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ABSTRACT ARTICLE HISTORY
This systematic review explores the release and health outcomes of Received 23 September 2023
exposure to chalk particles in classrooms. A literature search was con- Accepted 24 January 2024

ducted on Scopus, Google Scholar, and the Web of Science. Chalk particles KEYWORDS
contribute significantly to poor indoor air quality in classrooms. Higher Particulate matter;
concentrations of PM, 5 chalk particles were found in the front row (14.25 chalkboard; chalk sticks;
pg/m3) and near the chalkboard (19.07 pg/m3). Inhalation and dermal are erasable whiteboards; indoor
significant exposure routes; hence, teachers and learners are at risk of air quality; spirometry
developing respiratory and skin disorders. Inhalation of chalk particles

correlates with reduced lung function in teachers and learners. The release

and size of chalk particles depend on the activities, type of chalk sticks,

and texture of the chalkboards. Wiping the chalkboard releases more

chalk particles of smaller size (3.85-9.3 um) than writing (10.57-92.91

pum). A shift from chalk sticks and chalkboards in classrooms is necessary

to mitigate the associated health risks.

Introduction

Education is fundamental to developing children’s numeracy and literacy skills, which are impor-
tant for decision-making, empowerment, and good health and stability (United Nations 2016).
Chalk sticks of different colours have long been popular tools for writing and drawing on black-
boards in classrooms (Czerniewicz et al. 2020). Despite the increasing introduction and use of
digital technologies in the education sector, teachers in many primary and secondary schools still
rely on chalk sticks and chalkboards to convey information and engage learners (Lin et al. 2015).
Chalk sticks are predominantly used in low-to-middle-income countries (LMICs) because of their
cost-effectiveness (Goel et al. 2017). Most public schools in LMICs cannot afford digital technol-
ogies, whereas countries such as the Republic of South Africa (RSA) are affected by theft (Macupe
2019) and frequent power outages (Mbazima et al. 2022). However, the use of chalk sticks and
chalkboards releases particulate matter (PM) in the form of chalk particles of different sizes and
shapes, which contributes to poor indoor air quality (IAQ) in classrooms (Lin et al. 2015).

The amount and size of particles released mainly depend on the activities (i.e., writing or
wiping) (Majumdar et al. 2012). When writing, the number and size of particles released are
influenced by factors such as the type of blackboard and chalk sticks, writing style, applied
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force, and angle (Thakur et al. 2017). The quality of chalk is dependent on the amount of
calcium carbonate (CaCO;) and carboxyl methylcellulose (CMC), and chalks containing less
than 6% CMC are dusty; thus, they release more PM when used (Maruthi et al. 2017).
Dustless chalk sticks have been created to improve IAQ in classrooms; however, their price
can be 5-10-fold higher than that of dusty chalk sticks (Goel et al. 2017). Poor IAQ is a
subject of research interest because people spend most of their time in indoor microenvir-
onments such as offices, homes, and classrooms (Wargocki 2011), where they are likely to
be exposed to a mixture of indoor and outdoor pollutants (Mbazima et al. 2021). For
example, teachers and learners can spend between 5 and 8 h per day and between 175 and
220 days per year in classrooms (Andrews et al., 2007), where they are potentially exposed
to chalk particles mainly through the inhalation and dermal routes (Maruthi et al., 2017).

Exposure to chalk particles, even at low concentrations, is associated with short and
long-term health effects such as respiratory disorders (Szasz et al. 2017), skin (Corazza et al.
2012), eye, throat, and nose irritation (Sekar et al. 2021), and symptoms such as coughing
and wheezing (Mishra et al. 1992). These symptoms can be particularly problematic for
individuals with pre-existing respiratory conditions such as asthma, chronic obstructive
pulmonary disease (COPD), and allergies (Mendell and Heath 2005). Such health implica-
tions negatively impact the performance and productivity of learners and teachers (Mendell
and Heath 2005; Annesi-Maesano et al. 2013) and lead to absenteeism among both teachers
and learners (Wargocki 2011). Exposure to chalk particles can be exacerbated by confined
spaces in classrooms, overcrowding, poorly constructed and maintained buildings, and a
lack of ventilation (Madureira et al. 2009). For example, small-sized indoor microenviron-
ments, such as classrooms, lack ventilation and allow easy accumulation and less dilution,
transformation, and dispersion of chalk particles (Ilacqua et al. 2007; Nazaroff 2008).
Therefore, it is important for teachers, learners, and policymakers to be aware of the
potential health risks associated with the use of chalk sticks and chalkboards and to take
steps to reduce exposure to chalk particles in classrooms.

Systematic reviews have been conventionally used to map the literature in various disciplines
(Pahlevan-Sharif et al. 2019). Systematic reviews are important because they provide researchers,
scholars, policymakers, and practitioners in various disciplines with evidence from the existing
literature and advocate for future research, policy formulation, and the implementation of inter-
ventions (Pahlevan-Sharif et al. 2019). The objective of this systematic review was to provide a
comprehensive overview of the research conducted on chalk particles. To the best of our knowl-
edge, no systematic review focusing on research conducted on chalk particles has yet been
conducted.

