
IOSR Journal of Environmental Science, Toxicology and Food Technology (IOSR-JESTFT)  

e-ISSN: 2319-2402,p- ISSN: 2319-2399.Volume 12, Issue 10 Ver. II (October. 2018), PP 36-41 

www.iosrjournals.org  

DOI: 10.9790/2402-1210023641                                    www.iosrjournals.org                                          35 | Page 

 

Influence of gender of classroom occupants on indoor air quality 
 

Muchemi Sabina Muthoni 
Egerton University 

Corresponding Author:Muchemi Sabina 

 

Abstract: Teachers and students spend a lot of time in the classrooms. It is therefore important to have a good 

indoor air quality.A cross sectional survey was conducted to characterize the indoor air quality (IAQ) in 

schools and its relationship with gender of the occupantsas well as its influence on the development of symptoms 

of allergic conjunctivitis on the teachers who attended these classrooms. Concentrations of total volatile 

organic compounds (TVOCs), carbon dioxide and temperature were assessed in four girls’ and three boys’ 

secondary schools in Nakuru, Kenya. The results indicate that the concentrations of carbon dioxide(p=0.043) 

and TVOCs (p=0.048) were significantly higher in girls’ classrooms than in the boys’ classrooms.There was an 

association between the gender of classroom occupants and development of symptoms of allergic conjunctivitis 

among the teachers who taught in those classrooms (χ
2
=5.145; p=0.023).This study concludes that the gender 

of the classroom occupants influences the indoor air quality of the classroom. It recommends that teachers and 

students should be trained on the importance of opening windows  
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Organic Compounds 

--------------------------------------------------------------------------------------------------------------------- ------------------ 

Date of Submission: 16-10-2018                                                                           Date of acceptance: 31-10-2018 

----------------------------------------------------------------------------------------------------- ---------------------------------- 

 

I. Introduction 
Teachers and students spend a lot of time in the classrooms (Rosbach et al., 2013). It is therefore 

important to have a good indoor air quality. Indoor air quality is extremely variable and depends on ventilation. 

Ventilation allows for dilution of the pollutants as well as allows them to be pushed out and cleared out of the 

room (Seppänen and Kurnitski, 2009). In a poorly ventilated room, the vapours of the VOCs can tend to 

accumulate to unacceptable levels (Dodson et al., 2008; Wyon and Wargocki, 2008;  Matysiket al., 2010; 

McIntosh, 2011; Willem, 2013; Noguchi et al., 2016).  The effectiveness of the ventilations can be determined 

by studying the concentration of the carbon dioxide in the classroom (Godwin and Batterman, 2007;  Luet al., 

2015). Humans produce and exhale carbon dioxide (CO2) making concentrations of CO2 in occupied indoor 

spaces to be higher than concentrations outdoors (Lazovićet al., 2015; Chiu et al., 2015). As the ventilation rate 

decreases, the magnitude of the indoor–outdoor difference in CO2 concentration increases.  

The indoor classroom temperature is a combination of radiations received through the roof and walls of 

the building (Ponni and Baskar, 2015). It is influenced by the external temperatures which depend on the 

number of buildings, the type of manmade materials in the surrounding and presence or absence of vegetation in 

the surrounding (Kleerekoperet al., 2012; Scott et al., 2017). It is also as a result of heat generated by the 

classroom occupants through physiological body activities (Cowan et al., 2010). The indoor temperatures are 

usually regulated by the classroom occupants by managing the operable ventilations based on their comfort 

(Lazovićet al., 2015). Low temperature makes the room occupants to close the operable ventilation resulting in 

indoor accumulation of the VOCs. It also reduces photochemical reaction rates of the VOCs and in the process 

increase their atmospheric lifetime (Hellenet al., 2012; Hinkset al., 2016). 

Allergic conjunctivitis is an inflammation of the conjunctiva as a result of a reaction of the body’s 

immune system to an allergen (Bielory and Friedlaender, 2008).  The symptoms of allergic conjunctivitis 

include itching, irritation or hurting, stinging or burning sensation,  watery eyes, discomfort, swelling of the 

eyelids, red eyes and a feeling of presence of foreign particles in the eyes  or ‘fullness’ in the eye. Itching is the 

hallmark of allergic conjunctivitis and without it a person may not be suffering from allergic conjunctivitis even 

if all the other symptoms are present. Itching may be mild or severe (Ono and Abelson, 2005; Leonardi, 2013; 

Miraldi and Kaufman, 2014).  

