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ABSTRACT
Allergic conjunctivitis is a common problem affecting about 20% of the world’s population.
In Kenya, it constitutes one fifth of all the total diagnoses made in eye clinics with school
teachers in Nakuru North Sub-County in Nakuru County having a prevalence of 51.2%.
Untreated allergic conjunctivitis can cause injury to the conjunctiva and the eye lids while
some of the drugs used to treat can cause life threatening diseases. Irritants such as the
volatile organic compounds which constitute the ink solvents of whiteboard marker pens
increase the likelihood of developing the allergy. This study therefore sought to establish the
influence of the VOCs from the whiteboard marker ink on the development of symptoms of
allergic conjunctivitis among the teachers in Nakuru County. The research design was Cross
Sectional using repeated measures with a sample of 224 secondary school teachers. Only
schools which use whiteboards were considered for the study. Questionnaires were used to
collect information on the reported symptoms of allergic conjunctivitis among teachers while
air samples were collected using transparent polythene bags. Classroom temperature and CO>
were measured using carbon dioxide sensor AZ-0004. Data was collected in July-Aug (2016),
Sep-Oct (2016) and Jan-Feb (2017) months of the year. Air samples were analyzed using gas
chromatography. Data was analyzed using both descriptive and inferential statistics. The
results showed that the marker pen inks used contained methanol, acetone, hexane and
ethanol. The ink VOCs were more likely to be found at the upper parts and front of the
classrooms. Teachers were not knowledgeable on ink safety but had a positive attitude
towards the use of the marker pens. They also did not show safe practices when using the
marker pens in classrooms. The concentration of ink VOCs in the air increased with increase
in concentration of CO, and temperature. The highest incidences of symptoms of allergic
conjunctivitis were in the cold seasons while the lowest incidence was in the hottest and dry
months of the year. Increase in symptoms of allergic conjunctivitis increased with increase in
concentration (r>=0.8414) and duration of exposure (r>=0.5807) to ink VOCs while there was
a significant association (y°~ =6.933; p=0.031) between ink brand and eye irritation. This
study concludes that occupational exposure to whiteboard marker pen ink causes symptoms
of allergic conjunctivitis and recommends that teachers be trained on occupational safety

procedures on handling whiteboard marker pens in classrooms.
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CHAPTER ONE

INTRODUCTION
1.1 Background information
Allergic conjunctivitis is an irritation and inflammation of conjunctiva (Vally and Irhuma,
2017). It results when allergens get into the eyes of a person who has a genetic predisposition
to it (Andrews and Hirano, 2012; Tindall et al., 2014). It affects about 20 % of the world’s
population (Vally and Irhuma, 2017). Different parts in Africa have different prevalence with
no distribution pattern (Ait-khaled et al., 2007; Foliaki et al., 2007). In Kenya, it constitutes
one fifth of all the total diagnoses made in eye clinics with school teachers in Nakuru North
Sub County in Nakuru County having a prevalence of 51.2%. It affects the active age group
with 39.7% of the affected teachers being in the age group of 35-44 years. The symptoms of
allergic conjunctivitis as well as the effects of the drugs used to treat it affect the quality of
life of the teachers. Allergic conjunctivitis is also associated with depression and anxiety
affecting the effectiveness of the affected teacher (Muchemi, 2011). Irritants such as the ink
solvents, fuming chemicals and those with strong odours increase the likelihood of
developing the allergy (Dick, 2006; Adkinson et al., 2014).

Teaching, as an occupation, involves imparting knowledge by the teacher to the learners. To
enhance this, methods of visually presenting information to a full room of students all at once
are used. Traditionally, school teachers used chalkboards written on using chalk. The chalk
produces a lot of dust which accumulates on surfaces and the computer machines making
many schools to substitute the chalkboards with whiteboards. The whiteboards or dry-erase
boards came into use during the late 1980s (Muttappallymyalil et al., 2016). Whiteboards are
written on using marker pens with dry erase inks (Heppner, 2007; Jobrack, 2012). Isopropyl
alcohol and xylene are common solvents used in marker pen inks. Xylene affects the brain.
High levels can cause headaches, lack of muscle coordination, dizziness, irritation of the
eyes, nose and the throat. It can cause unconsciousness and even death at very high levels
(ATSDR, 2007). It may also damage the liver, kidney and the reproductive system (ATSDR,
2015). Acute exposure to Isopropyl alcohol can irritate the external skin and also the mucous
membranes of the eyes, nose and throat (Kandyala et al., 2010). Bradycardia, a slowing of
the heartbeat, has been observed after oral ingestion of isopropyl alcohol solutions of 25 ml to
100 ml of water. When absorbed through the skin, isopropyl alcohol can lead to extreme

difficulties in breathing and eventual coma or death (Dikshith, 2011). Alcohols are generally



anaesthetics and irritants of the eyes and upper respiratory tract. In general they are strong
narcotics (Dick, 2006).

Under the Occupational Safety and Health Act of the laws of Kenya, the employer has a duty
to ensure as far as is reasonably practical the health of the employees at work. This Act
requires that risk assessments be carried out at the places of work (OSHA, 2010). A risk
assessment is a process for describing and quantifying the risks associated with a hazardous
substance (Rout and Sikdar, 2017). It therefore includes the identification of hazards as well
as the severity of their consequences. Although risk assessment should be a continuous
process at a work place, it is especially important when a change that introduces a new
chemical or work process takes place (Tadesse and Admassu, 2006). In Nakuru County,
Kenya, the use of whiteboards in classrooms is a new phenomenon which is currently being
implemented in schools thereby introducing the marker pen ink chemicals in those
classrooms. It is against this background that this study sought to assess the influence of
occupational exposure to the whiteboard marker ink on the development of symptoms of
allergic conjunctivitis among the school teachers.

1.2 Statement of the problem

The prevalence of allergic conjunctivitis among the school teachers in Nakuru County is
higher than the National average (20%) with Nakuru North Sub County having a prevalence
of 51.2%. If allergic conjunctivitis is not treated, it can cause injury to the eyelids and the
conjunctiva affecting the quality of life of the teacher. The allergens may also drain into the
nose and cause allergic signs and symptoms. Drugs used to alleviate the symptoms of allergic
conjunctivitis may cause drowsiness, react with other medications to cause life threatening
cardiac arrhythmias while others can be sight threatening or may cause acceleration of
allergic conjunctivitis. Whiteboard marker inks used in schools contain volatile organic
compounds (VOCs) as solvents which can irritate the eyes and also cause other health
problems. Also, most of these VOCs are chronically toxic, with symptoms that may not
become fully manifest for years necessitating the need to monitor their actual concentrations
at the workplaces. There is no documentation on studies done to establish the actual
concentrations of the whiteboard marker ink VOCs in the Kenyan school classrooms and
whether these levels contribute to significant eye irritations among the school teachers. This

study therefore sought to assess the influence of the occupational exposure to the whiteboard



marker ink on the development of symptoms of allergic conjunctivitis among the school

teachers in Nakuru County.

1.3 Broad objective

To assess the influence of occupational exposure to the whiteboard marker ink on the

development of symptoms of allergic conjunctivitis among the school teachers.

1.3.1 Specific objectives

Vi.

To establish the composition of the VOCs produced by the whiteboard marker ink

To analyze the distribution of the VOCs from the whiteboard marker ink in a school
classroom

To assess the knowledge, attitude and practice (KAP) of teachers related to use of
white board markers

To assess the influence of classroom factors on the occupational exposure levels of
teachers to VOCs from the whiteboard marker ink.

To establish the seasonal variations of symptoms of allergic conjunctivitis among the
teachers

To assess the influence of exposure to the whiteboard marker ink on the development

of symptoms of allergic conjunctivitis among the teachers

1.3.2 Research questions

Vi.

What is the composition of the VOCs released from a whiteboard marker ink?

How are the VOCs from the white board marker ink distributed in a school
classroom?

What is the knowledge, attitude and practice (KAP) of teachers on the use of
whiteboard markers?

What is the influence of classroom factors on occupational exposure level of the
teacher to the VOCs from the whiteboard marker ink?

How do the symptoms of allergic conjunctivitis vary with seasons among the school
teachers?

What is the influence of exposure to the whiteboard marker ink on the development of

symptoms of allergic conjunctivitis among the teachers



1.4 Justification of the Study

The global strategy on occupational safety and health, adopted by the International Labour
Conference at its 91% session in 2003 includes knowledge development as a prerequisite for
identifying key priorities, developing coherent and relevant strategies and implementing
national OSH programmes (ILO, 2004). This study has demonstrated that some of the
whiteboard markers in use today contain components that may adversely affect the health of
the teachers. Further, the current knowledge level and occupational practices and attitudes
among teachers may partially contribute to the existence of symptoms of allergic
conjunctivitis. Thus the recommendations emanating from this study can guide the relevant
agencies and stakeholders in addressing the occupational exposure to whiteboard marker inks
and thus safeguard the safety and health of teachers as stipulated in the ILO (2004. The study
findings if utilized accordingly will make a contribution to the realization of sustainable
development goal number three of ensuring good health and wellbeing for people (in this
case teachers). The study is also in line with sustainable development goal number eight of

promotion of productive employment and decent work for workers (Beisheim, 2015).

The data can then aid in the setting of the occupational exposure limits for those whose work
involves the use of the whiteboard marker pen ink. The information from this study can also
aid in the formulation of health policy statement as required by law (OSHA, 2010), which
should indicate how the management intends to ensure safety of the workers at the schools
(Armstrong, 2009; Gaceri, 2015). Improving the health and safety at school will bring to
realization the commitment of the ministry of education to ensure that the schools are safe for
workers and students as envisaged in the safety standards manual for schools in Kenya
(2008). Improving the safety in schools also enhance corporate image of the education sector
(Gaceri, 2015).

This study is also in line with article 42 of the Constitution of Kenya (2010) that states that
each person has a right to a clean and healthy environment. Providing a safe and clean
environment for teachers is a basic right and thus the study findings will form a basis for
enacting and revising occupational safety and health policies relating to the use of whiteboard
markers in learning institutions in Kenya. The findings of this study further support the spirit
and aspirations of the social economic pillar of Kenya’s Vision 2030 with regard to ensuring
a healthy population and safe space for the workers for improved economic productivity and

human and environmental health wellbeing.



1.5 Scope of the study

The study was limited to school teachers in Nakuru County because research had shown that
teachers in this county had a very high prevalence of allergic conjunctivitis (Muchemi, 2011).
The schools that had implemented the use of whiteboards in their classrooms were considered
because whiteboard marker pen ink was a new phenomenon and therefore there was need to
assess the risk associated with it. Also, earlier studies had already indicated that chalk dust
was associated with allergic conjunctivitis but had not studied the effects of whiteboard
marker pen ink (Muchemi, 2011). It was also limited to the VOCs from the whiteboard
marker pen ink because the rest of the components of the ink were likely to remain on the
surface of the whiteboard after writing and may not reach the eyes of the teachers (Halverson,
2011). The air samples were collected at the 1.5 m height because it is the breathing level of a
standing person (Olumayede and Okuo, 2013). Air samples were collected from six schools
only because they were close to Egerton University allowing quick transportation of the
samples to the laboratory for analysis before they could convert. Symptoms of allergic
conjunctivitis were considered because other effects of the VOCs may be chronic taking a
long time to manifest (ATSDR, 2007). Also allergic reactions take short time (30 min) to
develop on exposure and are also short lived and clear when the trigger factors are removed
(Bielory and Friedlaender, 2008) making it easy to confirm the association between exposure
and development of the symptoms. The study used the concentration of carbon dioxide as a
measure of ventilation because carbon dioxide is mainly produced indoors as a product of
exhaled air and is removed or diluted by outdoor air. It’s concentration in the classroom is

therefore influenced by ventilation (Godwin and Batterman, 2007; Lu et al., 2015).

1.6 Limitations

Not many schools had implemented the use of whiteboards and this limited the size of the
study population. However, Mwangi (2000) cites several authors to argue that a sample of 30
respondents is the lowest acceptable if some form of statistical analysis is to be carried out in

the data obtained indicating that the results from this study are still acceptable.

Also the first chromatography column during laboratory analysis got exhausted and another
one was put in place. However, the results were consistent in terms of the concentrations of
the standards indicating that the effects of the change of the column would not affect the

results of the research study significantly.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20CY%5BAuthor%5D&cauthor=true&cauthor_uid=26024357

Samples were injected into the injector manually and this resulted in inconsistencies in terms
of retention time. However, all the values were within the acceptable range of coefficient of
variation (CV) of 15% as is required by the criteria of the International Conference on
Harmonization (ICH) (Portari et al., 2008).

Frequent power outages in the laboratory disrupted analysis of some air samples and more

samples had to be taken from the same school.

The samples were converting if they were allowed to stay for long before getting analyzed.
To prevent this, the classrooms where air was sampled from were selected purposefully based
on the proximity to Egerton University. The farthest classroom was only one hour drive from
Egerton University by which time no chemical changes had taken place within the air

samples.

The ink VOCs in the study eluted as a single peak during chromatography and therefore it
was impossible to calculate the concentration of the components based on the individual
standards. However, Kimball et al. (2005) and Kushwah et al. (2011) say that use of one
compound as a standard to calculate the concentration of other VOC compounds in a mixture

is acceptable.

1.7 Assumptions

This study assumed that the teachers were honest as they gave information concerning their
work and health status and that they were be able to isolate and identify the symptoms of
allergic conjunctivitis. It also assumed that all the teachers in a given school used a common
type of marker pen ink and the measured concentrations of VOCs represent the exposure
levels to the teacher. The study assumed that the air sample that had similar retention time as
that of ink vapour was composed of ink VOCs since both the air samples and the ink
headspace were analyzed under similar conditions of temperature. The research used repeated
measures design where the same teachers were observed on several occasions. This study
therefore assumed that the personal factors which influence the development of allergic
conjunctivitis would not affect the results because they remained constant at the different
times of observations of the same individuals. The study also assumed that the percentage

composition of the components of pure ink vapours remained constant because they were



based on the amount of each component in the ink as well as their physical properties which

remained constant.

1.8 Definitions of terms
Exposure level- This refers to the concentration of a hazardous substance to which an

organism is exposed during a specified period

Occupational exposure limit (OEL) - This is an upper limit on the acceptable concentration
of a hazardous substance in work place air for a particular material or class of

materials.

Permissible exposure limits (PEL) —This is a level which is allowed in a workplace by the

enforcing authority

Recommended exposure limits (REL)-This is a limit value which is believed not to cause
any health effects to an exposed worker. It is a level which is believed to be safe for

the exposed worker

Short term exposure limits (STEL) — This is the limit level to which a hazardous chemical
is allowed to overshoot the threshold limit value time weighted average (TLV-TWA).
However the exposure duration should not exceed 15 minutes. Some chemicals have
their STEL set as 10 minutes. It is usually set for those substances which are not
lethal.

Threshold Limit Value (TLV)- These are set out amounts or concentrations of substances

that should not be exceeded at a work place if the worker is to be safe

Allergic conjunctivitis- This is an inflammation and irritation of the eye. The identifying

symptom is the itchiness of the eye along with the other symptoms.

Threshold limit values time weighted average (TLV-TWA)-These are average limits
which are usually averaged over eight or ten hours. This limit represents an average

value which should not be exceeded. But since it is an average, it is acceptable to
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exceed the value as long as the overall average over the shift time is within the

acceptable average value.

Volatile organic compounds (VOCSs)- These are compounds which are liquids at room
temperature and pressure but have low boiling points and easily vaporizes forming

vapors.

Second hand smoke- The smoke emitted from the burning end of a cigarette or from other

tobacco products usually in combination with the smoke exhaled by the smoker.

Coefficient of Variation- This is a measure of dispersion from the mean. It is calculated as a
ratio of the standard deviation to the mean. In this study it refers to the dispersion

from the mean retention time of the pure ink VOCs.

Retention time-This is the time taken by a compound to go through the column and elute at
the end. It is a unique characteristic of a compound for a given chromatography

column and temperature conditions.

Seasonal variations — This was the variation in incidences of symptoms of allergic
conjunctivitis in the cold and hot seasons of the year. The cold months were the July
and early part of the August months, September and October months were neither

very cold nor very hot while the January and February months were very hot.

Classroom factors- These are factors that may influence the exposure of the teacher to the
ink VOCs. The study considered the concentration of carbon dioxide as a surrogate
measure of ventilation efficiency. Temperature was measured because it influences

management of operable ventilations

Attitude —Individual’s evaluation of an object. In this study it is the individual’s evaluation

of whiteboard marker pen ink.

Ventilation- The process by which pollutants are removed from the occupied zone and

results in clearing or dilution of the pollutants.



Duration of exposure- This is the time that a person remains in contact with the whiteboard
marker pen ink VOCs. It was measured using the number of lessons that a teacher has
because teaching takes place in the classrooms where whiteboard marker pens are
used.



CHAPTER TWO
LITERATURE REVIEW

2.1 History of the use of marker pens in schools

In the eighteenth and nineteenth centuries, students used slate boards which were written on
using small pieces of slate and later chalk. In the late 1700s a Scottish teacher hung a set of
slates on the wall and the blackboard was invented. This allowed the teacher to present his
ideas and concepts to the whole class in a visual way. By 1960s green steel chalkboards were
introduced because the green was easier on eyes. By 1980s, businesses began using
whiteboards with markers that eliminated the harmful chalk dust and schools began replacing
their chalkboards with whiteboards (Jobrack, 2012). Whiteboards are flat boards made of
plastic, melamine, porcelain or aluminium (Griffith and Kocsis, 2011; Atwopetu and Bello,
2017). They can have different shapes and sizes that work with special markers called dry
erase markers. They can be freestanding or hung on a wall (Griffith and Kocsis, 2011).

Global upgrading of the chalkboard to whiteboards is influenced by urbanization and is
therefore more rapid in developed economies (Nagi, 2017). In Africa, many of the schools
are yet to upgrade with South Africa still upgrading by resurfacing old chalkboards
(Kennedy, 2011). In Kenya the process of substituting the chalkboards has been a gradual and
slow one (Wambugu, 2010; Oyier, 2017) with only sixteen schools in Nakuru County having
fully substituted the use of chalkboards with whiteboards. Many of the other schools have
installed the whiteboards in some classrooms whereas chalkboards are used in the remaining

classrooms (lrungu, 2015).

2.2 Chemical composition of the marker pen ink

Dry erase ink for whiteboard marker pen is composed of volatile solvent vehicle, binder
resin, fluorinated surfactant, non-fluorinated surfactant or surfactants, including the preferred
cationic amide oxide, release agent and poly(oxyalkylene) substituted colorant. The specific
composition by mass as well as the solvent used differs from manufacturer to manufacturer.
(Carroll and Valenti, 2006). A solvent can be defined as a liquid that has the ability to
dissolve, suspend or extract other materials, without chemical change to the material or
solvent (Dick, 2006). The solvent easily vaporizes allowing the mark to dry on the surface of
the whiteboard (Uhara et al., 2009). In the process, these volatile organic compounds (VOCs)

are released into the air and can easily get into contact with the eyes and the skin of the
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teachers. They can also be inhaled or be ingested by both the teachers and the students. The
solvents used include butanol, diacetone alcohol, ethanol, Isopropyl alcohol, Methyl isobutyl
ketone and 2-butoxy-ethanol (Halverson, 2011). Toluene and xylene are also used as solvents
(Conner, 2009). Marker pen inks with alcohol as a solvent are characterized with low odour
unlike the toluene and xylene solvents which have strong odours (ATSDR, 2007). The
manufacturers of the alcohol based marker pen inks label their products as non-toxic.

However, even alcohols are irritants (ATSDR, 2015).

Since there are several solvents which can be used for the whiteboard marker pen ink, the
actual composition and concentration of the components of an ink brand depend on the
manufacturer. A material safety data sheet contains the detailed information on the
components of the ink as well as the health effects of the components and the safety measures
that should be taken in case of poisoning (Eastlake et al., 2012). However most of the
manufacturers are less conscientious when it comes to informing users on health risks and
therefore do not provide the material safety data sheets (Suleiman and Svendsen, 2014). It is
therefore impossible to know the actual components and their concentrations in a given ink

brand in the absence of a material safety data sheet from the manufacturer.

2.2.1 Use of chromatography to determine the type and amount of solvents in ink

Several researches have used gas chromatography to determine the type and concentration of
VOC:s in different mixtures (Sannik, 2013; Mochalski et al., 2016). A gas chromatography
uses a mobile phase (gas) and a stationery phase (solid or liquid) packed in a column. When
an analyte is injected, the high temperature at the injection port volatilizes it forming vapour
which enters the column. The components of the analyte partition between the mobile and
stationery phases differently. The rate and degree of partitioning depends upon the chemical
affinity of the analyte for the stationery phase and the analyte vapor pressure which is
governed by the column temperature. A component with a lower affinity for the stationery
phase is moved through the column more quickly than the others making the components to
separate out and elute (come out of the column) at different times known as retention time
(tR). As the analyte elute it passes into a detector which generates an electronic signal which
when sent to the integrated data system produces a peak known as chromatogram. These
peaks are approximately Gaussian shaped and the area under the curve is related to the

quantitative aspect of the analyte. The retention time is a unique characteristic of a specific
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compound and is therefore used to establish the identity of an unknown substance (Al-
Bukhaiti et al., 2017).

The identity of the compound in the analyte is established by comparing the retention time
with that of a known standard. The analyte and the standard must be analyzed under similar
conditions of temperature using the same column because the column material as well as the
temperature conditions can affect the retention time of a compound (Al-Bukhaiti et al., 2017).
The concentration of a known compound in the analyte is established by relating the area
under the curve with the area under the curve of a known amount of the standard under
similar conditions. The concentration of a mixture of many volatile organic compounds in an
analyte can be determined by adding the areas under the curves and comparing them with the

area of a known standard such as toluene and n-hexane (Srivastava and Mazumdar, 2011).

