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Abstract

Air is among the vital human needs to survive. It is the one thing humans cannot be without longer
than a few minutes. Indoor Air Quality (IAQ) is a public and occupational health concern, since
we are exposed to air pollutants daily, given that we spend almost 90% of our time in indoor
environments. IAQ can be affected by numerous factors, from outdoor pollutants that get indoors
through ventilation to building material, furnishing and activities carried by the building occupants.
Exposure to air pollutants has been linked to a panoply of adverse effects on our health, well-being,
and performance. The aim of this study was to assess the IAQ in grocery stores (GS) in the
municipality of Cascais in the Lisbon district of Portugal, and, consequently, to characterize the
workers occupational exposure to air pollutants. The study was conducted in 13 small “family”
grocery stores. The IAQ monitoring campaign was conducted using low-cost technologies,
focused on several parameters, namely: Carbon dioxide (COz2), Volatile organic compound (VOCs),
Particulate matter (PM1o and PM2s), Temperature (T) and Relative Humidity (RH). The results
were analyzed using SPSS software. Overall, the IAQ of the studied GSs complied with the
Portuguese legislation, except for PM2s, where 23% of GSs presented levels above the established
limit value of 25 pg.m=3. The IAQ assessment allowed to identify the best strategies to improve

the workers” experience in the indoor environments at their workplaces.

Keywords: Indoor air Quality; Occupational assessment; Grocery Stores
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1. Introduction

1.1. Framework

Air is the most important thing to survive since breathing is one of the most essential human
needs. Realistically, an individual can survive a few days without food or even water, but not one
person is able tosurvive without air for more than a few minutes. Unlike the other natural resources,
the air is not scarce, but its vulnerability lies mainly in its risk of deterioration (1). The indoor air
is a complex mixture of non-biological and biological contaminants as well as outdoor and indoor
pollutants, Indoor air quality (IAQ) is a public and occupational health concern, the IAQ has
significant impact in human health and well-being, the 1AQ has been found to be the source of
numerous adverse impacts to human health such as respiratory and cardiovascular illnesses,
allergic symptoms, cancer and premature mortality (2). The changes in lifestyles have made us
more subjected to air pollutants since, nowadays, we spend a great amount of time in indoor
environments. In average, a person spends about 90% of their time in indoor environments (public
to private environments, namely, home, workplace, leisure, buildings and commuting, for instance),
where people are exposed to several pollutants in their daily life that may have negative impact on
their health, productivity and welfare (3,4).

The history of indoor environment started centuries ago when humans lived in caves and
used campfires to try and keep themselves warm (5). The development of civilization has made
our environment dangerously polluted. In the last decades, the building paradigm for workplaces
and dwellings have changed, whereas the control over the thermal climate and energy efficiency
have been prioritized. Naturally ventilated buildings have been replaced by airtight buildings,

which conducts to indoor spaces with lower air flow where dilution of the air pollution becomes
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more difficult. Simultaneously more complex materials are being used for furniture, clothing,
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detergents and etc., which promotes an increase in new indoor pollutants, such as organic
compounds, resulting in potential health problems to humans (6,7).

Historically, there has been mentions on the effects of the air quality in health, from as
early as 1500 BC by the Egyptians, later by Hippocrates, and by the XIII century coal combustion
emissions were feared as a source of illnesses (8). The general idea in the XVIII century was that
breathing was a way of cooling down the heart, the composition of the air was not important, only
its coolness, and it was believed that the concentration of carbon dioxide (CO2) was a way of
measuring if the air was fresh or stale, although they did recognize at the time that the “expired
air” was unfit for breathing until it had been refreshed (9). Even with historical database, efforts
to improve the air quality only began in relatively recent years.

With the technological advancements and the industrial revolution came numerous new
sources of air pollutants, with the modern philosophy of building design being to prevent “leaks”
and to minimize electric and thermal energy losses attributable to its insulation. Moreover, due to
changes in lifestyle and the building materials used in indoor environments, comes a change in the
composition and complexity of indoor air, due to the use of more synthetical materials and
chemicals, both for construction and decoration, as well as cleaning agents, along with specific
indoor emissions, such as gases from cooking, air fresheners and candle burning or incense, for
instance (4,10). All these changes have made the building more energy efficient but are also
responsible for indoor environments where airborne pollutants are produced and may reach high
concentration levels indoors, due to the lack of proper ventilation. Moreover, if the outdoor air is
not properly filtered and cleaned in areas where there are specific outdoor pollution sources (such

as traffic), some pollutants, such as particles, may find their way inside indoor environments,
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where they can react with the pollutants already present in the indoor and become more harmful.
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Therefore, the concentration of many pollutants can be many times higher in indoor compared to
outdoor environment, whilst this does not mean that indoor air will cause more harmful health
effects, the presence of these pollutants, even at low concentrations, may have significant
biological impact due to its time of exposure (7,10).

According to the World Health Organization (WHO), 1.5 million deaths and 2.7% of the
global burden of disease were attributed to the IAQ in 2000 (11). Later, by 2017, IAQ was linked
worldwide to 1.8 million deaths and 60.9 million DALYSs (Disability-adjusted life years), which
represents the years lost due to a disability (12). According to the United Nations Environment
Programme, IAQ was responsible for around nearly 3.2 million premature deaths in 2020, and
around 4 million in 2021 (13,14).

Although air pollution affects the entire population, some are more exposed to it than others
and some are more susceptible to it than others. Moreover, the type, levels and sources of indoor
pollutants and their exposure profiles are considerably different between the developed and
developing world. For instance, lower socio-economic groups, that are more likely to live in
industrial areas and busy roads, are more exposed to air pollutants. Regarding the susceptibility to
air pollution, the main population groups are children, older people and people with pre-existing
health conditions, due to lower capability of their body to deal to the exposure to air pollutants.
Another relevant impact of exposure of citizens to air pollution is its significant impact into the
countries’ economy since it promotes an increase of medical costs, reduction of life expectancy

and decrease of productivity (15).
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Research efforts have been done towards better understand the complexity and effects of
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the IAQ in human health in different environments such as dwellings, schools, restaurants, retails
and others (16). However, there is a gap in knowledge related to characterization of air quality in
groceries and markets, not only in Portugal but also internationally. Therefore, it is important to
study these specific types of indoor environments to understand how IAQ is characterized, which
allows us to assess the occupational exposure of workers. This information is crucial to design and
promote targeted mitigation measures to minimize workers’ exposure.

An adult human generally spends about 8 hours at work during 5 days per week. In average,
we spend about around 90 000 hours (considering 50 working weeks per year), some even more
than that depending on the profession and type of work. The Eurostat statistical atlas in 2020
estimated that the average duration of working life of a regular person in the European Union was
35.2 years. Regarding Portugal, the estimative is slightly higher, namely 38.2 years, which is
equivalent to about of a 1/3 of our lifetime (17). Therefore, the job workplace and its conditions
may have a huge impact in your life.

When thinking of a healthy workplace, the first instinct is to think about the social
environment, and most of the time we tend to neglect the indoor environmental quality (IEQ)
which refers to the quality of the environment of buildings, regarding comfort parameters, air
pollutants and other parameters (such as noise and lighting), that may have a significant impact on
the health and welfare of their occupants. One of those factors is the IAQ. Several studies have
already shown that these environmental parameters may have a great impact on the quality of
people’s lives and the productivity of workers (18).