 

II. Materials And Methods 
The design was cross sectional design. Three boys’ and four girls’ secondary schools which used 

whiteboards in their classrooms werepurposefully selected in Nakuru County, Kenya. The teachers from these 

schools were selected randomly constituting a sample size of 129 teachers. Questionnaires were used to collect 

information on self-reported symptoms of allergic conjunctivitis. Two classrooms from each school were 
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selected randomly for air sampling. Air samples were collected from each of the sampled classrooms using a 

transparent polythene bag which was actively flapped to allow the air into the bag. The air samples were 

collected at 1.5m height above the floor which is the breathing level (Olumayede and Okuo, 2013), and also at 

0.5m. These samples were collected at a distance of 30cm from the centre of the whiteboard where the teacher is 

likely to spend most of his/her time during the lesson. More air samples were also collected at 8m towards the 

back of the classroom because this is the average length of a Kenyan classroom (GOK, 2006). Sampling was 

done at the same heights of 1.5m and 0.5m above the floor.  

Air was sampled in the morning before the lessons started, at 12.40pm before the students broke for 

lunch and at 2.00pm just before the afternoon lessons started. The air samples were analyzed using the gas 

chromatography. During the air sampling, the concentration of carbon dioxide and the classroom temperatures 

were measured using the electronic carbon dioxide sensor, AZ-0004.  The concentration of the VOCs in the air 

samples from the classrooms was determined by use of gas chromatography using a Varian 3400CX gas 

chromatograph with non-polar column. Thiscolumn was a chiral fused silica with a length of 25m, an internal 

diameter of 0.25mm and a film thickness of 0.12 µm.  A flame ionization detector (FID) was used because it is 

very stable and it detects a very large number of VOCs (Sannik, 2013). The gas in the oven was hydrogen gas 

while the carrier gas was nitrogen gas. The samples were injected into the injector manually using1 μl syringes. 

The conditions of the gas chromatograph were such that the inlet temperature was 150 °C while the column 

temperature program started at 50.0 °C for 1.00 minute and was then ramped at 14.0 °C per minute until 120 °C 

was obtained. The column was kept at a constant flow of 1.6 ml/min and the detector temperature was set at 180 

°C. The flow rate for hydrogen was 30.0 ml/min, for air was 400.0 ml/min, and the makeup flow of nitrogen was 

25.0 ml/min.  

 

III. Findings And Discussion 

3.1 Carbon dioxide 

The results showed that the overall carbon dioxide concentrations ranged from 335ppm to 2207ppm 

with an average of 621.39ppm. The median was 533 ppm with 37% of the classrooms having more than 

600ppm while 74.1% of the classrooms had 100ppm and above being the difference between the indoor and 

outdoor concentration of carbon dioxide (dCO2). The ventilations were effective when open allowing the 

classroom air dilution to a concentration of 335ppm which is close to that of the outdoor air (306ppm). The 

standard deviation was very high (339.173) indicating lack of consistency in the concentration of carbon dioxide 

in the classrooms at the different times of sampling.  

The results from this study show that the concentration of the carbon dioxide kept changing in the 

course of the day. The mean concentration of carbon dioxide was found to be 949.73ppm at 8.00am during 

morning prep, 639.24ppm at 12.40pm just before lunch break and 319.00ppm at 2.00pm just before the 

afternoon lessons started. The concentration of carbon dioxide at the different times of the day was found to be 

significantly different (p=0.042) when tested using one way ANOVA (Table 1). 

 

Table 1: Comparison of concentration of CO2 at different times of the day 
 

 Sum of Squares df Mean Square F Sig. 

Between Groups 1357841.107 2 678920.554 3.358 .042 

Within Groups 10512875.802 52 202170.688   

Total 11870716.909 54    

 

The concentration of carbon dioxide was higher during the morning prep than during the afternoon 

(12.40pm) lesson because it was colder in the morning (20.6 
o
C) than in the afternoon (26.7

o
C).  Most of the 

classroom operable windows (3/4 and above) were therefore closed in all the classrooms during the prep time at 

the times of visit.   This agrees with the findings of Lazovićet al. (2015) who found that thermal comfort 

influences the management of operable ventilations. Closing the windows limits ventilation and abated 

ventilation increase the concentration of carbon dioxide in a classroom (Luet al., 2015). In this study, 

temperature was found to be negatively correlated with the concentration of carbon dioxide (r=-0.113) (Table 2). 

Decrease in temperature therefore resulted in increase in the concentration of carbon dioxide. 

 

Table 2: Relationship between CO2 and temperature 
 Temperature 

CO2 Pearson Correlation -.113 

Sig. (2-tailed) .368 

N 65 
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 The concentration of carbon dioxide was lowest during the lunch break (2.00pm) because the 

classrooms were empty or had the least occupancy. The students had moved out of the room to take their lunch. 

Statistical test showed that the concentration of carbon dioxide was significantly correlated with the number of 

students in the classroom (r=+0.333; p=0.007) (Table 3). Lu et al. (2015) also found an increase in the 

concentration of CO2 with increase in the number of workers in a building located in Taipei City.  