There are several approaches used to determine the concentration of a given compound or a
mixture of compounds using an external standard. These include use of response factor of the
known standard. In this method, a known amount of the standard is first injected into the
column and the area under the curve determined. The response factor is then calculated by
dividing the area under the curve with the amount of the standard injected. The amount of the
unknown analyte is calculated by dividing the area under the curve with the response factor
of the known standard. Another method involves drawing of a calibration curve of the known
standard. This is a curve of the area under the curve against the concentration. The values are
obtained by running several runs of the standard with different concentrations and the
resulting values are used to plot a curve. The concentration of a compound in the analyte can

then be determined using the curve (Brevard et al., 2011).

Since the VOCs in the environment exist as a mixture of the known and unknown
compounds, several research studies recommend the comparison of the total area under the
curves with the area of toluene or n-hexane or one of the components in the mixture. Such
concentrations are reported as concentrations of the Total Volatile Organic Compounds
(TVOCs) instead of reporting the concentration of each individual compound in the mixture
(Mglhave et al., 1997; Srivastava and Mazumdar, 2011).
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2.2.2 Exposure levels of the solvents

Exposure level refers to the concentration of a hazardous substance to which an organism is
exposed during a specified period (Silbergeld, 2012). An occupational exposure limit is an
upper limit on the acceptable concentration of a hazardous substance in workplace air for a
particular material or class of materials. It is typically set by competent national authorities
and enforced by legislation to protect occupational safety and health (Borak and Brosseau,
2015). Occupational exposure limit values (OELSs) are set to prevent occupational diseases or
other adverse effects in workers exposed to hazardous chemicals in the workplace. OELS
assume that exposed persons are healthy adult workers, although in some cases the OELs
should also protect vulnerable groups such as pregnant women or other more susceptible
people. They are tools to help employers protect the health of workers who may be exposed
to chemicals in the working environment. OELs are usually set for single substances, but
sometimes they are also produced for common mixtures in the workplace, for example

solvent mixes, oil mists, fumes from welding or diesel exhaust fume (McKee et al., 2017).

The occupational exposure limits are set as threshold limit values time weighted average
(TLV-TWA) which is usually averaged over eight or ten hour shift, recommended exposure
limits (REL), permissible exposure limits (PEL) and short term exposure limit (STEL) which
is the limit level to which a hazardous chemical is allowed to overshoot the time weighted
average (TWA). However the exposure duration should not exceed 15minutes. Some
chemicals have their STEL set for 10minutes.The most basic use of an OEL as a risk
reduction measure is to compare it to actual exposures at the work-place. This implies that
workplace exposures have to be actually measured (Schenk, 2008). The recommended TWA
for the solvent vapours are as shown in the Table 2.1.
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Table 2.1: Recommended time weighted averages of VOCs

Solvent vapour in the air TWA in ppm

Butanol 20
Diace- tone alcohol 50
Isopropy! alcohol 200
Methyl isobutyl ketone 20
2-butoxy-ethanol 20
Toluene 20
Xylene 100
Acetone 250
Hexane 50
Methanol 200
Ethanol 1000

Source: CDC, 2016
The STEL for ethanol is 1000ppm while that of isopropyl alcohol is 400ppm (CDC, 2016).

Since many different VOCs exist together each at a low indoor concentration but higher than
outdoors, the concept of total VOCs (TVOCs) has been introduced in existing literature
(Chatzidiakou, 2012). In some countries, thresholds for TVOCs in indoor nonindustrial
environments have been developed, and most of them are in the magnitude of 200 to 600
pg/m?® (Salthammer, 2011) to prevent discomfort and acute distinct health issues. In the UK,
the recent version of Building Regulations Part F (HM Government, 2010) based on the
European Collaborative Action (ECA, 1992) recommends concentrations below 300 pg/m3

for domestic buildings.

2.3 Distribution of ink VOC:s in the classroom

The concentration of VOCs is influenced by the amount of emiting material (Panagopoulos et
al., 2011; Huang et al., 2016), the rate of emission from the material (Huang et al., 2016),
the rate of dilution by the outdoor air (Liang et al., 2014; Chin et al., 2015) as well as the
speed of clearing of these vapours from a room by the air current (Du et al., 2015; Soto-
Garcia et al., 2015; Holgs et al., 2018 ). The rate of emission from the writings depends on
the classroom conditions of temperature and humidity. High temperature and humidity
increases the rate of emission while low temperature slows down the emission from the

writings resulting in a low concentration that persists for a longer time with the continued
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emission (Lin et al., 2009; Kang et al., 2010; Parthasarathy, 2011; Xiong et al., 2013). The
age of the writings on the whiteboard also influences the concentration of the VOCs. The
emission is higher soon after the writings but it decreases with time (Ishidao et al., 2005;
Holgs et al., 2018).

The concentration of the ink VOCs also depend on the presence of other VOCs and air
components which may react with the ink VOCs reducing their concentrations in the
classroom (Wei et al., 2017). These VOCs can result from emissions of the building materials
as well as the furniture and chemicals in a classroom such as cleaning agents and science
chemicals (Schlink et al., 2010; Panagopoulos et al., 2011; Dunagan et al., 2011; Chin et al.,
2015). Some can also enter into the classroom with the outdoor air from an outdoor source
such as a pollutant or from the motor vehicle exhaust (Batterman et al., 2007; Chin et al.,
2015). The rate of emission from the building materials depend on the age of the building as
well as the type and age of renovations (Jia et al., 2008; Jo and Sohn, 2009; Breen et al.,
2010; Langer and Bekd, 2013; Chin et al., 2015; Vilcekova et al., 2017). The speed of
conversion of the ink VOCs into other VOC mixtures by reacting with other components
depend on the temperature as well as humidity of the classroom. High temperature and
humidity favour the conversion (Hinks et al., 2016). The time of natural decay of the VOCs
also influence their concentration at the different parts of the classroom. Some VOCs take
longer than others to decay and they may linger in the room longer. However, it is expected
that the VOCs will naturally undergo decay with time even if they are not cleared out of the

room (Panagopoulos et al., 2011; Holgs et al., 2018).

The concentration of VOC is highest close to the point of production and therefore the
position of the whiteboard where writing takes place can influence the spread of the VOCs in
a room (Du et al., 2015; Noguchi et al., 2016). The spread to the rest of the room is affected
by both the ventilation type and pattern (Atkinson et al., 2009; Panagopoulos et al., 2011). In
a naturally ventilated classroom, the pattern of ventilation is not only influenced by the
design (Yang and Chen, 2001; Kembel et al., 2012) but is also influenced by the management
of these ventilations (Moghaddan et al., 2011; Marr et al., 2011). Opening the windows on
one side of the classroom may create a unidirectional flow of outdoor air while opening the
windows from both sides (where they exist) may allow the cross through type of ventilation
pattern (Moghaddan et al., 2011).
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Indoor materials can act as buffers for VOCs reducing peak concentrations but prolonging the
presence of compounds in the air (Kim, 2008). Some materials allow the sorption of the
VOCs while others allow the VOCs to diffuse through them. Those that allow sorption
reduce the concentration of the VOCs but increase the duration of their life in the room (Kim,
2008; Ho et al., 2011). All this influence the concentration and spread of VOCs at the
different parts of the room. However, the relative density of a VOC mixture does not
influence its spread in the air (Xu et al., 2012). It is therefore expected that all the VOC

would diffuse and mix effectively with the room air.

2.4 Knowledge, attitude and practices of teachers on marker ink safety

Chemical safety is the prevention of the short and long term adverse effects to humans and
the environment from the production, storage, transportation, use and disposal of chemicals
(WHO, 2011). Schools can be insecure for teachers and students because of the presence of
toxic chemicals (Malik et al., 2016). These chemicals include the chemicals used to teach
science in secondary schools as well as the chemicals in the whiteboard marker pen inks
(EPA, 2006). Organic solvents in the whiteboard marker pen ink can cause many health
hazards including the central nervous toxicity, respiratory effects and eye irritation (ATSDR,
2015). The use of chemicals therefore require an understanding of what makes the chemicals
dangerous as well as its both acute and chronic hazards (Fivizzani, 2007). Weekes (2017)
says that to be safe, one must have core learning around safety and have a grasp of specific
safety knowledge that one can apply at work. Knowledge improves safety at the workplace
(Vinodkumar and Bhasi, 2010). However, the safety guidelines at secondary schools are

limited to science laboratory chemicals (Muange et al., 2015).

Use of technology in education has come a long way since the earliest times of human
civilization. This ranges from slates, blackboards, green and brown boards, the white boards
and finally interactive boards. The whiteboards or dry-erase boards came into use during the
late 1980s. They have a glossy-white surface for writing. Instead of chalk pencils, whiteboard
pens were used to write on whiteboards. Considering the health reasons and cost-
effectiveness, by 1990s most of the classrooms were replaced with whiteboards instead of
blackboards (Muttappallymyalil, 2016).

Fishbien and Ajzen (1975) defined “attitude” as the individual’s evaluation of an object.

There are several models that try to explain the attitude of workers towards a new technology.
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These include the theory of diffusion of innovations (DIT) (Rogers, 1995), the theory of
task-technology fit (TTF) (Goodhue and Thompson, 1995), the theory of reasonable action
(TRA) ( Fishbein and Ajzen, 1975), theory of planned behavior (TPB) (Ajzen, 1991),
decomposed theory of planned behaviour, (Taylor and Todd, 1995), the technology
acceptance model (TAM) ( Davis et al., 1989), technology acceptance model 2 (TAM2)
(Venkatesh and Davis, 2000), unified theory of acceptance and use of technology (UTAUT),
(Venkatesh et al., 2003) and technology acceptance model 3 (TAM3) (Venkatesh and Bala,
2008).

Attitudes and values have a tendency to influence practice. They have more influence on
teacher practice than teacher knowledge (Ottenbreit-Leftwich et al., 2010). Teachers’
attitudes as regards to technology are based on whether or not they think technology can help
them achieve the instructional goals they perceive to be most important (Watson, 2006).
Davis et al. (1989) purported that a causal linkage exists between beliefs around perceived
usefulness and perceived ease of use, user attitudes, intentions, and subsequent technology
adoption and that these beliefs are mediated by external variables. Teachers’ attitudes toward
technology, perceived ease of use and perceived usefulness (beliefs that the technology will
enhance job performance) influence teachers’ intention to use technology (Courduff et al.,
2016).

Personal factors also influence the attitude of persons towards technology. These factors
include age, gender, type of fuel used at home and marital status. According to the
impressionable years hypothesis, people are likely to hold on that which was introduced to
them when they were young (Krosnick and Alwin, 1989). This is also supported by the
increasing persistence hypothesis which says that the young people are flexible to changes
while old people are rigid because flexibility decreases with age (Glen, 1974). Gergen and
Black (1966) explain that aging entails social disengagement and decrease in interest in
events distant from ones immediate life. Young people are therefore more receptive to

changing technology than the old.
Early studies of elementary and high school students identified an apparent dominance of

males with regard to new technology (Ray et al., 1999). Raub (1982) attributed the gender

difference to culturally learned roles. Males have been socialized by a society that encourages
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them to be proficient in all technological issues (Ray et al., 1999). According to Williams et

al. (1993) the gender difference tends to be consistent across all age groups.

The fuels used in a home can be used as an indicator of susceptibility to changing attitude.
Those that use the traditional solid fuel are the rigid type of persons who are not able to
change and embrace the new clean types of fuels. Such persons are also likely to remain rigid
to the changing technology and prefer to use the conservative methods (Shen et al., 2014).
Marital status of a teacher is also believed to influence the aspect of the teaching of the
individual teacher. The teacher’s effectiveness is significantly influenced by the marital status
of the teacher (Islahi and Nasreen, 2013) with the single teachers being better classroom

managers Tyagi (2013).

Several researchers have studied the behaviour and practices of teachers and students in the
classrooms. Many of them found that the teachers do not open windows often and when they
do they only respond to temperature changes and not indoor air quality (Wargocki and Wyon,
2006; Wyon and Wargocki, 2008). This can allow the ink VOCs to accumulate in the
classrooms (Willem, 2013; Singer et al., 2014).

2.5 Classroom factors that influence the exposure to the VOCs from ink

The major exposure factor is the concentration of the ink VOCs in the classroom because the
dose of the allergen determines the response of a person to the allergen (Kirk and Deaton,
2007). The classroom factors that influence the concentration of the ink VOCs include the

ventilation, temperature and workload or duration of exposure.

2.5.1: Ventilation

Ventilation allows for dilution of the pollutants as well as allows them to be pushed out and
cleared out of the room (Seppédnen and Kurnitski, 2009). In a poorly ventilated room, the
vapours of the VOCs can tend to accumulate to unacceptable levels (Wyon and Wargocki,.
2008; Matysik et al., 2010; Willem, 2013; Noguchi et al., 2016). The effectiveness of the
ventilations can be determined by studying the concentration of the carbon dioxide in the
classroom (Godwin and Batterman, 2007; Lu et al., 2015). Humans produce and exhale
carbon dioxide (CO2) making concentrations of CO2 in occupied indoor spaces to be higher
than concentrations outdoors (Lazovi¢ et al., 2015; Chiu et al., 2015). As the ventilation rate

decreases, the magnitude of the indoor—outdoor difference in CO2 concentration increases.
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Consequently, peak indoor CO. concentrations, or the peak elevations of the indoor
concentrations above those in outdoor air is an indicator for poor ventilation rate (Godwin
and Batterman, 2007; Lu et al., 2015).

2.5.2: Temperature

The indoor classroom temperature is a combination of radiations received through the roof
and walls of the building (Ponni and Baskar, 2015). It is influenced by the external
temperatures which depend on the number of buildings, the type of manmade materials in the
surrounding and presence or absence of vegetation in the surrounding (Kleerekoper et al.,
2012; Scott et al., 2017). It is also as a result of heat generated by the classroom occupants as
a result of physiological body activities (Cowan et al., 2010). These temperatures are usually
regulated by the classroom occupants by managing the operable ventilations based on their
comfort (Lazovi¢ et al., 2015). Low temperature makes the room occupants to close the
operable ventilation resulting in indoor accumulation of the VOCs. It also reduces
photochemical reaction rates of the VOCs and in the process increase their atmospheric
lifetime (Hellen et al., 2012; Hinks et al., 2016). Increase in temperature increases the rate of
emission of VOCs from the writings (Lin et al., 2009; Xiong et al., 2013). Increase in
temperature also increases the diffusion of the ink VOCs in the classroom making the spread
effective (Bauerle, 2011; Bag et al., 2014). Chiu et al. (2015) found that the temperature
between 20 °C and 25 °C decreases the dispersion of VOCs and in the process increase the
concentration of the VOCs in a classroom. High temperature combined with high
concentration favour the sorption of the VOCs by the interior surfaces reducing the peak

concentrations (Salthammer, 2008).

2.5.3: Duration of exposure

The workload of a teacher is determined in terms of the number of lessons that a teacher has
to attend per day. Workload of a teacher determines the duration of exposure of that teacher
to the ink VOCs. The more the number of lessons, the longer the teacher remains in the
classroom and therefore the longer the duration of exposure to ink VOCs. Prolonged
exposure to a pollutant exacerbates the reaction to that pollutant (Swiebocka et al., 2014;
Ackerman et al., 2016) because increased duration increases the dose of the pollutant on the
target organ (Kirk and Deaton, 2007).
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2.6 Seasonal variation of allergic conjunctivitis

Allergic conjunctivitis tends to be high during the peak season of pollen production
(Imonikhe et al., 2011). Singh et al. (2010) found that the ocular allergy was highest during
the months of June and July in the United States of America. Allergic conjunctivitis is
induced by the outdoor allergens which differ not only in their location distribution but also
in their seasonal distributions. In some parts of the world, tree pollens have seasonal peaks in
spring, grass pollens in summer and weed pollens in fall (Chung et al., 2012). Nakuru ,
Kenya, produces maize (Ariga and Jayne, 2009) and maize pollen has been associated with
development of allergic conjunctivitis (Oldenburg et al., 2011). It is therefore expected that
the incidences of allergic conjunctivitis would increase during the pollen production of the

maize.

Ocular allergy is also triggered by indoor allergens such as pet dander, dust mites, molds and
irritants (D’ Amato, et al., 2015). These tend to accumulate during winter when the ventilation
is abated because the room occupants tend to close the windows to conserve heat and prevent
entry of cold outdoor air (Kay et al., 2009). The heating of the rooms also results in products
which increase the allergies during cold seasons (D’Amato, et al., 2015). In Kenya, the
coldest season is in the months of June and July while the hottest season is in the months of
January and February (KNBS, 2015). Some forms of eye allergy are triggered by
environmental factors such as dust, wind and sunlight (La Rosa et al., 2013) which are more

likely to exist during the dry hot season.

2.7 Health impacts of the marker ink solvents

Butanol causes irritation to the eyes, skin and the throat. It also causes headache, drowsiness
blurred vision, photophobia (abnormal visual intolerance to light), dermatitis, auditory nerve
damage, hearing loss and central nervous system depression. Diacetone alcohol causes
corneal damage and also irritates the eyes, skin, nose and the throat. Ethanol causes lassitude
(weakness, exhaustion), drowsiness, headache, and is also an irritant to the eyes, skin and the
nose. Isopropyl alcohol (rubbing alcohol) may cause dizziness, headache and drowsiness as
well as irritate the nose, eyes and the throat. Methyl isobutyl ketone irritates the eyes,
mucous membrane and the skin when it comes into contact with it. It may also cause
headache, narcosis, dermatitis and coma if the exposure is high. Monobutyl ether (2-butoxy-

ethanol) causes eyes, skin, nose and throat irritation, destruction of red blood cells, central
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nervous system depression, headache and vomiting. It may also result in blood in the urine
(Halverson, 2011).

Health effects of xylene are determined by the dose, the duration and the route of exposure
(ATSDR, 2007). Short-term exposure of people to high levels of xylene can cause irritation
of the skin, eyes, nose, and throat, difficulty in breathing, impaired function of the lungs,
delayed response to a visual stimulus, impaired memory, stomach discomfort and possible
changes in the liver and kidneys. Both short- and long-term exposure to high concentrations
of xylene can also cause a number of effects on the nervous system, such as headaches, lack
of muscle coordination, dizziness, confusion, and changes in one's sense of balance. It can

also cause death (Kandyala et al., 2010).

Low to moderate levels of toluene can cause tiredness, confusion, weakness, drunken- type
actions, memory loss, nausea, and loss of appetite. Long-term exposure to toluene in the
workplace may cause some hearing and color vision loss while repeatedly breathing in
toluene may permanently damage the brain (ATSDR, 2015).

Toluene and xylene based inks have strong odours while the alcohol based ones have low
odours and are also claimed to be less toxic (ATSDR, 2015). This can make the teachers
more comfortable with the alcohol based inks and may end up exposing themselves to high
concentrations and for a long duration because the low odour does not provide adequate
warning of hazardous concentrations (ATSDR, 2015; Sengupta and Sarkar, 2015). Methanol
can cause severe metabolic disturbances, blindness, permanent neurologic dysfunction and

death. It also leads to severe hypotension (Jahan et al., 2015) and is an irritant (Clary, 2013).

Maurer et al. (2001) studied the effects of acetone on eyes and found that contact resulted in
mild irritation. Acetone also act on the central nervous system and acts as a depressant
(Greenberg et al., 2003). Hexane is carcinogenic, upper respiratory irritant and central
nervous system depressant. Chronic exposure causes periphery neuropathy (Hathaway and
Proctor, 2004; ATSDR, 2015)

2.7.1 Allergic Conjunctivitis
Conjunctivitis refers to inflammation of the conjunctiva of the eyes. The causes of

conjunctivitis are bacterial or viral infections and an allergic reaction. In newborns,

21


http://www.ncbi.nlm.nih.gov/pubmed/?term=Kandyala%20R%5Bauth%5D

conjunctivitis can result from an incompletely opened tear duct. Conjunctivitis caused by
bacterial infection is characterized with a thick mucous discharge which is yellow- green in

colour. If the cause is viral, the mucous produced is watery (Sanders, 2012).

Allergic conjunctivitis is an inflammation of the conjunctiva as a result of a reaction of the
body’s immune system to an allergen (Bielory and Friedlaender, 2008). The symptoms of
allergic conjunctivitis include itching, irritation or hurting, stinging or burning sensation,
watery eyes, discomfort, swelling of the eyelids, red eyes and a feeling of presence of foreign
particles in the eyes or ‘fullness’ in the eye. Itching is the hallmark of allergic conjunctivitis
and without it a person may not be suffering from allergic conjunctivitis even if all the other
symptoms are present. Itching may be mild or severe (Ono and Abelson, 2005; Leonardi,
2013; Miraldi and Kaufman, 2014).

Allergic conjunctivitis is an inclusive term that encompasses seasonal allergic conjunctivitis
(SAC), perennial allergic conjunctivitis (PAC) vernal keratoconjunctivitis (VKC), atopic
keratoconjunctivitis (AKC) and giant papillary conjunctivitis (GPC) (Leonardi et al., 2012;
La Rosa et al., 2013). SAC and PAC represent the majority of all ocular allergy diagnosis.
SAC is triggered by pollen while PAC is due to an allergy to house dust mite. GPC is as a
result of immunological reaction to debris which causes mechanical irritation to the
conjunctiva and use of extended wear soft contact lens. Mechanical irritation of the
conjunctivitis by exposed sutures after a surgery can also result in GPC. It is characterized
by the presence of giant papillae (Chowdhury, 2013). VKC and AKC are chronic and severe
forms of ocular allergies (Leonardi et al., 2012).

