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Summary 

In an effort to investigate the indoor and outdoor air quality of the Kbs Jacinta primary school in Breda, group 

ESSET 1E-Q2, has performed measurements during weeks 4, 5 and 6 of the project. The indoor measurements 

include carbon dioxide (CO2), temperature and humidity while the outdoor measurements include PM10. The 

specific aims of this study were to identify the indoor and outdoor concentrations of airborne compounds, identify 

various building characteristics of Kbs Jacinta, including: ceiling height, window height, number of windows and 

doors, presence of ventilation, air exchange rates, indoor relative humidity, and temperature, evaluate factors that 

could potentially serve as indicators of sick building syndrome, and develop a meaningful sampling protocol that 

could readily be deployed in the field by clients for future studies and building renovation. 

The measured indoor concentrations of CO2 and the temperature show a clear pattern with lower values in the 

weekends and higher values in during schooldays, where the humidity has no such pattern. The average PM10 

concentration on location 1 was 53 µg/m3, just above the 24-hour limit values of the WHO and the EU, the average 

on location 2 was 10 µg/m3, underneath the WHO annual limit value, and the concentration of PM10 of the January 

9th measurement on location 3 was 209 µg/m3, 4 times the 24-hour limit values of the WHO and the EU. The 

various building characteristics are noted in Table 8: Teachers’ and indoor group 1E’s logbooks on page 28. 

Factors that could potentially serve as indicators of the sick building syndrome are most commonly headaches 

and dizziness. In the classroom Aruba, having headaches was also mentioned in the logbook. This whole report 

has become the sampling protocol that could be readily deployed in the field by clients for future studies and 

building renovation. 

The advice the group gives for indoor is: installing a ventilation system, change the filters in the ventilation system 

regularly, increase the air exchange rate, ventilate also during the night time, turn the dehumidifier on when the 

humidity is above 55% to prevent mould to grow, clean frequently, and place air filtering plants in the classrooms. 

For outdoor, the advice is to place more greenery on the playground, such as trees, and bushes, and place ivy 

along the walls, to help lower the high PM10 concentrations. It is also heavily advised to take more measurements 

on various spots on the playground to investigate if the PM10 concentration is this high everywhere on the 

playground or if it is dependent on the spot where the third and fourth measurements were taken. 
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1 Introduction 

1.1 General background 

Air pollution is a global concern nowadays and a very controversial field of matter, stemming mostly from anthropogenic 

activities. Concern about indoor air quality (IAQ) issues is a recent phenomenon which has begun in the 1950s, air pollution 

caused by industry mainly suspended particles and sulphur dioxide (SO2). This was clearly identified as being responsible for 

a growing range of health complications. IAQ studies primarily involved the comparison of indoor air to outdoor air. The level 

of pollutants outdoors was a primary concern and the intent was to ensure safer levels of IAQ than outdoors. As more extensive 

research has been undertaken, further factors came into play (1). 

A reduction in natural ventilation in the interest of saving energy became a concern. Thus, inevitable unwanted contaminants 

become trapped in these air-tight enclosures. People were finally confronted with the realisation that air pollution can also 

originate from within (2). Since then the industrialised countries have adopted fundamental regulatory measures which have 

led to a substantial decrease of air pollution. However, air pollution has not disappeared, the diverse origins of air pollution 

today have been identified and attempts have been made to eliminate them (3). 

These sources include use and combustion of conventional energy sources (e.g., coal, oil, and natural gas), agriculture, 

industrial processes, transport, deforestation etc. This will be studied in further depth in chapter 2, the theoretical background. 

Air pollution also has a damaging effect on the environment in terms of acidification, eutrophication, and crop damage (4). At 

utmost importance are the harmful and possibly irreversible effects of air pollution on human health. Recent studies directly 

associate poor air quality with a broad spectrum of diseases such as respiratory and cardiovascular diseases, and even diverse 

forms of cancer (5).  

Sources of outdoor air pollution include both natural and man-made pollutants. Volcanic eruptions, windblown dust and VOC 

emission from plants are among the natural sources of outdoor air pollution (7). However, anthropogenic activities, like indoor 

air pollution, are responsible for the detrimental impact. Depending on the nature of the fuel and the type of combustion 

process, various pollutants are released into the atmosphere such as carbon dioxide, particulate matter (PM), nitrogen oxides 

and VOCs. These pollutants are classified as primary pollutants which are precursors for the formation of secondary air 

pollutants, for example ground level ozone, sulphuric acid, and nitric acid (8).  

Air pollution is fully acknowledged to be one of the largest environmental health risk worldwide. Although there has been a 

large scope of improvement in the air quality, exceedance of guidelines still occurs mainly in urban areas. This is largely due 

to high and further increasing population density (9). The World Health Organization (WHO) estimated that more than 30 

percent of all commercial buildings have significant IAQ problems (10). Indoor air quality as discussed here, however, applies 

to areas where people are generally unaware of potential hazards. They do not expect to need protection and therefore this 

subject has become so important. These harmful effects are further complicated by the fact that people are spending more of 

their time indoors than outdoors, up to 90 percent per estimates by the U.S. Environmental Protection Agency (EPA) (11). 

This makes it is easy to understand why there is such a growing concern about the quality of the air we breathe. 

This project will primarily lay focus on examining the air quality of the environment where young children spend most their 

time: at school. This will be undertaken in collaboration with two clients: BreedSaam, an organisation for the maintenance of 

school buildings in Breda who strives for creating a safe and healthy working environment for both children and staff, and 

Stad van Morgen, a research foundation for sustainable, social, and human evolution whose aim it is to enhance public 

awareness and stimulate shared responsibility concerning issues such as health and safety. They cooperate with Avans 

University of Applied Sciences and the first-year students of the Environmental Science for Sustainable Energy and 

Technology program to investigate the air quality indoors and outdoors along with concrete levels of pollutants in primary 

schools in Breda. For this report the matter of interest is Kbs Jacinta primary school.  

1.2 Project goal 

The goal of this project is to investigate the indoor and outdoor air quality of the Kbs Jacinta primary school in Breda. 

Measurements will be performed by Avans students of group ESSET 1E-Q2 during weeks 4 and 5 of the project. Indoor 

measurements will include carbon dioxide (CO2), temperature and humidity while outdoor measurements will focus on PM10. 

After data gathering and interpretation, results will be presented in the form of a report (deadline: 13-01-2016 at 16.00) and a 

video presentation (week 9). Moreover, the objective is also to give advice and recommend measures that can be implemented 

to minimise air pollution and enhance air quality of the school environment so children are exposed to lower levels of pollution. 

This section will be embodied in the report as well as in the video presentation. 
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The specific aims of this study were to: 

 Identify the indoor and outdoor concentrations of airborne compounds.  

 Identify various building characteristics of Kbs Jacinta, including: ceiling height, window height, number of windows 

and doors, presence of ventilation, air exchange rates, indoor relative humidity, and temperature. 

 Evaluate factors that could potentially serve as indicators of sick building syndrome 

 Develop a meaningful sampling protocol that could readily be deployed in the field by clients for future studies and 

building renovation. 

1.3 Boundaries 

The boundaries of this project are: a short period for project completion (8 weeks) along with limited equipment availability 

(CO2 and PM10 devices only), which causes that other airborne pollutants could not be analysed in the research. Moreover, 

there is no accessible budget for project purposes. Lastly, only measurements in the nearby vicinity of Kbs Jacinta were 

included for outdoors. 

1.4 Reading guide 

Chapter 1 1 Introduction consists of the introduction to air quality by giving general background information on air 

pollution.  The objectives of the project will be stated. Information about the sponsors/ clients can be found: BreedSaam and 

Stad van Morgen. An indication of limitations and boundaries will also be given. Chapter 2 2 Theoretical background 

embodies the theoretical background of indoor and outdoor air quality. Chapter 3 3 Materials and methods contains 

detailed information on all relevant materials used and activities undertaken. Chapter 4 4 Results includes the 

obtained results: measurements, calculations, and figures. A description and explanation of findings of the research will be 

elaborated on. Chapter 5 5 Discussion weighs out the reliability of results and compares them with the results of 

other groups and literary sources. Chapter 6 6 Conclusion clearly states the outcome(s) of the project about the initial 

objectives mentioned in the introduction. Chapter 7 7 Recommendations gives advice on how to improve indoor 

and outdoor air quality within the premises of Kbs Jacinta.  
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2 Theoretical background 

2.1 Indoor air quality 

Indoor exposure to air pollutants may occur both in private and public surroundings such as schools, homes, public buildings,  

and transport systems. Some indoor air pollutants originate from the air that is present outside, but the majority is suspended 

within the homes themselves through products, materials, and everyday activities that are undertaken. The indoor air can be 

two to five times more polluted, than outdoor air (1). In addition, emissions from construction materials for the buildings along 

with certain furniture can also contribute to poor indoor air quality. 

