Chapter 12 )
Leveraging Citizen Science to Address S
Indoor Air Quality and Health

in Educational and Occupational Settings

Renata Cervantes (), Pedro Pena (), and Carla Viegas

Abstract Citizen science has emerged as a transformative approach to tackling
complex societal challenges, such as environmental health and occupational expo-
sure to pollutants. Its application in occupational settings fosters collaboration
between employees, employers, and researchers, providing critical insights into
workplace conditions that external observers often cannot access. By engaging par-
ticipants actively, citizen science ensures higher data reliability, promotes aware-
ness, and encourages behavioral changes toward healthier environments. Despite its
potential, its integration in occupational exposure research remains limited. The
InChildHealth project demonstrates the impact of citizen science by combining par-
ticipatory methods with educational initiatives to improve indoor air quality (IAQ)
and occupant health. This study involved 11 schools in Lisbon, with 1150 children
participating in various activities, such as IAQ surveys, microbial sampling, and
hands-on experiments. The main outcomes were the development of methods and
models to guide citizen science activities, enabling effective data collection, analy-
sis, and participant engagement. These approaches integrated both educational and
scientific components, fostering awareness and empowering individuals to take
action toward healthier environments. By adapting these tools and participatory
approaches to occupational exposure monitoring, researchers can generate action-
able insights and co-develop interventions that enhance workplace health and safety,
offering context-specific and practical solutions tailored to the needs of workers and
employers.
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12.1 Introduction

Citizen science is increasingly recognized as a valuable approach to addressing
complex societal challenges, including environmental health and occupational
exposure to pollutants and contaminants [2, 5, 7]. In occupational settings, involv-
ing employees and employers in research provides critical contextual insights into
workplace conditions — details that are often inaccessible to external observers [6].
Furthermore, active engagement of workers not only facilitates recruitment but also
ensures greater participation and data reliability [4]. These collaborative methods
have been shown to enrich research outcomes, promote awareness, and encourage
behavioral changes that lead to healthier environments [3]. Despite its potential, the
integration of citizen science in occupational exposure studies remains underex-
plored, presenting an opportunity to leverage this approach for impactful research
and policy development. The InChildHealth project exemplifies the transformative
power of citizen science, particularly in educational contexts. By combining prin-
ciples of living labs with participatory science, this initiative has catalyzed individ-
ual and collective actions to improve indoor air quality (IAQ) and occupants’ health.
The project engages school communities to generate localized data, adopt healthier
routines, and contribute to regulatory measures for indoor air quality (IAQ). Its
methods, including the development of training materials and curriculum integra-
tion, provide a replicable model for different indoor environments (occupational,
clinical...). By actively involving students, teachers, and policymakers,
InChildHealth highlights the broader societal benefits of citizen science. This chap-
ter explores how such participatory approaches can be adapted to occupational
exposure research, fostering collaboration between researchers, employees, and
employers to create safer and healthier work environments.

12.2 Materials and Methods

This study adopts a citizen science framework, engaging students, teachers, school
staff, and researchers in a collaborative investigation of the relationship between
indoor air quality (IAQ) and health outcomes. Ethical considerations were rigor-
ously addressed, with informed consent obtained from all participants and their
legal representatives prior to involvement in the study’s activities. Additionally, the
projects were submitted and approved by Escola Superior de Tecnologia da Satide
de Lisboa Ethical Council (Lisboa, Portugal) (CE-ESTeSL-N° 63-2019;
CE-ESTeSL-N°.18-2019). The study is in accordance with the Helsinki Declaration
and Oviedo Convention and in Agreement with the Portuguese law n° 58/2019 of 8
of August regarding data protection.

The design activities aimed to enable participants to assume varied roles,
including research on collecting and analyzing data, and co-designing aspects of
the research process. By integrating air quality and health topics into the school
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curriculum, the study provided children, aged 6—12, with a comprehensive under-
standing of environmental health issues. Additionally, it empowered all partici-
pants to actively contribute to the scientific process, ensuring a hands-on and
inclusive approach to learning and research. This citizen science initiative
involved 11 schools in the Lisbon area, with the findings contributing to a broader
European study, though the results discussed here are focused on the Portuguese
context. All 11 schools, encompassing 46 classrooms and involving 1150 chil-
dren, participated in the first part of the study regarding the sampling devices, and
pre-and-post questionnaires from these 6 schools implemented additional Citizen
Science activities, encompassing 30 classrooms and involving 750 children.
Various indoor and outdoor areas were included in the study, such as classrooms,
canteens, libraries, gymnasiums, bathrooms, and outdoor spaces. The activities
conducted by the students included a walkthrough survey, swab sampling, elec-
trostatic dust cloth (EDC) extraction, inoculation of samples, and microscope
observation (Table 12.1).