Allergic conjunctivitis is a type | hypersensitivity reaction occurring within 15 to 30 minutes
after exposure. Allergic conjunctivitis involves an inflammatory cascade. It starts when an
allergen comes into contact with the ocular surface of a person who is genetically
predisposed. The allergen is then phagocytosed and processed into simpler peptides by
antigen-presenting cells and is presented on major histocompatibility complexes on the
surface of the antigen-presenting cells. This induces T lymphocytes to start generating T
helper (Th2) cells and the production of inflammatory mediators. The Th2 cells activate the B
cells to produce Ig molecules which bind to mast cells and basophils in the conjunctiva
resulting in degranulation and the release of inflammatory mediators. These include

Histamines, leukotrienes, prostaglandins, and platelet activating factor. These cause blood
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vessel dilatation (hyperemia), increased vascular permeability/fluid exudation (edema), and
mucosal swelling (Friedlaender, 2011; La Rosa et al., 2013; Chigbu and Minhas, 2018).

The chronic phase occurs after approximately 4 to 6 hours. It is secondary to the release of
pro inflammatory (interleukin [IL]-6, macrophage inflammatory protein, and tumor necrosis
factor alpha) and type 2 (IL-4, IL-5, and 1L-13) cytokines. The production of these mediators
results in the recruitment and activation of inflammatory cells, such as monocytes, T cells,
eosinophils, and basophils. Chronic inflammation plays a major role in the pathophysiology
of the most severe forms of ocular allergic disorders and can be secondary to persistent

allergies swelling (Chigbu and Minhas, 2018).

Allergic conjunctivitis influences many quality of life parameters. The itchiness and irritation
result in discomfort of the eyes. Pain is also one of the symptoms of allergic conjunctivitis.
Scratching and inflammation may result in ocular damage which can give rise to secondary
infection of the eye. The vision is affected resulting in reading difficulties. The symptoms
such as running eyes can interfere with the patient’s confidence in social places and limit the
choice of outdoor activities. It can also affect one’s ability to wear eye make ups making the
patient to feel unattractive. Scratching of the eyes can result in periorbital excoriations and
bruising making the eyes to appear even worse. This affects the patient emotionally. The
allergens in the eyes can also drain into the nasal cavity and cause nose allergies increasing
the discomfort (Pitt et al., 2004; Bielory and Friedlaender, 2008; Sanchez et al., 2011).

The drugs used to treat allergic conjunctivitis are harmful. These include the oral
antihistamines which causes drowsiness to the patient. They may also react with other
medications causing life threatening cardiac arrythmias or may dry the eye reducing its
ability to flash away bacteria resulting in secondary infections. Steroids used to treat allergic
conjunctivitis may interfere with the body immunity as they block, reduce or inhibit the
production of inflammatory mediators. The patients may experience burning and stinging
sensation during the formulation of the topical drugs. This can be worsened by high
frequency of application for those drugs which do not have a prolonged duration of action.
Allergic conjunctivitis is associated with depression and anxiety in some patients (Bielory
and Friedlaender, 2008; Kari and Saari, 2010; Sanchez et al., 2011; Leonardi, 2013).
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Economy of the household is affected due to expenditures on prescriptions, productivity
losses related to absenteeism and decreased job effectiveness due to discomfort from the
symptoms of the ocular allergy. The patients have to reschedule their activities to create time
to consult an ophthalmologist for the eye problems especially in undeveloped countries where
the waiting time at the health facilities is long due to few facilities as well as few specialists
that have to serve many persons over a long distance. Allergic conjunctivitis is also common
among the population in the productive age group who are dependent upon by the rest of the
household members (Sanchez et al., 2011; Muchemi, 2011; Santacreu, 2016).

Allergic conjunctivitis cannot be cured but it can be prevented by avoiding the triggers. It is
therefore necessary for the patients to identify those factors that influence the development of
allergic conjunctivitis so that they can avoid them (Bielory and Friedlaender, 2008; Chigbu
and Minhas, 2018). The avoidance at the workplace can be facilitated by the policy makers
eliminating the source, substituting the source or placing the worker at areas where the
specific allergens are not produced based on the genetic predisposition of the workers. New
allergens at the work places should also be recognized and control measures put in place to
ensure that the worker is safe as required by the occupational Safety and Health Act of 2007.
Researchers can aid in revealing the causal relationship between patterns of allergic
conjunctivitis and their occupational exposure. Non pharmacological approaches can also be
used to manage the allergic conjunctivitis when it occurs. These include use of cold
compresses to constrict the capillaries and use of artificial tears to wash the eyes and flash out
the allergens (Chowdhury, 2013; La Rosa et al., 2013).

2.8 Legal framework of occupational safety and health in Kenya

Occupational safety and health in Kenya is regulated by laws and standards that originate
from different sources. The International Covenant on Economic, Social and Cultural Rights
(1966) provides for the right to safe and healthy working conditions. It provides that all State
parties to the Covenant will recognize the right of everyone to the enjoyment of just
and favorable conditions of work which will ensure safe and healthy working conditions.
The Universal Declaration of Human Rights (1948) provides that everyone is entitled to
the right to work, to free choice of employment and to just and favorable conditions of
work. The International Labour Organization stipulates that a worker should be protected
from all unsafe conditions at the workplace (ILO, 2006). The Constitution of Kenya (2010)

stipulates that the general rules of international law shall form part of the law of Kenya. This
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article ensures that these conventions and other sources of international law form part of the
Kenyan law. The constitution also provides that every person has a right to the highest
attainable standard of health. This being the case it is tenable to argue that the right of
workers to a safe and clean working environment is a fundamental right in Kenya. Article 42
of Kenya’s constitution guarantees every Kenyan the right to a clean and healthy
environment. By analogy then, it means that the working environment also needs to be clean
and healthy to the workers (Muigua, 2012). The safety requirement for the worker at the
workplace is further emphasized in the Occupational Safety and Health Act (2007). This Act
stipulates that the employer has a duty to ensure that the workplace is safe for the worker and
that the worker has a responsibility to work safely. Health for all is also one of the many

sustainable development goals (SDG number 3) (Beisheim, 2015).

The labour laws in Kenya regulate the relationship between the employer and the employees
in the process contributing to the health and safety of the worker. The labour laws in place in
Kenya include the Employment Act, The Labour Relations Act, Work Injury Benefit Act,
Labour Institutions Act, National Social Security Act, National Hospital Insurance Fund Act,
Industrial Training Act and the Retirement Benefits Act (ILO, 2016). Other legislations that
touch on occupational safety and health are Public Health Act (GoK, 2017), Environmental
Management and Coordination Act (GoK, 2012), Radiation Protection Act (GoK, 2012), and
The Pest Control Products Act (GoK, 2012).

2.9 Research gaps

Although several research studies have been carried out on the indoor concentrations of
VOCS (Shendell et al., 2005; Chatzidiakou, 2012) and their effects on the health of the
students and teachers (Madureira et al., 2009; Madureira et al., 2015), there is limited
information on the effects of occupational exposure to whiteboard marker ink VOCs and
development of allergic conjunctivitis among the Kenyan school teachers. Use of whiteboard
marker pen in secondary schools is also a new phenomenon with some of the schools yet to
implement the same. As such, the set threshold values for occupational exposure to the VOCs
from whiteboard marker inks have not been monitored in the school set up in Kenya.
Knowledge, attitude and practices among teachers with respect to use and handling of
whiteboard markers is limited and thus forms the basis upon which this study was carried out.
There is paucity in data on the influence of various physico-chemical parameters and

classroom structural characteristics on the concentrations of the ink VOCs from whiteboard
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marker pens. Finally, the influence of seasonality on the development of allergic
conjunctivitis especially within the tropics is least understood. It was therefore necessary that
a study of this nature be undertaken to address the aforementioned research gaps, and provide
recommendations to the relevant agencies to address occupational safety and health issues

among teachers with respect to use whiteboard markers.

2.10 Theoretical framework

Since allergic conjunctivitis has a lot of effect on quality of life (Belgu, 2014), there is need
to control and prevent it. For this to be possible, it is important to focus on the attitudes and
beliefs of individuals on allergic conjunctivitis as outlined by the Health Belief Model (Glanz
et al., 1997). The Health Belief Model (HBM) is a psychological model that attempts to
explain and predict health behaviours. The HBM is based on the understanding that a person
will follow a recommended action if he feels that a disease or other health conditions can be
prevented and that he is capable of adhering successfully to the prescribed actions of

prevention.

The health belief model is spelled out in terms of six constructs representing the perceived
threats and net benefits. These are perceived susceptibility, perceived severity, perceived
benefits, perceived barriers, cues to action and self- efficacy. Perceived susceptibility
construct refers to one’s opinion of chances of getting a condition. This involves defining the
population(s) at risk and heightening perceived susceptibility if found to be too low. Teachers
who write on whiteboards are exposed to chemicals in the ink. This study will determine the
effects of these substances on the eyes of the teachers as well as reveal whether they are
aware of their susceptibility.

Perceived severity construct refers to one’s opinion of how serious a condition is and its
consequences. It involves specification of consequences of the risk and the condition. Based
on this construct, this study spells out the consequences of allergic conjunctivitis as a disease
that can be sight threatening and with many effects on the quality of life. Perceived benefits
construct refers to one’s belief in the efficacy of the advised action to reduce risk or
seriousness of impact. As such, this study believes that when the teachers are made aware of
the effects of ink on their eyes they will participate actively in reducing their exposure to the
ink.
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Perceived barriers, as a construct, involve identification and reduction of barriers towards
putting in place the recommended action. The researcher therefore hopes that the policy
makers would be willing to put in place measures which would ensure that the teachers are
safe based on the findings of the study. The research would create awareness about allergic
conjunctivitis among the teachers and highlight some of the causes of allergic conjunctivitis
in line with Cues to action construct. Knowledge would help them to prevent the condition in

line with the sixth construct (self-efficacy).

2.11 Conceptual framework

The conceptual framework shows the interactions between dependent and independent
variables (Figure 2.1). Exposure to ink used to write on whiteboards formed the independent
variables while the dependent variables comprised of the symptoms of allergic conjunctivitis.
The dependent variables were the symptoms of allergic conjunctivitis such as redness of the
eye, swelling, watery eyes, itchiness, hurting/irritation, discomfort and feeling like there is a
foreign body in the eye. The intervening factors were those believed to influence the
development of allergic conjunctivitis. Mugenda and Mugenda (1999) define the intervening
factors as those factors which influence the relationship between the independent and

dependent factors

Exposure to the ink was studied in terms of actual use of the ink with its constituent VOCs,
the concentration of the VOCs, the duration of exposure to these VOCs and the knowledge,
attitude and practice (KAP) of teachers on the use of the whiteboard marker ink. The
concentration of the VOCs is likely to be influenced by the ventilation which allows for
dilution of the contaminated air and the temperature which affects the vaporization of the
volatile compounds in the ink after writing on the board. Duration of exposure to the VOCs
in the classroom was studied using the workload of a teacher which in turn dictates the
amount of time the teacher spends in the classroom and the time taken for the VOCs to clear

from the classroom air.

Knowledge on safety of science chemicals used in teaching in the secondary schools was
studied because it was assumed that teachers who have had training on science chemicals and
laboratory safety rules are likely to be knowledgeable on other chemicals such as the
chemicals in the whiteboard marker pen ink. Influence of personal factors on the attitude of

the teachers on the use of the whiteboard marker pen ink was also studied because
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demographic characteristics of a person influence the attitudes. Practices of a teacher also

determine the extent of exposure to the whiteboard marker ink. If the teacher does not replace

the lid every time he stops writing, the VOCs continue to vaporize from the exposed nib.

Opening and closing of the windows by the teachers would influence the ventilation which

has a great influence on the accumulation and spread of ink VOCs in the classrooms.
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the room as influenced by

» Ventilation (concentration
of COy)

» Temperature

Duration of exposure

» Number of lessons
Knowledge, attitudes and
Practice of teachers on the use
of whiteboard markers
Gender
Age
Marital status
Fuels used at home

YVVVYY

science at schools

e e

\4

Dependent variable
Allergic conjunctivitis
symptoms

¢ Redness of the eye

e Swelling

o Watery eyes

e |tchiness

e Hurting/irritation

e Discomfort

e Feeling like there is a

foreign body in the eye

Chemicals used to teach

Intervening factors

e Genetic predisposition

¢ Presence of dust and other
solid particles

o Area of residence

e Presence of other allergies

e Tobacco Smoke

e Other eye problems

¢ Use of insecticides,
herbicides or pesticides

e Exposure to chalk dust

Figure 2.1: Conceptual framework of the relationship between the variables




CHAPTER THREE
METHODOLOGY
3.1 Study area

3.1.1 Location of the Study

Nakuru County is Located in the former Rift Valley Province of Kenya, about 90 km from
Nairobi. It is bounded between latitude 0° 13'N and 1° 16 S and longitude 35° 36 E and 35°
28'W. It is an agriculturally-rich County and covers an area of 7495.10 square kilometres.
The name Nakuru means a dusty place in the Maasai language, in reference to frequent
whirlwinds that engulf the area with clouds of dust. It borders eight Counties. These are
Laikipia to the north east, Kericho and Bomet to the west, Narok to the south west, Kajiado
to the south, Baringo to the north, Nyandarua to the east and Kiambu to the south (KNBS,
2015). Figure 3.1 shows the map of the study area.

3.1.2 Climate

Nakuru County has predictable weather patterns with temperatures ranging between 10°C
during the cold months (July and August) and 20°C during the hot months (January to
March). The county receives between 700 mm and 1200 mm of rainfall annually, with
average annual rainfall being an approximated 800 mm. It has two rainy seasons; April, May
and August (long rains) and October and December (short rains). The average altitude of the
county is approximately 1850 metres above the sea level. The predominant soil type is loam
formed from the volcanic activities (KNBS, 2015).
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Figure 3.1: Map showing the study sites
Source: Survey of Kenya (2019)
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3.1.3 Demographics and Socio-Economic activities

Nakuru County has a population of 1,603,325 people (50.2% males and 49.8% females)
(KNBS, 2013). Small-scale agriculture, manufacturing and tourism are the backbone of the
economy of Nakuru County. The area surrounding the Nakuru town is known for its vast
agricultural potential with numerous small farms and also vast agricultural enterprises. The
main crops grown around Nakuru and marketed in the town include coffee, wheat, barley,
maize, and beans. These crops are stored in massive silos at the outskirts of the Nakuru town
by the National Cereals and Produce Board and Lesiolo Grain Handlers Limited. The crops
provide the primary raw material for the manufacturing industries found in Nakuru and
Nairobi towns. These industries include flour milling and grain ginneries. Dairy farming is a
key economic activity and provides the inputs for various milk processing plants around the
town. Nakuru town is Africa’s fastest growing town and the fourth in the world (Mubea and
Menz, 2012). It is also a centre for various retail businesses that provide goods and services
to the manufacturing and agricultural sectors. A large public market lies to the west of the
town (USAID, 2015)

3.1.4 Distribution of Schools in Nakuru County

There were 900 primary schools (614 public and 286 private) and 334 secondary schools with
7317 primary school teachers and 7919 secondary school teachers (TSC, 2010; Wanjohi,
2013; Mbugua et al., 2015). Only sixteen secondary schools had fully implemented the use of
whiteboards in the classrooms (lrungu, 2015). The teachers in the county were well
distributed in all the schools (Ojwan’g, 2016) and therefore the teachers in the selected
schools were representative of the teachers in the county. Implementation of the whiteboards
in the secondary schools in the Nakuru County was ongoing with only sixteen schools having
fully substituted the use of chalkboards with whiteboards. Some of the other schools had
installed the whiteboards in some classrooms and were yet to complete installation in the
remaining classrooms. Many had not started the installation of the whiteboards in their
classrooms (lrungu, 2015).

3.1.5 The County’s eye health burden

The Nakuru County eye health burden among the health seeking persons in the health
facilities is 14,715 among the under-fives and 29,286 persons among the five and above years
of age. This constitutes about 1.9% of all health conditions among the health seeking persons

at all the health facilities in the Nakuru County. Naivasha Sub County has the highest burden
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with 16.3% and 21.2% of the entire County’s eye health burden among the under-fives and
five years and above age groups respectively (KNBS, 2015).

3.2 Research Design

The research design was Cross Sectional design using repeated measures. Exposure and non-
exposure to whiteboard ink were used as the two treatments at the times of observations.
Only schools which use whiteboards were considered for the study. The incidences of
symptoms of allergic conjunctivitis among the teachers were determined at the end of the
school term (term two of the school calendar) when the schools were doing their exams and
not using the whiteboard marker inks. This was considered to be time one observation. The
schools were then assigned into two groups based on how they scheduled their continuous
assessment exams during the term. Those that suspended teaching during the midterm exams
were placed in one group (Group A). The rest of the schools which did their exams during
prep time and so did not suspend teaching during the midterm exams were placed in the

second group (group B).

The second observation was made during the half term exam in the months of September-
October (term three of the school calendar). At that time, one group (Group B) was exposed
while the other (Group A) was not exposed. The third observation was made during the
months of January- February (term one of the school calendar). During this third observation
time, the two groups were observed during the teaching season when the two groups were
both exposed to the whiteboard marker pen ink. The three observations could therefore be
represented as in Figure 3.2. The teachers were divided into two groups to make it possible
to have a group being observed in two different seasons without changing its exposure status.
This would ensure that there is no interaction of seasonal factors with ink exposure when
determining the seasonal variation of the incidences of symptoms of allergic conjunctivitis.
Use of the same group allows each group to be its control so that the extraneous factors are
held constant (Lawson, 2010).

The first observation was done when all the teachers were non-exposed while the third was
done when all the teachers were exposed to allow the single group (all the teachers) to be its
control during the two different exposure status (Lawson, 2010). The information from the
two observation times (first and third) was to be used to establish the influence of exposure to

ink on the development of symptoms of allergic conjunctivitis.
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Use of repeated measures design allowed the group of teachers to control itself when testing
for seasonal variations of the occurrence of symptoms of allergic conjunctivitis as well as the
influence of the white board marker pen ink on the development of symptoms of allergic
conjunctivitis. This ensured that the intervening factors were controlled for because they

remained constant throughout the different observations (Gravetter, 2008).

1%t Observation

Group A Group B
Not Exposed Not Exposed | (Endterm Exam)
l l July-Aug 2016
2"d Observation
Group A Group B _
Not Exposed Exposed (Midterm Exam)

Sep-Oct 2016

Group A | W Group B
Exposed Exposed

3" Observation

(teaching time)
Feb 2017
===p Variation due to seasonal factors; === Variation due to exposure to ink

Figure 3.2: Flow chart of observations throughout the year

3.3 Study Population
The study population was composed of the teachers in the thirteen schools where whiteboard
marker pens were used and not chalk. These schools had a population of 543 teachers

(teachers’ registers in the schools (TSC, 2010).

3.4 Sample Size

The general rule of thumb is to use as large sample as possible in order to enhance
representativeness to the population (Kerlinger, 1983, Gall et al., 1996). The Fisher et al.
(1999) formula was adopted for this study.

- _Z'ra
d!
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Where
n = the desired sample size
z=1.96 at 95% confidence level (C.L)
p=0.5 (since the prevalence of allergic conjunctivitis among teachers in the whole
Nakuru County is not known)
q=1-p
d=significance level

_ 1.96%x0.5X0.5

— = 384Subjects
0.05

But since the study population is less than 10,000, the sample size was adjusted as follows

Adjusted n' = (Mugenda and Mugenda, 1999)

_n_
1+1/y
Where n'= Adjusted number of respondents

o — 38
1+384]_

= 224 Subjects
The sample sizes of the different strata were determined using the proportionate stratification
formula (Berman, 2016).
nh = (Nh/N)n
Where nh = sample size for the group which suspend teaching to do midterm exams (stratum
h)
Nh= Population size for stratum h
N= Total population size
n= Total sample size

h = (251> 224 = 103
M= \543 -

224 —-103 =121
~ 103 teachers in the group that suspend teaching during monthly exams and 121 subjects in

the group which does not suspend teaching to do monthly exams.

3.5 Sampling Design

The sampling design was stratified random sampling. The schools were already stratified into
two groups based on how they schedule their midterm exams. The first category (Group A)
was composed of those schools which schedule their midterm exams during the teaching time
and therefore suspend teaching completely for five days. The other category (Group B) was
composed of those schools which did their midterm exams outside the teaching hours and
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therefore did not suspend the teaching during midterm exams. Teachers in the selected
schools were randomly and proportionately sampled to participate in the study (Table 3.2).
Two classrooms from each of the six schools close to Egerton University were sampled
randomly and air samples collected for the determination of the concentration of the ink
VOCs. Each of the six selected schools used only one of the three brands of ink with each ink
brand being in use in two schools. These ink brands of ink were ink 1, ink 2 and ink 3. The
air samples were collected at 1.5 m height above the floor which is the breathing level
(Olumayede and Okuo, 2013), and also at 0.5 m height above the floor to establish the
vertical distribution of VOCs in the classroom. These samples were collected at a distance of
30 cm from the centre of the whiteboard where the teacher is likely to spend most of his/her
time during the lesson. More air samples were also collected at 8 m towards the back of the
classroom because this is the average length of a Kenyan classroom (GoK, 2006). Sampling
was done at the same heights of 1.5 m and 0.5 m above the floor to establish the horizontal
spread of the ink VOC:s in the classroom. The air samples were collected at 8a am before the
lessons started, at 12.40 pm just before lunch break and at 2 pm before the afternoon lessons
started.

Table 3.1: Sampling of teachers

Name of the school Established Group No.of
no. of sampled

teachers teachers

Utumishi Boys Academy 56 A 23
Koelel Secondary School 87 B 36
Lady Ann Delamere Secondary School 19 A 8
Upper Hill Secondary School 28 B 11
Afraha Secondary School 58 A 24
Nakuru Day Secondary School 35 A 15
Njoro Central Day Secondary School 24 B 10
Kirobon Girls Secondary School 36 A 15
Mama Ngina Kenyatta Secondary School 65 B 27
Vanesa Grant Girls Secondary School 28 B 11
Jomo Kenyatta Girls Secondary School 17 A 7
Bahati Girls Secondary School 30 A 12
Njoro Boys Secondary School 60 B 25
Total 543 224
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3.6 Research instruments

Only closed ended questionnaires for the school teachers were used to ensure that the
respondents gave only the required information for the study. Some items had yes/no items
followed by some open ended questions to give the respondents opportunity to provide their
own answers (Peil, 1995). A Likert scale was also included to establish the attitudes and level
of knowledge of teachers on the use of whiteboard marker ink. The questionnaires were as
shown in appendix I. An observation checklist was used to collect information on the
practices of the teachers related to the use of whiteboard marker pens as well as other

subjective information such as the cleanliness of the classrooms (Appendix I1).

