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Children of school age spend a large part of their daily lives not only at home but also at school. The present study

surveyed the possible health benefits of indoor plant intervention on the indoor environment for 15 students in

6 classrooms (4 classrooms with indoor plants and 2 classrooms without indoor plants) in 2 newly built elementary

schools in Seoul, South Korea. Symptom degree of building-related illness was evaluated as sick school syndrome

according to indoor plant placement. An observation of the air temperature of the classrooms for 3 months after

indoor plant placement did not find a change in the classroom at School A but detect a decrease in the classroom

at School B with or without indoor plants. Formaldehyde concentration in indoor air reduced with time spent in

the classrooms at both schools, and was not affected by indoor plant placement. After 3 months, volatile organic

compounds showed high concentrations in the classrooms without indoor plants but demonstrated low

concentrations in the classrooms with indoor plants only at School B. In the comparison of the symptom score,

there was a constant decrease in the classroom with indoor plants but not in the classroom without indoor plants.

However, multiple regression analysis showed that the subjective symptom degree of sick school syndrome had

little relation to indoor plants.

Key Words: formaldehyde, indoor plants, newly built elementary school, sick school syndrome (SSS), volatile organic 

compounds (VOCs).

Introduction

In modern society, people spend most of their time

indoors (Lim et al., 2006), and therefore the physical

indoor environment and indoor air quality have become

crucial for their health. The living environment of most

people chiefly relies on indoor rather than outdoor

factors, so the indoor environment has become one of

the most important limiting factors for the well-being of

ordinary people.

There have been frequent reports that indoor residents

suffer from diseases related to indoor environment, sick

building syndrome (SBS), or sick school syndrome (SSS)

(Kang et al., 2008; Selter, 1994; Smedje and Norback,

2001; Smedje et al., 1997) in spite of some controversy

(Braun-Fahrlander, 2003; Zhao et al., 2008). The terms

SBS and SSS were developed in the 1970s and 1980s

and were issued in the late 1990s (Kang et al., 2008;

Takigawa et al., 2012).

According to earlier studies, people’s living environ-

ments contain various air pollutants with a higher

concentration indoors than outdoors (Adgate et al.,

2004). The most widespread substances as indoor air

pollutants are formaldehyde and other volatile organic

compounds such as benzene, toluene, ethylbenzene, and

xylene (BTEX) (Jurvelin et al., 2001; Kim et al., 2010).

The particles of indoor air pollutants were found to be
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emitted from indoor objects such as building materials,

desks and chairs, bookshelves, and other dust-collecting

materials (Diez et al., 2000; Farrow et al., 1997). The

exposure of school-aged children to formaldehyde and

BTEX was reported to cause symptoms of SBS at home

and SSS in the classroom (Erdei et al., 2003; Garrett

et al., 1999; Hodgson et al., 1994; Jaakkola et al., 2004;

Kang et al., 2008; Krzyzanowski et al., 1990; Rumchev

et al., 2002; Wantke et al., 1996).

It was reported that the symptom degree of SBS was

worsened by other types of indoor air pollutants, such

as pesticide residue, nitrogen dioxide, sulfur dioxide,

ozone, environmental tobacco smoke, and other

biological pollutants (National Institute of Medicine,

2000). Other researchers also noted that exposure to

indoor air pollutants could cause irritation of the eyes,

nose, and upper respiratory system (Bardana and

Montanaro, 1991) and then would bring about asthma

and airway inflammation (Franklin, 2000).

Recently, SBS has become one of the most serious

allergic diseases for most people (Daisey et al., 2003).

For that reason, people have begun increasingly to pay

to control their indoor environment. Studies have found

that plants have the function of improving air quality

(Bourbeau et al., 1997; Fjeld et al., 1998; Kim et al.,

2011; Lim et al., 2009; Lohr, 1992; Pearson, 1994) as

well as having aesthetic effects (Bringslimark et al.,

2009; Hartig et al., 2003; Kaplan, 2001; Lohr and

Pearson-Mims, 2000). Moreover, children in the growing

phase are more sensitive to environmental factors than

adults (Lu et al., 2001; Sheets, 2000). Therefore, the

present study was performed to evaluate if indoor plant

intervention could improve indoor air quality in a

classroom of a newly built elementary school.