12.2.1 Study Design and Participant Roles

Students took on three roles: researchers, study subjects, and learners. Educational
materials on air contaminants and health effects were incorporated into class-
room activities to provide foundational knowledge. Participants (N = 1150) were
taught about bioaerosols and IAQ including active sampling (one point in time
measurement using devices like pumps) and passive sampling (long-term pollut-
ant collection without continuous power) [8]. Hands-on demonstrations and
interactive sessions reinforced these concepts. The Citizen Science activities
across the 11 participating schools involved various hands-on and observational
methods.

For citizen science activities, students were divided into small groups to rotate
through activity stations, ensuring every participant engaged with all tasks, blending
theoretical learning with practical application.

Table 12.1 Overview of citizen science activities and participant involvement in schools

Classrooms | Teachers | School staff | Children

Activities Schools | (n) (n) (n) (n)
Sampling activities 11 46 - - 1150
Questionnaires 11 27 - - 625
Hands-on citizen science activities 6 30 30 - 750
Teachers’ interviews 3 - 4 - -
School staff interviews 3 - - 5 -
Walkthrough SURVEY engagement | 11 - 46 22 750

The table summarizes the number of schools, classrooms, teachers, school staff, and children
involved in different citizen science activities
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Fig. 12.1 Students applying the walkthrough survey

12.2.2 Walkthrough Survey

The walkthrough survey for children was designed to offer insights into various fac-
tors influencing indoor air quality (IAQ). These factors included behaviours such as
wearing the same shoes indoors and outdoors, perceptions of window openings and
ventilation practices, the presence of pets and indoor plants, and indoors’ cleaning
routines. Children completed the survey with guided support from teachers and
researchers, who intervened solely to clarify questions or assist with interpretation
as needed. The resulting dataset, reflecting children’s perceptions and understand-
ing of TAQ, will undergo detailed analysis and subsequently be presented to them to
enhance their awareness and understanding of the subject. Figure 12.1 shows stu-
dents participating in the walkthrough surveys, where they documented environ-
mental factors in classrooms, gymnasiums, and bathrooms.

12.2.3 Swab Sampling

After explaining the correlation between dust accumulation and microbial contami-
nation, as well as the efficiency of swab sampling for assessing microbial presence
on surfaces, each student was provided with a sterile cotton swab. Students were
instructed to identify and swab the dirtiest surface within their classroom that could
potentially serve as a source of microbial contamination. Under the guidance of the
research team, students were then shown how to inoculate the collected samples
directly onto nutrient media plates. The plates were securely sealed to prevent con-
tamination and handed over to the teachers for storage in a warm, stable environ-
ment for 3—4 days to promote microbial growth. During the incubation period,
students monitored the plates for microbial colonies. Upon completion, each class
documented the observed growth, reported their findings to the research team, and
provided photographic evidence of the results. Comprehensive safety instructions,
including proper hygiene practices and handling protocols, were communicated to
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Fig. 12.2 Swab sampling explanation

all participants prior to the commencement of the activity to ensure a safe and con-
trolled experiment. Figure 12.2 shows students preparing to preform sampling in
their classrooms with swabs.

12.2.4 Samples Extraction

Once outlining the potential of Electrostatic Dust Collectors (EDCs) for bioaerosol
sampling, an EDC extraction activity was conducted with the participation of stu-
dents. The activity began by equipping each student with disposable gloves and
emphasizing the critical importance of maintaining a clean and disinfected environ-
ment. This practice was essential both for their safety and to prevent cross-
contamination of samples. The EDC extraction procedure was systematically
performed under the guidance of the researcher, who ensured the students followed
each step precisely. The process involved inserting an EDC, previously exposed to
ambient air, into a 50 mL Falcon tube containing sterile distilled water. The tube
was then vigorously shaken by students to remove particles adhered to the EDC
surface. Following this, the EDC was carefully squeezed using sterilized tweezers
to extract any residual liquid. Subsequently, a Pasteur pipette was used to transfer
two drops of the resulting liquid suspension onto a nutrient agar plate. The agar
plates were then securely sealed to prevent contamination and handed over to the
teachers. Teachers were instructed to store the plates in a warm, stable environment
within the classroom, for an incubation period of 3—4 days. During the incubation
phase, students observed microbial growth on the agar plates and documented their
findings. They recorded the results systematically, including the morphological
characteristics of the colonies, and shared photographic evidence with the research
team for further analysis. Figure 12.3 depicts students engaged in sampling activi-
ties, like electrostatic dust cloth (EDC) extractions.
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Fig. 12.3 EDC extraction procedure

Fig. 12.4 Microscope observation by the children

12.2.5 Microscopic Observation

In each participating school, a dedicated microscope station was established utiliz-
ing microscopes available on-site. This setup enabled all classes to examine pre-
pared slides from samples collected during the bioaerosols sampling campaigns.
The activity served as an interactive educational opportunity, during which research-
ers provided explanations about the prevalence and nature of microbial contami-
nants within the school environment. Figure 12.4 illustrates children observing
bioaerosols under microscopes.
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12.3 Results