A carbon dioxide sensor AZ-0004 was used to measure the concentration of carbon dioxide
as well as the temperature in the classrooms. The composition of ink vapours was determined
using an Agilent technologies 7820A gas chromatography machine using a DB 624 column
with a length of 30 m, an internal diameter (ID) of 320 um and a film thickness (DF) of 1.8
pm. The identity and concentration of the vapours in the classrooms were determined by use
of gas chromatography (Dewulf et al., 2002) using a Varian 3400CX gas chromatography
machine with non-polar columns. These were RTX-5MS with a length of 30 m, an internal
diameter (ID) of 0.25 mm and a film thickness (DF) of 0.25um and a chiral fused silica with
a length of 25 m, an internal diameter of 0.25 mm and a film thickness of 0.12 um. A flame
ionization detector (FID) was used because it is very stable and it detects a very large number
of VOCs (Sannik, 2013). The gas in the oven was hydrogen gas while the carrier gas was
nitrogen gas. The samples were injected into the injector using 1 pl syringes. The air samples
were collected using transparent polythene bags and the bags sealed at the site of sampling.
The bags had an advantage that they were easy to use and they do not adsorb organometallic

species like the metal canisters (Maillefer et al., 2003; Watson et al., 2012).

The non-polar columns were selected because they did not separate the VOCs mixtures in the
ink but gave them in form of one peak. Only the mixture with the exact composition like that
of the ink vapour gave the same retention time as the ink vapour. This made it possible to
know those mixtures that contained only the components of the ink in the exact composition
reducing the likelihood of including the ink vapours that had already mixed with other VOCs
in the room exaggerating the reported concentrations. If the column separated the
components, it would have been impossible to tell which of those components originated

from the ink and which ones came
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from the other VOCs mixtures in the room. Also the study was based on the VOC mixture
from the marker pen ink and not the separate specific components because the teachers were
exposed to all of them together and not to individual compounds in the ink. Rdésch et al.
(2014) supports the study of mixtures of VOCs contrary to the study of individual VOC. Gas
chromatography using a flame ionization detector (GC-FID) was used because it detects
organic compounds with high sensitivity, a linear response and a low background noise (Sethi
etal., 2013).

3.7 Reliability and Validity of research instruments

Pilot study was carried out at Solai boys and Patel day secondary schools which used
whiteboards in the County. These schools were in the same County and therefore had similar
environmental conditions with the study schools. The two schools were selected purposefully
based on the availability and use of whiteboards. Ten teachers from the two schools were
randomly selected to participate in the pilot study. The teachers were first explained to the
importance of the study, confidentiality was assured and their consent was sought before
participating in the pilot study. The questionnaires were then administered among the
selected teachers and their responses assessed to establish whether they were consistent
showing that the respondents had understood them. The items that showed lack of
consistency were reconstructed accordingly and retested until they were consistent and had a
Cronbach’s alpha coefficient of 0.6 and above since it is considered as acceptable by many
authors (Husain, 2014; Felizardo et al., 2016). Blooma et al. (2013) and Meghouar, (2016)
say that Cronbach’s alpha value of 0.5 and above is acceptable. Cronbach’s alpha coefficient
was calculated to establish validity and reliability of the questionnaires (Table 3.2). Samples
were also collected from the pilot schools and taken to Egerton University Chemistry
laboratory for analysis. This was to test the effectiveness of the column in analyzing of the air
samples. The carbon dioxide sensor was also tested and found to be in good working

condition indicating that factory calibration had been effectively done.

Table 3.2: Cronbach’s Alpha values for items in the questionnaires

No. of items in the Aspect being measured Cronbach’s
questionnaires alpha coefficient
7 Symptoms of allergic conjunctivitis 0.8
11 Attitude of teachers on use of marker pens 0.7
7 Knowledge of teachers on ink safety 0.6
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3.8 Data Collection

The questionnaires for teachers were delivered personally by the researcher to ensure that
they reached the respondents. All through the filling of the questionnaires, the researcher was
present to ensure that each teacher filled independently. The questionnaires collected
information on social-demographic variables, occupational variables and self-reported
information on the presence or absence of symptoms of allergic conjunctivitis. An
observation checklist (Appendix I1) was filled by the researcher while observing the practices
of the teacher in class. The observation checklist also collected other subjective information

from the school environment.

The air samples in the classrooms were collected using transparent polythene bags. The
transparent polythene bag was opened at the point of sampling and flapped allowing the air to
enter actively. The paper bag was then sealed, labeled, packed and transferred to chemistry
laboratory at Egerton University for analysis. The air samples were collected at 8 am before
the lesson started and then at 12.40 pm in all the selected classrooms. They were transferred
quickly to the laboratory to prevent conversion before analysis (Environmental Health and
Safety, 2015).

The conditions of the gas chromatography machine were such that the inlet temperature was
150 °C while the column temperature program started at 50.0 °C for 1.00 minute and was
then ramped at 14.0 °C per minute until 120 °C was obtained. The column was kept at a
constant flow of 1.6 ml/min and the detector temperature was set at 180 °C. The flow rate for
hydrogen was 30.0 ml/min, for air was 400.0 ml/min, and the makeup flow of nitrogen was
25.0 ml/min (Forensic Scientist Manager, 2015).

First, a sample of the ink was placed in an evacuated tube using a syringe. The ink was
warmed in water bath at 60 °C for 20 minutes to allow the headspace to reach equilibrium
(Portari et al., 2008). The headspace vapours were then sucked using a syringe and dissolved
in acetone, hexane and ethanol solvents. Chromatography was then carried out on these
solutions. The temperatures at the injection, detector and column were 250 °C, 200 °C and 60
°C -150 °C respectively.  The airflow rates of oxygen, hydrogen and nitrogen were
400ml/min, 40ml/min and 45ml/min respectively. The split ratio used was 100:1. The column
temperature program started at 60.0 °C for 2.00 minute and was then ramped at 6.0 °C per

minute until 150 °C was obtained. The area under the curve on the chromatogram of each of
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the components was used to determine the percentage composition of the components in the
ink vapour. These percentages were used to estimate the concentration of each of these ink

components in the classroom air samples.

More headspace vapour was collected using a 1um syringe. The ink vapour was then injected
into a chromatography machine with a non-polar column. The ink vapour eluted as one peak.
The retention time of the peak was determined and considered to be the retention time of the
ink mixture. This retention time was used to act as a standard to identify the ink mixtures in
the different air samples from the classrooms. Those that had different components from that
of the ink gave a different retention time from that of the ink vapour while those similar to the
ink (originating from ink in the classroom) gave the same retention time as that of the ink
vapour. The air samples from the polythene bags were sucked using a 1um syringe by
piercing through the polythene bag. The air sample was then injected directly into the
chromatography machine as found in Cristescu et al. (2013) and Portari et al. (2008).
Standard procedures such as use of blanks and standards were followed throughout the
laboratory analysis of all samples.

The concentration of the vapours in the air samples (TVOCSs) was determined by comparing
the area under the peak with that of the ethanol with a density of 0.790g/cm?® and a purity of
99.9%. Ethanol was chosen because it was found to be part of the mixture in the ink
(Mglhave et al., 1997; Srivastava and Mazumdar, 2011) and because it showed a lot of
consistency in its calculated response factor at different times of testing. The concentration of

the ethanol used (amount) was 790,000mg/I.

area under the curve

Response factor of the ethanol =

amount

area under the curve

Amount of the VOCs = (Brevard et al., 2011)

response factor of ethanol

The carbon dioxide sensor AZ-0004 gave direct readings of the temperature in °C, carbon
dioxide concentrations in ppm and the relative humidity in percentages. These readings were
useful as an indication of the effectiveness of the classroom ventilations (HSE, 2000). This
gadget was plugged into the power source and allowed to stabilize for at least 10 seconds (as
recommended in the operational manual of the AZ-0004 before taking the readings.
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3.9 Data Analysis
SPSS package was used to manage the data. Descriptive and inferential statistics were used to
analyze data. Data was presented using tables, graphs and charts. The specific statistics used

are summarized in Table 3.3.

Table 3.3: Data analysis summary table

Objective

Variables

Statistics

To establish the composition of
the VOCs produced by the
whiteboard marker ink

To establish the vertical and
horizontal distribution of the
VOCs from the whiteboard
marker ink in a school classroom

To determine knowledge, attitude
and practice of teachers on the
use of whiteboard markers

To assess the influence of
classroom factors on the
occupational exposure levels of
teachers to VOCs from the
whiteboard marker ink.

-Components in the ink vapour
-% composition of the
components in the ink

-Concentration of the ink VOCs
in different classrooms

-Where the ink vapours are
found in classroom

-Knowledge on ink safety

-Relationship between
knowledge of science chemical
safety and levels of good
knowledge on ink safety

-Attitude on the use of marker
Pen

- Influence of Personal factors
on the attitude on the use of
marker pen

-Practice of teachers on issues
related to use of marker pens
Diurnal changes of Temperature

and CO2

Influence of no. of students on
concentration of CO

Influence of gender of students

on concentration of CO»

Relationship between CO; and
concentration of VOCs

Percentages of the
components of ink
VOCs

One way ANOVA

Means

Percentages

Chi-Square test

Percentages

Chi-Square test

Percentages

One way ANOVA

Pearson Correlation

t-test for
independent
samples

Pearson Correlation
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Relationship between Pearson Correlation

temperature and concentration of

VOCs
5. To assess the seasonal variations Trends in incidences of One way ANOVA
of symptoms of allergic symptoms of allergic of repeated
conjunctivitis among the teachers  conjunctivitis through different ~ measures
seasons of the year -Percentages
6. To assess the influence of the Relationship between symptoms
whiteboard marker ink on the and
development of symptoms of e Use of ink - One way ANOVA
allergic conjunctivitis for repeated
measures
e Ink brand -Percentages
-Chi-Square, Odds
ratio and
e Concentration of ink -Regression
VOCs analysis
e Workload of teachers -Regression
analysis

3.10 Ethical Considerations

Permission was sought from all relevant bodies before embarking on the research. These
bodies included the Egerton University School of post graduate, Bio-Ethics committee in
Egerton University Research Extension Division, National Commission for Science,
Technology and Innovation (NACOST]I), the Nakuru county commissioner and the Nakuru
county director of Education (teacher management). Permission was also sought from the
principals of the specific schools during the time of visit before approaching the teachers.
Informed consent was requested of the respondents. For those who declined to participate,
their decision was respected. The students in the visited classrooms were also explained to
about the study before the air samples were collected in the classrooms. Confidentiality of the
information from the respondents was ensured. This was ensured by having each teacher
assign himself/herself a unique number which was not known to the researcher. This number

was used to track the cases throughout the three times of observations but the information
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could not be traced to a specific teacher. Also, numbers were randomly assigned to the
schools and classrooms studied so that the research results cannot be used to identify the
schools and classrooms. The three brands of ink were randomly assigned numbers so that the
detailed information obtained from their analysis cannot be traced to a specific brand of ink.
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CHAPTER FOUR
RESULTS AND DISCUSSION

4.1 Socio-demographic characteristics of the respondents
There were 103 respondents in group A that suspended teaching during the monthly

examination and 121 respondents in the group B that did not suspend teaching during the
monthly time of examination. The table 4.1 is a summary of the socio-demographic

characteristics of these respondents

Table 4.1: Socio-demographic characteristics of the respondents

Characteristic of teachers Group A Group B
n % n %
Gender Male 55 53.4 75 62.0
Female 48 46.6 46 38.0
Age in years 18-24 15 14.7 19 16.0
25-34 44 43.1 49 41.2
35-44 15 14.7 29 24.4
45-54 26 255 16 13.4
55-60 2 2.0 6 5.0
Level of education Degree 89 89.9 102 85.0
Diploma 10 10.1 18 15.0
Marital status Married 68 68.7 68 57.1
Single 29 29.3 51 42.9
Widowed 2 2.0 0 0.0

There were more male than female respondents. There were very few teachers in the age
group 18-24 years. This can be explained by the prevailing employment practice in Kenya
where there is no direct employment by the government for many young college graduates;
they have to wait until a position falls vacant through retirement or natural attrition. There
were very few respondents in the age bracket of 55 to 60 years. This may be explained by
Kenya’s policy on retirement whereby a public service employee is allowed to proceed on
early retirement upon attainment of 50 years and above. (GoK, 2012). All the teachers in the
sample had a diploma or above level of education. Further, there were more degrees than
diploma holders in the study population. This could be attributed to the current TSC practice
of engaging teachers that have received adequate training (diploma and above) and have been
registered by the TSC to teach in Kenyan secondary schools (GoK, 2012). Most of the
respondents (68.7% and 57.1%) were married. According to Kenya demographic survey of
2014, women are likely to marry at a mean age of 20.2 years while men are likely to get
married at a mean age of 25.2 years (KNBS, 2014). Majority of teachers (85.3% and 84.0%)

were above these ages. Age, gender and marital status are likely to influence the attitudes of
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the teachers on the use of whiteboard maker pen ink and in the process influence their

practices which can contribute to their exposure to the ink VOCs.

4.2 Characteristics of the schools as a work place for the teachers

The selected classrooms were visited and their physical characteristics identified. The factors
of the classroom considered included material used in constructing the classroom walls, the
material used for roofing, the presence and absence of a ceiling, the size of the classroom, the
type of ventilation, the size and direction of the windows, height of the windows relative to
the desk level, density of the students in each of the classroom, the frequency of washing of
the classrooms, the accessibility of water to the teachers who taught in those classrooms and
the availability of a sink for the teacher to wash the hands. It was observed that the
classrooms differed in many aspects indicating that there is no enforcement of the
requirements of a standard classroom in Kenya. The failure in enforcement is attributed to
lack of financial resources to upgrade the old classrooms to the current requirements (World
Bank, 2008).

4.2.1 Buildings of the classrooms in the schools

The results showed that most of the classrooms walls (92%) were built using stones while
only one of the studied classrooms had a wooden wall. Ten of the classrooms had a roof of
iron sheet with only 2 having a roof made from asbestos sheets. Approximately 58% of the

classrooms surveyed had a ceiling (Table 4.2).

Table 4.2: Buildings of the classrooms in the schools

Characteristic n %
Material that makes the Wooden 1 8.3
Classroom walls Stones 11 917
Roofing Iron sheet 10 833

Asbestos 2 16.7
Ceiling Present 5 417

Absent 7 583

The stone brick buildings were more popular than the wooden structures. Local resources,
culture, climate and building traditions have significant effects on building design and
construction (Seppénen and Kurnitski, 2009). However, all the classrooms had a lot of
furniture made from wood. Wood is associated with increased levels of some type of VOCs

because of the rotting wood and the use of wood preservatives (Annika, 2012). These VOCs
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can react with the ink VOCs resulting in new mixtures of compounds. Some classrooms
(16.7%) had asbestos roofing in spite of the Kenyan government banning the use of the
asbestos as a roofing material in 2006. This is an indication that the classroom was built
before 2006 (Okoth, 2013). Asbestos is associated with cancer and the National
Environmental Management Authority (NEMA) requires the government to replace all the
asbestos on all the institutional rooftops (Okoth, 2013). However limited resources may
hinder the process. Ngara and Magwa (2015) recommend the use of a ceiling where there is
asbestos roofing to protect the teacher and the students from the asbestos fibers as a way to
mitigate the effects of the asbestos roofing. The specific classrooms with the asbestos roofing

were among the 58.3% classrooms that did not have a ceiling.

4.2.2 Windows of the classrooms

Among the studied classrooms, one classroom had permanently open type of ventilations on
one side of the wall while the other 11 classrooms had operable ventilations in form of
windows. The study found that 52.94% of the classrooms had the windows facing east and
west while 47.06% had the windows facing south and north directions. The effective window
area ranged from 1.122m? to 9.246 m? with classrooms in the same school having different

effective window areas. These findings are summarized in Table 4.3.

Table 4.3: Windows of the classrooms

Classroom Area of the Effective area of % Window area
classroom (RA) the window (WA) relative to floor area

H 2 i 2 WA
Inm Inm (H X 100)
1 79.56 4,323 5.4
2 77.19 4.365 5.7
3 75.20 1.122 15
4 74.70 4.365 5.8
5 66.83 1.683 2.5
6 64.50 4.294 6.7
7 64.50 2.872 45
8 63.99 7.222 11.3
9 63.57 6.992 11.0
10 54.90 6.019 11.0
11 54.11 4.780 8.8
12 52.32 9.246 17.7

Ventilations were all natural with windows acting as the main type of ventilations. The

windows in the different classrooms differed in many aspects. Some faced south and north
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while others faced east and west. Those with windows facing east and west are likely to
experience morning and evening glare of light especially for those that have low windows.
Many of these windows were painted at the lower parts reducing the amount of natural light
that penetrate into the classroom yet the regulation require that the classrooms should be
properly lit (MoE, 2008). During the morning and evening light glares the windows are also
likely to be closed to reduce the direct light interference reducing the ventilations (Yacan,
2014).

The windows facing south and north are not likely to allow direct light glare into the room
and therefore the management of these ventilations may not be light dependent. Whether to
paint or not to paint these windows depend on what is immediately outside such classrooms.
Those that open to Walkways are likely to be painted to prevent the attraction of the students
to the activities in the Walkways interfering with their concentration in the learning processes
(YYacan, 2014). Those that open to a slanting field with plants and limited distance of view
are likely to remain unpainted allowing sufficient light into the classroom (‘Yacan, 2014). In
all the schools visited, the lower part of the windows at the desk level was painted. This is an
indication that outside interference was common in those schools. Teachers are therefore
likely to ask the students not to open these windows. This study found that 90% of windows

facing a busy area that was likely to result in interference were not open during the visit.

The height of the windows was considered relative to the desk level. Five classrooms had low
windows (at the level of the desk) on both sides of the classroom while 4 had low windows
on one side and high windows (above the level of the door) on the other side. Only 3 had low
windows on one side and a mixture of both low and high windows on the other side. The high
windows were small and beyond the comfortable reach of the students. The students therefore
tended to open and close the low windows to manage the temperature of the classrooms. The

researcher found all of the high windows closed during all the visits.

Although the current building code in Kenya is silent on the size of the classroom windows
(GoK, 2009), the Local Government (Building) By laws of 1968 required that the effective
window area of a classroom should have an area not less than one fifth of the area of the
classroom floor (GoK, 1968). This is further advocated for by the child friendly school
manual which recommends that a minimum of 20% of the classroom floor area should be

window area (UNICEF, 2009). All the classrooms visited had less effective area than the
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recommended 20%. It was not possible to compare the effectiveness of the ventilation based
on the effective size because the researcher did not manipulate the opening and closing of the

windows in the classrooms.

4.2.3 Size and density of the classrooms in the schools

The classrooms differed in the actual sizes even when found in the same school compound.
There was only one school with a set of classrooms that had exactly the same size. These
were found in a school which had relatively new buildings. However the size difference was
not very big among the classrooms in the same school. All the classrooms had a size larger
than the recommended one (43.875m?or 45.0 m?) (MoE, 2008). The number of students per
classroom was different resulting in different densities in the classrooms. However, 80% of
the classrooms had densities which were within the recommended range of 0.684 and 0.889
students per m? (MoE, 2008). Table 4.4 summarizes these findings.

Table 4.4: Size and density of the classrooms in the schools
Classroom Area of the classroom  No. of students Density

(RA) in m? (NS) &)
RA

1 79.56 40 0.5030
2 77.19 51 0.6607
3 75.20 62 0.8244
4 74.70 50 0.6690
5 66.83 64 0.9577
6 64.50 47 0.7290
7 64.50 54 0.8370
8 63.99 55 0.8590
9 63.57 25 0.3930
10 54.90 54  0.9836
11 54.11 56 1.0340
12 52.32 41 0.7830

The sizes of the classrooms ranged from 49.46m? to 79.56 m? indicating that all of the
classrooms had attained the minimum required sizes of 43.875m? (7.5m x 5.85m) or 45.0
m? (7.5m x 6.0m) as provided for in the regulation (MoE, 2008). Different classrooms in the
same school had different enrolment. This could be due to dropping out of students in the
course of the studies. It could also be due to differences in the preferences of students in
certain subjects which are considered as optional in the upper classes in the secondary
schools. This coupled with the differences in the sizes of classrooms resulted in different

densities in the different classrooms. The recommended density is 0.684 or 0.889 students per
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m? (MoE, 2008). The densities ranged from 0.5030 to 1.0340 students per m?. Only three

classrooms (0.9577, 0.9836 and 1.0340) had densities above the recommended ones.

The numbers of students as well as the density in a classroom influence the arrangement as
well as the amount of furniture in the classroom. This may influence the pattern of
distribution of VOCs as well as their concentration and lifetime at specific parts of the
classroom. This is because some of this material in the classroom may allow sorption of the
VOCs and in the process act as a sink for these VOCs reducing the concentration but later re-
emitting the same back to the room when VOC production reduces (Meininghaus et al., 2000;
Kim, 2008; Ho et al., 2011).

4.2.4 Cleanliness in the schools
Only 16.7% of the classrooms observed were washed daily although all the classrooms
studied were in schools where water was accessible. Fifty percent of the classrooms were in

schools that had sinks for washing hands. The Table 4.5 summarizes these results.