The importance of health and safety at the workplace cannot be underestimated. Even

though workplace health and safety are an obligation of the employer, it is many times neglected.
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It has great advantages for the employers, as it is beneficial for the wellbeing and productivity and
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loyalty of the employees.

Fora long time, the link between the work conditions and productivity has been
imperceptible, including how it affected the companies. However, it was recognized the burden of
economic costs of work-related accidents to the companies, regarding both medical costs and the
worker compensation, along with equipment and material costs depending on the job, and
absenteeism. Moreover, typically, only after those issues, professional diseases would be
considered (19).

Nowadays, it is known that the success of a company is directly linked to the conditions of
the workplace.

According to the International Labour Organization (ILO) (20), it is estimated that around
2.3 million people succumb work-related accidents and diseases every year, with around 160
million annually are thought to be victims of work-related illnesses. It is important to highlight
that work-related diseases cause the most deaths among workers.

Moreover, work-related diseases and accidents result on various work days missed by the
employees, which has a direct impact on the company and, consequently, in the economy of the

country (21).
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1.2. State of the Art

1.2.1. Indoor Air Quality

According to World Health Organization (WHO), health is defined as “state of complete
physical, mental, and social well-being and not merely the absence of disease and infirmity” (22).
In the same way, a healthy indoor air is one that does not have a risk of disease or adverse health
effects and insures the comfort and well-being of the occupants (23). Due to its recognized impact
of IAQ on our daily life, WHO has acknowledged it by establishing that everyone has the right to
breathe healthy indoor air, under the principle of the human right to health, stated in its Constitution
in 1946 (24).

Respiration is the first route of entry into our organisms, therefore should be taken with the
most significance. In average, an adult person has a ventilation rate of about 6 liters of air per
minute, where is also influenced by individual variations due to biological characteristics (such as
age, gender, health-state and size) and also due to the type of activity that the individual is doing.
However, during a full day, an individual may breathe a total of around 12000 to 15000 I/day (25).
Pollution is when a specific pollutant (that can be in the form of gas, liquid or solid) is in higher
concentration than usual, which reduces the quality of the environment (26). As already
highlighted, several studies have already shown that indoor levels of pollutants may be 2 to 5 and
sometimes as high as 100 times higher than outdoor levels (27,28).

As a result of the energy crisis in the 1970s and with the amount of fresh air supplied
minimized to 2 I/s per person, there was an increase in indoor environments problems, mainly in
office buildings, since the concern with energy conservation led to the constructions of airtight

buildings with a major decrease of fresh air intake (5).
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sometimes called as Building Related symptoms (BRS), is used to describe a number of symptoms
with no specific etiology reported by the occupants, including upper-respiratory irritative
symptoms, fatigue, headaches, irritation of the skin, difficulty concentrating, that is related to
working in particular non-industrial indoor environment, such as modern office buildings. The sort
and severity of the symptoms are reliant of the environment and also of the individuals’
vulnerability and exposure (29—-32). In some cases, individuals suffering from SBS symptoms have
reported that the symptoms tend to decrease away once out of those environments (32).

The indoor air is a complex system of pollutants, contaminants and physical parameters
that interact with each other. Indoor air pollutants include, for instance, carbon monoxide, carbon
dioxide, volatile organic compounds, and particulate matter (33).

The indoor air is mostly affected by four different factors: i) indoor sources, such as
pollutants emitted from building materials and furnishing, electronic equipment’s, cleaning and
consumer products, including the ones promoted by activities of the occupants; ii) outdoor sources
associated with industrial activities and vehicular traffic, that gets indoor by infiltration through
mechanical and/or natural ventilation systems; iii) physical parameters, such as relative humidity
and temperature, that can promote the emission of air pollutants from building material and; iv)
ventilation that help to promote the dilution of the concentration of air pollutants in order to keep
agood 1AQ (2,34). Based in these factors, a set of four principles were identified to achieve a good
indoor air quality: i) minimize indoor emissions; ii) keep it dry; iii) ventilate well; and iv) protect

against outdoor pollution (35).
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1.2.1.1. Carbon Dioxide (COz)

Carbon Dioxide (COz2) is a chemical compound colorless and non-flammable gas at normal
temperature and pressure. With energy saving measures, the building ventilation was typically
reduced, which can lead to higher indoor levels of CO2. This happens because the major source of
indoor COz is the human respiration and, when there is not adequate ventilation (which promotes
the dilution of indoor pollutants), the levels of COz continue rising. Therefore, CO2 concentrations
are often used as an indicator of adequate ventilation in buildings(36).

Exposure to high levels CO2 can cause tiredness, somnolence, dizziness, headaches and
decrease in mental acuteness, which promotes a lower performance of the individuals (37). Carbon
dioxide is, in fact, considered a contaminant as an alternative of pollutant since it doesn’t have

major adverse effects to health and it is naturally emitted by people.

12.12. Volatile Organic Compound

Volatile organic compounds (VOCs) are chemicals that evaporate very easily at room
temperature due to its high vapor pressure. These pollutants are emitted from natural and
anthropogenic sources, such as construction materials, office equipment, combustion by-products,
consumer products and cooking (38). They include a variety of compounds, with different VOCs
having different health effects, ranging from highly toxic to those with no known health effect, and
some that can have short- and long-term health effects. Due to their high variable lipophilicity and
volatility, the major route of exposure of VOCs is the inhalation. VOCs are widely used as an
ingredient in household products, such as cleaning products, paints, disinfectants, cosmetics, air
fresheners, etc. Office supplies also contain VOCs, like printers, glues, and adhesive, etc. Studies

have shown that the levels of VOCs are 2 to 5 times sometimes up to 10 higher in indoor
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environments in contrast with outdoor environments, regardless if it is a rural area or highly
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industrial areas (39-41). Even small low concentration of these compounds have been associated
with a series of discomfort and respiratory illness (2). Numerous studies have shown that building
materials can be sources of VOCs, which affect greatly the IAQ. Some studies also highlighted the
correlation between VOCs and SBD symptoms (2,39).

Some VOCs are considered toxic, carcinogenic, mutagenic and teratogenic (38), whereas
some of the health effects may be skin, eye, nose and throat irritation, headaches and nausea,
damage to liver, kidney and central nervous system, allergic skin reaction. Naturally, as it happens
with other pollutants, the nature and extent of the health effects will depend on level and time of

exposure of the individual (40).

12.1.3. Particulate Matter

Particulate matter (PM) has been recognized as a priority pollutant and, since 2013, it was
considered as carcinogenic (42) due to its association with adverse health effects, confirmed by
innumerous studies (43,44).

PM is a mixture of solid, liquid, and gaseous matter in the air, includes inorganic and
organic particles such as dust, dirt, smoke, and liquid droplets. Generally, PM originates from
natural processes like sea sprays, volcanoes, dust storms etc., as well as anthropogenic sources like
human activities such as industrial processes, fossil fuel in traffic, among others. The deposition
of PM on the respiratory tract depend on particle size, with smaller particles resulting in larger
lung deposition and farther airway penetration (45). PM enters the organism mostly through
inhalation and the large particles are filtered by the nose, however smaller particles can get through

and deposit in the lungs, some of which find their way into the heart and other organs through the

10
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bloodstreams causing damage to multiple physiological systems, especially the respiratory,
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cardiovascular and nervous systems (46-49).