 

Table 3: Relationship between concentration of CO2 and number of students 
 Number of students per classroom 

CO2 Pearson Correlation .333 

Sig. (2-tailed) .007 

N 65 

 

 There was a significant difference in the concentration of carbon dioxide between the girls’ and 

boys’classrooms (t=2.152; p=0.043) indicating poor ventilation in girls’ classrooms (Table 4).  

 

Table 4: CO2 concentrations in girls’ and boys’ classrooms 
Classroom  Mean of CO2 

concentration (ppm) 
Statistics  

t value df P value 
(2-tailed) 

Girls’ classroom 670.30 2.152 22 0.043 

Boys’ classroom 503.36 

 

It was observed that all the girls’ classrooms had ¾ or more of the windows closed during the times of 

visit. This could be attributed to the fact that girls tend to feel colder than the boys (Cheung, 2015). This is due 

to the fact that they have a thicker and a more evenly distributed layer of fat just below the skin surface 

compared to the males (Westerbacka, 2004; Tarulliet al., 2007; Olesen, 2015). When they get cold, they 

constrict their blood vessels to the skin faster than the males reducing the flow of blood to the skin significantly 

(Kaciuba-Uscilko and Grucza, 2001; Olesen, 2015). The layer of fat under the skin act as an effective insulator 

preventing the heat from the body to reach the skin making the skin of the females to feel colder than that of the 

males. They also have lower heat generation to heat loss surface area ratio (Kaciuba-Uscilko and Grucza, 2001) 

making the heat loss more effective than its generation.  

When the relationship between carbon dioxide and total volatile organic compounds was tested, the 

results showed a positive correlation (r =+0.525; p=0.003) (Table 5).   

 

Table 5: Relationship between CO2 and TVOCs concentration 
 concentration in ppm 

CO2 Pearson Correlation .525 

Sig. (2-tailed) .003 

N 29 

 

 High concentration of carbon dioxide is an indication of poor ventilation (Godwin and Batterman, 

2007;  Luet al., 2015) allowing the TVOCs to accumulate in the classroom. Increase in concentration of TVOCs 

with reduced ventilation agrees with the findings of several studies. Lu et al. (2015) in his study on SBS among 

the workers in a building in Taipei City found that the TVOCs compounds increased in a room with reduced 

ventilation. Du et al. (2015) studied the effects of air exchange rates on the migration of VOCs from the 

basement in Detroit residences and found that good ventilation which results in high air exchange rates diluted 

the indoor VOCs and resulted in a reduced VOCs concentration.  

 

3.2 Temperature 

 Temperatures also fluctuated during the different times of the day. It was hottest in the afternoon (26.7 
o
C) and coldest in the mornings (20.6

o
C). The statistical test (one way ANOVA) showed that the temperatures at 

the three times of the day were significantly different (p=0.000) (Table 6). In his book on atmosphere-ocean 

interface, Considine and Considine (2013) says that the temperature tend to reach its maximum about 2-3 hours 

after a local noon and its minimum at sunrise.   

 

Table 6: Comparison of temperature at different times of the day 
 Sum of Squares df Mean Square F Sig. 

Between Groups 409.453 2 204.727 29.675 .000 

Within Groups 365.641 53 6.899   

Total 775.094 55    
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The results show that the indoor concentration of TVOCs increase as the temperature reduces (r=-

0.038). This agrees with Pegas et al. (2011) who observed that higher indoor TVOC concentrations occurred 

more often in the colder months. Low temperature influences the behavior of the room occupants (Lazović et 

al., 2015) resulting in indoor accumulation of the TVOCs. It also reduces photochemical reaction rates of the 

VOCs and in the process increase their atmospheric lifetime (Hinks et al., 2016; Hellen et al., 2012). However 

increase in temperature did not decrease the concentration of the TVOCs vapours significantly (P= 0.841) 

because the temperature variation was small (Standard deviation =3.6847).  

Although the mean temperature of the girls classrooms was slightly lower than that of the boys 

classrooms (23.582
o
C and 25.836 

o
C), the difference was not significant (Table 7). This agrees with Olesen 

(2015) who claims that the core body temperature of the two sexes is not significantly different. The room 

temperature is influenced by the heat produced by the occupants of a classroom as well as the environment.  

 

Table 7: Indoor temperature in girls’ and boys’ classrooms 
Classroom  Mean temperature(oC) Statistics  

t value df P value 

(2-tailed) 

Girls’ classroom 23.582 1.671 23 0.108 

Boys’ classroom 25.836 

 

 When the concentration of ink VOCs in the two categories of classrooms was compared, the girls’ 

classrooms (202ppm) were found to have higher concentration than the boys’ classrooms (199ppm). When the 

mean concentration of the TVOCs in the two categories of classrooms was statistically compared using one way 

ANOVA, the results indicated that the difference was significant (p=0.048) (Table 8). 