Table 4.5: Cleanliness in the schools

Characteristic n %
Frequency of washing of classrooms Daily 2 16.7
Twice a week 2 16.7

Weekly 8 66.6

Accessibility of water in schools Yes 12 100
No 0 0

Presence of a sink Yes 6 50.0
No 6 50.0

Although water was available in all the schools, 66.6% of the schools washed the classrooms
only once a week. This is an indication that the frequency of washing of the classrooms
depended on the tradition and policy of the schools but not on the availability of water.
Washing the classrooms daily reduces the accumulated dust in the classrooms since the dust
is very common in Nakuru County (KNBS, 2015). The accumulated dust may also get into
the air increasing the particulate matter in the air which can be inhaled or get into the eyes of
the occupants (WHO, 2013; Lazovi¢ et al., 2015). Washing also reduces the concentration of
some VOCs in a classroom (Zhong et al., 2017) because some may dissolve in the water

(Gorgenyi et al., 2005). The cleaning agents can also be a source of other VOCs (Rdsch et
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al., 2014). If cleaning is followed up with good ventilation, the concentration of VOCs
emitted by the cleaning agents may reduce through dilution as well as escaping to the outside

from the classrooms (Morawska et al., 2009; Salthammer and Bahadir, 2009).

Availing of the water in the schools was in line with the requirements of the Employment Act
of 2007 which requires that the employer provide wholesome water to the employees at the
work place. The population of schools with water had also increased from 27.8% (Muchemi,
2011) to 100%. This could be as a result of the national development towards achieving
sustainable development goal number six on availability and sustainable management of
water and sanitation for all (Republic of Kenya, 2007). Sinks encourage the washing of hands
especially if they are clean and placed in strategic positions (Chittleborough et al., 2013).
Cleaning hands may reduce the likelihood of transferring the marker pen ink into the eyes of
the teachers who rub the whiteboard with bear hands. However, 90% of the teachers in
schools where sinks are found did not wash the hands every time they left the classrooms.
This could be due to the fact that a majority of the teachers (76.1%) believed that the use of
marker pen did not make them dirty.

4.3 Composition of the VOCs produced by marker pen inks used at schools

Three different brands of marker pen ink were found to be in use in the schools studied.
These were ink 1, ink 2 and ink 3. The three brands were sold in small bottles and each bottle
was placed in a small box. All of the three brands did not have the material safety data sheets
in the boxes. This agrees with Suleiman and Svendsen (2014) who found that many suppliers
of commodities are less conscientious when it comes to informing users on health risks. The
composition of the VOCs from the marker pen inks were studied in terms of the actual

components in the ink vapour as well as their concentrations in the air samples.

4.3.1 Actual components of the ink VOCs
The components of the VOCs of the marker pen inks were determined using gas
chromatography using a polar column that was able to separate the components of the ink

vapours. Figures 4.1 to 4.13 show the chromatograms obtained.
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The results indicate that the vapour from the first ink had methanol and acetone. The vapour
of the second ink had acetone and hexane while the vapour of the third ink had ethanol and
hexane. These components had easily evaporated from the ink when it was placed in a water
bath at 60 °C. This means that these components have a low boiling point and they easily
evaporate at the normal classroom temperature. Uhara et al. (2009), Cantt (2012) and Cantu
(2015) say that when ink writings are exposed to the air, the solvents in them evaporate and

this makes the writing to dry. In the process, they contaminate the classroom indoor air.

These result findings agree with research study carried out by Anderson and Anderson (2003)
who carried out gas chromatography on emissions of felt pens and whiteboard cleaners. He
found that they contained a mixture of alcohols, acetates and ketones. Castorina et al. (2016)
measured emission rates of VOCs of different markers under controlled laboratory conditions
and found that alcohols were the most highly emitted class of VOCs from dry erase markers.

The percentage composition of the components in the ink vapour was calculated based on the
area under the curve for each component. The results indicate that the quantities of the
different solvents in each of the ink were different with ink 1 having more methanol than
acetone. Ink 2 had more acetone than hexane while ink 3 had a very high percentage of
hexane (Table 4.6).
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Table 4.6: Percentage composition of ink vapour

Solvent Acetone Hexane Methanol Ethanol Total
% of solvent in the Ink1 40 57.9 97.9
ink vapour Ink2 50.1 49.9 100

Ink3 73.8 26.2 100

When the ink vapours were run through a gas chromatograph using a non -polar column,
single peaks eluted. These peaks were compared with those obtained from air samples from
the schools using each of the ink brands for identification. All the peaks of both the ink
vapours and air samples were well shaped and well resolved (Appendices V, VI, VII, VIII,
IX and X). The retention times and shapes of the peaks were compared to confirm the

identity of the air samples from the classrooms.

The retention times fluctuated at the different times of analysis. This agrees with the findings
of Portari et al. (2008) and Cristescu et al. (2013) who found that manual sampling resulted
in inconsistencies of the retention times. Portari et al. (2008) analyzed air samples containing
ethanol, acetaldehyde and acetone. He did five runs of each of the analyte sample and found
different retention times. On the other hand, Cristescu et al. (2013) previewed literature and
found that the manual injection of the analyte into a gas chromatograph results in different
retention times making it not easily reproducible. However, Portari et al. (2008) quotes the
criteria of the International Conference on Harmonization (ICH) to state that the different
retention times are acceptable if the coefficient of variation (CV) does not exceed 15%. In
this study, the retention times were within this range (Table 4.7) and therefore they are
acceptable. It is an indication that these air samples (appendices VI, VIII and X) contain the
ink vapours (V, VII, IX) in them because their retention times were all within the ink vapour
CV of less than 15%.

Table 4.7: Retention times of ink and air samples

Ink Mean of tr of  Acceptable range  Observed range of Observed (CV %)
pure ink vapour of tr tr for air samples
(minutes) (minutes) (minutes)
(CV%=15%)
1 0.9580 0.814-1.102 0.944-0.979 1.5-2.2
2 0.9613 0.817-1.105 0.941-0.989 2.1-2.9
3 0.9664 0.821-1.111 0.955-0.984 1.2-1.8
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There were 30 different mixtures of VOCs (based on the different retention times) that were
encountered in the classrooms. These could have been formed when the ink VOCs mixed
with the other VOCs present in the classrooms. Chatzidiakou (2012) in an extensive review
of published evidence reported that benzene, toluene, trichloroethylene (T3CE),
tetrachloroethylene (T4CE), pinene, limonene, naphthalene and formaldehyde were
commonly present in educational environments. These can mix with the ink VOCs as they
spread in the classroom forming new VOC mixtures. Mira et al. (2016) found that the VOCs
in a room easily mix forming mixtures. The new mixtures of ink and other VOCs increase the
likelihood of eye irritation occurring because mixing VOCs increases the sensory detection

and reaction (Nielsen et al., 2007).

Some VOC mixtures (18) were common occurring in two or more parts of a classroom or in
more than one classroom. The similarity in the type of mixtures in different classrooms is an
indication that the VOCs that mixed with ink VOCs originated from the environment in
which the classrooms were found or from use of common products such as cleaning agents
(Dunagan et al., 2011; Chin et al., 2015; Zhong et al., 2017). It could also indicate the
presence of similar biological VOCs from healthy individuals in these classrooms since the

normal physiological processes result in some specific products (Mazzatenta et al., 2015).

Some VOC mixtures (12) were found only once at one part of a classroom. This indicates the
presence of unique VOCs at the specific part of the classroom. This could be a result of
interactions between ink VOCs and those from human individuals in the classrooms.
Individual differences in terms of health status may result in unique mixtures since the
exhaled VOCs are influenced by the diseases present in the human body (Probert et al.,
2009). Some students may also use unique personal products which can emit some VOCs.
The between the schools differences is an indication that some of the VOCs originated from
the environments where the different schools were located. Zhong et al. (2017) says that

environmental sources of VOCs are responsible for interschool variation.

4.3.2 Concentration of ink vapour components in the air samples

The concentration of ink vapour in the air samples was determined by comparing the area
under the curve with the area under the curve of ethanol which was used as an external
standard. Since the ethanol gave different areas at different times of analysis (Table 4.8), the

average response factor was calculated and was then used to calculate the concentration of
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the ink vapours in the air samples. The chromatograms of ethanol at different times are in
Appendix IV.

Table 4.8: Calculated response factors for ethanol

Volume of Area under the Calculated response factor
ethanol curve for 1ul volume
used(ul) (counts)

area under the curve
amount in ppm

1.0 6496597 8.224
1.0 6535961 8.273
1.0 6593618 8.346
1.0 6168599 7.808
0.1 599925 7.594
0.1 591990 7.493
0.1 615594 7.779

The human errors during the sampling and injection as well as the errors in the accuracy of
the different syringes may have resulted in the slight differences in the calculated response
factors. Internal parameters of the machine (Peri et al., 2010) as well as the differences
between the two columns used at the different times contributed to the differences in the
calculated response factors. The final response factor was obtained by averaging the

response factors and was found to be 7.931.

The average concentration of ink VOCs in the air samples from the classrooms that used ink
1 was 261.3 ppm and the highest concentration encountered was 754.9 ppm. The highest
concentration of ink VOCs encountered was 16843 ppm and756.8 ppm in the classrooms that

used ink 2 and ink 3 respectively. Table 4.9 summarizes these findings.

Table 4.9: Concentration of ink VOCs in the classroom

Ink used in the classroom Concentration of ink VOCs in the air
where air was sampled samples (ppm)

Max Min Mean Median
Ink 1 754.9 50.7 261.3 181.8
Ink 2 16843.3 69.6 1986.4 143.0
Ink 3 756.8 58.1 249.4 166.1

The concentrations of the VOCs mixtures of ink vapour in air samples from the classrooms
were used to calculate the concentration of each of the different ink components in the air
sample. These concentrations were compared with the acceptable exposure limits (Table

4.10). These were threshold limit values (TLV), recommended exposure limits (REL) and
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permissible exposure limits (PEL). These are limits which have been outlined by different
mandated bodies in order to ensure that the worker is safe at the work place (CDC, 2016).
Different terms are used by the different regulatory bodies as indicated in Table 4.10. All
these limits are expressed as time weighted average (TWA) or short term exposure limit
(STEL). STEL as a limit ensure that a worker is not exposed to dangerous levels of a
hazardous compound for a long time to prevent the worker from suffering from irritation,
chronic or irreversible tissue damage. There is no STEL values for very dangerous chemicals
indicating that the provided limits should not be exceeded. A TWA is the average exposure

over a specified period usually eight hours (CDC, 2016).
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Table 4.10: Concentration of solvents in the air samples

Solvent Concentration (ppm) in air samples of ink Exposure Limits
Ink 1 Ink 2 Ink 3 ACGIH | ACGIH | CAL/ CAL/ NIOSH | NIOSH
° R R (TLV) (TLV) OSHA | OSHA | (REL) (REL)
@ g @ g @ g TWA STEL (PEL) (PEL) TWA STEL
5 o 5 o 5 o TWA STEL
— > — > = >
T < T < I <
Acetone 301 | 105| 8438 | 995 250 500 500 750 250
Methanol 437 | 151 200 250 200 250 200 250
Hexane 8404 | 991 | 558 | 184 50 50 50
Ethanol 198 | 65 1000 1000 1000

Acetone and hexane in the air samples from schools that used ink 2 were found to be at higher concentration than the recommended exposure
levels. However, the average concentration of acetone in the air samples from schools that used ink 1 was within the acceptable range. Although
the average concentration of methanol in the air samples from schools that used ink 1 was within the acceptable range (TWA), the highest
concentration encountered was higher than the STEL, (CDC, 2016). These results indicate that the concentrations of most of the components in
the air samples were higher than the acceptable levels. But since the components did not exist individually but were found as a mixture in the air

samples, the concentration of the mixture of the VOCs was also compared with the threshold of recommended concentrations of TVOCs.

The results show that 50.0% of the studied schools had VOC concentrations exceeding 200pg/m? which is the threshold of discomfort and

distinct acute health issues (Salthammer, 2011). The overall ink vapour concentration in the classrooms ranged from 50.7 ppm to 16843.3 ppm
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with an average concentration of 758.65 ppm. This agrees with Daisey et al. (2003) who, in an
extensive review of published evidence, reported higher average TVOCSs concentrations than 200

ug/m3 in three US and 47 European schools.

There was variation in the concentrations of the vapours in the air in the different classrooms
(SD=2991.424). However there was no association (p=0.425) between the ink brand and the

concentration of ink VOCs in the classrooms (Table 4. 11).

Table 4.11: Comparison of mean concentrations of VOCs from different ink brands

Sum of Squares df  Mean Square F Sig.
Between Groups 15929715.802 2 7964857.901 .882 425
Within Groups 252944114.240 28  9033718.366
Total 268873830.041 30

This is an indication that the three different ink brands did not differ significantly in their rates of
emission of VOCs and that the variation in the concentration of vapours in the different
classrooms was due to the variations in classroom occupants’ behavior. Some teachers wrote
more than others producing more ink vapours while some classrooms had most of their windows
open. The opening and closing of the window is based on thermal comfort of the classroom
occupants (Lazovi¢ et al., 2015). The occupants are likely to close the windows during cold
weather and open during the hot weather resulting in high and low concentrations of VOCs

respectively.
When the concentration of ink VOCs in the two categories of classrooms was compared, the

girls’ classrooms were found to have higher concentration than the boys’ classrooms (Figure

4.14).
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Figure 4.14: Relationship between gender of the classroom occupants and concentration of

ink VOCs

When the mean concentration of ink VOCs in the two categories of classrooms was statistically
compared using one way ANOVA, the results indicated that the mean concentrations in the two

categories of classrooms were significantly different (p=0.048) (Table 4.12).

Table 4.12: One way ANOVA for concentration of ink vapours between girls’ and boys’

classrooms
Sum of df Mean F Sig.
Squares Square
Between 107739599 1 107739599 4.114 .048
Groups 4.747 4.747
Within 120470083 46 261891485
Groups 38.511 .620
Total 131244043 47
33.258

This study found that many of the windows (3/4) in the girls’ classrooms were closed at the time
of visit. This abates ventilation in the classrooms allowing accumulation of the ink VOCs in the
classroom. This agrees with Du et al. (2015) and Jin et al. (2014) who associate abated
ventilation with increased concentration of VOCs. Du et al. (2015) found that low air exchange
rates in residences in Detroit resulted in high concentration of VOCs while Jin et al. (2014)

found that good ventilation reduced the air pollutants responsible for development of lung cancer
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among the Chinese population. In the current study, the classrooms of the boys had % or more

of their windows open at the time of visit resulting in good air exchange rate.

4.4 Distribution of the VOCs in the classroom

The ink VOCs were distributed in the classroom such that 41% (311ppm) was found at 1.5m
above the floor at the front of the classroom while 29 % (220 ppm) was found at 1.5m above the
floor at the back of the classroom. This is an indication that the vapours are not evenly
distributed in the classrooms. Figure 4.15 summarizes these results.
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Figure 4.15: Distribution of ink VOCs in the classroom

The results indicate that more VOCs from the ink were found at the front of the classroom at
1.5m above the floor. This corresponds to the point where most of the writing was done by most
of the teachers in the classrooms visited. The results agree with Noguchi et al. (2016) who found
that the concentration of the VOCs is higher at a point close to where they are produced. Du et
al. (2015) also found the concentration of VOCs from gasoline were highest in the garage where
they were emitted by the stored gasoline. High concentration at the point of production is an
indication of inefficiency in the spread of the VOCS or lack of dilution by the outdoor air.
Seppanen and Kurnitski (2009), in their literature review, found that the dilution of the VOCs is
dependent on the ventilation rate.
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Mahyuddin et al. (2014) found that exhaled gases tend to move upward in a room. This may
push upward the VOCs making the concentration of VOCs to be high at the upper parts. This
explains the observation in this study where the concentration of ink VOCs was higher at 1.5m
above the floor than at the lower parts (0.5m above the floor) of the classroom. The
concentration at the front at 0.5m above the floor was lowest (10%) because the teachers opened
the classroom door as they walked out after the lesson ended. This allowed entry of the air at the

front which pushed the ink to the back before it could spread to the lower parts of the classroom.

Desks, chairs and other materials in the classrooms can act as buffers for VOCs reducing peak
concentrations at some parts of the classroom (Meininghaus et al., 2000; Kim, 2008). The
concentration of ink VOCs was therefore lower at the lower levels (0.5m above the floor) of the
classroom where desks and chairs were. However some of the materials act as a sink for these
VOC:s reducing the concentration but later re-emitting the same back to the room when ink VOC
production reduces (Meininghaus et al., 2000; Kim, 2008; Ho et al., 2011). This may have
contributed to the higher concentration of ink VOCs at the back at 0.5m above the floor than at
the front at the same level since the desks and chairs at the back may have been re-emitting the
VOCs that they may have earlier absorbed. There were no chairs at the front close to the

whiteboard except a single teacher’s table in some of the classrooms.

The materials in the classrooms also allow sorption of the ink VOCs as well as diffusion through
them prolonging their life in the room (Meininghaus et al., 2000; Kim, 2008). This allows the ink
VOCs to have sufficient time to react with the air components converting into new VOCs, some
of which may have harmful health effects (Wei et al., 2017; Mira et al, 2016). Figures 4.16 and
4.17 demonstrate the conversion of the ink VOCs in an air sample collected and analyzed during
this study. The chromatogram in Figure 4.16 was obtained when the sampled air from a
classroom was analyzed within an hour of collection. Some of the same air sample was then
placed in a vacuum tube under pressure for 48 hours. It was then analyzed and it produced a
different chromatogram (Figure 4.17) from the first one.
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Figure 4.16: Chromatography of air sample with ink vapour (1 hour after sampling)
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Figure 4.17: Chromatography of air sample with ink vapour (48 hours after sampling)

The fact that the second chromatogram was different from the first one is an indication that the
VOCs in the air sample had undergone through some changes forming a new combination of

compounds with different retention times. These findings agree with those of other research
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studies who identified presence of a complex indoor chemistry of VOCs resulting in new
pollutants. They suggested that the chemistry may involve, among other, reactions between
ozone, free radicals and VOCs yielding new products. These may have different health effects
from those caused by the initial mixtures (Zhang and Lioy, 1994). Conversion of original VOCs

mixtures exposes the teachers to new VOCs mixtures.

4.5 Knowledge, attitude and practice of teachers

The teachers’ knowledge and attitude on the whiteboard marker pen ink were studied using a
Likert Scale with a scale of five ratings (strongly agree, agree, neutral, disagree and strongly
disagree). The practice of the teachers related to the use of the marker pen was studied by use of
an observation checklist which was filled by the researcher in the classroom as the teacher taught
the students.

4.5.1 Knowledge of teachers on safety issues related to whiteboard marker pen ink

Level of knowledge was studied using a Likert scale with five items (Appendix I). The questions
were then rephrased during analysis to ensure a common direction. The average score was
obtained by dividing the total score obtained by the number of the questions. One was considered
as very knowledgeable if he/she scored an average of 5. Those that had an average of 4 were
considered as having fair knowledge while those who had 3 and below were considered to be
unknowledgeable. The results showed that 79.9% of the teachers were not knowledgeable while
only 0.6% of the teachers had good knowledge on the safety aspects of the marker pen ink
(Figure 4.18).
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Figure 4.18: Knowledge levels of teachers on marker pen ink safety

The whiteboards were simply fixed on top of the black boards in the classrooms and teachers
seemed to have taken up the use of the marker pen as a simple replacement of the chalk. As such
the traditional way of teaching and learning was not interfered with and therefore the teachers
were not bothered to know more about the marker pen ink. Clarke and Pittaway (2014) say that
teachers take any form of technology for granted if they do not seem to interfere with the
traditional mode of instruction. Also, there was no material safety data sheet available and its
absence contributes to lack of information on chemical safety (Eastlake et al., 2012). Absence of
material safety data sheets is in line with the findings of Suleiman and Svendsen (2014) that
many suppliers of commodities are less conscientious when it comes to informing users on
health risks.

Mytton et al. (2010) and NPCS (2017) outline the need for training as a way of improving
knowledge on chemicals and technology. Occupational Safety and Health Act (2010) also
require that an occupier trains the employees and provides information to ensure the safety and
health at work. Lack of training on the ink use of the marker pen may therefore have contributed
to lack of knowledge among the teachers. Lack of knowledge on a new technology among the
teachers agrees with several research studies which found that teachers lacked knowledge on
new technologies introduced in schools (Lawless and Pellegrino, 2007; Ertmer and Ottenbreit-

Leftwich, 2010). Although these studies dealt with computer technologies, the technology

68


https://www.ncbi.nlm.nih.gov/pubmed/?term=Eastlake%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26766894

considered was equally new just as the whiteboard marker pen use in the studied schools and
therefore the studies can be compared with the current study. These studies attributed the lack of

knowledge on lack of effective training of the teachers on the use of the new technologies.

Lack of knowledge on the whiteboard marker pen ink makes the teacher ignorant on the hazards
associated with the chemicals present in the ink. This increases the risk of exposure to these
chemicals during the use of the marker pen because an ignorant teacher cannot work safely or
protect himself/herself or other persons in the school. He is therefore likely to contravene
Occupational Safety and Health Act of 2010 that outlines the duties of the employee to include
ensuring his safety and health and that of other persons who may be affected by his acts or
omissions at the workplace. Lack of knowledge would also hinder the response to any poisoning
from the chemicals in the ink because knowledge determines the type and effectiveness of
response accorded to the victims (WHO, 2004).

