes, temperature and humidity. The level of dry eye symptoms was classified
into normal, mild, moderate and severe by using the Ocular Surface Disease Index (OSDI). Results: There was VOCs'
reduction effect according to placing indoor plants because the concentration of VOCs in newly-built government office
(Sejong-si) was highly decreased when the indoor plants was placed at the office. The occupants' SBS (Sick Building
Syndrome) symptoms score was gradually decreased in accordance with applying indoor plants. However, SBS
symptoms score was increased when the office was not applied indoor plants. There was not statistical significance in
workers' dry eye questionnaire results. Conclusions: There was reduction effect of indoor air pollutant in applied indoor
plants office. Also, in case of questionnaire results of ophthalmoxerosis and SBS (Sick Building Syndrome) symptoms
score were showed positive effect. This study is needed longer-term study because of complements of difference of
individual sensitivity and there are some limitations due to field survey research.
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Table 1. Contents and measurement time of this study
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Classification

Contents

Measurement time

VOCs (Benzene, Toluene, Ethlybenzene, Xylene)

-Aldehydes
Indoor air quality in office

‘Intensity illuminate

(Formaldehyde, Acetaldehyde, Acrolein, Aceton)
CO02, Temperature, Humidity

2(am/pm)
x3(days)
= Total 6 times

Questionnaire

Symptom evaluation of Sick Building Syndrome (SBS)

1 time

Eye redness test

2 times (am/pm)

Dry Eye syndrome -
Dry eye questionnare

1 time
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Table 2. Demographics of the subject groups

Classification Character Total Plants With Plants Without
Number (n) 34 17 17
Gender, M/F (male%) 16/18(88.9) 6/11(54.5) 10/7(70.0)
Age, years (range) 36.9+9.4 35.5¢8.4 38.3£10.2
Height, cm (range) 169.9+8.4 168.3£7.2 171.0+9.2
Individuality Weight, kg (range) 66.4+18.9 62.1+13.6 69.24+21.9
Birth order 1.8+1.0 1.8£1.1 1.7+0.8
(sibling n=M/F) (L.7+1.0/1.6+1.2) (1.6+1.0/1.5+1.2) (1.9+1.1/1.7+1.2)
Smoking 43% 24% 65%
Pet (animal) 9% 6% 12%
Housing Form 81% 41% 47%
Atopic diseases 44% 53% 35%
Allergic rhinitis 15% 18% 12%
Family history of patient Allergic conjunctivitis - - -
Asthma - - -
Atopic dermatitis 9% 6% 12%
Atopic diseases 47% 41% 53%
Allergic rhinitis 32% 35% 29%
Individual pgst istory Allergic conjunctivitis 3% 6% -
of patient
Asthma 3% - 6%
Atopic dermatitis 6% - 12%

Mean =+ standard deviation, APT: apartment house
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Table 3. List of Indoor plants in the office
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Indoor plant

Common name

Number (size)

Scientific name

Total number of large plants

10 plants

Lady palm

Rhapis excelsa

3 (@30 cm % 41 cm)

Rubber plant

Ficus elastica co. robusta

3 (030 cm x 41cm)

Heavenly bamboo

Nandina domestica

2 (030 cm x 23.5 cm)

Fatsi, Japanese Aralia

Fatsia japonica

2 (@30 cm x 23.5 cm)

Total number of Under plants

10 plants

Angel’s Tear

Soleirolia soleirolii

3 (@18 cm x 15 cm)

English Ivy

Hedera helix

3 (@18 cm x 15 cm)

Tiny ardisia

Ardisia psilla

2 (@18 ecm x 15 cm)

Golden pothos

Epipremnum aureum

2 (@18 cm x 15 cm)

Fig. 1. Indoor plants placement in the newly-built office.
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Table 4. Changes of concentrations of BTEX in newly built office according to indoor plants