Additionally, we wanted to see if the intervention

affected the self-reported health complaints related to

indoor air quality.

Materials and Methods

Measurement site setting and participant arrangement

The symptom degree of SSS was evaluated for 6th

grade students in 6 classrooms of 2 newly built

elementary schools (School A and B) established in 2011

in Seoul, South Korea. A convenient sample of 115

students participated in the present study.

School A had 46 students in 2 classroom with indoor

plants (Group I) and 23 students in a classroom without

indoor plants (Group II). School B had 31 students in 2

classrooms in Group I and 15 students in a classroom

in Group II. All the classrooms were rectangular, 9 ×

7.5 m in dimension. School A had classrooms with a

window on one side with mechanical ventilation and

School B had classrooms with a window on two sides

with natural ventilation. The participants provided

information on age, gender, type of housing, and their

own and their family history of asthma and allergies at

the beginning of this research (March, 2011) (Table 1).

Selection and placement of indoor plants

Indoor plants were placed in the classrooms of Group

I at School A and B during the observation period from

June 25th to September 27th, 2011. The Rural

Development Administration in Korea recommended the

plant selection (Table 2) and advised installing more than

1 large potted plant (a large plant) and 1 small potted

plant (a small plant) per 6 m2 area in a classroom. The

pot sizes of the large plants were Ø30 cm × 41 cm (h)

(28.967 L) and Ø24 cm × 23.5 cm (h) (10.626 L) and that

Table 1. Demographics of subject groups surveyed prior to indoor residence in March, 2011.

Mean ± standard deviation.

APT: apartment.

Classification Character
School A School B

Without plants With plants Without plants With plants

Individuality Number 23 46 15 31

Gender, M/F 12/11 23/23 6/9 13/18

Age, years 11.90 ± 0.30 12.00 ± 0.27 11.79 ± 0.29 11.87 ± 0.30

Passive smoking 34.8% 39.1% 73.3% 36.7%

Pet (animal) 26.1% 23.9% 26.7% 3.3%

Housing style APT 100% APT 100% APT 93.3% APT 96.7%

Family history of patient Atopic diseases 21.7% 23.9% 0% 20.0%

Allergic rhinitis 34.8% 21.7% 26.7% 46.7%

Allergic conjunctivitis 0% 0% 0% 6.7%

Asthma 8.7% 2.2% 0% 6.7%

Atopic dermatitis 43.5% 52.2% 40.0% 43.3%

Individual past history of patient Atopic diseases 21.7% 19.6% 20.0% 3.3%

Allergic rhinitis 26.1% 32.0% 26.7% 13.3%

Allergic conjunctivitis 0% 0% 0% 0%

Asthma 4.3% 2.2% 0% 3.3%

Atopic dermatitis 47.8% 47.8% 40.0% 20.0%
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of small plants was Ø18 cm × 15 cm (h) (3.815 L). The

number of installed plants is given in Table 2. Indoor

plants were placed at the back of the classroom at School

A and on the window side in the classroom at School

B to fit the classroom layout, furnishings, and school

activities (Fig. 1).

Observation of indoor thermal conditions and indoor

air quality

The present study observed the indoor thermal

conditions and measured the indoor concentrations of

carbon dioxide, formaldehyde, and BTEX twice during

the experimental period for all the selected classrooms.

The first observation was performed just prior to indoor

plant placement (from June 6 to 24th) and the 2nd

observation was conducted after indoor plant placement

(from September 26th to October 14th). Each

observation consisted of 9 measurement days (every

Monday, Wednesday, and Friday). The investigation was

carried out after closing all the windows and entrance

doors to prevent effects from outdoors. The present study

observed indoor thermal conditions at 1 site at the height

of 1.5 m above floor level in the middle of the classroom

(less than 4 m from indoor plant placement) using a

digital recorder (Testo950; IS Tech., Seoul, Korea). The

observation was conducted for 50 min at 9 a.m. and 1

p.m. every measurement day with the students active.

Carbon dioxide in indoor air was measured at 2 sites

(front and rear sites, as far as 3 m or 6 m from indoor

plant placement) in a classroom at 1 p.m. every

measurement day using a digital gas analyzer (Gas

Analyser; Witt-Gasetetechnik, Witten, Germany).