The main contributions of this systematic review are the identification of research gaps
and future research on chalk particles. The study further highlights the risks and health
outcomes associated with the release and exposure to chalk particles in classrooms and
creates awareness among teachers, learners, parents, and policymakers in the education
sector. Therefore, the results of this review will help policymakers understand the factors
that lead to the release of chalk particles, and the health risks and outcomes associated with
exposure to chalk particles in classrooms. The results will further help policymakers in the
education sector to implement effective mitigation measures to improve IAQ in classrooms,
thus protecting the health and safety of teachers and learners and improving their produc-
tivity. Furthermore, providing a healthy and comfortable workplace environment is an
investment in the future of any country. This study is important, given that chalk sticks
and chalkboards will be used for longer because they are cost-effective and easy to attain,
particularly for LMICs that cannot afford to implement advanced technological teaching
and learning equipment.
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Methods and materials
Protocol

To achieve the objectives of this study, a literature search was conducted following the updated
checklist items in the preferred reporting items for systematic reviews and meta-analyses (PRISMA)
(Page et al. 2021). The main research question of this review was, “What is the current state of
scientific knowledge regarding the release and exposure to chalk particles in classrooms and their
potential health effects on teachers and learners?”

Search strategy

A literature search was conducted to identify original peer-reviewed articles published in English
focusing on the release and exposure of chalk particles in classrooms. Two databases were selected
to locate peer-reviewed articles: the Web of Science (WoS) core collection from Clarivate Analytics
and Scopus from Elsevier. These databases were chosen because they are updated frequently, cover
a wide range of scientific subjects, and provide useful features that can be used to refine results
(Chadegani et al. 2013). The WoS core collection provides subscription-based access to various
academic databases with comprehensive citation information for various academic disciplines
(Abas 2021). Furthermore, with the WoS core collection, manuscripts undergo a rigorous peer
review and editorial process to ensure that quality articles are published to sustain the impact factor
for the journal indexed in the WoS core collection. Another advantage is that the WoS core
collection covers the publication index in the Science Citation Index Expanded, Social Sciences
Citation Index, Arts & Humanities Citation Index, Conference Proceedings Citation Index-Science,
and Emerging Sources Citation Index (Ranjbari et al. 2021). Scopus is a source-neutral abstract and
citation database that provides a broad range of academics in many disciplines (Ranjbari et al.
2021).

Literature was searched using a combination of keywords and Boolean functions. Specifically, in
Scopus, the “All fields” were searched, (ALL (chalk AND particles OR dust AND exposure AND
classroom) AND NOT TITLE-ABS-KEY (gym*)) AND (LIMIT-TO (LANGUAGE, “English”))
AND (LIMIT-TO (DOCTYPE, “ar”)) which can be found at Scopus — Document search results |
Signed in (wits.ac.za). In the WoS; chalk particles OR dust AND exposure AND classroom* AND
school AND blackboard OR chalkboard (Topic) NOT gym* OR polycyclic aromatic hydrocarbons
OR water OR geolog* OR endotoxin OR phthalate* OR pesticides OR flame retardant OR pesticides
OR polybrominated diphenyl ethers OR polybrominated dibenzo-p-dioxins/furans (Topic) NOT
miner* OR nitrification OR ocean OR poly* OR sport OR rock OR clay OR *water OR combust*
OR soot OR aqui* OR sand* (Topic) NOT plume OR seismic OR radio* OR vivo OR vitro OR iso*
OR *stone OR fuel OR layer OR fluid OR liqui* OR porous OR sedimen* OR ion* OR atmos*
(Topic) and English (Languages) and Article (Document Types) and Proceeding Paper (Exclude -
Document Types), https://www.webofscience.com/wos/woscc/summary/4d59d6£9-7c52-451e-
9993-a799f9b4f6bd-71a080c2/author-ascending/1. The literature search was conducted on 10"
August 2022, and the last comprehensive search was conducted on 14™ February 2023. Date
restrictions were not applied to cover all published studies. Furthermore, Google Scholar was
used to search for citations for studies that might have been missed on Scopus and in the WoS
core collection.

Study selection

Retrieved articles were transferred to a Microsoft Excel spreadsheet (Redmond, Washington, USA),
where they were independently reviewed by two authors (S.J.M. and R.M.). Disagreements between
the two authors on which articles to exclude or include were resolved by extensive discussion, and
where an agreement could be reached, the third author (J.S.J.) was consulted for further discussion


https://www.webofscience.com/wos/woscc/summary/4d59d6f9-7c52-451e-9993-a799f9b4f6bd-71a080c2/author-ascending/1
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and a final decision. Filters were applied to detect duplicate studies, which were then removed. The
remaining articles were reviewed by reading their titles and abstracts to determine whether they met
the inclusion criteria shown in Table 1. For articles without abstracts, the full text was downloaded
to reach a consensus. The full texts of studies that met the inclusion criteria were downloaded into
version 1.19.8 of Mendeley Desktop (Elsevier, London, UK), where they were further reviewed.