The primary outcomes of this citizen science initiative were the instruments devel-
oped to facilitate participatory engagement and educational activities. These
included customized walkthrough survey designed to assess factors affecting indoor
air quality (IAQ), such as ventilation practices and cleaning routines, tailored for
use by children with guided support from teachers and researchers (Fig. 12.5).
From all the answers obtained, only the most relevant to the study’s objectives
are presented here. Of the 625 children surveyed, 269 answers were successfully
retrieved. Regarding school location, 71.7% (193 out of 269) reported having their

Fig. 12.5 Walkthrough survey developed for children
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school located in the city, 17.5% (47 out of 269) in the countryside, and 10.8 (29 out
of 269) did not answer. Concerning classroom occupancy, 76.6% (206 out of 269)
students reported having more than 20 classmates, 19% (51 out of 269) reported
having between 10 and 20 classmates, 2.2% (6 out of 269) reported more than 26
classmates, 0.7% (2 out of 269) reported less than 10 classmates, and 1.5% (4 out of
269) did not answer.

When questioned about the presence of stains, 51.3% (138 out of 269) denied it,
while 42% (113 out of 269) reported stains, and 6.7% (18 out of 269) did not
answer. Upon inquiry regarding the cleanliness of the space, 86.2% (232 out of
269) said “Yes”, while 9.7% (26 out of 269) said “No”, and 4.4% (11 out of 269)
did not reply.

When questioned about the opening windows, 98.5% (265 out of 269) of stu-
dents reported that they were regularly opened, with 72.5% reporting having win-
dows opened in the morning, 38.1% at the end of the day and 29.1% during
lunchtime.

Additionally, hands-on sampling tools, such as swab kits as exemplified in
Fig. 12.6 and Electrostatic Dust Collectors (EDCs), Fig. 12.7, were adapted to allow
safe and effective participation by young students. These instruments not only
enabled data collection on microbial contamination and bioaerosol presence but
also provided practical learning opportunities that linked environmental science to
daily routines.

Microscopic observation stations, equipped with school-available microscopes,
further enhanced the hands-on aspect of the activities, enabling students to directly
observe microbial growth from their collected samples. Collectively, these tools and
methodologies represent replicable instruments that can be adapted to other educa-
tional and occupational settings, highlighting their dual role in both data generation
and promoting awareness about IAQ and health.

Fig. 12.6 Swab kit
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Fig. 12.7 EDC extraction kit

12.4 Discussion

This citizen science study, involving a range of activities across 11 schools, pro-
vides valuable insights into the relationship between indoor air quality (IAQ) and
health, as well as the potential benefits of engaging students and teachers in scien-
tific research. The active involvement of students in collecting air quality data
through walkthrough survey, sampling, and bioaerosol analysis aligns with previous
studies highlighting the effectiveness of citizen science in raising awareness and
improving environmental health outcomes. These hands-on activities enabled stu-
dents to directly observe and interact with environmental data, fostering a deeper
understanding of IAQ and its impact on health. This approach is consistent with
findings from similar studies that emphasize the importance of involving local com-
munities in environmental research, as it increases the relevance and applicability of
the data collected [European Citizen Science Platform]. The high level of engage-
ment observed in this study, particularly with students and teachers, confirms that
citizen science can bridge the gap between scientific research and everyday experi-
ences [1]. Teachers played a key role in facilitating data collection and ensuring the
study’s integration into the school curriculum, thereby enhancing the educational
value of the project. Moreover, the involvement of school staff in interviews pro-
vided additional insights into daily practices that may influence IAQ, such as clean-
ing routines and ventilation practices, which are often overlooked in traditional
studies. As teachers and staff members were not able to fully engage in these activi-
ties, similar targeted training sessions could address practical aspects of IAQ such
as optimizing cleaning routines and procedures, ventilation practices, and identifi-
cation of sources of contamination. By actively engaging teachers and staff, these
activities not only strengthen their role in educational initiatives, but also empower
them to adopt and promote sustainable practices. In future research, it will be impor-
tant to further investigate the long-term effects of student and teacher involvement
in citizen science projects, particularly regarding their lasting impact on environ-
mental behavior and health awareness. Expanding the study to include more diverse
educational contexts and comparing results across different countries could provide
additional insights into the global applicability of these methods for improving
indoor air quality and public health.
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12.5 Conclusions

This study demonstrates the potential of citizen science approaches in schools,
which can easily be adapted to other indoor environments like workplaces and
healthcare environments. By involving workers and employers in air quality moni-
toring, similar studies can empower participants to contribute valuable insights into
their daily environments. The flexible methodologies used here—such as walk-
through surveys and sampling—can be tailored to various workspaces, helping
improve working conditions and health outcomes. Future research in occupational
contexts could build on these methods, offering practical, context-specific solutions
for enhancing worker health.
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