The concentrations of formaldehyde and BTEX were

measured at 2 sites (front and rear sites, as far as 3 m

or 6 m from indoor plant placement) in a classroom at

1 p.m. every measurement day. The concentration of

formaldehyde in indoor air was measured as follows. In

a personal air sampler (Minipump ΣMP-100H; SIBATA,

Saitama, Japan), an ozone scrubber was connected in

series with a cartridge filled with 350 mg of 2,4-

dinitrophenylhydrazine-silica (100 mg dinitrophenylhy-

drazine) (Waters Corp., Milford, MA, USA). Then,

indoor air was absorbed at a height of 1.5 m above floor

level at an air flow rate of 0.5 L·min−1 for 30 min and

the indoor level of formaldehyde was analyzed using

high-performance liquid chromatography with ultra-

violet absorption (Alliance 2690 and 2487; Waters

Corp.). The measurement of BTEX concentration in

indoor air followed the solid trap and thermal desorption

method (Kim et al., 2010; Kim et al., 2011; Lim et al.,

Fig. 1. Overall views of indoor plant placement in the classrooms of newly built elementary schools photographed just after indoor plant placement

in June, 2011.

Table 2. List of indoor plants in a classroom, installed in June and removed in October, 2011.

Classification Common name Scientific name Size (Diameter × Height) Number

Large plant Lady palm Rhapis excelsa Ø30 cm × 41 cm 3

Rubber plant Ficus elastica co. robusta Ø30 cm × 41 cm 3

Heavenly bamboo Nandina domestica Ø24 cm × 23.5 cm 2

Fatsi, Japanese Aralia Fatsia japonica Ø24 cm × 23.5 cm 2

Small plants Angel’s tears Soleirolia soleirolii Ø18 cm × 15 cm 3

English ivy Hedera helix Ø18 cm × 15 cm 3

Tiny ardisia Ardisia psilla Ø18 cm × 15 cm 2

Golden pothos Epipremnum aureum Ø18 cm × 15 cm 2
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2009). BTEX was absorbed with indoor air into a

personal air sampler (Minipump ΣMP-30; SIBATA)

equipped with a Tenax-TA tube (1/4" × 10 cm stainless

steel; Supelco, Bellefonte, PA, USA) at a flow rate of

10 L·min−1 for 30 min and analyzed using gas

chromatography (G-14-B; Shimadzu, Tokyo, Japan).

The probability of the calibration curve was managed at

the level of 0.5% for formaldehyde and BTEX. The

extraction efficiencies were 92 to 105% for formalde-

hyde and 89 to 113% for BTEX.

Evaluation of symptom degree of sick school syndrome

The symptom degree of SSS was evaluated 3 times

during the entire experimental duration. The observation

was conducted at the beginning of residence in the

classroom (March), just prior to indoor plant placement

(June), and after 3-month indoor plant placement

(September). The present study made use of the

questionnaire by Mizoue et al. (2001) in the evaluation

of the symptom degree of SSS. All the participants filled

out the questionnaire, composed of 12 items on health

complaints related to the parts of body, such as the eyes,

nose, throat, hands, and head and scalp. Each item had

a question with 4-degree answers of frequency for

students to complete: none (0 points), occasionally (1

point), sometimes (2 points), and often (3 points). The

scores were added up to 36 points and compared for all

observation items. An additional questionnaire was

conducted on allergic rhino-conjunctivitis to compose a

multiple regression model for analyzing the factors

affecting SSS.

Statistical analysis

The degrees of indoor thermal condition and indoor

air quality were statistically analyzed by the Kruskal-

Willis test and Wilcoxon’s rank sum test between the

groups with or without indoor plants. Factors affecting

the symptom degree of SSS were analyzed by multiple

regression in which independent variables included

indoor plant placement, indoor air condition, and

individual health conditions.

Results

Indoor thermal condition and indoor air quality

In the classroom at School B, the time from June to

October saw a significant decrease in air temperature

(from 26.7 to 24.0°C), which was accelerated by indoor

plant placement during the same period (from 27.2 to

23.2°C). There were no significant changes in

temperature and humidity in the classroom at School A

and humidity in the classroom at School B, which was

hardly altered by indoor plant placement (Table 3).