Study eligibility criteria

The inclusion and exclusion criteria (Table 1) for this systematic review were formulated by the
authors before the literature search to ensure consistent identification of relevant.

Results

Figure 1 shows the process followed in the literature search, the selection of studies, and the number
of studies included in the systematic review. Of the 192 studies identified during the literature
search, only 11 met the inclusion criteria stipulated in Table 1.

Table 1. Inclusion and exclusion criteria used to assess the eligibility of identified studies.

Inclusion criteria Exclusion criteria

Studies published in English Studies not published in English

Studies conducted in classrooms Studies conducted at higher institutions

Studies focussing specifically on  Review articles, books, book chapters, book reviews, commentaries, editorials, notes,

chalk particles newsletters, conference articles, dissertations, case studies and theses
Original articles Studies focussing on general particulate matter
Identification of studies via databases ’ | Identification of studies via other methods
()
§
: Studis d b ing:
= Studies identified from: ° Temove Aefore screening Studies identified from:
9 Duplicate studies removed: L R ;
g Scopus (n=71) —>| s @=0) Citation  searching in
copus (n =
WoS (n=118 Google Schol. =3
'§ oS (n ) WoS (n=12) oogle Scholar (n=3)
=
-
)
Studies screened: Studies excluded:
Scopus (n=71) —>] Scopus (n = 35)
WoS (n=106) WoS (n=106)
: ,
Studies sought for Studies not retrieved: . .
retrieval: > Scopus (n=0) Studies sought for retrieval: | s Studies no_t Setneved:
s Scopus (n = 36) WoS (n=0) Google Scholar (n = 3) (n=0)
E WoS (n=2)
v
o
g
%]
Studies excluded Scopus: Studies excluded:
: - . From a “predatory” journal
Studies assessed for Not specific to chalk particles Studies assessed for eligibility: Hiich, gb r}"bhl i
eligibility: I (@=20) Google Scholar (n =3) prsished Sy PR
Scopus (n = 36) Conducted in a higher hous? accused of unethical
WoS (n=0) learning institution (n=1) prachcesA(f\ =1)
In vivo studies (n = 5) Not specific to chalk
particles (n=1)
—
—
o Studies included in the
§ review:
'g Scopus (n=10)
i) Google Scholar (n=1)
—

Figure 1. PRISMA statement flow diagram used in the systematic review.
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Figure 2a shows the number of published studies per year focussing on chalk particles in
classrooms, whereas Figure 2b shows the subject area of the studies. From Figure 2a, it can be
noted that a minimum of one study and a maximum of three studies are published per year in this
research area. It should be noted that research on chalk particles is unsatisfactory, despite the heavy
reliance on chalk sticks and chalkboards and the health implications of exposure to chalk particles.
Figure 2b shows that the most researched subject area was medicine, followed by environmental
science and multidisciplinary. The least researched areas were chemistry, biochemistry, immunol-
ogy and microbiology, social sciences, engineering, earth, and planetary science. Most of the
published studies were conducted in India, followed by Nigeria (Figure 2c) and the leading author
was Majumdar D (Figure 2d).

Table 2 presents a summary of the studies on chalk particles conducted. Most studies assessed
exposure to chalk particles and potential health effects. Other studies investigated the knowledge,
attitudes, and practises of teachers regarding chalk particles, whereas others investigated the factors
influencing the release of chalk particles and their physicochemical properties. Most of the studies
(70%) were conducted in India, a country that relies heavily on chalk sticks and chalkboards for
teaching (Sekar et al. 2021).

Table 3 summarises the studies conducted on human subjects. These human subject studies
assessed the pulmonary function of teachers and learners exposed to chalk particles in classrooms.
Two of the three studies that conducted lung function tests focussed only on teachers, whereas one
focussed on both teachers and learners exposed to chalk particles in classrooms. As shown in Table
3, two of the studies were conducted in Nigeria.

Discussion

This systematic review analysed original peer-reviewed articles from multiple databases to identify
research trends on chalk particle exposure and check whether research on chalk particles has

Q

b = Biochemistry

m Chemistry

w
L

Earth and planetary
science
Environmental science

u Engineering

m Medicine

Number of published studies
— n

M Sodial sdences

o
!

m Multidisciplinary

2009 2012 2013 2015 2017 2019 2020 2021 2022

. ® Immunology and
Year published

microbiology
c d:
India &
g
o B2
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=}
£ &
§ Japan 'El
o Z
Taiwan 0
RS 2SS SEPC NN TP SRR -
(¢ (A SR S A e Ko
Spain F @ &g o FF S
&V er & F 8 @ &
» N &
0 1 2 3 4 5 6 7 V¥
Number of studies First author

Figure 2. Number of studies published per year focussing on chalk particles in classrooms (a), subject area of the published
studies (b), number of studies published per country (c), and number of studies published per first author (d).
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received sufficient attention. Numerous studies on chalk particles have been conducted in recent
years, however, research on chalk particles is not growing. Most of the studies were conducted in
India, which is one of the countries reported to heavily rely on chalk and chalkboards for teaching in
most schools (Sekar et al. 2021). The limited research conducted on the release and health outcomes
of exposure to chalk particles in classrooms is a concern given the number of countries, particularly
LIMCs that rely heavily on chalk sticks and chalkboards for teaching and the health implications
associated with exposure to chalk particles. Four main themes were identified from the synthesis of
the reviewed studies: (i) exposure assessment, (ii) exposure and health, (iii) physical and chemical
properties, and (iv) task analysis.