The particle varies widely in size, chemical composition, and shape. Regarding size, PM
are defined by their aerodynamic diameter with the main type being PMio and PMz2s. PMao
corresponds to the particulate matter with an aerodynamic diameter lower than 10pum, which are
considered inhalable particles. The size of the particles generally determines where the particles
deposit in the respiratory tract when inhaled. Larger particles are filtered by the nose and throat,
but smaller particles can get through. Particulate matter smaller than 10 micrometers can penetrate
the trachea and bronchial regions and deposition in the lungs which can cause adverse health
effects. PM2s is the particulate matter with an aerodynamic diameter lower than 2.5um, which can
easily enter the alveolar region of the lung, giving rise to deep deposition within the lung. These
particles often derive from different sources and have different compositions and, when deposited
in the lungs, can cause inflammation and tissue damage (46,50).

PM is found to be the cause of a broad range of health effects, and it has been linked to the
aggravation of respiratory illness like asthma and allergies. Moreover, short term exposure has
been linked with acute cardiovascular risks like, myocardial infarction, hypertension, among
others (49). In fact, WHO already pronounced fine particles (2.5 pm or less) to be responsible for
more premature deaths than any other pollutant (51).

Both PMzsand PMao have been linked to heart failure, hospitalization and mortality (52).
It is important to keep in mind that there are many factors influencing the infiltration of particles
in indoor environments, including building material, quality of windows and doors as well as

difference in ventilation habits, which can be implicated by climate conditions.

11
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1.2.2. Comfort Parameters

Thermal comfort is essential for building occupants’ health and comfort (53). Temperature
and relative humidity are usually used as parameters of indoor environmental quality since their
levels affect individuals' perception of comfort in indoor environments (54).

The human body is homoeothermic, which is the ability of the human body to regulate
internal body temperature regardless of external influence (55). The internal body temperature is
normally higher than the environment (varies from 36.5°C — 37.5°C)., there is no flow of heat in
or out of the body, that is what is called Thermal Equilibrium (56).

Thermal comfort is difficult to define as it is a condition of the mind that expresses
satisfaction or dissatisfaction with the thermal environment (57). It can be influenced by personal,
work-related and environmental factors (58).

The thermal comfort is an important parameter in the workplace risk assessment, since a
deficiency in this aspect may result in dissatisfaction of the workers and a reduction on productivity
and performance, along with a direct impact in the individual’s health and well-being (59).

The thermal comfort is not measured by room temperature, but by the occupant’s
satisfaction. The Health and Safety Executive (HSE) states that realistically we must hope to
achieve an environment that satisfies the majority of the people in the workplace (60). Even at a
considered moderate temperature where the majority would be satisfied, about 5% of the occupants

are still going to be dissatisfied (61).

1221 Temperature
The interaction between the workers and their environment is a key issue in all work setting.

The relation between work and setting can cause physiological and psychological responses in

12
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workers, and therefore their comfort, productivity, health and safety (62). The thermal sensation
of a human being is related to thethermal balance of the body as a whole, this balance is influenced
by environmental parameters but also by activities as well as the clothing (63).
Exposure to different air temperatures, different times of exposure, along with the
individual characteristics of the occupants, are some of the factors that might influence human

performance (62). According to ISO 7730 from 2005, the optimal temperature for indoor

environments are 23-26°C during summer and 20-24°C during the winter (63).

1222. Relative Humidity

Relative humidity (RH) is the water vapor, or the percentage of water vapor held by the air
in comparison with the saturation level. Some level of humidity is necessary for comfort, both low
and high RH cause discomfort since they affect the thermal perception.

RH have both direct and indirect effects on comfort and health. The direct effects are the
effects on physiological processes — for instance, 20% or below, which is considered extremely
low RH, may cause eye irritation, with some physicians have reported that in environments with
low RH some patients have complains of dryness of the throat and nose. Another important direct
adverse effect of RH on health is when high RH is paired with high temperatures, which are
detrimental to the perceived IAQ. This combination reduces the rate of evaporate/cooling of the
body which can cause significant discomfort or cause exhaustion, lead to heat stroke and possibly
death (33,64). Furthermore, RH have also indirect effects on health, namely, RH affects the
concentration of noxious chemicals in the air by altering the rate of off-gassing from building,

materials and the reaction of water vapor with chemical in the air (33).
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RH in buildings is inf'lkuénced by “c‘chbuﬁia’ncy, the construction and building design, ambient

climate, and operation. The optimum relative humidity recommended is 40-60%, which is the

optimum zone to promote the proliferation of bacteria, viruses, fungi and mites, to minimize health

impacts and also to minimize the chemical interactions in the indoor air, as showed by Figure 1

(33).

Decrease in Bar Width Optimum
indicates Decrease in Effect Zone

Bacteria

Viruses

Fungi

Mites

Respiratory
Infections

Allergic Rhinitis
and Asthma

Chemical
Interactions

Ozone
Production

*Insufficient data above 10 20 30 40 50 60 70 80 90
50 Per Cent RH Per Cent Relative Humidity

Figure 1- Optimum Relative Humidity range for minimum health effects (33).
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1.2.3. Legislation

The Portuguese legislation (65) provides a set of limit values to different IAQ parameters to

promote healthy indoor environments, focusing on the parameters described above (VOCs, CO 2,

PMz2s, PM1oand comfort parameters), and also on radon, carbon monoxide (CO), and bioaerosol

levels (namely, fungi and bacteria). There are other relevant guidelines for IAQ, such as the WHO

guideline for indoor air pollution (66). It is important to highlight that between organizations and

countries, the established threshold limit values may vary.

Table 1- Provides the summary of the limit values established by the Portuguese legislation (63,65-68).

25 (ug.m?)
PMZ.S 5 (ugm-S)
50 (ug.m™)
Flitis 15 (ug.m?)

Carbon Dioxide (CO2)

Volatile Organic Compound
(VOCs)

2250 (mg.m) = 1250 (ppm)
600 (ug.m3) = 262 (ppb)

18°C - 22°C, 25°C depending on
meteorological conditions

Temperature (T) 20°C - 27°C
23°C-26°C 20°C-24°C
(Summer) (Winter)

50% - 70%
40% - 60%
30% - 70%

Relative Humidity (RH)

Portaria n.° 138-G/2021, de 1 de julho
WHO (2021)

Portaria n.° 138-G/2021, de 1 de julho
WHO (2021)

Portaria n.° 138-G/2021, de 1 de julho

Portaria n.° 138-G/2021, de 1 de julho
Decreto-Lei n.° 243/86, de 20 de agosto

ASHRAE

ISO 7730
Decreto-Lei n.° 243/86, de 20 de agosto
Arundel et al, 1986
ISO 7730

15



POLITECNICO [ ESCOLA SUPERIOR DE
DE LISBOA DELiSBoR | hUE

1.3. Goal of this thesis

The main objective of this work was to understand the 1AQ that workers in grocery stores are
exposed while working, check the compliance of those 1AQ levels regarding the Portuguese
legislation and international guidelines (when appropriate) and to define the best practices to
minimize the workers’ exposure in those workplaces. The chosen grocery stores were all small and
of the “family owned” type. The specific goals of this work were:

1) Characterize the grocery stores;

2) Perform real-time monitoring of IAQ using low cost technology, focusing on comfort

parameters (T and RH) and chemical pollutants (PMzs, PM1o, CO2, VOCs);

3) Based on evaluation of temporal patterns and compliance of IAQ levels with
legislation/guidelines, to define best practices to minimize the workers’ exposure to air
pollutants.