The concentration of formaldehyde in indoor air

reduced with high significance from 32.62 to

11.74 μg·m−3 in the classroom at School A and from

29.62 to 12.16 μg·m−3 in the classroom at School B after

the 3-month intervention period without indoor plants

(Table 4). Indoor plant placement hardly affected the

indoor concentration of formaldehyde in the classrooms

at both schools. There was no systematic trend in the

concentration changes of other volatile organic

compounds over the 3-month intervention period.

Nevertheless, after 3-month indoor plant placement, the

indoor level of benzene decreased in the classrooms at

both schools. In the concentration of ethylbenzene in

indoor air, indoor plant placement made little difference

in the classroom at School A (from 9.40 to 7.88μg·m−3)

but there was a significant decrease in the classroom at

School B (from 6.31 to 3.60 μg·m−3).

Evaluation of symptom degrees of sick school syndrome

All students completed a questionnaire to evaluate

their symptom degrees of SSS at 3 observation times:

the beginning of residence in the classroom (March),

just prior to indoor plant placement (June), and after 3-

month indoor plant placement (October). At the second

observation time (June), all the students had experienced

a decrease in their SSS symptom scores at both schools

regardless of indoor plant placement, with a change range

of 0.03 to 3.00 points. In the comparison of the symptom

score change of SSS at the third observation time

(October), the students in the classroom without indoor

plants showed an increase in SSS symptom scores from

2.87 to 4.22 points at School A and 8.20 to 9.90 points

at School B, but the students in the classroom with indoor

plants demonstrated a constant decrease from 6.83 to

Table 3. Changes of thermal environment in a classroom in a newly built school according to indoor plant placement.

Mean ± standard deviation.

June: prior to indoor plant placement, October: 3 months after indoor plant placement.

NS: non-significant, * significant at P < 0.05, ** significant P < 0.01 by Kruskal-Willis test.

Site Measurement (unit)
Without plants With plants

1st (Jun.) 2nd (Oct.) P value 1st (Jun.) 2nd (Oct.) P value

School A Temperature (°C) 25.2 ± 0.8 25.6 ± 2.7 NS 26.3 ± 1.8 26.1 ± 3.6 NS

Humidity (%) 56 ± 7 47 ± 10 NS 57 ± 6 48 ± 9 NS

School B Temperature (°C) 26.7 ± 1.4 24.0 ± 1.5 * 27.2 ± 1.9 23.2 ± 1.2 **

Humidity (%) 51 ± 6 51 ± 6 NS 56 ± 7 51 ± 12 NS
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5.52 at School A and 8.50 to 7.23 at School B (Fig. 2).

However, the evaluation failed to show a significant

difference in the symptom score change between the

classrooms at each school.

Multiple regression analysis on the factors affecting sick

school syndrome

Multiple regression analysis was applied to the

subjects in the classrooms at both schools according to

indoor plant placement, indoor conditions, and their

individuality to examine the factors affecting self-

awareness of SSS. The evaluation used independent

variables for indoor plant placement, indoor conditions

in classrooms, and individuality.

The regression model showed the explanatory power

as 14.4% for the students at School A and 11.8% for

those at School B. At both schools, indoor plants failed

to show a relationship to the subjects in the awareness

of SSS symptoms. For the air condition, the higher indoor

level of formaldehyde caused more subjects to have self-

awareness of SSS symptoms in the classroom at School

A. Regarding the other factors of the air condition,

subjects seemed to have a reverse (benzene in School

A) or little relationship with the self-awareness of SSS

symptoms in the classroom at both schools. Observation

of the self-awareness degree through individuality

showed the highest absolute value of regression estimate

(B) for a past history of bronchial asthma with statistical

significance for the classroom at School A (P < 0.05)

and high significance for the classroom at School B (P

< 0.01). Students in the classrooms at both schools also

demonstrated high significance (P < 0.01) of the self-

awareness degree with second-hand smoking, a past

history of allergic rhinitis and a past history of atopic

dermatitis. The present study failed to exhibit a trend in

the self-awareness degree through differences of gender

and atopic family history (Table 5).

Discussion

The present study failed to find a prevalent tendency

in the observation of changes of indoor thermal

conditions according to indoor plant placement. Previous

researchers suggested that indoor conditions could vary

according to the species and management methods of

indoor plants (Bourbeau et al., 1997; Fjeld et al., 1998;

Lohr, 1992; Pearson, 1994). In the present study, the

difference in the sites and methods of indoor plant

placement in a classroom might have been responsible

for not finding a consistent trend to some degree

(Table 3).