Exposure assessment

Most studies investigating exposure to chalk particles were conducted in model or actual class-
rooms. Studies in actual classrooms were conducted either in the presence or absence of teachers
and learners. The inhalation route of exposure received more attention than dermal and ingestion.
This is because inhalation is regarded as the most harmful and common route of entry (Oberdérster
and Kuhlbusch 2018). For example, fine particles can penetrate deeper into the alveolar (Geiser et
al. 2005), and even deposit directly into the brain (Tsuda et al. 2013). Many studies focussed on
airborne and settled chalk particles in classrooms. Airborne chalk particles were collected at a
constant flow rate using air samplers. Representative samples around the classroom were collected
at 1.2 m to represent sitting learners (Maruthi et al. 2017), whereas, chalk particles near the
chalkboard were collected at 1.7 m to represent standing teachers (Lin et al. 2015). Settling chalk
particles were collected below the chalkboard using paper, aluminium foil, or Petri dishes (Maruthi
et al. 2017). To estimate the concentration of chalk particles to which teachers were exposed while
teaching, breathing zone measurements were conducted. Collecting exposure concentrations from
the breathing zone of receptors is encouraged in many exposure assessment studies because it
provides a better estimate of exposure relative to representative samples collected near the receptors
or around the classroom (Haynes et al. 2012).

Findings from this theme showed that airborne chalk particles are a significant contributor to
poor IAQ in classrooms. Higher concentrations of chalk particles were found near the chalkboard
(Lin et al. 2015; Ma et al. 2019). This implies that teachers and learners sitting in the front row are at
higher risk of exposure. However, teachers are at higher risk of exposure compared to learners since
they are nearer to the chalkboard and frequently talk, resulting in an increased breathing rate;
hence, they gasp for air (Majumdar et al. 2012). An increased breathing rate and gasping of air result
in teachers breathing through the mouth and nose simultaneously (oronasal breathing), which
decreases the filtering efficiency of particles, subsequently leading to the deposition of more
particles in the pulmonary and tracheobronchial regions of the lungs (Miller 2000; Sracic 2016).
The deposition of chalk particles in the pulmonary lung is of concern because this is where gas
exchange occurs between air and blood through the alveoli (Hofmann 2011). This is more
concerning for smaller particles because they are not easily cleared; hence, they can be retained
for longer periods (Mbazima 2022), penetrate the bloodstream, and even translocate to other vital
organs such as the heart (Schwarze et al. 2006).

Exposure and health

The exposure and health theme (Table 3) had three sub-themes. The first sub-theme is spirometry
test studies (Larramendi et al. 2013; Azodo et al. 2020; Ojukwu et al. 2022), which were conducted to
measure the rate of change in lung volume during forced expiration and inspiration to determine
how effectively and quickly the lungs can be emptied and filled (Pierce et al. 2005). Spirometry tests
can be used to diagnose obstructive (e.g. asthma and chronic obstructive pulmonary disorders) and
restrictive (e.g. pulmonary fibrosis and asbestosis) lung disorders (Soriano et al. 2009), and to track



3530 e S.J. MBAZIMA ET AL.

the progression of disorders or the effectiveness of prescribed medications in individuals already
diagnosed with lung disorders (Barreiro and Perillo 2004).

The common matrix of measure is the FEV,/FVC ratio, which can be used to identify individuals
with airway obstruction characterised by reduced FVC. The FEV,/FVC ratio also identifies the
cause(s) of the reduction in FEV, (Liou and Kanner 2009). The lungs of healthy individuals can
expel more than 80% of their total volume within 6 s or less (Barreiro and Perillo 2004). When taken
as an absolute value, the FEV;/FVC ratio can be used to differentiate between obstructive and
restrictive lung disorders (Barreiro and Perillo 2004). Although some studies (Azodo et al. 2020;
Prabhu et al. 2020) found that teachers and learners had healthy lungs, their lung function was
lower than that of the control groups, indicating that exposure to chalk particles does affect
pulmonary function. The decline in lung function of teachers exposed to chalk particles was
evidenced by a reduced FEV; and FEV,/FVC ratio. Larramendi et al. (2013) found that the FEV,
of learners significantly decreased shortly after they were exposed to chalk particles. The reduced
FEV, of teachers and learners exposed to chalk particles in classrooms is evidence that exposure to
chalk particles through the inhalation route can cause lung dysfunction. Therefore, teachers and
learners must take precautions when in classrooms.