2.1.1 The main factors determining indoor air quality and their sources 

Chemicals are primarily responsible for indoor exposure to poor air quality. These encompass various types of gases, metals, 

and volatile organic compounds (VOCs). Among all the factors that can affect the Air Quality Index (AQI), emissions from 

chemicals are the most damaging as they cause a wide range of health effects (2). 

Ranking air pollutants by level of risk is rather problematic due to indoor air containing a variety of different substances, and 

their fluctuating levels. The chemicals that raise the highest concerns and that are the most controversial due to the adverse 

health effects they are associated with are listed below with their sources (3). 

The first is carbon monoxide, which is an odourless, colourless, and highly poisonous gas. The most common sources of this 

gas are tobacco smoke, defective central heating furnaces, space heaters, and automobile exhaust. 

Secondly NOx, which is the general term used for a group of highly reactive gases, for example NO and NO2. Many of the 

nitrogen oxides are colourless and odourless. However, it is known that NO2 along with other substances are able to create a 

red-brown layer of smog (4). Nitrogen oxides form via the combustion of fuels. Their primary sources include motor vehicles, 

electric utilities, along with other industrial, commercial, and residential sources which use the combustion of fuels to function. 

Continuing with radon, a gas that can get inside buildings by diffusing through the soil (5). Sources of radon are generally in 

areas where the bedrock contains excess uranium, for it is a gas that emanates naturally from the ground (6). 

Fourthly lead, for despite the use of lead-containing pigments in paints being banned or restricted, some older houses still have 

paint containing lead. Lead is a metal that even at low level exposure still is harmful (7). 

Following with organophosphate pesticides. These pesticides are used against insects, and are applied present in insect strips. 

Indoor exposure occurs via inhalation and/or ingestion. The later due to accumulation on surfaces, including the toys of 

children. 

Continuing with volatile organic compounds (VOCs), who are emitted as gases or vapours from certain solids or liquids. VOCs 

include a diverse set of chemicals, accompanying short- and long-term adverse health effects, for their concentrations usually 

being higher indoors than outdoors (8). One example of a VOC is formaldehyde, a colourless, pungent, and irritating substance. 

It is used in chemical industries, and used as preservatives by anatomists and pathologists. The second example of a VOC is 

benzene, a volatile solvent found in gasoline. It is widely used in the chemical industry. The last example is naphthalene, which 

is a VOC that is naturally present in fossil fuels such as petroleum and coal (9). 

Then particulates, who range from coarse, fine, and ultrafine, and are found in the ambient atmosphere (10). Indoor sources of 

particulates are the combustion of fuels for heating and cooking, and reactions between ozone and specific kinds of VOCs. 

Following with allergen-inducing organisms, such as microbes like fungi, viruses, and bacteria, and pets (11). Sources are 

humidifiers, drains, carpets, ceiling tiles, and insulation. Two examples of biological sources are insects and bird droppings. 

Finally, ventilation and humidity control. In heavily insulated buildings, usually those that are air-conditioned, need controlled 

ventilation that allow little air circulation and ventilation of air. For instance, too high humidity may result in optimal conditions 

for fungi to form and flourish (12). 

2.1.2 Limit values indoor air quality 

Table 1 shows the air quality standards of the European Union of the limit values for indoor air quality. 
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Table 1: Air Quality Standards of the European Union (13) 

Pollutant Concentration Averaging period Permitted exceedance 

each year 

Fine particles (PM2.5) 25 µg/m3 1 year n/a 

Sulphur dioxide (SO2) 350 µg/m3 1 hour 24 

125 µg/m3 24 hours 3 

Nitrogen dioxide (NO2) 200 µg/m3  1 hour 18 

40 µg/m3 1 year n/a 

PM10 50 µg/m3 24 hours 35 

40 µg/m3 1 year n/a 

Lead 0.5 µg/m3 1 year n/a 

Carbon monoxide 10 mg/m3 Maximum daily 8-hour 

mean 

n/a 

Benzene 5 µg/m3 1 year n/a 

Ozone 120 µg/m3 Maximum daily 8-hour 

mean 

25 days averaged over 3 

years 

Arsenic 6 ng/m3 1 year n/a 

Cadmium 5 ng/m3 1 year n/a 

Nickel 20 ng/m3 1 year n/a 

Polycyclic Aromatic 

Hydrocarbons 

1 ng/m3 (expressed as 

concentration of 

Benzo(a)pyrene) 

1 year n/a 

 

2.1.3 The sick building syndrome 

The sick building syndrome is often referred to a situation where people are overexposed to particulate matter and indoor air 

quality in a building. This includes acute and comfort health effects which are directly linked with the building where these 

people had been working/staying. No specific illness or disease can be classified, it is just a collection of several diseases 

caused by the same factor: poor air quality.  

Signs and symptoms of the sick building syndrome include: headaches, dizziness, respiratory diseases, but also even lethal 

illnesses such as cancer and pneumonia. Pregnant women can even get miscarriages and lose their fertility. In addition to this, 

there are even cases where psychotic problems occur.  

This indoor air pollution that causes the sick building syndrome can have different causes: leakage, pollutants from vehicle 

motor exhausts which come in through ventilation of the building etc. VOC’s should be considered too as dangerous pollutants; 

this can be formed by pesticides, adhesives but also even from the copy machine. (14) (15) (16) 

2.2 Outdoor air quality 

2.2.1 Five major air pollutants and their sources 

There are five major air pollutants that affect human health. These pollutants are ground-level ozone, particulate matter, carbon 

monoxide, nitrogen dioxide, and sulphur dioxide (17). Ground-level ozone, to begin with, is formed in the reaction of pollutants 

such as nitrogen oxides and volatile organic compounds with sunlight. It causes breathing problems, reduces lung function, 

triggers asthma, and causes lung diseases (18). 

Particulate matter, includes all fine, liquid, and solid particles suspended in the air, many of which are hazardous. PM, which 

is an abbreviation of particulate matter, is classified in two groups: PM10, which refers to particles ranging from 2.5 to 10 μm, 

and PM2.5, which refers to particles whose diameter is smaller than 2.5 μm (19). Particulate matter causes among other things, 

asthma, lung cancer, cardiovascular and respiratory issues, and premature death (20). Sources of PM10 are roads (dust), 

agricultural processes, mining operations and the non-combustible particles that are released when burning fossil fuels like 

soot and ash. The main sources of PM2.5 are reactions with gases, and sulphate dioxide and nitrogen dioxide from cars, power 

plants, and other industries (21). 

Thirdly, carbon monoxide is an odourless and colourless gas that prevents the body from obtaining enough oxygen. Exposure 

causes people to feel dizzy and tired, and gives them headaches. In a contained room for a long time, or with high 
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concentrations will eventually become fatal to the ones inside (22). Carbon monoxide is produced in an incomplete combustion 

of fossil fuels, and sources are ovens, stoves, fireplaces, and water heaters (23). 

Nitrogen dioxide is mainly produced in combustion processes like power generation and heating (18). High levels of exposure 

results in coughs and a shortness of breath. Long term exposure results in a higher chance of respiratory infections. In the 

atmosphere, nitrogen dioxide reaction to form acid rain, which harm plant and animal live (24). 

Lastly sulphur dioxide, a colourless gas with a sharp odour. It is produced from the smelting of sulphur containing mineral 

ores and the burning of fossil fuels. SO2 affects the respiratory system and the functions of the lungs. It also causes eye 

irritation, aggravation of asthma, coughing, and chronic bronchitis (18). 