This work is relevant since there is not many studies in grocery stores in Portugal and

worldwide, and, therefore, it also brings more knowledge to the field of health and safety in the

workplace in this type of environment.
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2.1. Study Site

The study area was in the municipality of Cascais, which is a municipality of the Lisbon
District (Portugal). Cascais has a total area of 97,4 km? and a population of about 200 000
inhabitants. The municipality is divided in 4 parishes: Alcabideche, Carcavelos e Parede, Cascais
e Estoril and Sdo Domingos de Rana. Cascais has a moderate Mediterranean climate moderated

by the Atlantic Ocean.

2.2. Groceries Characterization

For the present study, a total of 13 small “family” Grocery stores (GS) were randomly
selected from different parishes of Cascais municipality. Figure 2 provides the location of the
studied grocery stores in the Cascais Municipality.

A survey (Table S1, available in the Appendix section) was applied for the characterization of
each store in terms of dimension of the store,ventilation methods, cleaning products as well as the
routine of the cleaning, number of employees, and other relevant information. Table S2 (available
in the Appendix section) provides a summary of the characteristics of the studied grocery stores.

The total area of the grocery stores varied from 30m?2to 200m2. The number of employees
varied between them, with 61.5% (8) having 2 employees, 23.1% (3) having 3 employees, 7.7%
(2) having 7 employees (one grocery did not disclosure this information, which accounts to 7.7%).
and thedaily costumer volume of the studied groceries ranged from 10 to 250 people per day. Since
there is a high flow of customers going in and out, many of the GS kept their doors open and, the

ones that do not kept the door always open, the door are always opening.

17



- —_ ESCOLA SUPERIOR DE
PO LITECNICO TECNOLOGIA DA SAUDE

DE LISBOA DE LISBOA
INSTITUTO POLITECNICO DE LISBOA
il
(/ % . b "
| w E
/ v
\\ / > Y
\ / .
[ S
/ {
¢ f‘ L bid
«"‘ 3
L
) {
f e jj M5 2o o oc
/ b M4 g
{ Loy
< @ e Mi11 0
=4 // M6 T
i
BN { 7 MS Mj"z— 2
‘) \ M1 :
/ ~ M9 M3 JRSX
=
{ 0
) \
f { o
y e — 1-5 km
&7

Figure 2 - Locations of the 13 studied GSs in the Cascais municipality (delimitation defined by dark grey
area), within the Lisbon metropolitan area.

2.3. Monitoring equipment

Monitoring campaigns were conducted to characterize IAQ of the groceries stores by using
air quality monitoring units (MB), based in low-cost sensors. The monitoring units collected real-
time data of CO2, PMz5, PM1o, VOCs, RH, and T, with a 5-minute monitoring frequency. These
MB were developed by a team of investigators of the Instituto Superior Técnico of University of
Lisboa and were already employed in IAQ survey studies (69). The low-cost sensors used in the
MBs were i) SCD30 for CO2 (with a measuring range of 380 to 10 000 ppm), ii) MiCS-VZ-89TE
for VOCs (with a measuring range of 0 — 1000 ppb in isobutylene), iii) HPMA115s0 for PM2sand
PMuo (with a measuring range of 0 — 1000 pug.m™), and iv) SHT31 for T and RH. After being
plugged, the MBs sent the data to an online platform instantaneously via wireless, which stored
the data in a cloud developed by the investigators. Simultaneously, the data was available visually
online in real-time. A total of three MBs were used in this study, with the following ID: AirQ1,

AirQ2 and AirQs.
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The performance and data reliability of the MBs was assessed by comparing its monitoring

data with the one obtained by reference real-time instruments and, afterwards, by defining
correction factors to apply to the raw data assessed by the MBs. The used reference instruments
were DustTrak DRX monitor (8533 model, TSI, USA) to assess PM2s and PMao levels, and
Graywolf (1Q-610 probe, WolfSense Solutions, USA) to assess CO2, VOCs, T and RH.

This inter-comparison study was done in an office, with a 5 minutes monitoring frequency,
where the several target IAQ parameters were made to vary by the use of local sources.

Table 2 provides the correlations between the MBs and the reference equipment for all
studied parameters. Very strong correlations were obtained (R?ranging from 0.80 - 1.00) for all
the parameters, except for VOCs that was considered moderate for AirQ1 (0.43) and strong for
AirQ2 and AirQ3 (0.64 and 0.68, respectively).

Table 2 - Intercomparison results between MBs and the reference equipment’s for all the studied
parameters. Range REF stand for the range of the pollutant as measured by the reference equipment

(REF).

PM,.s pug.m-3 3.5262 3.5003 10.977 5min 4.2-382.2 763 0.26

PMso pug.m-3 3.4709 1.6958 10.973 5min 4.2-383.0 884 0.28

Air Q1 CO, ppm 1.0389 -12.427 10.986 5 min 369.4-2548.5 1336 0.98
VOCs ppb 0.4529 -191.69 0.426 5min 60.0-139.3 278 6.77

T 9C¢ 1.1421 -4.4108 10.936 5 min 15.0- 31.7 1418 1.07

RH % 1.2837 -9.03 10.927 5 min 36.1- 69.6 1430 1.09

PM,.s ug.m-3 2.0717 1.3919 0.993 5min 3.0- 198.1 1206 0.46

PMso ug.m-3 2.0024 0.9004 10.992 5min 3.0-190.3 1289 0.48

Air Q2 CO, ppm 1.0259 -78.503 10.987 5 min 369.4 - 2548.5 1461 1.11
VOCs ppb 0.3484 -63.02 0.635 5min 60.0-122.0 281 4.82

T °C 1.144 -3.9528 0.931 5 min 15.0- 31.7 1470 1.04

RH % 1.2346 -8.2152 0.931 5 min 36.1- 69.6 1470 1.06

PM,.s5 ug.m-3 1.8409 1.7687 0.992 5min 3.0-176.2 1246 0.50

PMso pug.m-3 1.7658 1.2891 0.992 5min 3.0- 164.7 1267 0.53

Air Q3 CO, ppm 0.9917 -128.65 10.982 5 min 369.4 - 2548.5 1471 1.24
VOCs ppb 0.3138 -134.26 0.677 5 min 60.0-110.0 238 7.87

T °C 1.0334 -1.3159 0.949 5 min 15.0- 31.7 1467 1.03

RH % 1.1233 -3.2509 0.938 5 min 36.1- 69.6 1473 1.06

19



POLITECNICO  [RR et XieERs o

DE LISBOA I Al oeusson
2.4. Monitoring carhp‘aigrllw R

The MB were placed in pre-determined spots inside the selected grocery stores (Table S3,

available in the Appendix section), namely, the register, the fruits and vegetable area and in some

cases the storage area (AirQ1, AirQ2 and AirQ3, respectively, though not exclusively). Figure 3

presents examples of locations of the IAQ monitoring boxes at the grocery stores. The Monitoring

campaign took place between November 2021 and February 2022, during which the MBs were

placed in each grocery store, at around 1.20m of height for a time period between 2 and 5 days. In

each grocery, the number of monitored locations varied between 1 and 3. The placement and the

number of monitoring boxes allocated to each store were determined by the size of the grocery

store, the existence or not of a storage space in the store, and the proximity of the selected points

of monitoring from each other. The data provided by the MB went directly to the cloud with

continuous surveillance.

igure 3- Exmples of location of tE;Q onitoring boxes at the grocery stores.
According to the Instituto Portugués do Mar e Atmosfera (IPMA), November was considered as
very cold and very dry with a mean air temperature (MAT) of 11.2 £ 1.2 °C (ranging from 5.8 +
2.1°C min t0 16.6 £ 0.3 °C) (70), while December and January were considered very hot and dry
months with a MAT of 11.7 + 1.2 °C (ranging from 7.7 + 1.6 °C to 15.7 + 1.8 °C) (71) and of 9.7
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+ 0.8 °C (ranging from 4.0 £ 0.5 °C to 15.3 + 2.2 °C) (72), respectively, and February was
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considered very hot and extremely dry with a MAT of 11.3 + 1.3°C (ranging from 5.3 £ 0.3 °C to

17.4 + 3.0 °C max)(73).