The second sub-theme was skin tests for children between 2-7 years who were allergic to casein —
a milk protein often used in dustless chalk sticks because of its adhesive and compact properties
(Larramendi et al. 2013). However, the chalk sticks release chalk particles of smaller sizes which act
as a vehicle for the casein which may induce symptoms in milk-allergic learners after inhalation
(Larramendi et al. 2013) (Larramendi et al. 2013). found that skin tests conducted on 12 subjects
were positive for casein in five of the 12 subjects. Therefore, parents must seek medical attention to
assess what their children are allergic to before sending them to school. This is important for
children who attend schools that use chalk and chalkboards for teaching. This proactive approach
will help schools take precautionary measures in the classroom. For example, children allergic to
casein can be enrolled in schools that do not use chalk sticks and chalkboards for teaching. If not
possible, the allergic learners can be placed in the back rows of the classroom to minimise exposure
to chalk particles potentially containing casein. This is important because asthma and allergy
allergies are common in children (Maziak et al. 2003).

Teachers are also prone to occupational airborne contact dermatitis because a significant
amount of chalk particles settles on uncovered areas such as the face, neck, hands and arms
(Corazza et al. 2012). Contact dermatitis in teachers can occur because of the frictional and
chemical properties of the particles (Lachapelle 2006). It is unclear if the physical properties of
the particles (i.e. shape and size) affect the development of contact dermatitis and its severity
(Lachapelle 2006). However, factors such as temperature, relative humidity, atopic status and
sweating contribute to the development of contact dermatitis (Lachapelle 2006). A 17-year-old
female learner with a childhood history of atopic dermatitis developed localised oedema after
coming into contact with chalk particles from white Crayola chalk sticks manufactured by
Binney & Smith, Easton, PA (Moreau et al. 2006). Open and prick tests were conducted on the
volar aspect of the right arm of the learners which was never exposed to chalk particles. The open
and prick tests were conducted for chalk particles and CMC in aqueous. The learner immediately
reacted to the open tests with the chalk and with CMC (10%) indicating that absorption happens
through unblemished skin (Moreau et al. 2006). The prick tests were also positive for CMC (0.1%)
but negative for higher concentrations of CMC. The authors hypothesised that the reason the
learner reacted more strongly to the chalk particles than pure CMC was because absorption was
exacerbated by the abrasiveness of calcium carbonate (Moreau et al. 2006).

Chemically induced dermatitis occurs when the particles in contact with the skin are enriched
with chemicals which then react with the skin (Lachapelle 2006). For example, bilateral erythema-
tous-oedematous periorbital dermatitis and itching were present in a 40-year-old female primary
school teacher (Corazza et al. 2012). Furthermore, the teacher’s distal apex of the thumbs and
second finger of the right hand were affected by fissured periorbital dermatitis (Corazza et al. 2012).
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A chemical analysis of 6 chalk sticks of different colours used by the teachers was conducted and it
was concluded that nickel was responsible for the teacher’s periorbital dermatitis and hand eczema
(Corazza et al. 2012).

The third sub-theme was the use of models to determine the deposition dose of chalk particles
into the human lungs. For example, Ma et al. (2019) calculated the deposition doses of chalk
particles in the alveolar interstitial region of male and female learners (10 years) and adult male and
female teachers during light behaviour and sitting. This is important because the activities of an
individual influence the exertion rate which determines the number of particles deposited into the
lungs (Salma et al. 2002). Sekar et al. (2021) used the MPPD model to predict the deposition of PMj,
PM, 5 and PM,, chalk particles in the respiratory tract of adult and elderly male and female subjects.

Models were also used to determine the potential for developing non-carcinogenic and carcino-
genic health effects among teachers and learners exposed to chalk particles. The risk of developing
non-carcinogenic health effects was determined by calculating the hazard quotient and hazard
index. A hazard quotient greater than 1 indicates a risk of developing non-carcinogenic health
effects due to exposure to one chemical, whereas a hazard index value greater than 1 indicates a risk
of developing non-carcinogenic health effects due to exposure to multiple or a mixture of chemicals
(Calderén et al. 2003). The risk of developing carcinogenic health effects was determined by
calculating the cancer risk. A cancer risk value greater than the recommended lower limit (1 x
10~*) and upper limit (1 x 10~°) indicates a significant and unacceptable cancer risk (Demirel et al.
2014). For example, Maruthi et al. (2017) conducted a health risk assessment following the USEPA
guidelines using inhalation, dermal, and ingestion routes to determine the potential for developing
carcinogenic non-carcinogenic health effects among teachers. There was a risk of developing non-
carcinogenic health effects because of exposure to chalk particles in classrooms, however, no cancer
risk was found.

Although health risk assessment and particle deposition models are probabilistic and depend on
assumptions and default values, however, they can help policymakers makers implement risk
management strategies based on informed and determine which population or age group must
be prioritised (Mbazima 2022, 2023). For example, Sekar et al. (2021) found the highest total
particulate matter deposition in elderly females and the highest deposited mass per unit area for
PM;, PM, 5 and PM,, in adult females. This implies that adult and elderly female teachers must be
prioritised when implementing risk management strategies. Thus, policy-makers in the education
sector can implement risk management strategies based on the results from the health risk
assessment studies conducted in classrooms to prevent exposure to chalk particles and the risk of
developing carcinogenic and non-carcinogenic health effects.