Teachers who used science chemicals in teaching did not have higher levels (18.6%) of good
knowledge than those who did not use the science chemicals (24.4%). These findings are

summarized in Figure 4.19
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Figure 4.19: Level of good knowledge on ink safety among the users and non users of

Science chemicals
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Statistical test showed that there was no significant association (x°=1.429; p=0.489) between use

of science chemicals and level of good knowledge on ink safety (Table 4.13)

Table 4.13: Comparison between levels of good knowledge between users and non users

of science chemicals

Value df Asymptotic

Significance

(2-sided)

Pearson Chi-Square 1.429 2 489

Likelihood Ratio 1.817 2 403

Linear-by-Linear Association 782 1 377
N of Valid Cases 88

Knowledge on science laboratory chemicals did to influence the knowledge on ink safety. This is
because the teachers who taught science were taught about laboratory safety rules and safety
concerning the chemicals which were encountered in the science laboratory only (Muange et al.,
2015). It is an indication that the training of the science teachers on science chemicals safety
does not make them more knowledgeable about other chemicals in the school environment than
the other teachers who do not teach science. They are therefore likely to handle the marker pen
ink the same way as the rest of the teachers making them equally exposed.

4.5.2 Attitude of teachers on use of marker pen ink

The attitude of teachers on the use of whiteboard marker pens was studied using a Likert Scale
with five items (Appendix I). The questions in the questionnaire were in both direction of
positive and negative and therefore they were rephrased during analysis to ensure a common
direction. The mean score was obtained by dividing the total score obtained by the number of the
questions. One was considered to have a positive attitude towards the use of the whiteboard
marker pen ink if he/she scored an average of 4 or 5. Those that had an average of 3 were
considered as being neutral, while those who had 2 and below were considered to have a
negative attitude towards the use of whiteboard marker pen ink. The results showed that 64.8%

of the teachers had a positive attitude towards the use of whiteboard marker pens while only
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0.9% had a negative attitude towards the use of the marker pens on the whiteboards (Figure
4.20).

0.90%
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Figure 4.20: Attitudes of teachers on use of whiteboard marker pen

The results indicate that the teachers had a positive attitude towards the use of the marker pens to
write on the whiteboards. They were therefore more likely to use the pens as user attitude
influences the intention to use (Moon and Chang, 2014). The acceptance may have been
influenced by the fact that the pen was easy to use. Merschbrock and Nordahl-Rolfsen (2016)
demonstrated that the workers who found the use of technology easy accepted it and were
positive in utilizing it. This is also in line with the technology acceptance model which predicts
that the acceptance of a new technology by workers depend on usefulness and perceived ease of
use (Davis et al., 1989; Hsu and Lin, 2008).

Clarke and Pittaway (2014) says that teachers do not fear or hate a new technology as long as it
does not bring about new groupings of students, the role of the teacher is not reduced and the
teacher does not have to learn new skills. In this study the whiteboard replaced the chalkboard
and the marker pens replaced the chalk in the classrooms leaving the rest of teaching and
learning approaches intact. The technology did not interfere with the teacher’s authority or role
and the teachers did not have to learn new skills. They therefore embraced the technology

willingly.
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Many of the teachers (76.5%) believed that the pens had already gone through the checking by
Kenya Bureau of Standards (KEBS) which is the body mandated to ensure quality and safety of
products in Kenya (GoK, 2012). Wu and Jang (2013) found that consumers' awareness of a
certified product has a positive influence on perceived quality and safety. Priest (2010) says that
people are more likely to support that which they believe is safe. Positive attitude combined
with lack of knowledge on safety aspects of the whiteboard marker pen ink make the teachers to
embrace the use of the marker pen without any safety precautions (Eastlake et al., 2012). This
exposes them to the hazards associated with this technology such as inhaling the vapours from

the ink as well as some of the ink vapours getting into their eyes.

All the teachers above 55 years of age (100%) had poor attitude while a majority (88.2%) of the
teachers below 25 years of age had good attitude towards the use of whiteboard marker pens
(Figure 4.21).
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Figure 4.21: Distribution of positive attitudes on dry erase use in the different age
groups

Statistical testing showed that there was a significant association between attitude and age of the
respondents (¥>=122.897; p=0.000).
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Table 4.14: Comparison of positive attitudes on dry erase use in the different age groups

Value df Asymptotic

Significance

(2-sided)

Pearson Chi-Square 122.897 12 .000

Likelihood Ratio 31.717 12 .002

Linear-by-Linear Association 17.334 1 .000
N of Valid Cases 102

This agrees with Krosnick and Alwin (1989) who found that the younger persons are more likely
to have a positive attitude towards new technology. This is explained using the impressionable
years hypothesis which outlines that individuals are highly susceptible to attitude change during
late adolescence and early childhood and that the susceptibility drops later in life and remains
low at old age (Krosnick and Alwin ,1989). The older people are not flexible to change and
would want to have the status quo remain at their places of work.

Male teachers had higher levels of positive attitude than the female teachers towards the use of

the whiteboard marker pens. (Figure 4.22).

51.20% m Males

21% m Females

Figure 4.22: Levels of positive attitude towards ink use among the male and female

teachers
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Statistical test showed that there was a significant association ( y?= 4.134: p=0.042) between the

gender and attitude on the use of whiteboard marker pen ink (Table 4.15).

Table 4.15: Relationship between gender and attitude towards ink use

Value df Asymptotic Exact Sig. Exact Sig.
Significance (2-sided) (1-sided)
(2-sided)
Pearson Chi-Square 4.134 1 .042
Continuity Correction 3.329 1 .068
Likelihood Ratio 4111 1 .043
Fisher's Exact Test .060 .034
Linear-by-Linear 4.094 1 .043
Association
N of Valid Cases 103

These findings agree with Ray et al. (1999) who found that the males had more positive attitudes
towards new technology than did the females. Goswami and Dutta (2016) say that attitudes
towards a technology are gender specific and culturally learned. Males are socialized to be
proficient in all technological issues. The females are more sensitive to suggestions of the peers
and hence the effect of social influence is stronger when forming the intention to use a
technology. Since the use of the whiteboard marker pen ink in the studied schools was new, there
had not been sufficient time for the social influence to set in to influence the attitudes. This is in
line with the theory of diffusion of innovations which explain that it takes time for a new

technology to be understood and become appreciated (Rogers, 1995).

Majority of teachers who used gas as a main fuel at home had a higher levels of positive attitude
towards the use of whiteboard marker pen ink than those who used the traditional solid fuels.
Figure 4.23 shows the levels of positive attitude among the teachers who used different types of

fuels at home.
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Figure 4.23: Levels of positive attitude towards use of dry erase among the teachers

using different fuels at home

Statistical test showed that there was a significant association ( x?= 10.742: p=0.005) between the
attitude towards use of whiteboard marker ink and the type of fuel used at home by the
respondents (Table 4.16)

Table 4.16: Comparison of levels of positive attitude towards dry erase among teachers

using different fuels at home

Value df Asymptotic

Significance

(2-sided)

Pearson Chi-Square 10.742 2 .005

Likelihood Ratio 10.547 2 .005

Linear-by-Linear Association 10.447 1 .001
N of Valid Cases 102

Majority (80%) of the teachers who used gas as the main fuel at home were aged below 45 years.
This agrees with the finding of Shen et al. (2014) who found that the young prefer to try out the
newer types of fuels while the old cling to the traditional solid fuels in daily cooking and heating.

This is an indication that the young do not hold strongly to the traditional way of doing things
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but are willing to embrace the new ways. Use of gas as a relatively newer fuel is an indication of
the ability to break away from the old and traditional ways. As such the teachers who were able
to embrace the use of the new and cleaner types of fuels were able to embrace the new
technology in their schools involving the use of whiteboard marker pens. Those teachers who
stuck to the traditional types of fuel were equally unable to embrace the new technology

involving the use of marker pens in their schools.

The single teachers had higher levels of positive attitude (85.7%) than the married teachers

(50.7%). These findings are summarized in Figure 4.24

Married
50.7%

Single
85.7%

Figure 4.24: Distribution of positive attitude on ink use based on marital status of

respondents
When statistical test was carried out, it was found that there was a significant association ( x>=

12.026: p=0.001) between the marital status of the respondents and the level of positive attitude

towards the use of whiteboard marker pen ink (Table 4.17).
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Table 4.17: Relationship between levels of positive attitude towards ink use and marital

status of the respondents

Value df  Asymptotic Exact Sig. Exact Sig.
Significance (2-sided) (1-sided)
(2-sided)
Pearson Chi-Square 12.026 1 .001
Continuity Correction 10.577 1 .001
Likelihood Ratio 13.126 1 .000
Fisher's Exact Test .001 .000
Linear-by-Linear 11.908 1 .001
Association
N of Valid Cases 102

Several studies have found an association between the marital status of teachers and the different
aspects in teaching. Islahi and Nasreen (2013) study found that teacher’s effectiveness was
significantly influenced by the marital status of the teacher. Tyagi (2013) found that unmarried
teachers had higher level of classroom management than the married teachers. The teacher’s
marital status therefore influences the overall teaching aspect of a teacher including the use of

the whiteboard marker pens in the schools.

4.5.3 Practices of teachers related to use of whiteboard marker pens

The practice of the teachers related to use of marker pens was studied as the teachers were
teaching in the classrooms. The practices of teachers which were likely to increase the exposure
of the teachers to the VOCs from the ink as well as the whole ink were identified.

Occupational Safety and Health Act of 2010 outlines the duties of the employee and they include
ensuring his safety and health and that of other persons who may be affected by his acts or
omissions at the workplace. This means that the teacher should have practices at school which do
not contribute to hazards so that he can be safe as well as the other persons at school such as his
fellow teachers and students. However the results in general showed that majority of the teachers
lacked safe practices in relation to the use of whiteboard marker pen ink. Embracing the use of

whiteboard marker pen ink without knowledge on chemical safety make the teachers to have
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unsafe practices and in the process contravene the OSHA of 2010. Table 4.18 summarizes the

findings concerning the practices of the teachers in the classrooms.

Table 4.18: Practices of teachers related to use of marker pens

Observed practice Never  Rarely Often
n % n % n %

Replacing the lid when the pen is not in use during the lesson 40 80 7 14 3 6

Rubbing the board with bare hands 4 8 12 24 34 68
Rubbing the eye with hands 11 22 26 52 13 26
Placing the pen close to the face when not writing 15 30 15 30 20 40
Moving away from the board 30 60 10 20 10 20
Rubbing the board with the duster 3 6 15 30 32 64
Sitting down during the lesson 46 92 3 6 1 2
Writing with the face very close to the white board 3 6 5 10 42 84

Among the studied teachers, 80% did not replace the lid of the marker pen when it was not in
use. At the start of the lesson, some teachers would remember to replace the lid as soon as they
stopped writing. However, they would soon forget about replacing the lid as the lesson
progressed. When the marker pen is left uncovered, the ink may continue to vaporize from the tip
of the marker pen and in the process expose the teacher especially if the teacher holds the pen
close to the eyes or the face. This is based on the findings of Anderson and Anderson (2003)
who studied the effects of VOCs from the felt tips on mice and found that the concentration of
the VOCs from the tips were similar to those generated from a marking pen in use. Uncovered
felt tips therefore continue to release the VOCs and can increase their concentrations in the

classroom.

Forty percent of the teachers placed the pen close to the face when not in use while 84% had
their face very close to the whiteboard as they wrote. Placing the pen close to the eyes or the face
reduces the distance that the VOCs have to travel from the felt tip to reach the eyes of the
teacher. Writing on the whiteboard with the face very close to the whiteboard also shortens the
distance between the writings and the eyes. The shorter the distance the higher the rate of
diffusion (MoE, 2018).This increases the concentration of the VOCs that can reach the eyes of

the teacher.
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Sixty percent of the teachers remained in front of the classroom close to the whiteboard
throughout the lesson. This agrees with Epri (2016) who found that many teachers in Papua New
Guinea spent a lot of time in front of the classroom. Rands and Gansemer-Topf, (2017) says that
the movement of the teacher in the classroom is hindered by the large number of students or the
arrangement of furniture. The study to establish whether the teacher stays close to the
whiteboard was based on the findings of Noguchi et al. (2016) who found that the concentration
of the VOCs was highest closer to the carpet which was the source in a newly built day care
center in Kashiwa City of Japan. It was therefore expected that the concentration of VOCs would
be highest close to the whiteboard where the writing was being done. Ninety two percent of the
teachers stood throughout the entire lesson time. They therefore remained exposed to the high

levels of ink VOCs at 1.5m above the floor.

Many would rub the board with the duster at the beginning of the lesson but would switch to the
use of the hands to rub especially if the amount of writing to be rubbed was little.
Subconsciously a few (26%) would go ahead and rub their eyes with hands as they continued
teaching after rubbing the whiteboards with bare hands. When one rubs the whiteboard with bare
hands, the ink sticks on the hands. If the ink is wet and the solvents have not yet evaporated, the
teacher can transfer the whole ink into the eyes when he/she rubs the eyes with bare hands.
Bloomfield et al. (2016) indicate that hands can transfer pollutants to the eyes when one rubs the
eyes with bare hands.

Rubbing the board with the duster ensures that the teacher does not come into direct contact with
the ink and does not transfer whole ink into the eyes. However, rubbing the writings from the
whiteboards separates out the markings and this increases the surface area of the marks
increasing the rate of evaporation of the solvents (Brady, 2007). This therefore increases the rate
of emission of VOCs from the ink and this increases their concentration in the classroom. If left
alone to dry, they evaporate slowly releasing the VOCs slowly and therefore the concentration is

expected to remain low but consistent.
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4.6 Influence of classroom factors on occupational exposure of teachers to ink VOCs
Classroom factors that influence the exposure to white board marker ink were studied. These
were ventilation and temperature. Temperature is related to the rate of emission while ventilation
influences the dilution and dispersion of VOCs in the classrooms. This determines the exposure
levels of VOC:s to the teacher. Concentration of carbon dioxide was used as a surrogate measure
of ventilation efficiency. High concentration of carbon dioxide indicates ventilation inefficiency
while concentrations close to those in outdoor air are an indication of efficiency of the
ventilation (Lazovi¢ et al., 2016).

4.6.1 Carbon dioxide

The results showed that the overall carbon dioxide concentrations ranged from 335 ppm to 2207
ppm with an average of 621.39 ppm. The median was 533 ppm with 37% of the classrooms
having more than 600 ppm while 74.1% of the classrooms had 100 ppm and above being the
difference between the indoor and outdoor concentration of carbon dioxide (dCOz). The
ventilations were effective when open allowing the classroom air dilution to a concentration of
335 ppm which is close to that of the outdoor air (306 ppm). The standard deviation was very
high (339.173) indicating lack of consistency in the concentration of carbon dioxide in the

classrooms at the different times of sampling.

The results from this study show that the concentration of the carbon dioxide kept changing in
the course of the day. The mean concentration of carbon dioxide was found to be 949.73 ppm at
8.00 am during morning prep, 639.24 ppm at 12.40 pm just before lunch break and 319.00 ppm
at 2.00 pm just before the afternoon lessons started (Figure 4.25).
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Figure 4.25: Concentration of COz at different times of the day

The concentration of carbon dioxide at the different times was found to be significantly different
(p=0.042) when tested using one way ANOVA (Table 4.19).

Table 4.19: Comparison of concentration of CO: at different times of the day

Sum of Squares  df Mean F Sig.
Square
Between 1357841.107 2 678920.554  3.358 042
Groups
Within Groups ~ 10512875.802 52 202170.688
Total 11870716.909 54

The concentration of carbon dioxide was lowest at 2 pm because the students had moved out to
take lunch. This reduced the production of carbon dioxide by the classroom occupants and also
allowed for dilution as the students opened the doors as they went out. The concentration of
carbon dioxide was higher during the morning prep than during the afternoon (12.40 pm) lesson
because it was colder in the morning (20.6 °C) than in the afternoon (26.7 °C). Most of the
classroom operable windows (3/4 and above) were therefore closed in all the classrooms during
the prep time at the times of visit. This agrees with the findings of Lazovi¢ et al. (2015) who
found that thermal comfort influences the management of operable ventilations. Closing the
windows limits ventilation and abated ventilation increase the concentration of carbon dioxide in

a classroom (Lu et al., 2015). In this study, temperature was found to be negatively correlated
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with the concentration of carbon dioxide (r=-0.113) (Table 4.20). Decrease in temperature

therefore resulted in increase in the concentration of carbon dioxide.

Table 4.20: Relationship between CO2 and temperature

Temperature
CO2 Pearson -113
Correlation
Sig. (2-tailed) .368
N 65

The concentration of carbon dioxide was lowest during the lunch break (2.00 pm) because the
classrooms were empty or had the least occupancy. The students had moved out of the room to
take their lunch. Statistical test showed that the concentration of carbon dioxide was significantly
correlated with the number of students in the classroom (r=+0.333; p=0.007) (Table 4.21). Such
a strong correlation has been observed by Mahyuddin and others (2014) in which the major
indoor source of carbon dioxide was shown to be the classroom occupants. Lu et al. (2015) also
found an increase in the concentration of CO with increase in the number of workers in a

building located in Taipei City.

Table 4.21: Relationship between concentration of CO2 and number of students

Number of students
per classroom

CO, Pearson 333
Correlation
Sig. (2-tailed) .007
N 65

The classrooms occupied by the girls had higher concentration of carbon dioxide than that found

in the boys’ classrooms (Figure 4.26).
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Figure 4.26: Relationship between gender of the classroom occupants and concentration

of CO2

Statistical testing showed that there was a significant difference in the concentration of carbon
dioxide between the girls’ and boys’ classrooms (t=2.152; p=0.043) indicating poor ventilation

in girls’ classrooms (Table 4.22).

Table 4.22: CO2 mean concentrations in girls’ and boys’ classrooms

Classroom Mean of CO2 Statistics
concentration t value df P value
(ppm) (2-tailed)
Girls’ classroom  670.30 2.152 22 0.043

Boys’ classroom  503.36

It was observed that all the girls’ classrooms had % or more of the windows closed during the
times of visit. This could be attributed to the fact that girls tend to feel colder than the boys
(Cheung, 2015). This is due to the fact that they have a thicker and a more evenly distributed
layer of fat just below the skin surface compared to the males (Westerbacka, 2004; Tarulli et al.,
2007; Olesen, 2015). When they get cold, they constrict their blood vessels to the skin faster than
the males reducing the flow of blood to the skin significantly (Kaciuba-Uscilko and Grucza,

2001; Olesen, 2015). The layer of fat under the skin act as an effective insulator preventing the
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heat from the body to reach the skin making the skin of the females to feel colder than that of the
males. They also have lower heat generation to heat loss surface area ratio (Kaciuba-Uscilko and

Grucza, 2001) making the heat loss more effective than its generation.

When the relationship between carbon dioxide and ink vapour was tested, the results showed a
positive correlation (r =+0.087; p=0.730) (Table 4.23).

Table 4.23: Relationship between CO2 and ink VOCs concentration
concentration in

ppm
CO, Pearson .087
Correlation
Sig. (2-tailed) .730
N 18

High concentration of carbon dioxide is an indication of poor ventilation (Godwin and
Batterman, 2007; Lu et al.,, 2015) allowing the VOCs produced from a marker pen to
accumulate in the classroom. Increase in concentration of ink VOCs with reduced ventilation
agrees with the findings of several studies. Lu et al. (2015) in his study on Sick Building
Syndrome (SBS) among the workers in a building in Taipei City found that the TVOCs
compounds increased in a room with reduced ventilation. Du et al. (2015) studied the effects of
air exchange rates on the migration of VOCs from the basement in Detroit residences and found
that good ventilation which results in high air exchange rates diluted the indoor VOCs and

resulted in a reduced VOCs concentration.

Lack of significance (p=0.730) in the relationship between carbon dioxide and the concentration
of ink VOCs was because the two components have different origins. The carbon dioxide is
majorly produced by the classroom occupants through exhaled air during their stay in the room
(Lazovic¢ et al., 2015; Chiu et al., 2015) as well as some of it entering into the classroom with the
outdoor air since carbon dioxide is a natural air component (Hussin et al., 2017). On the other
hand, the productions of whiteboard marker pen ink vapours depend on the voluntary behavior of
the teacher to either write or not. Some teachers write a lot on the whiteboard while others hardly

write depending on the subject and topic being taught.
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4.6.2 Temperature
The mean temperatures were different in the different schools. Also, the range of the

temperatures was higher in some schools than in others (Table 4.24).

Table 4.24: Temperatures of different schools during the study

School code Mean (°C) Std. Deviation
1 28.225 .7500
2 27.471 2138
3 25.800 2.8902
4 24.536 3.6915
5 22.133 2.7500
6 24.900 6.0094

Differences in temperature between the schools agree with the findings of Scott et al. (2017) who
found temperature islands in different parts of a city. The standard deviation of the temperature
was highest (6.0094) in a school that had some of the classrooms having permanently open
windows while the other classrooms had operable windows. The classroom with the permanently
open windows had its indoor temperature greatly influenced by the outdoor temperatures while
the classrooms that had operable windows were able to regulate their indoor temperatures by
either closing or opening the windows. Nguyen et al. (2015) studied the relationship between
outdoor and indoor ambient weather in homes in Greater Boston and found that open windows

make the indoor temperature to be closely related to the external temperatures.

Temperatures also fluctuated during the different times of the day. It was hottest in the afternoon
(26.7 °C) and coldest in the mornings (20.6 °C) (Figure 4.27).
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Figure 4.27: Indoor temperature at different times of the day

The statistical test (one way ANOVA) showed that the temperatures at the three times of the day
were significantly different (p=0.000) (Table 4.25).

Table 4.25: Comparison of temperature at different times of the day

Sum of df Mean F Sig.
Squares Square
Between 409.453 2 204.727  29.675 .000
Groups
Within 365.641 53 6.899
Groups
Total 775.094 55

In his book on atmosphere-ocean interface, Considine and Considine (2013) says that the
temperature tend to reach its maximum about 2-3 hours after a local noon and its minimum at
sunrise. This is because the earth takes time to absorb sufficient heat from the sun to start

emitting it back to the air in the process raising the air temperature.

Different seasons also resulted in different temperatures in the classrooms. The lowest

temperature (17.3 °C) was encountered during a cold season while the highest (35.4 °C) was
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encountered during a hot season. The classroom occupants trended to open the windows more
during the hot season than the cold season in order to prevent the entry of cold air into the
classrooms. As such, the indoor temperature was closely associated with the outdoor
temperatures during the hot season but not during the cold season. Opening windows causes the
mixing of outdoor and indoor air and this reduces the differences between the outdoor and indoor

temperatures (Nguyen et al., 2015).