2.5. Statistical analysis

The data treatment was done by using Microsoft Excel. The statistical analysis of data was
performed using IBM SPSS Statistics 28 software, considering the mean values of the different
IAQ parameters assessed for the occupied periods by each monitoring unit (n = 25). The evaluation
of the normality of data was done using a Shapiro-Wilk test and only CO2data was found not to
have a normal distribution (p-value < 0.010). Therefore, for all parameters (except COz), the
statistical analysis was done by using ANOVA to evaluate the existence of statistically significant
differences between two or more groups of an independent variable (the post-hoc test Bonferroni
was used to understand the significant different between groups). For COz2, the analysis of variance
was studied using non-parametric statistics, namely Mann-Whitney test and Kruskal-Wallis test,
for independent groups to see if there were statistically significant difference between two or more
groups of an independent variable, respectively. In the case of Kruskal-Wallis test, if a significant
difference was found, the significant pairs were found by pairwise comparisons (with significance
values being adjusted by the Bonferroni correction for multiple tests).

A total of 8 GSs characteristics (independent variables) were evaluated regarding their
impact on the assessed 1AQ parameters (dependent variables), namely: 1) type of facilities, 2) type
of products, 3) selling area, 4) storage area, 5) cleaning procedure, 6) type of cleaning products, 7)
number of clients per day, and 8) closing days. Tables S4 and S5 in the Appendix section provide

the description of the variables and the results of the statistical analysis, respectively.
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This chapter displays all the obtained results from the monitoring campaign and provides
a discussion of the data. Table S6 (available in the Appendix section) provides the results of all the
monitored locations at the GSs for all parameters, and Table S7 (available also in the Appendix
section) provides the mean levels for all parameters per GSs. The results ahead only apply to
occupied periods of the GSs since it is the time period that is relevant to assess the workers’

exposure to air pollutants, which is the goal of this work (74).

3.1. Carbon Dioxide

None of the GS exceeded the mean COz limit value of 1250 ppm established by Portaria
n.2 138-G/2021, de 1 de julho (Figure 4). The mean concentration of CO2 found in all the studied
sites of the GSs was 486 + 90 ppm, ranging from 365 £ 16 (GS 11, location B) to 864 + 178 (GS

4, location B), as fully described in the Appendix section (Table S6).
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Grocery Stores

Figure 4 - CO2mean values for occupied moments in all 13 grocery stores. Red line represents

the established LV by the Portuguese legislation (65).
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Since COz2 is only produced by occupants, this parameter is often used as indicator of
ventilation and occupancy (75). All of the 13 studied GS had only natural ventilation.

The levels of COzin the GSs are not worrisome since all of them are under the LV. For
instance, a study carried during the sleeping period of couples found levels of 1911 + 894 ppm
which are considered very high (and above the LV), and those values are due to the type of used
ventilation in the bedrooms (76). In that study, the bedroom that had mechanical ventilation had
lower levels, and those that slept with closed door and windows (which typically provides very
low ventilation conditions) had higher values (76). In the same way, the levels found in the studied
GSs may be low, since the doors are mostly open during working hours, which contributes to a
good circulation of air. Similarly, a study carried out in Elderly Care Centers in Lisbon found
higher values of CO2 in the bedrooms compared with the living-rooms, with all of them exceeded
the LV with an average value of 1755 ppm (77). However, commercial buildings have typically
better ventilation conditions, with doors often open or with a very high rate of entrance/exit of
costumers, which will promote higher dilution of indoor pollutants. For instance, a study in a copy
center in Aveiro, Portugal, also found similar values to the present study, with COz levels being
also below the LV, namely with a mean level of 552 + 65 ppm. Even when the area had more
affluence of students, the maximum levels found indoors were > 600 ppm but always lower than
the LV (78).

As an example, in Figure 5, it is possible to observe the hourly variability of CO: levels

throughout 5 days in one of the GS.
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Figure 5 - Variation of CO2 during 5 days in GS M4.

In this case, the CO2 levels from 00:00 to 7:00 are stable (which is the non-occupied period
of the GS) and then it is possible to observe an increase in its concentration, consistent with the
opening hour and occupied period till around 13:00, where a decrease in CO2 levels is observed,
which is consistent with “lunch period”. Afterwards, COz2 levels increase again from 15:00 until
20:00, that is the closing period of the GS. It is relevant to mention that day 3 in this case is during
the 15t of December, which is a national holiday in Portugal, and this particular GS closed at 13:00
during that day. Therefore, it is possible to observe that the COz2 levels start to decrease at that time,
and it stays stable after it, as it has no occupants.

The number of clients per day in each GS was found to have a significant impact on the
mean CO: levels registered in the GSs (Kruskal-Wallis Test: x2(2) = 9.902 , p-value = 0.007), with
the levels found in the GSs with less than 100 clients per day (412 + 13 ppm) being significantly
lower than the levels found in GSs with more than 200 clients per day (636 + 80 ppm) (p-value =
0.009, by pair-wise comparison), as shown Figure 6. The area of the GSs also was found to
significantly influence the indoor levels of CO2, with GSs with selling areas below 110 m? having
lower levels (421 + 14 ppm) than GSs with selling areas higher than 110 m?2 (546 + 40) (Mann-
Whitney U Test: U =127.000, p-value = 0.007). Since COz2 is mainly produced by human breathing,
it is expected that indoor environments with higher number of occupants may have higher CO2
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levels. Moreover, the size of“the sélling aréé o‘f‘ the GSs may also be an indicator of the number of
clients (bigger areas may have more clients), which explains the impact of the selling area on CO2
levels. Despite the COz2 levels are below the LV in all cases, this fact also highlights that workers
may be exposed to higher levels of CO2in GSs with larger selling areas and with higher number
of clients.

800
700
600
500
400
300
200
100

COz (ppm)

<100 100 - 200 >200

Number of clients per day
Figure 6 - Levels of CO: in the different GSs regarding their number of clients per day.