Physical and chemical properties

The characterisation of chalk particles is an important aspect of exposure assessment and can help
determine effective mitigation measures to prevent exposure. It was initially believed that the health
effects of particles were due to the mass concentration, hence it was commonly used as the exposure
matrix (Ramachandran et al. 2011). However, studies have shown that the shape, size, elemental
composition, surface area (Frampton et al. 1999), and number concentration (Peters et al. 1997) of
the particles determine the toxicity of the health effects. For example, smaller particles can penetrate
deeper into the alveolar region (Schwarze et al. 2006) and occupy a larger surface area, thereby
causing adverse health effects. Moreover, smaller particles are not easily cleared, hence, they can be
retained longer (Mbazima 2022). Furthermore, smaller particles can remain suspended for a longer
time and travel a distance from the point of release (Goel et al. 2017). Therefore, knowing the size of
particles is important in determining the type of masks that can be used to effectively filter particles.

To analyse the physical properties of chalk particles, many studies collected chalk particles on
paper filters using air samplers. The air samplers were coupled with a cyclone that separated large
and small particles. The paper filters were cut, and the physical properties of chalk particles, such as
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the shape and size were analysed using SEM coupled with EDS. EDS was used to determine the
elemental composition of the chalk particles. However, EDS is semi-quantitative, and its results are
not conclusive in most cases. To overcome the limitations of SEM, other studies used ICP-MS or
Fourier transform infrared spectrometer with attenuated total reflectance to determine the ele-
mental composition of the chalk particles. Based on EDS results, Ma et al. (2019) found that chalk
particles from white chalk sticks manufactured by Nihon Hakuboku Industry Co mainly comprised
calcium (45.06%), carbon (32.27%) and oxygen (18.58%). Using EDS, Goel et al. (2017) found that
the main constituents of four chalk types were in the decreasing order of oxygen > calcium > carbon
and minor constituents such as magnesium, aluminium, and silicon. Based on ICP-MS results,
Maruthi et al. (2017) found aluminium, chromium, manganese, iron, cobalt, nickel, silicon, and
lead in both airborne and settled chalk particles. However, the concentrations of these trace
elements were higher in airborne chalk particles than in settled (Maruthi et al. 2017).

Based on SEM images, Ma et al. (2019) observed chalk particles with random shapes while
Maruthi et al. (2017) observed chalk particles with an elongated shape. The fibrous nature of the
chalk particles was associated with non-dusty chalk sticks while aggregated chalk particles were
linked to dusty chalk sticks (Maruthi et al. 2017). Based on SEM images Goel et al. (2017) and Sekar
et al. (2021) observed that chalk particles from chalk sticks made of calcium carbonate are compact
compared to those made of calcium sulphate, hence they release chalk particles of smaller sizes. The
difference in the morphological and elemental properties of the chalk particles can be attributed to
the different types of chalk sticks used. Therefore, it can be concluded that the elemental composi-
tion of chalk sticks depends on the type of chalk, manufacturer, and country.

Task-based monitoring

Task-based monitoring was conducted to determine the size, number, and mass concentration of
chalk particles released by chalk sticks of different colours and properties when used to write on
different chalkboards (Majumdar and SPMP 2009; Majumdar et al. 2012; Goel et al. 2017). A
standard paragraph was written on rough, smooth, wooden, and ceramic chalkboards using
different types of chalk sticks to determine how their texture influences the release of chalk particles.
The standard paragraph was written by more than one person to eliminate bias. This is important
because the angle, pressure, and writing style determine the number of chalk particles released
(Thakur et al. 2017).

The types of chalk sticks used to write on the different types of chalkboards were white or
coloured, dustless, moulded, low dust, dust-free and dusty. This kind of information is important
because it identifies the types of chalk sticks that release more or fewer chalk particles and their sizes
when used on various types of chalkboards. For example, Majumdar and SPMP (2009) found that
dusting chalk sticks contributed significantly to the mass concentration when they were used to
write on rough chalkboards. On the other hand, dustless chalk sticks released a higher quantity of
smaller particles (<5 um). Sekar et al. (2021) also found that dustless chalk sticks released fine chalk
particles that significantly contributed to the mass concentration. Based on this information,
schools that cannot afford alternative teaching equipment such as erasable whiteboards can procure
chalk sticks that release fewer particles and install chalkboards that do not influence the release of a
higher number of fine chalk particles.

Task-based monitoring was also conducted during different activities such as writing, wiping the
chalkboard, and de-dusting to determine which activities release more chalk particles (Goel et al.
2017; Sekar et al. 2021). Statistical analysis, either analysis of variance or a student’s t-test, was then
employed to determine if there was a significant difference between the chalk particles released
during the different activities. This information is important because it can inform which activities
release more chalk particles, their sizes, and the type of interventions needed to prevent exposure.
For example, Majumdar et al. (2012) and Sekar et al. (2021) found that wiping the chalkboard
released more particles of smaller sizes compared to writing; implying that caution must be
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practised when wiping the chalkboard. For example, the chalkboard can be wiped with a wet cloth
to prevent the high releases of chalk particles thus preventing exposure.