The results show that the concentration of ink VOCs increased as the temperature increased (r=
+0.089) (Table 4.26).

Table 4.26: Relationship between temperature and the concentration of ink VOCs
concentration in

ppm
Temperature Pearson .089
Correlation
Sig. (2-tailed) .718
N 19

These results agree with Lim et al. (2013) who found that high temperature increases the rate of
evaporation of ink solvents in the process drying it. Low temperature on the other hand was
found to slow down the rate of evaporation of ink solvents. However increase in temperature did
not increase the concentration of the ink VOCs significantly (p= 0.718) because at high
temperatures, the students are also likely to open the operable ventilations (Lazovi¢ et al., 2015)
which can aid in the clearance of some of the ink vapours. Also, the temperature variation was
small through the different seasons because the occupants were able to regulate their thermal
comfort by managing the operable ventilations. The internally generated heat was as a result of
physiological body activities and this temperature is usually regulated through the process of
homeostasis (Cowan et al., 2010) making the range of internal temperature to remain low. Also
the amount of writing on the whiteboard was not constant but kept on changing depending on the

teacher, the subject and the topic being taught.
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4.7 Seasonal variations of incidences of symptoms of allergic conjunctivitis

The incidences of symptoms of allergic conjunctivitis reduced between the July -August and the
September -October sampling times of observations among the teachers who were not exposed
to the white board marker ink (Figure 4.28)
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Figure 4.28: Seasonal variation of incidences of symptoms of allergic conjunctivitis among

the non-exposed teachers

However, when the incidences of symptoms of allergic conjunctivitis between the July-August
and the September—October sampling periods were compared using one way ANOVA for

repeated measure, they were found not to be significantly different (p=0.717) (Tables 4.27).

Table 4.27: Comparison of incidences of symptoms of allergic conjunctivitis during

July -August and the September —October sampling periods among the non-
exposed teachers

Source Time Type Il Sum  df Mean F Sig.
of Squares Square
Factorl Linear 024 1 .024 132 Ja17
Error(factorl)  Linear 14976 8 185
1
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The incidences also reduced between the September-October and the January-February sampling

times when the exposure status was held constant (Figure 4.29).
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Figure 4.29: Seasonal variation of incidences of symptoms of allergic conjunctivitis

among the exposed teachers

The incidences of symptoms of allergic conjunctivitis during September—October and the
January-February sampling periods were also found not to be significantly different when tested
using one way ANOVA for repeated measure (Tables 4.28).

Table 4.28: Comparison of incidences of symptoms of allergic conjunctivitis during

September —October and January-February sampling periods among exposed

teachers
Source Factor Type 11l Sum df Mean F Sig.
of Squares Square
Factor Linear .018 1 018 142 707
Error(factor) Linear 13.982 110 127
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The current study finding agree with those of Singh et al. (2010) who found the months of June
and July to be the peak months for ocular allergy in United States and attributed it to the
production of pollen grains. Highest incidence of symptoms of itchy eyes in this study coincided
with the season when maize pollen grains are produced as Nakuru County is a maize growing
area (Ariga and Jayne, 2009; KNBS, 2015). Oldenburg et al., (2011) found an association
between maize pollen and the development of allergic conjunctivitis among the members of a
German biological research department whose work was to pollinate the maize. July was also
found to be the coldest term during the research with room temperatures as low as 17°C
compared to high temperatures (35.4 °C) during the January to February time. Low temperatures
are associated with increased incidences of symptoms of allergy (Raatikka et al., 2007; Koskela,
2007; Hyrkas et al., 2014) because the classroom occupants tend to close the windows and doors
to maintain their thermal comfort (BRANZ, 2007; Lazovi¢ et al., 2015). This allows the

allergens to accumulate in the room regardless of their origin (Canha et al., 2017).

The lowest incidence of the symptoms of allergic conjunctivitis (14.3%) was recorded during the
January —February observation time. This was a hot season with temperatures going as high as
35.4 °C. This made many of the classroom occupants to open the windows most of the time and
good ventilation is associated with good health (Satish, 2012; Rosbach et al., 2013). The
incidences of symptoms of allergic conjunctivitis in the different times of sampling were not
significantly different because there were no extreme seasonal variations of weather in Nakuru
County during the times of this study. This agrees with the findings of Williams and others

(2013) that countries at the equator do not experience extreme conditions of weather.
The incidence of symptoms of allergic conjunctivitis was higher among the females than among

the males during both the cold (July to August) and hot seasons (January to February) (Figure
4.30).
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Figure 4.30: Incidences of symptoms of allergic conjunctivitis among male and female

teachers during Jan-Feb and July-Aug sampling times

The findings that the females had higher incidences of symptoms of allergic conjunctivitis agree
with several studies. Michailopoulos et al. (2017) found that allergic conjunctivitis was more
common among women. Ramprasad and Maruthi (2015) found that female teachers are more
likely to experience physical risks at the workplace. The gender differences are linked to
immunological and hormonal factors as well as the differences in gender specific responses to
environmental or occupational exposure. Sacchetti et al. (2015) reported that sex hormone
metabolism and balance may be a predisposing factor to immune-mediated diseases including

allergy.

4.8 Influence of exposure to ink VOCs on the development of symptoms of allergic
conjunctivitis

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

conjunctivitis than those from the boys’ schools (8.2%) (Figure 4.31)
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Figure 4.31: Influence of gender of classroom occupants on the development of

symptoms among the teachers

When Chi-Square of independence was carried out, the results showed that there was a
significant association between symptoms of allergic conjunctivitis among teachers and the type

of students in the classrooms where they taught when ink was in use (x°= 5.145; p=0.023) (Table
4.29).

Table 4.29: Influence of the gender of students on the development of symptoms of

allergic Conjunctivitis among teachers

Value df Asymptotic Exact Sig. Exact Sig.

Significance (2-sided) (1-sided)
(2-sided)
Pearson Chi-Square 5.145 1 .023
Continuity Correction 4.128 1 .042
Likelihood Ratio 5.272 1 .022
Fisher's Exact Test .032 .020
Linear-by-Linear 5.109 1 .024
Association
N of Valid Cases 142
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These findings agree with those of Dales et al. (2013) who found that reductions in pulmonary
function due to poor air quality was influenced by gender and he associated this with the use of
personal body products by the females. Sun and Yang (2013) reviewed literature and found that
the concentration of exhaled VOCs of female subject were of higher concentration and higher
emission rate than male subjects. Poor ventilation in the girls’ classrooms made the ink vapours
to accumulate in the classrooms. The VOCs from the beauty products used by the girls and the
highly concentrated exhaled VOCs may also have interacted with the ink VOCs resulting in a
more potent mixture than that found in the boys’ classrooms. Mixtures are more likely to have a

health effect on a person than individual VOC components (Nielsen et al., 2007).

Opening the windows in boys’ classrooms (more than % of the windows were open during the
time of visit) increased the air exchange rates and the air quality of the indoor classrooms in the
process reducing the incidences of symptoms of allergic conjunctivitis among the teachers who
attended those classes. This agrees with the findings of Smedje and Norbéck (2000) who found
reduced symptoms of allergy among the students in schools in Sweden when the ventilation was

improved.

The incidences of symptoms of allergic conjunctivitis increased with increase in concentration of
ink VOCs in the classrooms (Figure 4.22). This was established by taking the mean
concentration of the ink VOCs in the air samples collected in each of the six schools. Regression
was used to assess the relationship between the concentration and the percentage incidence of the
symptoms of allergic conjunctivitis among the teachers in those schools during that time of

observation (Figure 4.32).
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Figure 4.32: Relationship between incidences of symptoms of allergic conjunctivitis and

concentration of ink vapours

When the relationship between the concentration of ink VOCs and the symptoms of allergic
conjunctivitis was statistically tested, the results showed that the relationship was significant
(F=21.163; p=.010) (Table 4.30).

Table 4.30: Relationship between incidences of symptoms of allergic conjunctivitis and

concentration of ink VOCs

Model Sum of df Mean F Sig.
Squares Square
1 Regression 142.017 1 142.017 21.163 .010
Residual 26.843 4 6.711
Total 168.860 5

Increase of symptoms with increase in the concentration of VOCs agrees with Madureira et al.
(2009) who found a significant correlation between the levels of TVOCs and the development of
upper mucosal irritation among the Portuguese teachers. Postolache et al. (2008) also found that
more persons at Baltimore and Washington, DC, experienced allergic symptoms during high
pollen season than during low pollen period. Blom et al. (2013) found that different persons at

the University Medical Centre Groningen required different amounts of allergens to elicit a
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response. Increase in the concentration of the ink VOCs therefore increases the number of
persons whose threshold is reached. Increase in concentration of VOCs also increases the
severity of eye allergy making many to recognize the symptoms. This is in line with the findings
of Schuster et al. (2018) who found that increased intake of vitamin A increased the production
of IgE and thereby the severity of airway inflammation in mice model. Increase in incidences of
the symptoms with increased exposure (biological gradient) is an indication of a causal-effect-
relationship between the whiteboard marker pen ink and the symptoms of allergic conjunctivitis.
This is according to Hills criteria as reported by several authors (Rothman and Greenland, 2005;
Swaen and van Amelsvcort, 2009; Fedak et al., 2015).

Different teachers had different workloads. Majority of teachers had a high load of 4-5 lessons

per day (Figure 4.33).
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Figure 4.33: Workload of teachers

The workload determined the duration of exposure of teachers to the ink VOCs in the
classrooms. Those who had high workload remained in classrooms longer than those who had
lower workload. The incidence of symptoms of allergic conjunctivitis increased with increase in

the number of lessons taught by a teacher as shown in Figure 4. 34.
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Figure 4.34: Relationship between workload and development of symptoms of allergic
conjunctivitis

Those who had many lessons to attend would be in the classrooms longer than those who
attended just a few lessons per day. These teachers would get exposed to ink vapours that had
accumulated during the earlier lessons as well as those produced during their lessons. The
concentration of the ink VOCs on the eye surface would therefore increase with time resulting in
the development of symptoms. These result findings agree with those of Health Effects Institute
(HEI) (2010) who previewed literature and found that prolonged exposure to atmospheric
pollution increased mortality among the population in Asia. Elliott (2005) also found that
increased duration at work for workers at an animal laboratory increased the incidences of
allergy among those that were allergic to the specific animals. However, the relationship between
workload and the development of symptoms of allergic conjunctivitis was not significant
(p=.448) (Table 4.31).

Table 4.31: Relationship between workload and development of symptoms of allergic

conjunctivitis

Model Sum of df Mean F Sig.
Squares Square
1 Regression 24.077 1 24.077 1.385 448
Residual 17.383 1 17.383
Total 41.460 2

96



Lack of a significant relationship between the workload and the development of symptoms of
allergic conjunctivitis could be due to the fact that different teachers used the whiteboard marker
pens differently. Some teachers attended more lessons but wrote very little on the whiteboards.
Also some teachers who had many lessons may have had their lessons after breaks when the
accumulated ink VOCs had already cleared from the room since breaks allowed a lot of
movement of the students and the opening of the doors allowed the outside air to enter and dilute
the indoor air. Some of the ink VOCs could also have been pushed outside especially where the
windows opposite to the door were open at the time of opening of the door. This could make the

concentration of the indoor ink VOCs to be low during a lesson immediately after a break.

The incidence of eye irritation was higher among teachers when the marker pen ink was in use
(27.1%) than when it was not in use (21.4%). Ink was not used during the July- August
observation because the students were doing their end term examination. However marker pen
ink was in use during the January-February observation because teaching was going on in all the
schools (Figure 4.35).
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Figure 4.35: Influence of marker pen ink on eye irritation
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These findings agree with ATSDR (2015) who reported that the components of dry erase ink are
irritants. However, the incidences of eye irritation during the different exposure status was not

significantly different because seasonal factors acted as confounders (p=0.164) (Table 4.32).

Table 4. 32: Comparison of incidences of eye irritation during exposure and non-

exposure times of observation

Source Factor  Type Ill Sum df Mean F Sig.
of Squares Square

Factor Linear .369 1 .369 1.955 164

Error(factor)  Linear 36.631 194 .189

The incidence of eye irritation was highest among the teachers who used ink 3 (ethanol and

hexane) and lowest among the teachers who used ink 1 (methanol and acetone) (Figure 4.36).
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Figure 4.36: Relationship between ink brand and eye irritation

Statistical testing showed that there was a significant association between the brand of ink and
the development of eye irritation among the teachers during the use of the ink (x*> =6.933;

p=0.031) (Table 4.33).
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Table 4.33: Association between ink brand and eye irritation

Value df Asymptotic Significance

(2-sided)

Pearson Chi-Square 6.933 2 031

Likelihood Ratio 6.951 2 031

Linear-by-Linear Association 6.749 1 .009
N of Valid Cases 221

Post hoc test was carried out to establish which of the inks was significantly different in their
ability to cause eye irritation. The statistical test (one way ANOVA) showed that there was no
significant difference between the ink 2 and ink 3 (p=0.435) (Table 4.34).

Table 4. 34: Comparison of incidences of eye irritation between those who used ink 2

and ink 3
Sum of df  Mean Square F Sig.
Squares
Between Groups 140 1 140 .613 435
Within Groups 26.185 115 228
Total 26.325 116

The Odds of developing eye irritation by teachers using ink 2 and ink 3 was compared with that
of those who used ink 1 because ink 2 and ink 3 were found not to be significantly different in
their ability to cause eye irritation. The results showed that the Odds of developing eye irritation
by a teacher using ink 2 or 3 was significantly (p=0.02) higher than the Odds of developing eye
irritation by a teacher using ink 1(Odds ratio= 2.182; 95 C.1.=1.174-4.054) (Table 4. 35).

Table 4.35: Risk Estimate for those who use ink 2 or 3

Value 95% Confidence Interval
Lower Upper

Odds Ratio for inks for odds 2.182 1.174 4.054
ratio test (2or3/1)
For cohort whether eyes feel 1.778 1.114 2.837
irritated = yes
For cohort whether eyes feel 815 .694 957
irritated = no
N of Valid Cases 221
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The mixture of methanol and acetone had the lowest potency of eliciting eye irritation while
those mixtures that had hexane had a high potency. This agree with Ernstgard et al. (2005) who
did not find significant irritation from methanol vapour in their study on the disposition of
methanol vapor in humans. Maurer et al. (2001) found that acetone is associated with mild
irritation while Cometto- Muniz et al. (2006) found that hexane vapour caused chemesthetic
stimulation resulting in sharp eye irritation. Oh et al. (2013) found that dry eye syndrome, which
is associated with ocular inflammation or eye irritation is more prevalent among those exposed to
ethanol. Different VOCs also react differently with air and other pollutants in the indoor air
resulting in different mixtures which have different health effects (EPA, 2018). Capello and
Gaddi (2018) say that groups of VOCs are more potent irritants than the individual VOCs. A
mixture is therefore different from the sum addition of its components. The inks may therefore
have shared some individual components (both ink 1 and ink 2 had acetone) but each had a
different composition of VOCs in the mixture (ink 1 had acetone and methanol while ink 2 had
acetone and hexane) explaining the differences in their ability to cause eye irritation. This means
that teachers who use the dry erase with methanol and acetone mixture are safer than their
counterparts who use dry erase inks with hexane and acetone or hexane and ethanol mixtures.
These findings also indicate that substitution method can be used to control these irritants.

Substituting inks 2 and 3 with ink 1 can aid in the control of the eye irritation.
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CHAPTER FIVE

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

5.1 Introduction

This chapter presents the summary of the research study, the conclusions drawn from the study

as well as the recommendations made as an outgrowth of this study.

5.2 Summary
The main purpose of the study was to assess the influence of occupational exposure to the

whiteboard marker ink on the development of symptoms of allergic conjunctivitis among the

school teachers. The objectives of the study were

Vi.

To establish the composition of the VOCs produced by the whiteboard marker ink

To analyze the distribution of the VOCs from the whiteboard marker ink in a school
classroom

To study the knowledge, attitude and practice (KAP) of teachers related to use of white
board markers

To assess the influence of classroom factors on the occupational exposure levels of
teachers to VOCs from the whiteboard marker ink.

To establish the seasonal variations of symptoms of allergic conjunctivitis among the
teachers

To assess the influence of exposure to the whiteboard marker ink on the development of
symptoms of allergic conjunctivitis among the teachers

The study was conducted in Nakuru County. Secondary schools that used whiteboards were

selected purposefully while the teachers in the schools were randomly and proportionately

sampled from the two categories of schools separated by their way of scheduling their midterm

exams. Below is a summary of the findings:

The VOCs produced from the marker pens used to write on whiteboards in the secondary
schools in Nakuru County contained, methanol, acetone, hexane and ethanol. Some of
them were found to be at higher concentrations (758.65 ppm) in the classroom air than

the recommended (200 pg/m®) exposure levels.
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ii.  The concentrations of VOCs from the ink were more at 1.5 m than at 0.5 m above the
floor of the classrooms. The average concentration was higher at the front at 1.5m above
the floor (311 ppm) than at the back at the same height (220 ppm). An average of 76ppm
and 152 ppm were found at 0.5m above the floor at the front and back of the classroom

respectively.

iii.  Majority of teachers (79.9%) were not knowledgeable on ink safety while 64.5% had a
positive attitude towards the use of whiteboard marker pens. A positive attitude towards
adoption coupled with no knowledge on safety predisposes the teachers to poor practices

thus enhancing their occupational exposure.

iv.  The concentration of ink VOCs increased with increase in temperature (r=+0.089) and
concentration of carbon dioxide (r=+0.087) in the classroom. These aspects were linked
to poor ventilation in the classrooms. However the relationships were weak and not

significant (p>0.05).

v.  The highest percentage incidence (20.7%) of symptoms of allergic conjunctivitis was in
the coldest months of July and August, followed by September—October season (18.6%).
The lowest incidence (14%) of symptoms of allergic conjunctivitis was during the hottest
time of the year in the months of January and February.

vi. Increase in concentration of ink VOCs increased the incidences of symptoms of allergic
conjunctivitis (r>=0.8414) significantly (p=0.010). Increase in the duration of exposure to
whiteboard marker ink also increased the incidences of symptoms of allergic
conjunctivitis (r>=0.5807). However the relationship between workload and development

of the incidences of symptoms of allergic conjunctivitis was not significant (p=0.448).

5.3 Conclusions
This study makes the following conclusions based on the findings
i.  Teachers are more likely to develop symptoms of allergic conjunctivitis since the

marker pens contain hexane which is associated with eye irritation
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ii.  The teachers are highly exposed to ink VOCs because they remain standing and the
VOCs are more concentrated at 1.5m above the floor which is the breathing level of a

standing teacher

ili.  Teachers have poor knowledge on marker pen ink safety and this coupled with
positive attitudes predisposes them to poor practices in the process exposing them to
ink VOCs

iv.  Poor ventilation results in increased concentration of ink VVOCs and this increases the

occupational exposure of teachers to ink VOCs in the poorly ventilated classrooms

v. Incidences of symptoms of allergic conjunctivitis among the secondary school

teachers are higher during the cold season

5.4 Recommendations

5.4.1 Recommendations from this work
Based on the above conclusions, the following recommendations are made:-

i. Create effective ventilation at the upper parts of the classrooms to ensure effective

clearance of the ink VVOCs.

ii.  Regulatory bodies to monitor the ink supplies and ensure that the manufacturers avail the
material safety data sheets with every supply so that the teachers can be knowledgeable

on the health effects of the components of the ink.

iii.  The policy makers should ensure that the teachers are trained on chemical safety

especially the chemicals in the ink.
iv.  The teachers and students should also be made aware of the importance of opening the

windows so that the ventilation is effective to prevent the accumulation of ink VOCs in

the classroom.
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V.

The schools should substitute ink 2 and 3 with ink 1 which does not have hexane to

reduce the risk of eye irritation.

5.4.2 Recommendations for further research

The study makes the following recommendations for further studies

That further research be carried out to establish the potency of other marker pen ink
brands so that the regulatory body can ensure that only those brands with minimal

negative health effects are allowed in the market.

That a study be carried out to establish the identity of the compounds which are formed

when the ink vapours mix with other pollutants found in a classroom.

That a research be carried out to establish the health effects of chronic occupational
exposure to VOCs in whiteboard markers.

That a study be carried out on the health effects of the whiteboard maker pen ink VOCs
on the students

That a study be carried out on the health effects of the whiteboard maker pen ink on the

workers in the dry erase manufacturing companies.
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APPENDICES

APPENDIX I: QUESTIONNAIRE FOR TEACHERS

My name is Sabina Muthoni Muchemi. | am a student at Egerton University pursuing a PhD
degree in Environmental and Occupational Health. This research study aims at establishing the

impact of whiteboard marker pen ink on the eyes of teachers. You have been selected to

participate in the study. Please fill the questionnaire below as honestly as possible.

information collected will be used for the research study purpose only and will be treated with

maximum confidentiality. Please tick where applicable.

Section A- Social demographic variables

o > w0 e

10.

11.
12.

Sex: Male [ ] female [ ]
Age inyears: 15-24[ ] 25-34[_] 35-44[ ] 45-54] ]  55-60[ ]
Marital status. [ ] Married [ ]single [ ]widowed

Level of education: [_]diploma [_] degree [ ]postgraduate diploma [_] Masters [_] PhD

a) Area of residence---------=-----=-=-mmmmuon (please specify)
How long have you resided in this area?

O-5years[ ] 5-10years[ |  above 10 years[ ]
What is the weather of your area of residence?

Warm[_] Cool[_] Very cold [] [lOthers (Please specify)......
Is your area of residence very dusty? Yes[] No []
Do you use insecticides, pesticides or herbicides  Yes[ ] No []

If yes, how often do you use them? Please specify............................