The statistical analysis also revealed that the cleaning procedure also had an influence on
the CO: levels, with GSs that did the cleaning daily at closing having lower mean levels of CO »
(422 £ 13 ppm) than the GSs that did the cleaning daily at opening or more times per day (537
39 ppm) (Mann-Whitney U Test: U = 116.000, p-value = 0.033). The type of products used for
cleaning also showed to have a significant impact on COz2 levels (Kruskal-Wallis Test: ¢2(2) =
6.846, p-value = 0.033), with the levels of COzin GSs that used products of domestic used being
significantly lower (425 £ 16 ppm) than GSs that used products of domestic use but designated as
environment friendly (587 + 25 ppm). However, interpretation of these results is not direct and
probably these influences may have the contribution of the size of the selling area and number of
clients per day (since bigger spaces implemented the cleaning more frequently and used specific

type of products).
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The mean levels of VOCs at all GSs are all below the limit value of 262 ppb (corresponding
to 600 pg.m-3) established by the Portuguese legislation, as shown by Figure 7. The overall mean
of VOCs at all GSs was 51.2 + 20.6 ppb (ranging from 11.1 + 12.7 ppb (at GS2, Location B) to
109.5 + 18.6 ppb (at GS10, Location C), which is almost 5 times smaller than the legislation LV.

These pollutants are emitted by building materials and common household products, like paints,

as well as cleaning, consumer products.
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Figure 7 - VOCs mean levels for occupied periods in all 13 grocery stores. The red line represents the
limit value of 262 ppb established by Portuguese legislation (65).

Figure 8 shows the levels of VOCs promoted by the two different strategies of cleaning
used in the GSs: “Daily at closing” and “Daily at opening/more times” (GSs performed the
cleaning 2 to 3 times during the working period). The cleaning procedure revealed to have a
significant impact on the mean VOC levels found in the GSs, with GSs that did the cleaning daily
at closing having significantly lower mean VOCs levels (37.6 £ 20.8 ppb) than the GSs that did

the cleaning daily at opening or more times per day (61.8 £ 24.0 ppb) (ANOVA: F(1,23) = 7.003,
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p-value = 0.014). The type of produété used f(;r cleaning also showed to have a significant impact
on VOCs levels (ANOVA: F(2,22) = 3.497, p-value = 0.048), however when performing the post
hoc test to understand the differences between the influence of the different type of used products
on the VOCs levels, no significant difference was found (p-value for all the cases was above p-
value > 0.050). However, the biggest difference was found for GSs that used products of domestic

use (38.9 £ 21.7 ppb) and GSs that used products of domestic use but designated as environment

friendly (77.3 £ 12.7 ppb) (p-value =0.057).

100

n=11 n=14
80
60

40

VOCs (ppb)

20

Daily at closing Daily at opening/more times

Cleaning procedure

Figure 8 - VOCs mean values for the two different cleaning procedures, where n is the total number of
studied locations in the different GSs.

As an example, Figure 9 shows the temporal variability during 5 days, where it is possible
to observe 3 peaks during the daytime, that could be attributed to the cleaning periods. This specific
GS has a cleaning time of 3 times a day, which promotes the VOCs peak levels observed during

the daytime since these pollutants are emitted by the cleaning products.
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Figure 9 - Variation of VOCs during 5 days in GS M4.

Similarly to COg, it was also found that the number of clients had an impact on the VOCs
levels found in the GSs (ANOVA: F(2,22) = 5.800, p-value = 0.009), with GSs that had less than
100 clients per day being significantly lower (36.8 £ 20.0 ppb) that GSs that had more than 200
clients per day (75.2 + 21.5 ppb) (p-value = 0.009). GSs with selling areas equal or below to 110
m2 were also found to have significantly lower levels (36.0 + 18.2 ppb) than GSs that had selling

areas higher than 110 m2 (51.2 £ 25.3 ppb) (ANOVA: F(1,23) = 12.109, p-value = 0.002).

3.3. Particulate Matter

Figures 10 and 11 present the mean levels of PMio and PMas, respectively, for all the
locations monitored in the studied GSs, along with the established limit values (LV) values and the
WHO guidelines. The established LV by the Portuguese legislation are 25 pg.m2and 50 pg.m3
for PM2s and PMao, respectively.

For PM2s, 23.1% of the GS had mean PMzs levels above the established LV namely the

GSs M3, M9 and M10, while 76.9% presented mean levels below LV, namely, GSs M1, M2, M4,
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M5, M6, M7, M8, M11 M12 and M13. Regarding PMuo, all the GSs had mean values below the
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LV established by the Portuguese legislation of 50 ug.m=.
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Figure 10 - PMiomean levels for occupied moments in all 13 grocery stores. Red line represents
the limit value established by the Portuguese legislation (65) and the yellow line represents the WHO
guideline.
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Figure 11 - PM2smean levels for occupied moments in all 13 grocery stores. Red line represents the limit
value established by the Portuguese legislation (65) and the yellow line represents the WHO guideline.

Considering the WHO guidelines, which establishes values of 5 ng.m=and 15 pg.m for
PMz2sand PMao, respectively, all the GSs were above the guideline for PM2s. Regarding PMo,

69.3% of the GS had mean PMuo levels above the guideline value (M1, M3, M7, M8, M9, M10,
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M11 and M13) except for 30.7% (M2, M4, M5 and M12) that had mean values below that

= — ESCOLA SUPERIOR DE
POLITECNICO TECNOLOGIA DA SAUDE

guideline value of 15 pg.m.

The indoor particle concentration varies to a great degree in the studied GSs, as shown by
Figures 10 and 11, where the mean level was 20.2 + 7.3 pg.m (ranging from 1.4 ug.m=3to 278.5
pg.m=) for PM2sand 21.3 + 7.2 pg.m™ (ranging from 2.9 pg.m= to 279.0 ug.m) for PMo. It is
important to note that these levels were obtained with the instruments in different locations and
GSs. Sudden increases in PM concentrations indoors are typically due to indoor activities (79).
Additionally, the movement of people in these environments is large since they are always clients
coming in and out of the store and, therefore, the possibility of resuspension of dust is elevated
(75). In fact, GSs stores with selling areas larger than 110 m? showed to have significantly higher
levels of PM2s (24.0 + 10.8 ug.m) and PMuo (24.9 + 10.7 ng.m®) when comparing with GSs with
lower selling areas (PM2s: 16.5 + 4.8 pg.m> , ANOVA: F(1,23) = 4.816, p-value = 0.039; PM1o:
17.6 £4.7 ng.m3, ANOVA: F(1,23) = 4.760, p-value = 0.040).

Similar results were found in a study in schools in France with PM2s of 22 + 8 ug.m?,
with values ranging from 10 to 47 pg.m (80). Another study in Portuguese schools presented
higher values of 10 pg.m™ and 73 pg.m™ and 30 pg.m™ and 146 pg.m™ for PM2s and PMio
respectively (81). In contrast, less crowded environments have lower possibility of re -suspension
of particle. Therefore, lower concentrations of PM, for instance a study in Elderly care centers in
Lisbon showed PM1o variations ranging from 11 pg.mto 19 pg.m?3 (75).

In relation to the influence of other GS characteristics, no other significant impacts were
found neither regarding PMzs nor PM1o. However, for instance, some studies showed that some
activities in houses had peak concentrations of PM such as during the preparation of breakfast, tea

and toast and natural gas burning use, as well as other types of cooking (74,82). Certain retail
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environments have different indbor ‘spa’c‘es ‘\‘/vith different activities within that can promote
different emissions of pollutants (including particulate matter, from fine to ultrafine particles) (83),
which is the case of some studied GSs, that have different areas within, such as, bakery and coffee
shop, that may promote higher levels of PM when compared with GSs without those type of
facilities.