According to previous studies, indoor air pollutants

are mainly composed of formaldehyde and BTEX

(Jurvelin et al., 2001; Kim et al., 2010), so the present

study measured the concentrations of these substances

in indoor air.

The indoor level of these substances, except xylene,

reduced with time, which showed little difference by

Table 4. Changes of air pollutant concentration in a classroom in a newly built school according to indoor plant placement (unit: μg·m−3).

Mean ± standard deviation.

June: prior to indoor plant placement, October: 3 months after indoor plant placement.

NS: non-significant, * significant P < 0.05, ** significant P < 0.01 by Wilcoxon’s rank sum test.

Site Air pollutant
Without plants With plants

1st (Jun.) 2nd (Oct.) P value 1st (Jun.) 2nd (Oct.) P value

School A Formaldehyde 32.62 ± 12.28 11.74 ± 1.94 ** 42.85 ± 15.04 11.81 ± 2.96 **

Benzene 6.12 ± 2.27 4.09 ± 1.58 ** 6.08 ± 2.86 4.12 ± 1.54 **

Toluene 70.97 ± 29.47 68.43 ± 48.64 NS 63.99 ± 27.09 50.50 ± 38.13 NS

Ethylbenzene 9.67 ± 7.18 5.48 ± 4.51 * 9.40 ± 6.81 7.88 ± 6.38 NS

Xylene 6.91 ± 5.16 7.08 ± 2.56 NS 8.09 ± 4.39 7.38 ± 3.71 NS

School B Formaldehyde 29.62 ± 11.82 12.16 ± 3.02 ** 24.19 ± 8.85 11.06 ± 2.79 **

Benzene 5.36 ± 3.02 4.87 ± 1.09 NS 5.24 ± 2.52 3.42 ± 1.01 *

Toluene 61.04 ± 24.10 111.07 ± 54.57 ** 86.37 ± 33.42 26.63 ± 26.75 **

Ethylbenzene 9.08 ± 6.35 9.23 ± 6.45 NS 6.31 ± 4.77 3.60 ± 4.40 *

Xylene 7.97 ± 5.96 8.12 ± 2.40 NS 7.44 ± 5.83 6.02 ± 1.85 NS

Fig. 2. Evaluation of total symptom score of sick school syndrome

(SSS) in a classroom in a newly built school according to indoor

plant placement. March: beginning of indoor residence, June:

prior to indoor plant placement, October: 3 months after indoor

plant placement. NS: non-significant, * significant at P < 0.05,

** significant P < 0.01 by Kruskal-Willis test.
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indoor plant placement. Adgate et al. (2004) reported

that the concentration of air pollutants was higher in a

closed space than outdoors. Considering that the

classroom was not ventilated until June and continued

to be ventilated until October to control the indoor

condition, it was appropriate to assume that the high

concentration of the substances in indoor air was caused

by the lack of ventilation. Wood et al. (2006) reported

that indoor plant placement showed better results for

indoor air quality in spaces with a lower indoor level of

air pollutants than with a higher indoor level of these

substances. Hence, it could be postulated that the high

indoor level of air pollutants decreased the effect of

indoor plant placement during the observation period.

The indoor levels of formaldehyde and BTEX were

reported to be high enough to bring about irritation of

the eyes, nose, and lower respiratory system (Bardana

and Montanaro, 1991) and other allergic diseases such

as asthma (Krzyzanowski et al., 1990; Rumchev et al.,

2002). So, the existence of these air pollutants in indoor

air at such a level could cause SSS symptoms in indoor

residents.

On the other hand, toluene increased in the classrooms

at School B without indoor plants over time. Previous

researchers pointed out that air pollutants in indoor air

were emitted from indoor objects such as building

materials, desks and chairs, bookshelves, and cabinets

(Diez et al., 2000; Farrow et al., 1997). Additionally,

there were distinctive differences between the schools.

Indoor plants were installed at the back of the classrooms

in School A and near the window in School B. The

classrooms in School A had a window on one side with

mechanical ventilation and those at School B had a

window on two sides with natural ventilation. It could

be postulated that indoor plants at different sites would

cause different degrees of improvement of indoor air

Table 5. Multiple regression analysis of variables affecting the total score of SSS for newly built elementary schools.