2.2.2 The vulnerability of children 

Children are more vulnerable to the effects of air pollution than adults. For one, their lung development is not complete at 

birth. Only when children reach their full adult stature in the adolescence are the lungs fully grown. Also, because infants and 

young children have a larger surface area per unit body weight and a rapid growth, they have a higher rate of oxygen 

consumption and a higher resting metabolic rate. Therefore, their exposure to whichever air pollutant is greater than it is for 

adults. In addition to this, children have narrower airways than adults. Thus, where irritation caused by air pollution only 

produces a slight response in an adult, they could result in a significant obstruction in the airways of a child. Lastly, compared 

to adults, children spend more time outside than adults do. 

In conclusion, uncompleted lung development, a higher rate of oxygen consumption, a higher resting metabolic rate, narrower 

airways, and a longer outdoor air exposure, make children more vulnerable to air pollution than adults. 

2.2.3 The limit values of particulate matter 

Table 2 lists the limit values of PM from the World Health Organisation and the European Union. For the European Union, 

the 24-hour mean of PM2.5 was not found. 

Table 2: Limit values of PM10 and PM2.5 for WHO and EU 

 WHO (18) EU Ongeldige bron opgegeven. 

PM2.5 10 μg/m3 annual mean 

25 μg/m3 24-hour mean 

25 µg/m3 annual mean 

PM10 20 μg/m3 annual mean 

50 μg/m3 24-hour mean 

40 µg/m3 annual mean 

50 µg/m3 24-hour mean 

 

 

  



8 

3 Materials and methods 

3.1 Indoor air quality 

3.1.1 Materials and apparatus 

The Ventostat 8001 series is a carbon dioxide (CO2) 

sensor. While utilising CO2 as an indicator of 

occupancy, this technique enables ventilation based 

on occupancy. Typical applications for this device 

include office buildings, schools, retail stores, movie 

theatres among other places. Its measurable range is 0 

– 2,000 ppm. However, with a UIP software kit it can 

be adjusted up to 10,000 ppm. Accuracy ranges from 

±75-100 ppm. Temperature in which it operates ranges from 15-32 °C. The dimensions of this device are given in Figure 1. 

The Ventostat works by the detection of gases based on the ability of the specific gas to absorb light at different wavelengths 

in the infrared spectrum. Within the sensor, the gas diffuses through a gas permeable membrane and into the sample chamber. 

This membrane is important as it only enables gaseous molecules to pass through while at the same time preventing the entry 

of particulates. A source of light at one end of the chamber generates and directs a broad band of infrared energy through the 

sample chamber. Most of this light reflects off the sensor walls. Thus, a more effective sample path can be attained in a short 

distance. At the opposite end of the sensor chamber a special optical filter can be found, installed above a light detector. It is 

designed to only admit light at the wavelength which CO2 

absorbs. Altering CO2 concentrations due to changes in 

light intensity is measured by the detector and converted 

into a measurement by the microprocessor. In addition, 

the microprocessor also automatically calibrates and 

corrects the sensor for long-term use with the aid of a self-

calibration software. This is shown in Figure 2. 

The Logger ATV-13 is used to measure and record 

ambient temperature, relative humidity and two signals -5V direct current. The measuring sensors are attached to the logger. 

The measuring parameters of this device are for ambient temperature: measuring range from -30 to +70 °C with a resolution 

of 0.1 °C and an accuracy of ±0.4 °C. For relative humidity: measuring range from 0 up to 100% with a resolution of 0.1% 

and an accuracy of ±2.5%. Their total memory capacity for one day is: 32,504 records and for cyclic mode over a time span 

28,896 records. These given values are the maximum that can be achieved. However, only if there is no intervention during 

recording. The typical battery life of this device is 2 years and it works optimally in temperatures from -30 to +70 °C as already 

mentioned above. After connecting the logger to the computer, the computer software can 

retrieve the data of the device (25). 

Before commencing to log it is crucial to check/set the logger to real time, select desired 

logging interval, select a logging mode, and switch the logger ‘on’. Memorisation of the 

initial measured value is synchronised with the inter real time clock. Thus, logging is 

performed at sharp multiples of minutes, hours, and days. After 6 hours of logging the 

first value is stored at that hour.  

3.1.2 Procedure 

The indoor air quality measurements were carried out in three classrooms with varying characteristics. Figure 4 illustrates the 

three classrooms that have been assigned for this project. They were named A for Aruba, B for Bonaire, and C for Curacao.  

Figure 1: Dimensions of the Ventostat 8001  

Figure 2: Function of the Ventostat 8001 

Figure 3: Logger ATV-13 
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In each of the three rooms one Ventostat 8001 and one Logger 

ATV-13 was placed approximately 1 metre above the ground to 

align the height of the children's’ nasal passages while they are 

seated. Furthermore, these devices have also been placed in an 

area of the classroom where there are no windows close by and 

out of reach of children as much as possible. The devices were 

left in an unchanged position (as much as practically possible) 

for a period of two weeks.  

In total two measurements were undertaken in each classroom 

ranging from a period of two weeks from 02-12-2016 till 15-12-

2016, and a period of one day on 08-12-2016. After two weeks, 

the three devices are to be collected from the classrooms and 

plugged onto a laptop where the data is to be retrieved. The 

retrieved raw data will then have to made into graphs of CO2, 

temperature, and RV (humidity). (26) 

To get proper measurements as the group could not gather some vital data independently, there is additional information 

required that the group can only retrieve by involving the teachers of the three classrooms. This information can be found in 

Table 8: Teachers’ and indoor group 1E’s logbooks and Table 9: Schedule of students on pages - and -. Two logbooks 

were created consisting of questions for members of the group consisting of measurements that can be carried out 

independently, and consisting of questions that only teachers can provide the answers with. The red text in the appendices 

indicates that answers were in the teacher logbook. 

3.2 Outdoor air quality 

3.2.1 Principle of light and light scattering 

The PM10 measuring device uses the principle of light scattering (27). To be able to know how this device uses light scattering 

in making its measurements, one must know the principle of light and light scattering. The basic theory of light is that it is a 

form of radiant energy that travels in waves. The length and frequency of these waves is what makes light distinguishable from 

other forms of energy on the electromagnetic spectrum (28). 

When light hits an object, it can diffract, refract, reflect, and can be absorbed by the object. Where diffraction means that light 

bends around an object (29), refraction means that the light bends as it passes across the boundary with another medium. This 

phenomenon is caused by the change in speed of a wave when it changes to the other medium. (30) If an object reflects light, 

it means that light bounces of an object (31), and if light is absorbed it means that it is converted into heat (32). 

3.2.2 Principle of the Microdust Pro 

In Figure 6, the Microdust Pro is shown with its measuring probe. This probe is the silver-black tube. 

Figure 5 Fout! Verwijzingsbron niet gevonden.depicts the inside of the probe with the infrared emitter, 

the focussing lens, the sample volume, light stop, focusing optics, and the infrared detector. Since the air 

is measured by this probe, the focus will be laid on this first. 

An infrared light beam will be focussed on the light stop. 

If all light is stopped, the infrared detector will measure a 

zero signal. That will mean that there are no particulates 

in the measuring chamber, depicted in Figure 5 as 

Sample volume. 

When there are particulates in the measuring chamber, 

the light is scattered. This scattering causes the light to 

pass alongside the light stop and reach the infrared 

detector. The strength of the detected signal is related to 

the concentration of PM10 in the air that was sucked into 

the measuring chamber. This relation means that the more light reaches the 

detector, the higher the concentration of PM10 is. Note that the probe used for 

the measurements has a filter unit that surrounds the measurement 

compartment, which allows for the measurement of only PM10 (27). 

Figure 6: 

Microdust Pro 

(33) 
Figure 5: Inside the Measurement Probe 

(27) 

Figure 4: Exact locations of classrooms A, B, and C in 

the school premises of Kbs Jacinta  
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Figure 8: Measurement set-up 

outside 

The blue-grey instrument in Figure 6: Microdust Pro does the programming and the data storage. It is battery operated and 

has a port for a cable that is used to connect the device with a laptop or computer. This cable allows data transfer into a program 

of Casella, which is also the company behind the Microdust Pro, where one can analyse the 

measured data. 

3.2.3 Principle of the TUFF pump 

Figure 7Figure 7: The TUFF pump  shows the TUFF pump used in the PM10 measurements. This 

pump sucks the air through the measurement probe, and is necessary to obtain an average of the 

measurements (27). 