Control of exposure to chalk particles in classrooms

Some studies provided recommendations to prevent exposure to chalk particles in classrooms. To
effectively prevent exposure, the source of the hazard must be eliminated. In this regard, chalk sticks
and chalkboards must be eliminated and replaced with markers and whiteboards, as most studies
recommended. However, such an intervention would not be feasible for LMICs where most public
schools operate on limited budgets, while those with sufficient budgets do not use the funds
efficiently (World Bank and UNESCO 2023). For example, in many African countries, education
is allocated little budget and a higher budget is allocated to sanitation and the control and
prevention of infectious diseases (Fuller and Amegah 2022). Meanwhile, erasable whiteboards
and markers are expensive, therefore, eliminating chalk sticks and chalkboards will not be easy
and quick in many public schools in LMICs. While planning to eliminate chalkboards and chalk
sticks, precautions must be taken to prevent exposure to chalk particles in classrooms.

Ventilation was also recommended as an effective way of reducing the concentration of chalk
particles in classrooms, thus reducing exposure. However, natural ventilation should be used
instead of mechanical. This is because mechanical ventilators re-suspended settled chalk particles.
For example, Lin et al. (2015) found that the mass concentration of PM, 5 chalk particles in a
classroom was reduced by 3.6-fold when doors were opened coupled with ceiling fans (9.88 pug/m?)
compared to when doors were closed coupled with air condition system and ceiling fans (35.58 pg/
m’). Therefore, the best ventilation mode to reduce the concentration of chalk particles in class-
rooms is the opening of doors coupled with ceiling fans. Other studies recommended frequently
cleaning classroom floors. Although the studies did not specify which methods must be used for
cleaning; Wilson and VanSnick (2017) recommend cleaning the floors with water and microfiber
mops and vacuuming with a high-efficiency particulate filter. Frequent cleaning of classrooms is
required to prevent the re-suspension of settled chalk particles by movement of people (Stranger et
al. 2008), this is important for public school classrooms which are usually overcrowded.
Implementing effective and efficient interventions to reduce and prevent exposure to chalk particles
in classrooms should start from the design and inception of the school building. Classrooms must
be installed with extractor fans above the chalkboards to prevent the spread of chalk particles.
However, there are also costs related to this type of intervention. Furthermore, most LIMCs in
Africa, such as RSA, experience frequent planned and unplanned power outages which might
render the intervention ineffective (Mbazima et al. 2022).

Ma et al. (2019) found less PM, 5 particles when using erasable whiteboards and markers
compared to when using chalk sticks and chalkboards. This implies that chalk sticks and chalk-
boards are a significant contributor of PM, 5 particles in classrooms and should be replaced with
alternatives such as erasable whiteboards and markers. However, it should be noted that the
replacement of chalk sticks and chalkboards with erasable whiteboards and markers is a precursor
to other hazards and potential exposure. Compelling evidence from studies has shown that the use
of markers releases volatile organic compounds (VOCs) and polycyclic aromatic hydrocarbons
(Castorina et al. 2016; Sabina et al. 2018). For example, Dorizas et al. (2015) found that using
markers increased the concentrations of VOCs and carbon monoxide in classrooms. Most of the
VOCs released by markers in classrooms are categorised as carcinogens, irritants, and develop-
mental and respiratory toxicants (Castorina et al. 2016). Therefore, the use of electronic devices and
PowerPoint presentations must instead be used for teaching. However, most African countries still
lack access to electricity, while those that have access to electricity experience frequent and long
power outages (Mbazima et al. 2022). As such, schools willing to implement electronic devices for
teaching must be equipped with solar panels that will power the electronic devices.
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Key findings of the review, research gaps, and future research priorities

There is a lack of interventional studies on exposure to chalk particles in classrooms. A few studies
have assessed the importance of ventilation and how it can be used to control chalk particles in
classrooms. Knowledge, attitudes, and practises (KAPs) studies on chalk particles in classrooms are
also lacking. Most task-based monitoring studies focussed only on the mass concentrations of the
chalk particles. Only one study investigated the number concentration and particle size distribution
of chalk particles. However, studies have shown that larger particles account for most of the mass
concentration, whereas smaller particles account for more of the number concentration (See and
Balasubramanian 2006). Therefore, using only mass concentration might not be a good measure,
especially when considering the health effects. Meanwhile, mass concentrations can be used for
regulatory or compliance purposes. Future task-based monitoring studies must consider the
number concentration and PSD of chalk particles released during different activities and when
using different chalk sticks on different types of chalkboards. This information will provide an in-
depth understanding of the deposition of chalk particles in the respiratory tract.

The spirometry test results from the teachers were not compared to any baseline data to check if
there was a decline in lung function. This is due to the unavailability of baseline data to compare
against. Furthermore, Spirometry tests were not correlated with the exposure concentration of
chalk particles. Therefore, future studies conducting spirometry tests must correlate the results with
the obtained exposure concentration, preferably measured from the breathing zone. There were
limited studies specifically investigating the effects of chalk particles on the skin despite that many
chalk particles settle on the skin of teachers and sometimes learners. There is a lack of exposure
assessment studies on chalk particles in classrooms, particularly in Africa. No studies have assessed
exposure to chalk particles in classrooms in the African continent. This is concerning given that
most African countries heavily depend on chalk sticks and chalkboards for teaching and that
classrooms are overcrowded. The lack of exposure assessment studies in African countries can be
attributed to a lack of funding.