Indoor Benzene Toluene Ethylbenzene Xylene
Measurement time
plant Mean£S.D (Min~Max) (mg/m’)
May (1st) 11.81+4.46 134.82+126.10 12.63£5.39 14.17+6.67
Y (6.65~24.14) (68.36~739.41) (8.23~38.02) (3.37~29.26)
\gnggt September (2nd) 10.53+4.72 81.19+104.15 9.51+4.48 9.26+5.66
P (6.48~25.49) (34.25~524.38) (6.00~28.37) (2.73~18.36)
P value NS NS * *
May (Isf) 15.44+5.33 94.70+24.33 14.34+3.92 13.98+6.17
Y (7.35~24.96) (58.60~145.08) (8.68~21.81) (5.19~27.78)
O}:i‘g;) September (2nd) 7.9242.73 60.23+13.41 9374121 7.41:3.18
P (5.11~17.10) (39.95~84.79) (5.20~11.44) (1.71~13.38)
P Value ek kk sk ek
N : sample number
P value : Independent Sample T-test
NS : non-significance, ‘significance at P value=0.05, “significance at P value=0.01
Table 5. Changes of concentrations of Aldehydes in newly built office according to indoor plants
Formaldehyde Acetaldehyde AcetontAcrolein
Indoor plant Measurement time
Mean +S.D (Min~Max) (mg/m?)
May (1st) 37.95+9.76 8.43+2.92 9.16+3.05
Y (22.32~53.69) (3.97~13.33) (6.10~17.18)
Without
_ 34.2246.73 4.94+2.06 7.4942.07
(N=48) September (2nd) (23.00~45.33) (1.13~9.17) (4.14~11.74)
P value ** *
May (Ist) 46.88+21.34 7.10£1.71 8.13+2.03
Y (23.30~109.81) (3.76~10.49) (5.26~13.67)
With
-~ 39.344+4.84 5.80+1.65 8.09+1.53
(N=64) September (2nd) (31.44~50.91) (2.68~9.53) (5.36~10.87)
P value ** NS

N : sample number
P value : independent sample T-test
NS : non-significance, ‘significance at P value=0.05,
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Table 6. Changes of concentrations condition of thermal
environment in newly built office according to indoor

plants
Indoor Measurement  lemperature (°C)  Humidity (%)
plant time Mean+S.D (Min~Max)
May 26.7+1.0 37+7
(1st) (25.0~27.6) (29~47)
mfﬁ‘)’; September 26.541.1 4847
(2nd) (25.0~27.6) (41~58)
P value NS *
May 25.7£1.6 43+16
(1st) (23.1~27.8) (20~69)
(I\\;Vzl ?12) September 27.8+1.3 447
(2nd) (26.6~29.1) (37~53)
P value * NS

N : sample number

P value : Independent Sample T-test

NS : non-significance, “significance at P value=0.05,
P value=0.01
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Fig. 2. Changes of concentrations of Carbon dioxide according to
indoor plant placement. NS: Non-significant, *significance
at P value=0.05, **significance at P value=0.01
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o 107 m Just after office opened M 1st ™ 2st
C
E 6 I
=
= I
=
= 5
=
=z 0
Without plants With plants
NS NS

Applying indoor plants

Fig. 3. Symptom evaluation of sick building syndrome (SBS)
as a total score according to indoor plant placement.
NS: Non-significant, *significance at P value=0.05,
**significance at P value=0.01

Table 7. Changes of subjective dry eye symptoms for workers
in newly built office building according to indoor plants

Indoor Measurement Self-assessed dry eye severity (N, %)

plant time None Mild Moderate Severe
Ist 2,118 6,353 2,118 7,412
Without == 4,235 5,294 2,118 6, 353
n=17)
P value 0.8417
Ist 3,177 0,00 5,294 9, 529
With 2nd 4,235 3,177 4,235 6,353
(n=17)
P value 0.278"

NS : non-significance, *significance at P value=0.05,
**significance at P value=0.01, "Chi-square test
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Table 8. Change of dry eye degree for workers in newly built office building according to indoor plants

Self-assessed dry eye severity

Indoor plant

Measurement time (1st) (2nd) (N) Decrease
N) None Mild Moderate Severe N)
None 2 1 1 0 0 -
Mild 6 1 3 2 0 1
\Zvnlihl(%lt Moderate 2 1 0 0 1 1
Severe 7 0 1 1 5 2
P value 0.224°
None 3 3 0 0 0 -
Mild 0 0 0 0 0 -
(:Zilﬂ;) Moderate 5 0 2 3 0 2
Severe 9 1 1 1 6 3
P value 0.041"

NS : Non-Significance, *significance at P value=0.05, **significance at P value=0.01, "Chi-square test
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Table 9. Changes of ocular conjunctival redness for workers in newly built office building according to indoor plants

Conjunctival redness (grade)

Indoor plant  Measurement time

Temporal Nasal Superior Inferior

(1s) 2.79+0.80 2.86+0.77 1.79+0.80 1.79+0.80

(2~4) (2~4) (1~3) (1~3)

Without

(n=17) (2nd) 2.78+0.83 2.78+0.83 1.78+1.20 1.78+1.20

2~4) (2~4) (1~4) (1~4)

P value 0.680 0.680 0.973 0.787

Office

(Is) 2.57+1.13 2.71+0.95 1.71+0.95 1.86+0.90

(1~4) (1~4) (1~3) (1~3)
(X‘lﬂ;) () 2.45£0.93 2.55£0.93 1.64+0.67 1.64+0.67

(1~4) (1~4) (1~3) (1~3)

P value 0.624 0.965 0.895 0.893

NS : Non-Significance, *significance at P value=0.05, **significance at P value=0.01
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