3.2.4 Measurement set-up 

In Figure 9 the measurement set-up is shown, containing the TUFF pump in the back, the Microdust 

Pro in the front, and the tube that during a measurement would be put in the silver circle to connect 

it with the chimney on top of the suitcase. This chimney is shown in Figure 8. When doing the 

measurements, the chimney will be put on a height of one metre, for this is the average height of 

the children’s mouths. 

  

 

3.2.5 Measuring strategy 

A total of three measurements will be done on the locations shown in Figure 10. These measurements are to be taken in the 

afternoon during the workdays, from the point where the parents take the children away for a lunch break, which takes place 

from 12.00 till 13.15, until the school day is over, which is at 

15.00. All measurement will have a duration of three hours, 

for discussions during project meetings decided that this is an 

enough time to measure the outdoor PM10 concentrations. 

 

  

Figure 7: The TUFF 

pump (27) 

Figure 10: Outdoor measuring locations 

Figure 9: Measurement set-up 

inside 
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4 Results 

4.1 Indoor air quality 

4.1.1 Aruba 

4.1.1.1  Two-week measurement (02-12-2016 till 15-12-2016) 

 
Figure 11: Two-week measurement Aruba (CO2, temperature, and humidity) 

CO2:  

 Peaks are consistently occurring on weekdays only and during day time at around 12.00 ranging from 1,000 – 2,300 

ppm. 

 Very high peak on the 05-12-2016 due to Sinterklaas event. 

 Sharp drops are generally after 12.00 as dust approaches. 

 Steady low CO2 levels present during the night time ranging from 500 – 600 ppm. 

 Further slight drop in CO2 concentration after 00.00, estimated to occur at dawn 500 ppm. 

 02-12-2016 till 05-12-2016 and 09-12-2016 till 12-12-2016, during the weekends steady CO2 concentration at approx. 

500 ppm. 

Temperature: 

 Peaks generally occur during day time around 12.00. 

 Drop in temperature usually occurs at night time after 00.00, estimated to occur at dawn. 

 Peaks range from 19.3 – 21.4 °C during weekdays with no significant peaks. 

 Drops range from 17.2 – 15.6 °C during weekdays. 

 Two significant low dips occurred on 05-12-2016 and 12-12-2016 around dawn. 

 Sharp decrease in temperature from 02-12-2016 – 05-12-2016 and 09-12-2016 – 12-12-2016 during the weekends. 

RV (humidity): 

 Lower fluctuating RV during weekdays from 05-12-2016 – 08-12-2016 (range: 29 – 36%) and 12-12-2016 – 15-12-

2016 (range: 42 – 43%). 

 Higher fluctuating RV during weekends from 02-12-2016 – 04-12-2016 (range: 42 – 44%) and 09-12-2016 – 11-12-

2016 (range: 54 – 56%). 

 RV generally peaks during night time and drops during day time. 

4.1.1.2  One-day measurement (08-12-2016) 

 
Figure 12: One-day measurement Aruba (CO2, temperature, and humidity) 
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CO2:  

 00.00 – shortly before 08.00 there was a steady concentration decline from 600-500 ppm. 

 Around 08.00 small rise of approx. 40 ppm. 

 08.00 – 09.00 sharp increase in concentration from 500 – 1100 ppm. 

 09.00 – 15.00 concentration fluctuates ranging from 600 – 1300 ppm. 

 Small rise at 18.00 to 700 ppm then steady decrease of concentration until 00.00 back to 500 ppm. 

 3 significant peaks at 09.00, 12.00 and 15.00. 

Temperature: 

 00.00 – 07.00 steady decrease in temperature from 17.6 – 16.5 degrees °C. 

 07.00 – 07.30 sharp increase from 16.5 – 18 °C. 

 08.00 small dip in temperature of approximately 0.3 °C. 

 08.30 – shortly after 12.00 steady fluctuating increase in temperature from 17.6 – 21.2 °C. 

 13.00 drop of 0.5° C then shortly after 14.00 rose to 22.3 °C. 

 14.00 – 00.00 steady decrease in temperature from 17.8 – 22.3 °C. 

 3 significant peaks at shortly before 08.00, 14.30 and 18.00. 

RV (humidity): 

 00.00 – 07.00 constant humidity at approx. 44%. 

 07.30 – 18.00 RV fluctuates ranging from 35 – 44%. 

 18.00 – 00.00 steady increase in RV 38 – 44 %. 

 4 significant dips at 08.00, 11.00, 12.00 and 16.00. 

4.1.1.3 Calculations 

The volume of the room is 3m x 6m x 8m = 144 m3. The ventilation capacity in an ideal situation with four small windows 

would be 10.5 h-1, as the calculation below shows: 

4 x (0.55 m x 0.95) x 720 m/h = 1,504.9 m3/h, 1,504.8 / 144 = 10.5 h-1. 

The circulation capacity is 1 door, which is the same as in Curacao. This means that the ventilation capacity in a realistic 

situation is, with only two of the four windows opened during the week, would be 2.3 h-1, as the calculation below shows: 

(2 x (0.15 x 0.95 / 2) + 0.15 x 0.55) = 0.45 m2 x 720 m/h = 324 m3/ h, 324 / 144 = 2.3 h-1. 

4.1.2 Bonaire 

4.1.2.1  Two-week measurement (02-12-2016 till 15-12-2016) 

 
Figure 13: Two-week measurement Bonaire (CO2, temperature, and humidity) 

CO2:  

 Peaks are consistently occurring on weekdays only and during day time at around 12.00 ranging from 1,400 – 2,400 

ppm with a significant peak at 3,000 ppm on 05-12-2016 at 12.00. 

 Sharp drops are generally after 12.00 as dust approaches. 

 Steady low CO2 levels present during the night time ranging from 400 – 600 ppm. 

 Further slight drop in CO2 concentration after 00.00, estimated to occur at dawn 400 – 500 ppm. 

 02-12-2016 – 05-12-2016 and 09-12-2016 – 12-12-2016, during the weekends steady CO2 concentration at 500 ppm 

during the 1st weekend and 400 ppm in the 2nd weekend. 
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Temperature:  

 Peaks generally occur during day time around 12.00. 

 Drop in temperature usually occurs at night time after 00.00, estimated to occur at dawn. 

 Peaks range from 18.6 – 20.8 °C during weekdays with two significant peaks (20.8 °C) on 02-12-2016 and 09-12-2016 

in the afternoon. 

 Drops range from 13.2 – 16.6 °C during weekdays. 

 2 significant low dips occurred on 05-12-2016 around dawn and 12-12-2016 around the same time. 

 Sharp decrease in temperature from 02-12-2016 – 05-12-2016 and 09-12-2016 – 12-12-2016 during the weekends. 

RV (humidity): 

 Lower fluctuating RV during weekdays from 05-12-2016 – 08-12-2016 (range: 35 – 42%) and 12-12-2016 – 15-12-

2016 (range: 47 – 51%). 

 Higher fluctuating RV during weekends.  

 02.12 – 04-12-2016 steady decrease in RV during the 1st weekend from 56 – 36%.  

 09.12 – 11-12-2016 steep increase from 48 – 62%. 

 RV generally peaks during day time and drops during night time (opposed to Aruba). 

4.1.2.2  One-day measurement (08-12-2016) 

 
Figure 14: One-day measurement Bonaire (CO2, temperature, and humidity) 

CO2:  

 00.00 – 08.00 constant concentration of approx. 450 ppm. 

 After 08.00 – 10.00 sharp increase in concentration to 1800 ppm. 

 10.00 – 15.00 fluctuations in CO2 concentration with a double dip at 10.30 and 13.30. 

 15.00 peaks at 2300 ppm. 

 15.00- 18.00 sharp decrease from 2300 – 500 ppm. 

 18.00 – 00.00 levels off and remains constant at approx. 450 ppm. 

 3 significant peaks at 10.00, 11.30 and 15.00. 

Temperature: 

 00.00 – 07.00 steady decrease in temperature from 17 – 15.7 °C. 

 07.00 – 10.00 steep increase from 15.7 – 19 °C. 

 10.00 – 15.00 fluctuating increase peaking at 15.00 with 20.4 °C. 

 15.00 – 00.00 steady decline from 20.4 – 16.5 °C. 

 3 significant peaks at 10.00, 12.00 and 15.00. 