Schools that use chalk sticks and chalkboards must implement entry-level medical examinations
on teachers that include compulsory spirometry tests as part of employee wellness. The initial
spirometry test results obtained from the entry medical examinations will then serve as baseline
data. Thereafter, spirometry tests must be conducted as part of periodic medical examinations, and
the results can be compared with the baseline data to check if there is a shift in the lung function of
the teachers. Furthermore, the living style (i.e. smoking) and living conditions of the teachers must
be captured as part of the entry and periodic medical tests. Periodic lung function tests will help
identify lung disorders at an early stage, and action can be taken to lessen the severity and
progression of the disorder. Retiring teachers and those changing professions must also be sub-
jected to exit medical tests. Ohtsuka et al. (1995) showed that teachers can develop pulmonary
disorders after teaching. Spirometry test records can also be used in the teachers’ compensation for
occupational illnesses and injuries (Nevitt et al. 1994). This is important given that many compen-
sation claims are rejected because of a lack of historical medical records, such as spirometry tests,
that can be used as evidence.

KAP studies are needed, they can help raise awareness among teachers so that they can take
precautionary measures regarding chalk particles in classrooms. KAP studies are important and
recommended because they can identify factors that influence the behaviour of teachers and their
competence to prevent exposure to chalk particles in classrooms. Future bioassay studies investi-
gating the toxicity of chalk particles should use the concentration of chalk particles collected in the
classroom during actual writing or wiping of the chalkboard instead of pulverising chalk sticks and
exposing alveolar macrophages to the chalk particles. Longitudinal studies are required so that
effective control measures can be implemented to prevent the re-occurrence of the health implica-
tions of exposure to chalk particles. Future studies should also focus on the effects of chalk particles
on the skin. This is important given that most of the chalk particles settle on the hands, arms, and
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faces of teachers when writing and wiping the chalkboard. Future health risk assessment studies
must use deposition models to predict the absorbed dose instead of the exposure concentration.
Mbazima (2022) and Chalvatzaki et al. (2019) showed that using the exposure concentration in the
health risk assessment overestimates the risk. Therefore, using the absorbed dose gives a better
estimate than using the exposure concentration. This approach is preferred since adverse health
effects occur because of the internal dose rather than the exposure concentration.

No studies focused on the resuspension of settled chalk particles in classrooms due to the
movement of people. Future studies must investigate the effect of the movement of people on the
resuspension of settled chalk particles. This is important since most classrooms are overcrowded
meaning the movement of learners might have significant effects on the resuspension of settled
chalk particles. All the experiments were conducted using white chalk sticks, none of the studies
investigated coloured chalk sticks. As a result, information on the size, shape, elemental composi-
tion and health effects of chalk particles released by coloured chalk sticks is unknown. Therefore,
future studies must investigate the release of chalk particles in classrooms using coloured chalk
sticks.

Strengths and limitations of this review

To the best of our knowledge, this is the first comprehensive systematic review focusing on the
release and health outcomes of exposure to chalk particles in classrooms globally. In this systematic
review, timeframes were not applied to capture all relevant studies. Two of the most reputable and
rich databases (Scopus and WoS core collection) were searched and Google Scholar was also
searched to identify any documents not indexed both in Scopus and the WoS. Furthermore, the
snowball effect was used to identify any relevant documents that might have been missed during the
initial literature search. The literature search, selection of studies, and synthesis were conducted by
two and at times three authors to limit bias and error. The limitation of this systematic review is that
the quality and reporting of the studies used were not graded.

Conclusions

A systematic literature review of the release and health outcomes of exposure to chalk particles in
classrooms was conducted to identify the current research trends and identify knowledge gaps.
Findings from this systematic review can be used to create awareness among teachers, learners and
parents and prompt policymakers in the education sector to implement risk management strategies.
Numerous studies have been conducted in this research area and can be summarised into four main
themes: (i) exposure assessment, (ii) exposure and health, (iii) physical and chemical properties and
(iv) task-based monitoring. However, the research progress on the release and health outcomes of
exposure to chalk particles in classrooms is not satisfactory, particularly in LMICs such as those in
Africa where chalk sticks and chalkboards are still used predominantly for teaching. Evidence from
this systematic review showed that a minimum of one study and a maximum of three studies are
published per year in this research area. The evidence from the reviewed studies showed that chalk
particles are a significant contributor to poor IAQ in classrooms and a significant health hazard to
both teachers and learners, particularly through inhalation and dermal routes. Natural ventilation
in classrooms is recommended to reduce the concentration of chalk particles and wearing of face
masks is encouraged to prevent exposure via inhalation. There is a need to increase research on
chalk particles and funding for future studies, particularly in African countries where there are few
studies and subsequently limited data. Most importantly, there is an urgent need to adopt and
implement alternative teaching methods which do not pose a threat to the health and safety of
teachers and learners in the classroom.
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