What kind of a house do you live in?

Stone house with cemented floor[ ] Wooden house with cemented floor[_]
Wooden house without cemented floor[_] Mud house[ ]

[ ]Others (please SPecify)........cc.viueeeueieiieiieieeieein,

What is the most commonly used fuel for cooking in your house?

[ ]JFirewood [ ]Charcoal [ |Kerosene [ ]Gas [ JElectricity

[ ]Combination (please specify the fuels)---

Do you smoke? Yes [_] No [ ]

Do you get exposed to tobacco smoke from the smokers? Yes[ | No []

If yes, how often? [ |Rarely [|Daily [Others (Please specify)......
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13. Do you get exposed to other types of smoke on daily basis? Yes [_] No []
If yes, what type of smoke? (Please specify)..........ccovvviviiiiiiinnnnn...

Section B- Occupational variables
1. How long have you been teaching in the current station?

[ ]0—5 years [ 16 —10years [ Jothers (please specify) ............
2. How long have you been teaching? [ ]0-5 years [ ]6-10 years[ |11-15years [ |16 —
20 years [ ]21-25 years [_]Above 25 years
3. Do you use whiteboard marker pen atall? Yes[ | No [ ]
If yes, how often do you use it? [_]Daily [ _]Weekly [_]Monthly [ ]Others (specify)
4. What is your daily workload? [ ] 0 lessons [ ]1-3 lessons [ ]4-5 lessons [ ]6 and
above
5. What is the name of whiteboard marker pen ink that you use? (Please specify)---------
6. (a) What do you prefer to use in class? [_]chalk [ Jmarker pen
Please give a reason for your answer in 7(a) above--------------------
7. Do you use chalk anywhere else? [_]Yes [ INo
If yes, where and how often do you use it? Please specify..............c.coooiiiia..
8. Do you know the composition of the ink that you use? [ _]Yes [ INo
If yes, state the components of that ink..................................
9. Do you consider this ink as a health hazard? [_]Yes [ ]No
10. If yes, do you protect yourself? [_]Yes [ INo
If yes, Explain how you protect yourself............................
11. What material makes your duster?  [_] soft [ ] Not soft
12. Is it necessary to replace the lid when the marker pen is not in use? [_]Yes [_|No
13. Is it important to replace the lid of the marker pen every time that it is not in use?
[ ]Yes [ ]No
14. Do you have a sink (including an improvised one) in your office? [ ]Yes [ INo
[ Jnot applicable
15. Does your staffroom have a sink (including an improvised one)?
[ ]Yes [ ]No

16. Is the water easily accessible for washing hands all the time? Yes[_] No []
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17. How often do the classes get washed?
[ ]Daily [ ]Twice a week [_]Weekly [ ]Not applicable
18. Do you teach during the midterm exams in your school? [_]Yes [ No

If yes, what time do you give your midterm exam? Please specify----------------

Section C- For Science Teachers

19. Do you teach any science subject? Yes[ ] No [ ]

20. Do you use laboratory chemicals during teaching? Yes[ ] No [_]
If yes, how often do you use them?
[ ]Once a week [ ]2-3 times a week [ ]4-5 times a week
[ lothers (Please specify)

21. Do you have a science lab? Yes[ ] No[ ]

22. Is there a full time laboratory technician in your school?  Yes[_] No[_]

If not, who prepares the solutions and other chemicals for practicals?

[ ]Self []Others (Please specify) .....................

23. Do you wear goggles, gloves and masks in the school lab? [ _]Yes [ INo
If yes, how often? [ ]Every time in the lab [ ]Once in a while

24. Do you have running water in the lab? [ _]Yes [ INo
If yes, is it always available?  Yes[ ] Nol[ ]

Section D: Symptoms
1. Do you suffer from any eye problem? [_]Yes [ INo
If yes, please specify........coovviiiiiiiiiiiiiiiien
2. What do you do when you get an eye problem?
[ JVisitadoctor [ ] Buy drugs from a chemist [ ] let it clear by itself
[lOthers (please specify)................... L IN/A
3. Do you use eye medication every time when you have an eye problem?
[ IYes [ INo [ IN/A
4. Do you usually buy eye medications as an over the counter drug without the doctors
prescription? [ ] Yes [ INo
5. Do you always keep eye medications? Yes [ ] No []
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If yes, does the doctor prescribe it? Yes [] No []
6. Do you suffer from any eye allergy? [_|Yes [ INo
7. Do you suffer from any other type of allergy? [ ]Yes [ INo
If yes, what type of allergy? [ JFood allergy [ ]sneezing [ Jwheezing
[ ] Skinallergy [ Jothers (please specify)............... [ IN/A
8. Have your both eyes felt itchy within the last two days? Yes[ | No[ ]
9. Have your both eyes swollen within the last two days? Yes[ ] No [_]
10. Have your both eyes turned red within the last two days? Yes[ | No[_]
11. Have your both eyes become watery within the last two days? Yes[] No []
12. Have your both eyes felt irritated within the last two days? Yes [_] No []
13. Have your both eyes pained within the last two days? Yes [ ] No []
14. Have your both eyes felt like there are foreign bodies in the eyes within the last two
days? Yes [_] No [ ]
15. Do you wear spectacles? Yes[ ]  No [ ]
If yes, for what eye defect?
[ JLong sightedness  [_|Short sightedness [ _]Long sightedness and light effects
[_]Short sightedness and light effects []Others (please specify)......
16. Do you suffer from asthma? Yes [_] No [ ]
17. a. Do the eyes of any of your parents or siblings get itchy? Yes [ ] No[_]
b. Do the eyes of any of your parents or siblings get watery? Yes [_] No[_]
c. Do the eyes of any of your parents or siblings get irritated or hurt? Yes [ ]
Nol[ ]
Do the eyes of any of your parents or siblings get red? Yes [ | No[ ]

®© o

Do the eyes of any of your parents or siblings get swollen? Yes [_] No[_]

141



Section E: Attitude
Please tick where applicable
Key
1-Strongly Disagree
2- Disagree
3-Neutral
4- Agree
5- Strongly Agree

1 The smell of the ink is unbearable

2 The pen is easy to use

3 The marker pen stains the whiteboard with stains which are difficulty to
rub

The marker pen ink is more economical than chalk

Writing of notes for students on the board is boring when using a marker
pen

The clothes remain clean when one uses the marker pen

I write slowly using a whiteboard marker pen

| believe that the marker pen is safe to use

©O©| O N O

The writing from a marker pen does not dry fast enough allowing the lines
to become blurred with time

10 | The safety of the marker has been checked by the KEBs

11 I mind the fact that | was not consulted when the marker pen use was
introduced in my school
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Section F: Knowledge
Please tick where applicable
Key
1-Strongly Disagree
2- Disagree
3-Neutral
4- Agree
5- Strongly Agree

The marker pen irritates the nose, eyes and throat

The marker pen ink is non toxic and therefore safe

If inhaled directly it can cause harm to the body

Vapours released as the ink dries have no effect on the person

It is necessary to open the windows when using the marker pen

o O B W N

The marker pen ink is not safe for all persons including the asthmatic
patients

7 One should use protection against the ink vapours
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APPENDIX Il: OBSERVATION CHECKLIST
Teacher Code No. .......... School Code No............. Classroom Code No..................

(The codes will be such that they can be used to identify the school by the researcher but other

persons cannot relate the information to the school, teacher and class to ensure confidentiality of

information).

1.

© N o 0o B~ w DN

10.
11.
12.
13.
14.

15.
16.

17.

18.
19.

Is the teacher keen on replacing the lid of the marker pen every time it is not in use in
class [ ]Yes [ ]No

Where does the teacher place the marker pen when not using it?..........c..ccccoveeeee.

How does the teacher hold the pen e.g close to the face, away from the face etc...

Who rubs the board? [ Jteacher [ ]student [ ]both

Does the teacher rub any writing using the bare hands? [_]Yes [ INo
Does the teacher rub the eyes with fingers during the lesson? [_]Yes [ INo
If yes, how often? [_]often [ Jonce in a while

Are there windows on both sides of classroom? Yes[ ] No [ ]
Ifnotexplain.............ooooiiiiiiiiiiinin

If yes, are they of the same size......................

How high are the windows (approximate height in metres)............

What is the approximate size of the operable area of the window?..........

Are all the windows open?.............

If not, how many are open?

What is the area of the open space of the total windows?...................

Are there mechanical fans or ventilators? Yes| | No[ ]

If yes, where are they positioned in the classroom? Please specify....................
Are students in the classes congested? Yes[ ] No [ ]

Where does the teacher spend most of the time during the lesson? [_]Jmoving around the
class [ ]close to the board

What type of structures make the classrooms?

[ JPermanent with cemented floors [ ]Permanent without cemented floors

[ ]Temporary with cemented floors [_]Temporary without cemented floors

How is the school compound? [_]Very dusty [ |Dusty[_]Not dusty

Are there other solid particles in the air at the school [_]Yes [ _|No

144



145



APPENDIX I11: INFORMED CONSENT
Respondent’s statement
I have been explained to concerning the study in a language that | understand the procedures to
be followed in the study and the risks and benefits involved. I have been given an opportunity to
ask questions and my questions have been answered to my satisfaction. My involvement in this
study is entirely voluntary. I understand that my records will be kept private and that | can leave

the study at any time.
| therefore: D Agree to participate DDecIine to participate (Tick where applicable)

Name of PartiCipant. ..........ooiiiiiniiiii i

Signature Date

Researcher’s statement
I, the undersigned, have explained to the volunteer in a language she understands, the procedures
to be followed in the study and the risks and benefits involved

NAME OF INEEIVIEWET . . ettt et

Signature Date
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APPENDIX IV: CHROMATOGRAMS OF ETHANOL

Response intensity (Volts)

Time (min)
Figure 7.1: Chromatogram of Ethanol
tr=1.005; Area under the curve= 615594; Volume=0.1pm

Response intensity (\Volts)

— —_

Time (min)

Figure 7.2: Chromatogram of Ethanol
tr=1.139; Area under the curve= 6496597; Volume=1um
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Response intensity (\Volts)

Time (min)

Figure 7.3: Chromatogram of Ethanol
tr=1.181; Area under the curve= 6535961; Volume=1pum

Response intensity (\Volts)

Time (min;)

Figure 7.4. Chromatogram of Ethanol
tr=1.045 ; Area under the curve= 6168599; Volume=1um
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Figure 7.5: Chromatogram of Ethanol
tr=1.157 ; Area under the curve= 6593618; Volume=1pm

Response intensity (Volts)

Time (mi.n)

Figure 7.6: Chromatogram of Ethanol
tr=0.989; Area under the curve= 591990; Volume=0.1um
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Response intensity (Volts)

Time (min)

Figure 7.7: Chromatogram of Ethanol
tr=0.992; Area under the curve=599925; Volume=0.1pm
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APPENDIX V: CHROMATOGRAMS OF INK 1 VOCS FROM THE INK
HEADSPACE

Response intensity (Volts)

Time (min)

Figure 7.8: Chromatogram of ink 1 headspace
tr=0.981

Response intensity (Volts)

Time (min)

Figure 7.9: Chromatogram of ink 1 headspace
tr=0.960
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Response intensity (Volts)

Timer (min)
Figure 7.10: Chromatogram of ink 1 headspace
tr=0.947

Response intensity (Volts)

Time (min)

Figure 7.11: Chromatogram of ink 1 headspace
tr=0.739
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Response intensity (Volts)

Time (min)

Figure 7.12: Chromatogram of ink 1 headspace
tr=0.944
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APPENDIX VI: CHROMATOGRAMS OF AIR SAMPLES FROM SCHOOLS USING
INK 1

Response intensity (Volts)

Time (min)

Figure 7.13: Chromatogram of air sample from school no. 3 room 2

tr=0.960; Sampled at the back 0.5m above the floor; Area under the curve=1088

Response intensity (Volts)

Time (min)

Figure 7.14: Chromatogram of air sample from school no. 6 room 1
tr=0.733; Sampled at the front 1.5m above the floor; Area under the curve=5987
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Response intensity (Volts)

Time (min)

Figure 7.15: Chromatogram of air sample from school no. 3 room 2
tr=0.739; Sampled at the front 1.5m above the floor; Area under the curve= 5138

Response intensity (Volts)

Time (min)
Figure 7.16: Chromatogram of air sample from school no.3 room 2
tr=0.952; Sampled at the front 1.5m above the floor; Area under the curve=3486
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Response intensity (Volts)

Time (min)

Figure 7.17: Chromatogram of air sample from school no. 3 room 1

tr=0.957; Sampled at the back 0.5m above the floor; Area under the curve=1442

Response intensity (Volts)

Time (min)

Figure 7.18: Chromatogram of air sample from school no. 3 room 1
tr=0.944; Sampled at the back 1.5m above the floor; Area under the curve=1643
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Response intensity (Volts)

Time (min)

Figure 7.19: Chromatogram of air sample from school no. 3 room 1
tr=0.979; Sampled at the front 0.5m above the floor; Area under the curve=1265

Response intensity (Volts)

Time (min)
Figure 7.20: Chromatogram of air sample from school no. 6 room 2
tr=0.957; Sampled at the front 1.5m above the floor; Area under the curve= 402
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Response intensity (\Volts)

Time (min)

Figure 7.21: Chromatogram of air sample from school no. 6 room 1
tr=0.739 ; Sampled at the back 1.5m above the floor; Area under the curve=2228

Response intensity (Volts)

Time (min)

Figure 7.22: Chromatogram of air sample from school no. 6 room 2
tr=0.949; Sampled at the back 1.5m above the floor; Area under the curve= 464
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Response intensity (Volts)

Time (min)

Figure 7.23: Chromatogram of air sample from school no. 3 room 2
tr=0.944; Sampled at the back 1.5m above the floor; Area under the curve= 1278

Response intensity (Volts)

Time (min)

Figure 7.24: Chromatogram of air sample from school no. 3 room 2
tr=0.949; Sampled at the front 1.5m above the floor; Area under the curve= 2076
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Response intensity (\Volts)

Time (min)

Figure 7.25: Chromatogram of air sample from school no. 3 room 1
tr=0.949; Sampled at the front 0.5m above the floor; Area under the curve= 444
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APPENDIX VII: CHROMATOGRAMS OF INK 2 VOCS FROM THE INK
HEADSPACE

Response intensity (Volts)

Time (min)

Figure 7.26: Chromatogram of ink 2 headspace
tr=0.984

Response intensity (Volts)

Time (min)
Figure 7.27: chromatogram of ink 2 headspace
tr=0.941
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Response intensity (Volts)

Time (min)

Figure 7.28: Chromatogram of ink 2 headspace
tr=0.949

Response intensity (Volts)

Time (min)

Figure 7.29: Chromatogram of ink 2 headspace
tr=0.971
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Response intensity (Volts)

Time (min)
Figure 7.30: Chromatogram of ink 2 headspace
tr=0.731
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APPENDIX VIII: CHROMATOGRAMS OF AIR SAMPLES FROM SCHOOLS USING
INK 2

Response intensity (Volts)

Time (min)

Figure 7.31: Chromatogram of air sample from school no. 4 room 2
tr=0.744 ; Sampled at the front 1.5m above the floor; Area under the curve= 133584

Response intensity (Volts)

Time (min)
Figure 7.32: Chromatogram of air sample from school no. 2 room 1
tr=0.987; Sampled at the back 0.5m above the floor; Area under the cureve=606
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Response intensity (Volts)

Time (min)
Figure 7.33: Chromatogram of air sample from school no. 2 room 1
tr=0.984; Sampled at the back 1.5m above the floor; Area under the curve=832

Response intensity (Volts)

Time (min)

Figure 7.34: Chromatogram of air sample from school no.2 room 1
tr=0.987; Sampled at the front 1.5m above the floor; Area under the curve=790
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Response intensity (\Volts)

Time (min)

Figure 7.35: Chromatogram of air sample from school no.2 room 2
tr=0.989; Sampled at the back 1.5m above the floor; Area under the curve=552

Response intensity (Volts)

Time (min)

Figure 7.36: Chromatogram of air sample from school no. 4 room 1
tr=0.941; Sampled at back 1.5m above the floor; Area under the curve= 1134
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Response intensity (Volts)

Time (min)

Figure 7.37: Chromatogram of air sample from school no. 4 room 1
tr=0.952; Sampled at front 0.5m above the floor; Area under the curve= 1468

Response intensity (Volts)

Time (min)

Figure 7.38: Chromatogram of air sample from school no. 4 room 1
tr=0.955; Sampled at front 1.5m above the floor; Area under the curve= 1539
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Response intensity (\Volts)

Time (min)

Figure 7.39: Chromatogram of air sample from school no.4 room 2
tr=0.947; Sampled at back 1.5m above the floor; Area under the curve= 1279
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APPENDIX IX: CHROMATOGRAMS OF INK 3 VOCS FROM THE INK HEADSPACE

Response intensity (Volts)

Time (min)

Figure 7.40: Chromatogram of ink 3 headspace
tr=0.957

Response intensity (\Volts)

Time (min)

Figure 7.41: Chromatogram of ink 3 headspace
tr=0.960
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Response intensity (\Volts)

Time (min)
Figure 7.42: Chromatogram of ink 3 headspace
tr=0.965
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Figure 7.43: Chromatogram of ink 3 headspace
tr=0.979
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Response intensity (Volts)

Time (min)

Figure 7.44: Chromatogram of ink 3 headspace
tr=0.971
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APPENDIX X: CHROMATOGRAMS OF AIR SAMPLES FROM SCHOOLS USING
INK 3

Response intensity (Volts)

Time (min)

Figure 7.45: Chromatogram of air sample from school no. 1 room 2
tr=0.981; Sampled at front 1.5m above the floor; Area under the curve=1743

Response intensity (\Volts)

Time (min)

Figure 7.46: Chromatogram of air sample from school no. 1 room 1
tr=0.971; Sampled at front 1.5m above the floor; Area under the curve=1600
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Response intensity (Volts)

Time (min)

Figure 7.47: Chromatogram of air sample from school no. 5 room 2
tr=0.960; Sampled at back 1.5m above the floor; Area under the curve = 3817

Response intensity (Volts)

Time (min)

Figure 7.48: Chromatogram of air sample from school no. 5 room 2
tr=0.955; Sampled at back 0.5m above the floor; Area under the curve = 6002
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Response intensity (\Volts)

Time (min)

Figure 7.49: Chromatogram of air sample from school no. 5 room 1
tr=0.971; Sampled at back 1.5m above the floor; Area under the curve= 756

Response intensity (Volts)

Time (min)

Figure 7.50: Chromatogram of air sample from school no. 5 room 1
tr=0.957; Sampled at back 0.5m above the floor; Area under the curve= 1114
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Response intensity (Volts)

Time (min)

Figure 7.51: Chromatogram of air sample from school no.5 room 1
tr=0.957; Sampled at front 0.5m above the floor; Area under the curve= 1317

Response intensity (Volts)

Time (min)

Figure 7.52: Chromatogram of air sample from school no. 1 room 2
tr=0.984; Sampled at back 1.5m above the floor; Area under the curve= 989
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Response intensity (Volts)

Time (min)

Figure 7.53: Chromatogram of air sample from school no. 1 room 2
tr=0.984; Sampled at front 0.5m above the floor; Area under the curve=461
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APPENDIX XI: PERMIT FROM NACOSTI

NATIONAL COMMISSION FORSCIENCE,
TECHNOLOGY ANDINNOVATION

Telephone:+254-20-2213471, 9"Floor, Utalii House
2241349,3310571,2219420 Uhuru Highway

Fax: +254-20-318245,318249 P.0. Box 30623-00100
Email: dg@nacosti.go. ke NAIROBI-KENYA

Website: www.nacosti.go.ke
When replying please quote

ref: No. NACOSTI/P/17/65086/17518 Date: 371 July, 2017
Sabina Muthoni Muchemi
Egerton University

P.O. Box 536-20115
EGERTON.

RE: RESEARCH AUTHORIZATION

Following your application for authority to carry out research on “Assessment of
influence of occupational exposure to white board marker ink on symptoms of
allergic conjunctivitis among school teachers in Nakuru County, Kenya,” ] am
pleased to inform you that you have been authorized to undertake research in
Nakuru County for the period ending 19" June, 2018.

You are advised to report to the County Commissioner and the County
Director of Education, Nakuru County before embarking on the research
project.

On completion of the research, you are expected to submit two hard copies and
one soft copy in pdf of the research report/thesis to our office.

GODFREY P. KALERWA MSc., MBA, MKIM
FOR: DIRECTOR-GENERAL/CEO

Copy to:

The County Commissioner
Nakuru County.

The County Director of Education
Nakuru County.
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APPENDIX XI11I: PERMIT FROM NAKURU COUNTY DIRECTOR OF EDUCATION

MINISTRY OF EDUCATION
STATE DEPARTMENT OF BASIC EDUCATION

Telegrams: "EDUCATION",
Telephone: 051-2216917
When replying please quote

COUNTY DIRECTOR OF EDUCATION
NAKURU COUNTY

P. 0. BOX 259,

NAKURU.

Ref.CDE/NKU/GEN/4/21/VOL.VI/35
15" November, 2017

TO WHOM IT MAY CONCERN

RE: RESEARCH AUTHORIZATION -SABINA MUTHONI MUCHEMI
PERMIT NO. NACOSTI/P/17/65086/17518

Reference is made to letter NACOSTI/P/17/65086/17518
Dated 3rJuly, 2017.

Authority is hereby granted to the above named to carry out research on
“Assessment of influence of sccupational exposure to white board marker
ink on symptoms of allergic conjunctivitis among school teachers in
Nakuru County, Kenya” for a period ending 19th June, 2018.

Kindly accord her the necessary assistance.

KIMANI G: ( :
FOR: COUNTY DIREC OF EDUCATION
NAKURU COUNTY

Copy to:
Egerton University

P.0 Box 536-20115
EGERTON
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