RV (humidity):  

 00.00 – 05.00 decrease in RV from 41 – 38 %. 

 05.00 – 15.00 fluctuating increase in RV ranging from 38 – 49%. 

 15.00 – 16.00 sharp decrease in RV 49 – 41%.  

 Shortly after 16.00 sharp increase 41 – 44.5%. 

 16.00 – 18.00 steady decrease from 44.5 – 39%. 

 18.00 – 00.00 steady increase from 39 – 48%. 

 3 significant peaks at 11.30, 15.00 and 16.30. 
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4.1.2.3 Calculations 

The volume of the room is 3m x 5.85m x 8m = 140.4 m3. The circulation capacity is for both the calculations the same as 

Curacao. The ventilation capacity in an ideal situation with 6 fully opened small windows, and 3 partially opened large 

windows, would be in total 10.8 + 3.7 = 14.4 h-1, as the calculations below show: 

6 x (0.5m x 0.7m x 720 m/h) = 1512 m3/h, 1512 / 140.4 = 10.8 h-1. 

((3 x (0.2m x 0.7m / 2)) + 0.2m x 0.5m) / 720 m/h = 518.4 m2/ h, 518.4 / 140.4 = 3.7 h -1. 

The real situation had on Monday, Wednesday, and Thursday 2 big windows opened, which gave a ventilation capacity of 2.5 

h-1, as the first calculation will show. On Tuesday and Friday there was 1 big window opened, which gave a ventilation capacity 

of 1.2 h-1, as the second calculation will show. In total this is 2.5 + 1.2 = 3.7 h-1. 

(0.24 m2 x 2) x 720m/h = 345.6 m3/h, 345.6 / 140.4 = 2.5 h-1. 

0.24m2 x 720m/h = 172.8 m3, 172.8 / 140.4 = 1.2 h-1. 

4.1.3 Curacao 

4.1.3.1  Two-week measurement (02-12-2016 till 15-12-2016) 

 
Figure 15: Two-week measurement Curacao (CO2, temperature, and humidity) 

CO2:  

 Peaks are consistently occurring on weekdays only and during day time at around 12.00 ranging from 1,400 – 2,400 

ppm with a significant peak at 2,400 ppm on 05-12-2016 in the afternoon. 

 There has been no rise in ppm levels detected on the 14-12-2016 as the students were not in class that day. 

 Sharp drops are generally after 12.00 as dust approaches. 

 Steady low CO2 levels present during the night time ranging from 400 – 650 ppm. 

 Further slight drop in CO2 concentration after 00.00, estimated to occur at dawn 400 -  500 ppm. 

 02-12-2016 – 05-12-2016 and 09-12-2016 – 12-12-2016, during the weekends CO2 concentration slightly decreases 

from 700 – 500 ppm during the 1st weekend and from 700 – 400 ppm in the 2nd weekend. 

Temperature: 

 Peaks generally/consistently occur during day time around 12.00. 

 Drop in temperature usually occurs at night time after 00.00, estimated to occur at dawn. 

 Peaks range from 19.5 – 24 °C during weekdays with 2 significant peaks (22 and 24 °C) on 06-12-2016 and 14-12-

2016 in the afternoon. 

 Drops range from 14.5 – 16.5 °C during weekdays. 

 2 significant low dips occurred on 05-12-2016 around shortly after 00.00 and 12-12-2016 around the same time.  

 Fluctuating sharp decrease in temperature from 02-12-2016 – 05-12-2016 and 09-12-2016 – 12-12-2016 during the 

weekends.  

RV (humidity): 

 Lower fluctuating RV during weekdays from 05-12-2016 – 08-12-2016 (range: 33 – 42%) and 12-12-2016 – 15-12-

2016 (range: 41 – 49%). 

 Higher fluctuating RV during weekends. 

 02-12-2016 – 04-12-2016 steady decrease in RV during the 1st weekend from 50 – 44%.  
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 09-12-2016 – 11-12-2016 fluctuating RV ranging from 49 – 51%. 

 RV generally peaks during day time and drops during night time. 

4.1.3.2  One-day measurement (08-12-2016) 

 
Figure 16: One-day measurement Curacao (CO2, temperature, and humidity) 

CO2:  

 00.00 – 08.30 very slow decrease from 550-500 ppm. 

 08.30 – 10.00 rapid increase from 500 – 1,700 ppm. 

 10.00 – 11.00 sudden drop in CO2 concentration from 1,700 – 700 ppm. 

 11.00 – 15.00 fluctuating concentration ranging from 600 – 1,500 ppm. 

 15.00 – 00.00 sharp decline 1,400 – 600 ppm.  

 Levels-off at 17.00 – 00.00 remains 500 ppm. 

 3 significant peaks at 10.00, 14.00 and 15.00. 

 The 0 measurement at 12.00 is considered an anomaly and will not be included in the final evaluation. 

Temperature: 

 00.00 – 07.00 steady decrease in temperature from 17.5 – 16.5 °C. 

 07.00 – 15.00 steady fluctuating increase in temperature ranging from 16.5 – 20 °C. 

 15.00 – 00.00 steady decrease from 20 – 17.3 °C. 

 3 significant peaks at 10.00, 12.30 and 15.00. 

RV (humidity): 

 00.00 – 08.00 constant RV at approx. 44%. 

 08.00 – 15.00 fluctuating RV ranging from 36 – 47% (5 peaks). 

 15.00 – 17.00 decrease in RV from 45 – 38%. 

 17.00 – 00.00 slow increase to 42.5%. 

 5 significant peaks at 08.30, 10.00, 12.00, 14.00 and 15.00. 

4.1.3.3 Calculations 

The volume of the room is 3m x 7m x 8.5m = 178.5 m3. The ventilation capacity in an ideal situation with 2 fully opened 

windows would be 2.6 h-1, as shown in the calculation below. However, the circulation capacity has to be taken into account. 

The exchange surface of the doors is 0.9m x 2.1m x 720 m/h = 1360.8 m3/h. Meaning that the total ventilation capacity is 

1360.8 / 178.5 = 7.6 h-1. 

((2 x (0.2 x 0.8 / 2) + 0.8 x 0.2) x 2) x 720 m/h = 460.8 m3/h, 460.8 / 178.5 = 2.6 h-1. 

The ventilation capacity in the real situation had only one window opened. The ventilation capacity would be 1.3 h-1, as shown 

in the calculation below, were it not that the doors were opened approximately all the time. This means that the ventilation 

capacity increased to 7.6 h-1. Note that the number 230.4 m3/h is also used in the model shown in Figure 24 on page 20. 

0.32 m2 / 720 m/h = 230.4 m3/ h, 230.4 / 178.5 = 1.3 h -1. 
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4.2 Outdoor air quality 

4.2.1 Location 1 

The first measurement was taken on the corner of the 

Fatimastraat and the Erasmusweg, as shown in Figure 17, on 

December 1st in 2016 from 13.12 till 16.10. As analysed in 

Figure 18Fout! Verwijzingsbron niet gevonden., the measured 

PM10 concentration was in the first two minutes below the 

annual limit value of the World Health Organisation. Then, in 

the first hour, the values rose, but stayed well below the annual 

limit value of the European Union. This took place between 

13.14 and 14.10. However, the next one and a half hours the 

values rose above the 24-hour limit value of both the World Health Organisation and the EU, after which there was a sharp 

decline in the measured concentrations for two short periods of time (eight and two minutes approximately). After these sharp 

declines, the concentrations dramatically rose again to values far above the limit values, even reaching 146 µg/m3 at 16.10. 

The average concentration of PM10 was 53 µg/m3, just above the 24-hour limit values of the WHO and the EU. 

 
Figure 18: Graph location 1 

Table 3 shows the weather conditions during which the measurement of December 1st was taken. It also depicts the number of 

cars counted in the first hour of the measurement. This is from 13.12 till 14.12. 

Table 3: Weather and number of cars location 1, 1 December 2016  

1 December 2016 (34) 

Temperature 8.6 

Air pressure 1,028 hPa 

Wind direction SSW 

Wind speed 3 Bft 

Humidity 66% 

Cars counted (13.12 till 14.12) 1,095 
 

4.2.2 Location 2 

The second measurement was taken at the entrance of Kbs Jacinta, 

shown in Figure 19, on December 8th in 2016 from 12.56 till 15.20. 