Figures 12 and 13 shows the GS there is an increase in PM values, both PMioand PMzs,
between 08:00 and 12:00 and again from 15:00 to 21:00 in most days, which corresponds to the
opening time. Normally the grocery store is cleaned during opening time which promotes the
resuspension of particles. The increase in concentration of particles during these periods can also

be attributed to the presence and movement of customers. As expected, the concentrations tend to

decrease after closing time.
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Figure 12 - Variation of PMuo for 5 days in GS M4.
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Figure 13 - Variation of PMzs during 5 days in GS M4.

3.3.1 Exposure to PM and inhaled dose by workers

Exposure (E, pg.m3.h) can sometimes be confused with concentration (Cj). Concentration
is the level “quantity” of a contaminant present in the air, which can potentially be inhaled, while
Dose is the amount of a contaminant that is absorbed in the body of an exposed individual over a
specific period (tj), and exposure incorporates both the concentration and the duration of the
contact E = Cj.tj. The potential Inhaled Dose (D, pg) can be calculated by the multiplication of
the exposure by the Inhalation rate (IR, m3.h~1) (69,84-86).

IR differ between different age groups and the different activities that individuals are
performing. These values can vary between 0.3 m3.h-1to 2 m3.h-1for children and young people
resting to adults in sport activities, respectively. Based on our population, the activity may be
characterized as non-sedentary job and our population is between young adults (19 - 40 years) and
middle adulthood (41 - 65 years) with an IR of 0.94 and 1.01, respectively, with a mean IR of

0.975 m3. h'l (86).
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The exposure and the associated potential inhaled dose to PM in the GS during working
hours (8 hours) are described in Table 3. Exposure to PMioand PMzs (Figure 14) were estimated

tobe 170.0 £ 57.4 pg.m 3.hand 161.7 + 58.7 pg.m™3.h, respectively.

Table 3- PM1 and PMzs exposure and correspondent potential inhaled dose during working
period for the studied GSs.

Exposure to PMwand PMas Potential inhaled dose to PM levels (ug)
Mean 8 :
ID Mean concentratio Expo. PM1o Expo. PM:s Inhalation

concentration Cj Inhalation dose PMzo

j .m-3 : .m3, .m-3, dose PM..
PMuo (pg.m3) Gj PMzs (ug.m=) (ng.m3.h) (ng.m-.h) 25

M1 A 15.3 13.8 d 122.7 110.6 0.0 119.6
M2 B 14.0 12.8 d 111.7 102.7 0.0 108.9
A 33.6 323 d 269.1 258.8 0.0 262.4
M3 B 8815 32.7 d 267.8 261.8 0.0 261.1
S 26.9 26.5 d 215.1 211.6 0.0 209.7
A 18.6 17.2 d 149.0 137.7 0.0 145.3
M4 B 10.3 9.0 d 82.1 72.0 0.0 80.0
C 13.0 12.1 d 104.2 97.0 0.0 101.6
A 15.5 14.0 d 123.7 111.9 0.0 120.6
M5 B 11.5 10.3 d 92.0 82.3 0.0 89.7
© 11.9 11.0 d 95.3 87.7 0.0 93.0
A 24.4 23.0 d 195.6 184.0 0.0 190.7
me © 16.5 15.8 d 132.4 126.0 0.0 129.1
M7 A 20.8 19.4 d 166.0 155.0 0.0 161.9
B 17.7 16.7 d 141.4 133.3 0.0 137.8
B 21.9 21.0 d 175.2 168.1 0.0 170.9
v8 C 23.9 23.4 d 190.9 187.4 0.0 186.1
M9 A 27.9 26.6 d 223.0 212.8 0.0 217.4
C 29.5 29.2 d 235.9 2335 0.0 230.0
A 40.4 39.1 d 3233 312.9 0.0 315.3
mio C 40.2 40.0 d 321.7 320.3 0.0 313.7
M11 A 20.0 18.5 d 159.8 148.3 0.0 155.8
B 16.9 15.9 d 135.5 127.0 0.0 132.1
M12 C ©).2 8.1 d 73.2 65.0 0.0 71.4
M13 B 17.9 16.9 d 143.4 135.4 0.0 139.8
Mean + SD 213+7.2 202+73 170 £+ 57.4  161.7 £ 58.7 157.7 + 57.2 165.8 + 56.0

Mean inhalation
rate for active 0.975
people (m3.h-1)

The exposure levels found were higher than the ones found in the bedrooms of university
students residencies, which were 62.9 + 24.3 pg-m=.h and 76.3 + 26.3 pg-m>.h for PM2s and
PMuo, respectively (69). And on another study carried out in bedrooms of couples in Lisbon

dwellings during sleeping periods, exposures to PMz.sand PMio were estimated to be 113.6 + 64.8

ug:m-3.hand 148.1 + 84.8 ug-m=3.h, respectively (76). In a study on children’s exposure and dose
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assessment to PM in Lisbon, higher values were found, namely, 218 pg-m=3.h and 404 ug-m=.h
for PM2s and PMio during weekdays in schools, respectively. For the sleeping period during
weekdays, lower levels were found, namely, 141.4 ug-m—>.h and 177.4 ng-m.h for PM2s and

PMuo, respectively (84).
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Figure 14 - Worker exposure to PM2s during working periods of 8 hours.

The inhaled dose depends on the activity performed and the inhalation rate of the person.
For the present study, the individual’s inhalation rate was considered to be 0.975 m%h (active
person) and the mean inhalation dose of the workers of the studied GSs was 157.7 + 57.2 ug for
PMzs (ranging from 63.4 ng at GS M12 to 312.3 pg at GS M10, location C) and 165.8 + 56.0 pg
for PM1o (ranging from 71.4 pg at GS M12 to 315.3 pg at GS M10, location A). The children had
higher values, in the study, the average daily inhaled those found was 243.5 ug and 382.2 ug for

PMz25 and PMo, this may be explained because schools have more sources of PM (84).
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3.4. Temperature

Figure 15 presents the temperature levels registered in the different GS, where the mean
overall level was 20.4 + 1.2°C, with a maximum of 23.8 + 0.8°C (GS M5, Location A) and
minimum of 18.4 £ 1.1 °C (GS M11, Location B) (Table S6).

Considering the guideline 1SO 7730, that stablishes the optimal temperature range for
indoor environments in the winter between 20 to 24°C (63), most GSs (61.5%) provided values
within the AR (acceptable range), with only 38.5% of GSs presenting colder temperatures than the
recommended range (namely, GSs M4, M8, M10, M11 and M12) which highlights the lack of

heating during the monitoring period.

»

LT

M1 M2 M3 Ma M5 ME M7 M3 M9 M10 M1l M12 M13

Temperature (2C)

Grocery Stores

Figure 15- Mean temperature assessed in all the studied GSs. Green area represents the acceptable range
(AR) of 18 — 25 °C, defined by the Portuguese legislation (67).

Considering the Decreto-Lei n.° 243/86 de 20 de Agosto - Artigo 11° (67) which states that
work places as well as common facilities must offer good temperature and humidity conditions,
with the work place temperature being between 18°C and 22°C (except for specific conditions that
may reach 25°C), all the GSs are within the AR. Regarding the comfort range recommended by

ASHRAE (namely, 20-27°C) (68), the majority of the GSs (61.5%) provided values within the
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recommended range, except 38.5% of the GSs that presented mean temperature levels below the
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minimum recommended value (namely, GSs M4, M8, M10, M11 and M12).