NS: non-significant, * significant P < 0.05, ** significant P < 0.01.

Site Classification Variable
Symptom evaluation of total score of sick building syndrome

B β t

School A Indoor plant 0.836 0.072 1.306 NS

Air condition Formaldehyde 0.052 0.183 2.642 **

Benzene −0.298 −0.133 −3.208 **

Toluene −0.004 −0.027 −0.507 NS

Temperature 0.043 0.021 0.344 NS

Relative humidity −0.010 −0.019 −0.240 NS

Carbon dioxide −0.001 −0.085 −1.712 NS

Natural ventilation frequency 0.734 0.072 1.577 NS

Individuality Gender −1.797 −0.186 −4.707 **

Second-hand smoking 1.593 0.164 4.207 **

Allergic rhinitis past history 1.311 0.125 2.918 **

Bronchial asthmatics past history 2.831 0.098 2.535 *

Atopic dermatitis past history −1.576 −0.131 −3.394 **

Atopic family history 0.148 0.015 0.361 NS

F value 8.185

Adjusted R2 0.144

School B Indoor plant −1.085 −0.052 −0.274 NS

Air condition Formaldehyde 0.049 0.064 0.635 NS

Benzene −0.360 −0.092 −1.180 NS

Toluene 0.003 0.013 0.089 NS

Temperature 0.048 0.010 0.084 NS

Relative humidity −0.027 −0.025 −0.333 NS

Carbon dioxide −0.001 −0.060 −0.718 NS

Natural ventilation frequency −0.109 −0.007 −0.062 NS

Individuality Gender −0.697 −0.044 −0.822 NS

Second-hand smoking 2.747 0.173 3.217 **

Allergic rhinitis past history 3.605 0.177 3.447 **

Bronchial asthmatics past history 9.445 0.179 3.493 **

Atopic dermatitis past history −6.034 −0.221 −4.191 **

Atopic family history 2.533 0.160 3.101 **

F value 4.418

Adjusted R2 0.118
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quality. So the present study proposed that indoor plant

placement should be conducted at appropriate sites to

achieve a suitable degree of indoor air improvement

(Table 4).

In the comparison of SSS symptom scores according

to indoor plant placement, the students in the classroom

without indoor plants experienced a symptom score

increase at the third observation time after the decrease

at the second observation time, but the students in the

classroom with indoor plants showed a constant decrease

of their symptom score. Although there was insufficient

statistical significance, indoor plant placement seemed

to reduce the SSS symptom scores of students. The

present study proposed 2 possibilities. First, students

experienced a decrease in the SSS symptom score by

the aesthetic effects of indoor plants. It could be assumed

that there was an aesthetic effect of tranquility based on

vision. This suggestion has been reported by several

former researchers (Bringslimark et al., 2009; Hartig

et al., 2003; Kaplan, 2001; Lohr and Pearson-Mims.,

2000). Another possibility is the purifying effect by

indoor plants. Thus, the decrease of the SSS symptom

score was accompanied with the reduction of indoor air

pollutants (Fig. 2).

The present study found that a past history of asthma

as an independent variable showed higher explanatory

power as it had a higher absolute value of regression

estimate (B) in regression analysis. Previous studies have

reported the relationship between exposure to volatile

organic compounds and respiratory disorders in school-

aged children (Jaakkola et al., 2004). In the present study,

students with respiratory disorders such as rhinitis or

asthma showed a high SSS symptom score (P < 0.01).

Similar results were frequently found in previous

research on the relationship between allergic diseases

and SBS symptoms (Smedje and Norback, 2001; Smedje

et al., 1997). Likewise, the present study showed a similar

tendency in the relationship between the concentration

of toluene in indoor air and the SSS symptom score

(Table 5).

There were several limitations of the present study.

The study had insufficient explanatory power in

regression analysis to explain plant effects on the indoor

environment and SSS because the results were obtained

without the consideration of other indoor factors

influencing the indoor environment and individual

characteristics. Nevertheless, the present study provided

results as a practical case study on applying indoor plants

to an indoor environment and the individual SSS

symptom degree in a newly built elementary school.
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