As analysed in Figure 20Fout! Verwijzingsbron niet gevonden., all 

values, except for those measured after half an hour at 13.31, were 

below the annual limit value of the World Health Organisation. The 

average concentration of PM10 was 10 µg/m3, underneath the WHO 

annual limit value. 
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Figure 20: Graph location 2 

Table 4 shows the weather conditions during which the measurement of December 8th was taken. It also depicts the number 

of cars counted in the first hour of the measurement. This is from 13.01 till 14.01. 

Table 4: Weather and number of cars location 2, 8 December 2016  

8 December 2016 (34) 

Temperature 5.3 

Air pressure 1,025 hPa 

Wind direction ESE 

Wind speed 2 Bft 

Humidity 100% 

Cars counted (13.01 till 14.01) 1,050 
 

4.2.3 Location 3 

The third and fourth measurements were taken on the playground at Kbs Jacinta, as shown 

in Figure 21, on December 22nd in 2016 from 10.52 till 13.55, and January 9th in 2017 from 

13.14 till 14.13. 

As analysed in the measurement on December 22nd, the concentrations were all, except for 

the first two minutes and the period between 11.13 and 11.20, above the limit values of both 

the EU and the World Health Organisation. Also, after two hours, the PM10 concentrations 

rose from 67 µg/m3 at 12.48 to 390 µg/m3 at 12.49, which will be addressed in the 5

 Discussion on page 21. The average concentration of PM10 was 283 µg/m3, almost 

six times the 24-hour limit values of the EU and the WHO. 

0

10

20

30

40

50

60

1
3
:0

1

1
3
:0

6

1
3
:1

1

1
3
:1

6

1
3
:2

1

1
3
:2

6

1
3
:3

1

1
3
:3

6

1
3
:4

1

1
3
:4

6

1
3
:5

1

1
3
:5

6

1
4
:0

1

1
4
:0

6

1
4
:1

1

1
4
:1

6

1
4
:2

1

1
4
:2

6

1
4
:3

1

1
4
:3

6

1
4
:4

1

1
4
:4

6

1
4
:5

1

1
4
:5

6

1
5
:0

1

1
5
:0

6

1
5
:1

1

1
5
:1

6

1
5
:2

0

0.0 0.5 1.0 1.5 2.0

P
M

1
0

(µ
g
/m

3
)

Time (hours)

Location 2: 8 December 2016 from 13.01 till 15.20

PM10 average WHO annual limit value

EU annual limit value WHO/EU 24-hour limit value

Figure 21: Location 3 

Figure 19: Location 2 



18 

 
Figure 22: Graph location 3, 22 December 2016 

Table 5 shows the weather conditions during which the measurement of December 22nd was taken. 

Table 5: Weather location 3, 22 December 2016  

22 December 2016 (34) 

Temperature 6.2 

Air pressure 1,028 hPa 

Wind direction SW 

Wind speed 2 Bft 

Humidity 97% 
 

As analysed in Figure 23, the measured PM10 concentrations are all far above the limit values of both the World Health 

Organisation and the European Union. The concentration steadily rises to a peak of 294 µg/m3 at 14.12, almost 6 times as 

much as the 24-hour limit values of the WHO and the EU. The average concentration of PM10 was 209 µg/m3, 4 times the 24-

hour limit values. 

 
Figure 23: Graph location 3, 9 January 2017 

Table 6 shows the weather conditions during which the measurement of January 9th was taken.  

Table 6: Weather location 3, 9 January 2017 

9 January 2017 (34) 

Temperature 5.8 
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Air pressure 1,021 hPa 

Wind direction SSW 

Wind speed 3 Bft 

Humidity 97% 
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5 Discussion 

5.1 Indoor air quality 

5.1.1 Interpretation of the results 

After retrieving the measurements graphs have been made from the raw data there have been many indicators found that could 

have been possible sources that influence CO2, temperature and humidity measurements made by the sensors.  

Based on the 2 week measurements that have been undertaken, CO2 concentration (conc.) was the highest in Curacao went 

almost up to 650 ppm during weekends due to poor ventilation with peaks ranging from 1400-2400 ppm. This also is 

responsible for the slow decrease in CO2 concentration over the weekend period as there was no window open or door to 

accompany neither ventilation nor circulation. Although Curacao has the largest volume (178 m3) is has the smallest ventilation 

capacity (230) as the windows are open for the shortest time and have the smallest surface area (2 small windows) in 

comparison to Aruba and Bonaire. What also is worth mentioning would be that Curacao has the smallest children (0.85 m) in 

height generally automatically meaning that they also have the smallest lung capacity. It is astounding that ppm levels are 

higher than expected despite this fact. This is most likely due to the high number of students and the poor ventilation trapping 

the CO2 within the room. Bonaire, similarly to Curacao, also had high levels of ppm. Bonaire accompanied the most children 

with medium-sized lungs in comparison to the other two classrooms with the smallest classroom volume (140 m3). This 

classroom has higher concentrations during daytime with drastic drops in concentration when night time approaches. 

Responsible for this is the continual ventilation present in this classroom with a large ventilation capacity (345) due to the big 

windows (2 windows open, 1 big window = 3 small windows) and long periods of time that they are open for which are also 

open during night time. Aruba on the contrary to Bonaire and Curacao, had the lowest levels of CO2 concentration which a 

ventilation capacity (324) lower than Bonaire but a lot higher than Curacao and a volume of (144 m3) like Bonaire. Attributing 

to these lower levels mainly is the fact that there are less students with bigger lung capacities (1,30 m in height) in the classroom 

compared to the others. Aruba always had approx. 3-5 less children in the classroom. One child approx. produces 450 L of 

CO2 per day. 3-5 less children in a classroom means 1,350-2,250 L of less CO2. Higher concentrations than Bonaire during 

the weekend is because there is no ventilation during night time and the windows are also open for a shorter period.  

The temperature in all 3 classrooms generally followed the same pattern with high temperatures during daytime on weekdays 

and dropping temperatures during night time on weekends. This is due to central heating being off during night time and on 

weekends. Small difference could be observed such as that Curacao had the highest general temperature most likely due to 

poor ventilation regardless that they have the smallest children who also produce the smaller amount of body heat. Bonaire on 

the other hand had the lowest general temperature due to the non-stop and high ventilation capacity also during night time 

(steep decline can be observed on the graph).  

The measured humidity also followed a similar pattern with higher RV during the night time as the air cool when thermal 

energy is removed and on weekends as there no children in the classroom. Bonaire has a generally higher humidity perhaps 

due to the larger scope of ventilation (also at night) while Curacao less so because of lack of ventilation. 

Based on the one day measurement, CO2 concentrations of all 3 classrooms have strikingly similar patterns with only few 

differences. Around 8:00 before school starting a small rise in concentration can be observed due to teachers arriving at school 

before the students. After 8:00 a drastic steep rise can be observed due to children arriving around 8:30. As the learning hours 

are in big chunks it is most likely that there were more breaks present during 8:30-12:00 and 13.15 – 15.15. This also explains 

the drop-in CO2 concentration after every hour around 10:00 and 11:00. Accountable for the drop at around 12:00-13:00 is the 

lunch break and for the drop around 15:00 is the end of school. There is a small increase in ppm levels around 18:00 it is 

suspected that someone presumably staff comes in at the end of the day to check, clean or lock the room. The fluctuations 

during the day and the scattering peaks can be due to individuals entering and 

leaving the room for any reason such as to use the bathroom. The temperature 

rises around sunrise which between the weeks of measurement was around 

08:42 and declines around sunset which was at 16:56. Partly accountable for 

the rise in temperature could also be the body heat produced by the children. 

Furthermore, the humidity tends to drop when there are less individuals 

occupying the classrooms. 

The indoor air model calculates the ventilation capacity based on measurements 

such as temperature, volume of room, ventilation capacity and number of 

individuals in the specific room. This indoor model is for classroom Aruba on 

the 5-dec-2016 during Sinterklaas. The measurements done by the sensor in 

Figure 11 show very similar results to the indoor air model. Both have very high 

Figure 24: Indoor Air Model for Aruba 

on the 5th of December 2016 
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values for ppm and one peak that splits into two side by side. The values are so high due to Sinterklaas day as there were a lot 

more persons in the room including parents and guardians. 