 

Table 8: One way ANOVA for concentration of TVOCs between girls’ and boys’ 

classrooms 

 Sum of Squares df Mean Square F Sig. 

Between Groups 1077395994.747 1 1077395994.747 4.114 .048 

Within Groups 12047008338.511 46 261891485.620   

Total 13124404333.258 47    

 

This study found that many of the windows (3/4) in the girls’ classrooms were closed at the time of 

visit. This abates ventilation in the classrooms allowing accumulation of the TVOCs in the classroom. This 

agrees with Du et al. (2015) and Jin et al. (2014) who associate abated ventilation with increased concentration 

of VOCs. Du et al. (2015) found that low air exchange rates in residences in Detroit resulted in high 

concentration of VOCs while Jin et al. (2014) found that good ventilation reduced the air pollutants responsible 

for development of lung cancer among the Chinese population.  In the current study, the classrooms of the boys 

had ¾ or more of their windows open at the time of visit resulting in good air exchange rate. 

 

3.3 Incidences of symptoms of allergic conjunctivitis among the teachers 

 The teachers from girls’ schools had higher incidences of symptoms (21.7%) of allergic conjunctivitis 

than those from the boys’ schools (8.2%). When Chi-Square of independence was carried out, the results 

showed that there was a significant association between symptoms of allergic conjunctivitis and the type of 

students in the classroom (χ
2
= 5.145; P=0.023) (Table 9). 

 

Table 9: Influence of the type of students on the development of symptoms of allergicconjunctivitis 
 Value df Asymptotic 

Significance (2-

sided) 

Exact Sig. (2-sided) Exact Sig. (1-sided) 

Pearson Chi-Square 5.145 1 .023   

Continuity Correction 4.128 1 .042   

Likelihood Ratio 5.272 1 .022   

Fisher's Exact Test    .032 .020 

Linear-by-Linear Association 5.109 1 .024   

N of Valid Cases 142     

 

 Poor ventilation in the girls’ classrooms made the VOCs to accumulate in the classrooms. The VOCs 

from the beauty products used by the girls may also have interacted with the whiteboard marker ink VOCs 

resulting in a more potent mixture than that found in the boys’ classrooms. Mixtures are more likely to have a 

health effect on a person than individual VOC components (Nielsen et al., 2007). 
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The incidences of symptoms of allergic conjunctivitis increased with increase in concentration of VOCs in the 

classrooms (Figure 1). This was established by taking the mean concentration of the VOCs in the air samples 

collected in each of the six schools. Regression was used to assess the relationship between the concentration 

and the percentage incidence of the symptoms of allergic conjunctivitis among the teachers in those schools 

during that time of observation (Figure 4.21).  

 

 
Figure 1:  Relationship between incidences of symptoms of allergic conjunctivitis and 

concentration of VOCs 

 

 When the relationship between the concentration of the VOCs and the symptoms of allergic 

conjunctivitis was statistically tested, the results showed that the relationship was significant (F=21.163; p=.010) 

(Table 10) 

 

Table 10:  Relationship between incidences of symptoms of allergic conjunctivitis andconcentration of 

VOCs 
Model Sum of Squares df Mean Square F Sig. 

1 Regression 142.017 1 142.017 21.163 .010 

Residual 26.843 4 6.711   

Total 168.860 5    

 

 Increase of symptoms with increase in the concentration of VOCs agrees with Madureiraet al., (2009) 

who found a significant correlation between the levels of TVOCs and the development of upper mucosal 

irritation among the Portuguese teachers.  Increase in incidences of the symptoms with increased exposure 

(biological gradient) is an indication of a causal-effect-relationship between the VOCs and the symptoms of 

allergic conjunctivitis. This is according to Hills criteria as reported by several authors (Rothman and 

Greenland, 2005; Swaen and van Amelsvcort, 2009; Fedaket al., 2015).  

 

IV. Conclusion 
 Gender of the classroom occupants influences the indoor air quality with the girls’ classrooms having a 

poorer air quality than that found in boys’ classrooms. Poor air quality in turn influences the development of 

symptoms of allergic conjunctivitis among the teachers who teach in those classrooms. 

 

V. Recommendations 
 This study recommends that the teachers and students in classrooms occupied by girls should be made 

aware of the importance of opening the windows so that the ventilation is effective to prevent the accumulation 

of VOCs in theclassroom. The researcher also recommends that a study be carried out to establish the identity of 

the VOC compounds found in the girl’ and boys’ classrooms in order to isolate the potent mixture of 

compounds.  
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