5.1.2 Comparison to the limit values 

Table 7: Limit values of CO2 (35) (36) (37) (38) 

Exposure Limit Limit Values 

OSHA Permissible Exposure Limit (PEL 5,000 ppm (9,000 mg/m3) TWA 

National Institute for Occupational Safety and Health 

(NIOSH) Recommended Exposure Limit (REL) 

5,000 ppm (9,000 mg/m3) TWA 

 

ASHRAE standard 62-1989 > 1000 ppm 

American Conference of Governmental Industrial 

Hygienists (ACGIH) Threshold Limit Value (TLV) 

5,000 ppm (9,000 mg/m3) TWA 

30,000 ppm (54,000 mg/m3) STEL 

The U.S. EPA 1000 ppm (0.1%) for continuous exposure 

UK Standards for school 1,500 ppm 
 

Measurements were all well below limit values. No measurement of any of the three classrooms neared the limit value of 5,000 

ppm. The highest value was on Sinterklaas and this reached only 3,000 ppm. On usual weekdays, the CO2 concentration levels 

ranged from 1,300-2,400 ppm. These values exceed that of the U.S environmental protection agency and the ASHRAE 

standard of 1,000 ppm. This explains why some of the children in classroom Aruba experience headaches as levels over 1,000 

ppm up to 2,500 ppm cause general fatigue and drowsiness. 

5.2.3 Comparison to ESSET 1G-Q2 

 
Figure 25: Measurements classroom 3 ESSET 1G-Q2 

Comparing the obtained measurements with another group, similarities can be observed in CO2 concentrations. Their obtained 

peaks and troughs are at roughly the same period as measurements from indoor 1E.  They also have obtained high values on 

Sinterklaas (05-12-2016). What also can be seen is the same fluctuating ppm levels during daytime and steady substantially 

lower ppm levels during the night time and on weekends. The difference is that group 1G have obtained lower readings during 

night time. This can be due to factors such as higher ventilation capacity and frequency. 

5.2 Outdoor air quality 

In an effort to measure the outdoor air quality outside of Kbs Jacinta primary school in Breda, project group ESSET 1E-Q2 

measured the air quality on three different locations, as shown in Figure 10 on page 10. The first location, on the corner of 

the Fatimastraat and the Erasmusweg, had as hypothesised a higher concentration of PM10 than the 24-hour limit values of the 

WHO and the EU. The second location, had values which were all lower than the annual limit value of the WHO. It is concluded 

that this is due to the presence of trees.  
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For the third location, the group had hypothesised the values to be a bit higher than the annual limit values of the World Health 

Organisation, but not significantly so, and the concentrations to be lower than the 24-hour limit values. However, the measured 

concentrations during the fourth measurement showed values to be at the lowest three times as high as the 24-hour limit values, 

and six times as high at the peak values.  

Lastly, the third measurement was unexpectedly taken during a fire on the Liniestraat, causing concentrations at the peak value 

to be almost 15 times as high as the 24-hour limit values. This made the project group conclude that closing windows and 

doors, and turning the ventilation off during a fire really is important. 

The project group planned to measure on three locations in the afternoon from 12.00 till 15.00. This was from the point where 

the parents take the children away for a lunch break, which takes place from 12.00 till 13.15, until the school day is over. As 

the group also had lectures, the true measurements where not all conducted during that period. The measurement of December 

1st on location 1 took place from 13.12 till 16.10, the measurement on December 8th took place from 12.56 till 15.20, and the 

measurement on December 22nd took place from 10.52 till 13.55. 

During the measurement of December 22nd, there was a fire 3.5 km north of the Kbs Jacinta primary school. The direction of 

the wind that day was southwest. Though the school was not in the range of the possible cloud of smoke, the group strongly 

suspects that the fire had influenced the measurement, for there were unusually high concentrations measured. This made the 

group decide to take another measurement of only one hour to check the concentrations of PM10 in a normal situation. This 

measurement took place after the Christmas break on January 9th in 2017 from 13.14 till 14.13. 

In Figure 26, shows the measurements taken by Luchtmeetnet, which is an initiative of the Ministry of Infrastructure and 

Climate, the RIVM (Rijksinstituut voor Volksgezondheid), GGD Amsterdam, DCMR Milieudienst Rijnmond, the province 

Limburg and the OMWB (Omgevingsdienst Midden- en West-Brabant). To compare the group their measurements with those 

measured by Luchtmeetnet, Luchtmeetnet measured a value of 22.35 µg/m3 at 13.00, and the group measured a concentration 

of 136 µg/m3 at 13.14. Reasons for the group their measured concentrations being higher are that Luchtmeetnet is that 

Luchtmeetnet measured on a different location, and had more advanced equipment. Also, ESSET 1E-Q2 did their 

measurements on the breathing height of the children, while Luchtmeetnet most likely did not. 

 
Figure 26: Graph air quality Luchtmeetnet 9 January 2017 (39) 

In summary, PM10 concentrations were higher than the 24-hour limit values beside a busy road, and lower in the presence of 

trees. Closing windows and door, and turning the ventilation off during a fire generating a lot of smoke really is important, for 

PM10 concentrations can rise to almost 15 times the 24-hour limit values of the World Health Organisation and the EU. While 

the group planned to measure the concentration between 12.00 and 15.00, not all measurements could be taken during that 

time for there were also lectures to consider. A fire at the Liniestraat in Breda on December 22nd, made the group decide to 

take another measurement as a check on January 9th.  
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6 Conclusion 

6.1 Indoor air quality 

The quality of indoor air, opposed to contrary belief, can and does take a toll on productivity, personal comfort, health, and 

safety, either positively or negatively depending on how air quality is managed. 

There is a direct correlation between ventilation and good IAQ. Classroom Curacao had the highest measured ppm levels due 

to lack of adequate ventilation. The ppm levels of all classrooms however exceed the limit value of 1000 ppm, sometimes 

exceeding by a considerable amount. This is not an attainable environment for long periods of exposure in particular for 

developing children as they are a more vulnerable group. Furthermore, this is also counterproductive for retaining information 

as it impedes with learning capacity and efficiency of the child. It is evident that classrooms with more ventilation generally 

have lower concentrations of CO2 present (for example Bonaire opposed to Curacao). It can be concluded that it is inevitable 

that maximum levels may be reached on occasion. Measures should be taken to maximize air exchange rate in these 

circumstances since there is also a linkage between higher ppm levels and special events. To ensure sufficient ambient air 

quality, a good understanding of the building itself is also necessary. The layout, ventilation systems and space usage are all 

essential elements that can influence air quality. The essential point is that ventilation rates should aim to keep CO2 

concentrations below 1,000 ppm to ensure that the IAQ is suitable for every individual regardless of age. 

6.2 Outdoor air quality 

The first location, on the corner of the Fatimastraat and the Erasmusweg, had as hypothesised a higher concentration of PM10 

than the 24-hour limit values of the WHO and the EU, while the second location, had values which were all lower than the 

annual limit value of the WHO. Where the second location was located at a place where there were a lot of trees, and the first 

location was at a busy road, it is concluded that the presence of trees help lower the concentration of PM10 in the air. 

For the third location, the group had hypothesised the values to be a bit higher than the annual limit values of the World Health 

Organisation, but not significantly so, and the concentrations to be lower than the 24-hour limit values. However, the measured 

concentrations during the fourth measurement showed values to be at the lowest three times as high as the 24-hour limit values, 

and six times as high at the peak values. The group suspect that these higher values are due to the location of the spot where 

they measured, for the place faces the direction of the road. While there are buildings separating the playground from the 

Fatimastraat, it is suspected that the surrounding school building traps the polluted air, causing these high values. However, 

the group is of view that more research is needed to give a solid explanation for these extreme concentrations. 

Lastly, the third measurement was unexpectedly taken during a fire on the Liniestraat, causing concentrations at the peak value 

to be almost 15 times as high as the 24-hour limit values. This made the project group conclude that closing windows and 

doors, and turning the ventilation off during a fire really is important, for PM10 concentrations can rise to almost 15 times the 

24-hour limit values of the World Health Organisation and the EU. 

6.3 Final conclusion 

There are a variety of factors that can contribute to poor Air Quality. Precautions need to be taken in case of specials events or 

sudden accidents. Immediate measures need to be undertaken before concentrations drastically increase above limit value. 

Trees and plants are directly linked to the amelioration of both indoor and outdoor Air Quality, some specific plants even other 

pollutants as well. Ventilation will generally improve the quality of indoor air however, as already mentioned above an 

exception for this would be in case of a fire nearby. If any renovation will occur in the future a good understanding of the 

building design is very important along with the location of the school. 
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7 Recommendations 

7.1 Indoor air quality 

After having carried out this extensive research, at first hand it is strongly recommended to install a mechanical ventilation 

system. Not only this, but the filters of this system also need to be changed regularly to prevent an accumulation of dust and 

airborne components. Higher windows and ceilings would also be a matter to consider as this increase the total volume and 

increased the air exchange rate during ventilation. Furthermore, there should be adequate ventilation throughout the day and 

night as well to cleanse the air for the next day. If the humidity rises above 55% it is advised to use a dehumidifier to prevent 

the growth of mould and dust mites. General frequent cleaning of the room is also necessary to prevent any build-up of dirt. It 

is commonly known that plants purify the air we breathe. There are some plants however discovered by the NASA in their 

“Clean Air Study” (40) that can even eliminate toxic airborne agents such as the English Ivy for the Peace Lily. Both plants 

filter out benzene, formaldehyde, trichloroethylene, xylene, and toluene and even ammonia as well as recycling the CO2 in the 

air to release O2.  

7.2 Outdoor air quality 

As Figure 22 on page 16 shows, the PM10 concentrations in the air are far above the limit values of the World Health 

Organisation and the European Union when a fire rages nearby. Measurements show that even when the wind blows the smoke 

away from the measurement-location, the concentrations of PM10 are higher than usual. This means that when there is a fire, 

the advice to close windows and door, turn the ventilation systems off, and stay inside, really is important for the wellbeing of 

people. 

As mentioned in the conclusion on page 23, the presence of trees has a positive influence on the PM10 concentration. That is 

why the project group advices to plant more vegetation, such as trees, bushes, or ivy along the walls, to help lower the high 

PM10 concentrations on the playground of Kbs Jacinta primary school. However, as the measurements show concentrations 

far above the 24-hour limit values of the WHO and the EU, the group is of view that it is necessary to take more measurements 

on various spots on the playground to investigate if the PM10 concentration is this high everywhere on the playground or if it 

is dependent on the spot where the third and fourth measurements were taken 

Another recommendation for further research is to do an investigation on how exactly trees help lower the PM10 concentration, 

and which types of greenery have the best PM10-reducing capabilities. 
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Logbooks 

Table 8: Teachers’ and indoor group 1E’s logbooks  

This logbook is for all three classrooms from 01-12-2016 till 15-12-2016. The smallest children (Curacao) are free on 

Wednesday. 

QUESTIONS Classroom Bonaire 

Group 7  

7 to 8 years old 

Classroom Aruba 

Group 8 

11 to 12 years old 

Classroom Curacao 

Group 1 and 2 

5 to 6 years old 

How many 

children are there 

in the classroom? 

Mon…12-12:      25     

Tues…13-12:      24 

Wed…14-12:      24 

Thur...15-12:      23 

Fri…...16-12:      ///* 

 

 

* the counting stopped on 

Thursday, because then the 

devices were removed 

 

Mon…12-12:      20 

Tues…13-12:      18** 

Tues…13-12:      19** 

Wed…14-12:      20 

Thur...15-12:      20 

Fri…...16-12:      ///* 

 

* the counting stopped on 

Thursday, because then the 

devices were removed 

 

** 18 children in the morning 

and 19 in the afternoon 

 

Mon…12-12:     24       

Tues…13-12:     23 

Wed…14-12:     0*** 

Thur...15-12:     24 

Fri…...16-12:     ///* 

 

 

* the counting stopped on 

Thursday, because then the 

devices were removed 

 

*** the children were free on 

Wednesday 

How many 

windows are there 

in the room? 

-6 small windows 

-3 big windows (they are 

the size of 3 small ones)  

and one of them is always 

open 

-4 small windows -2 small windows 

How many doors 

are there in the 

room? 

-1 door  

-1 extra door that is never 

open 

-1 door -1 door  

-1 extra door that is never open 

How many times 

are the windows 

opened? 

And for how long? 

Monday 12-12:   

2 big windows – the whole 

day open 

 

Tuesday 13-12:  

1 big window – the whole 

day open 

        

Wednesday 14-12:  

2 big windows – the whole 

day open 

 

Thursday 15-12:   

2 big windows – the whole 

day open 

 

Friday 16-12:   

Monday 12-12:   

2 windows – open from 

08:00-19:30 

 

Tuesday 13-12:  

2 windows – open from 

08:00-17:00 

        

Wednesday 14-12:  

2 big windows – open from 

08:00-14:00 

    

Thursday 15-12:   

2 big windows – open from 

08:00-17:00 

 

Friday 16-12:   

Monday 12-12:   

1 window – open from 08:15-

15:40 

 

Tuesday 13-12:  

1 window – open from 08:15-

10:00 and from 10:30-16:45 

        

Wednesday 14-12:  

???*** 

    

Thursday 15-12:   

1 window – open from 08:05-??? 

 

Friday 16-12:   

///* 
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///* ///* 

Are the windows 

open at night? 

Monday 12-12:   

1 big window 

 

Tuesday 13-12:  

1 big window     

        

Wednesday 14-12:  

1 big window   

       

Thursday 15-12:   

1 big window 

 

Friday 16-12:   

///*         

Monday 12-12:   

NO 

 

Tuesday 13-12:  

NO 

        

Wednesday 14-12:  

NO 

       

Thursday 15-12:   

NO 

 

Friday 16-12:   

///* 

Monday 12-12:   

NO 

 

Tuesday 13-12:  

NO 

        

Wednesday 14-12:  

NO 

       

Thursday 15-12:   

NO 

 

Friday 16-12:   

///* 

How many times 

is the door 

opened? 

And for how long? 

Monday 12-12:   

The whole day open 

 

Tuesday 13-12:  

The whole day open 

        

Wednesday 14-12:  

Only 1,5 hours closed 

     

Thursday 15-12:   

Only 3 hours closed 

 

Friday 16-12:   

///* 

Monday 12-12:   

The whole day and night 

open 

 

Tuesday 13-12:  

The whole day and night 

open 

 

        

Wednesday 14-12:  

The whole day and night 

open 

 

     

Thursday 15-12:   

The whole day and night 

open 

 

Friday 16-12:   

///* 

Monday 12-12:   

Open  

08:15-09:15 

09:50-13:50 

14:20- ??? 

 

Tuesday 13-12:  

Open 

08:15-08:40 

09:20-13:15 

14:00-17:25 

        

Wednesday 14-12:  

???*** 

     

Thursday 15-12:   

Open 

08:05-09:05 

09:45-??? 

 

Friday 16-12:   

///* 

Where do the 

teachers smoke? 

Outside the school Outside the school Outside the school 

Where there 

measurements 

before? 

If so, what were 

the results? 

Yes, no results Yes, no results Yes, no results 

Height of the 

ceiling? 

3 meters 3 meters 3meters 

Height of the 

doors? 

2,1 meters 2,1 meters 2,1 meters 
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Is there any 

ventilation? 

If so, is it on? 

No No No 

Do the children sit 

close to the 

window(s)? 

Some are close and others 

are further away 

Some are close and others 

are further away 

Most of the children do not sit 

close to the windows 

 

Do the children sit 

close to the 

door(s)? 

Some are close and others 

are further away 

Some are close and others 

are further away 

Some are close and others are 

further away 

Height of the 

children when 

they sit? 

1,10 meters 1,30 meters 0,85 meters 

Complains of 

Fatigue, dizziness 

and headaches 

etc.? 

None  Headaches etc., 

But they are used to it 

Their wish is higher 

windows that can open and 

ventilation 

None 

 

 

 

Table 9: Schedule of students 

Day of Week Timetable 

Monday 08:30-12:00 

13:15-15:15 

Tuesday 08:30-12:00 

13:15-15:15 

Wednesday 08:30-12:15 

Thursday 08:30-12:00 

13:15-15:15 

Friday 08:30-12:00 

13:15-15:15 
 