Figure 16 represents the variation of temperature during 5 days in one of the GS, there is
an increase of temperature at the beginning of the day, at around 07:00 till 10:00, consisted with
opening time and the temperature keeps stable throughout the day till around 19:00/20:00 where
we can see a decrease, consistent with occupancy. It is also possible to observe that during the 3
day, the temperature start rising at 07:00 consistent with occupancy, but differently from the pattern
of the others, the temperature starts descending at around 12:00. In this case, the temperature
descends because in this particular case the 3" day was December 1twhich is a national holiday

in Portugal, so the GSs closed at 12:00 on this particular date.
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Figure 16 - Variation of temperature during 5 days in GS M4.

The type of facilities in the GSs showed to have a significant impact on temperature
(ANOVA: F(2,22) = 3.665, p-value = 0.042), however when performing the post hoc test to
understand the differences between the influence of the different type of facilities on temperature

levels, no significant difference was found (p-value for all the cases was above p-value > 0.050).
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3.5. Relative Humidity
Figure 17 provides the mean RH levels found in all the studied GSs, where an overall mean

of 51 + 6% was found, with a maximum value of 64.7 + 5.5% (M10, Location A) and a minimum

of 39.3 + 3.5% (M4, Location C).

Relative Humidity (%)

A B A B C|lA B C A B C A C|A B B C A C A C A B C B

M1 M2 (RS Mg M5 nG M7 W& S m110 M1l MI12M13

Grocery Stores

Figure 17 - Mean levels of relative humidity in all the studied grocery stores (GSs), where AR
stands for Acceptable Range (30-70%).

Most of the GSs had levels within the acceptable range stablished by the Portuguese
legislation Decreto-Lei n.° 243/86 de 20 de Agosto (67), which states that work places as well as
common facilities must offer good temperature and humidity conditions, with the workplace
optimal relative humidity range set between 50 — 70%. Seven out of 13 GSs, representing 53.8%
of the studied GSs (Table S7), presented mean values within the AR, while the remaining GSs
were always below the lower recommended limit. Regarding the AR recommended by Arundel et
al, 1986 (33), which is set at 40-60%, one of the GSs, which represents 7.7% presented levels
above the AR, namely M12, with the remaining 92.3% of the GSs with levels within the AR.

However, if the ISO 7730 recommend range is considered, which is set as 30-70%, all of the GS
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are within the comfort range (63).
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The RH levels during themonitoring daysin the GSs were very stable, as it can be observed

in Figure 18 for the case of GS M4, which shows the RH variability for 5 monitoring days.
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Figure 18 - Variation of RH during 5 daysin GS M4.

3.6. Considerations

Particulate Matter

Day1
= Day 2
Day 3
Day 4

m— Day 5

A large proportion of the indoor particles may come from indoor sources, such as cooking,

cleaning, and resuspension of particles, due to the movement of the occupants. As it was possible

to observe in the results, an association between the levels of particulate matter and the selling area

(that may indicate higher movement of clients) was found, which can indicate higher levels of

resuspension of particles in GSs with bigger selling areas. Since some human activities may

influence PM levels, for GSs with bakery and coffee shop, along with facilities related to the

confection of consumables.
Some suggestions to reduce the PM levels are:
1) Change from fuel-fired combustion stoves (such as gas) to electric ones;

2) The installation of exhaust fans vented to the outside when preparing the foods;
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3) The installation of local air purifies can help to filter PM in the air and to reduce the
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levels of this pollutant.
However, it is crucial a good maintenance of the equipment’s, namely, to replace the filter
regularly in order to achieve good results. These strategies may promote the reduction of PM levels

due to specific facilities of the GSs.

Carbon dioxide
Although within the LV established by the legislation, it is possible to see that the levels of
COzare higher when the number of clients are higher, which indicates that the workers in those
spaces are also exposed to higher levels of CO..
1) Therefore, it is suggested the improvement of ventilation: to try and maintain the window
and door open for good air circulation (if there are no significant outside sources);

2) Anair circulator.

Temperature
During this study, it was also found that 23% of the GSs present temperature values below
the minimum value recommended for indoor environments. Considering this information, it would
be possible to implement measures to improve the thermal comfort of the workers. For instance,
the thermal environment can be controlled through different methods, such as a constructive
strategy or then organizational measures. This latter type of measures is cheaper, and it is only
based on the distribution of tasks and its rotation through the employees. For example, a person
carrying boxes is going to feel more heat than a person that is working in the register.
1) Rotative shifts - the tasks can be distributed and rotated by the employees, so that both can

do both tasks and divide the load.
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2) Individual protective heasures éfe 'al‘so‘é possibility but may be considered the last measure
that can be applied, from a safety stand point, such as suitable clothing provided by the
employer.

Overall, Table 4 presents a summary of all the corrective measures that can be promoted to improve

IAQ in grocery stores.

Table 4 - Summary of measures to improve indoor air quality in grocery stores.
Parameter

PM CO: T

The thermal environment can be
controlled through different
methods, such as a constructive

strategy or then organizational
measures

The improvement of
ventilation: try and maintain
the window and door open for
good air circulation

Change from fuel fired
combustion stoves to
electric ones

Corrective The installation of exhaust
measures  fans vented to the outside Use of air circulator
when preparing the foods

Use of local air purifies
(with filters) to help
minimize PM levels
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4. Limitations

Some limitations were found in the development of this study, namely:

1) The lack of studies in this topic, although it is possible to find a few studies about retail
stores, but not specific for this kind of environments, information on health effects in small
groceries is scarce;

2) The impossibility to perform measurements near the breathing zone, which would be
the best approach in order to assess human exposure;

3) The location of the MBs, since it had to be connected to the power line and, therefore,
occasionally it had to stay lower or above the breathing area.

It is also important to highlight that the evaluation of the compliance of the 1AQ levels at
the GSs performed in this thesis was done regarding the Portuguese legislation for indoor
environments, which targets the welfare of the occupants and not the exposure of workers at

workplaces.
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5. Conclusions

This research aimed to evaluate the indoor air quality in small grocery stores in Lisbon
district, Portugal. This information, focused on indoor air pollutants and thermal comfort
parameters, allowed to perform an assessment of the workers exposure to the pollutants in their
work environment. The study group consisted of 13 small grocery stores located at the Cascais
municipality. The studied was carried from November 2021 to February 2022 (during the cold
period). The study was carried out also to fulfill a gap in literature, since no IAQ assessment can
be found in this specific type of indoor environments.

Overall, it can be concluded that all the studied GSs complied with the Portuguese
legislation regarding IAQ, except for fine particulate matter (PM2s), where 61,5 % of GSs
exceeded the established limit value for the Portuguese legislation. Regarding temperature, 23,1%
were found to have mean levels below the AR established by the Portuguese legislation.

Based on the results obtained by the monitoring performed in the GSs, some control
measures should be applied in order to reduce the levels of PM and adjust the thermal parameters.
Granting the air temperature obtained were considered low, in order to make an accurate evaluation
of the thermal comfort it should be considered the occupant’s perception of the thermal
environment.

Further research is needed to better understand the perception of the IAQ by the workers

and create a bridge between the results found and the possible health implication.
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7. Appendix

Table S1 - Survey for characterization of the GSs.

Grocery Store ID

Identification n2

Name

Adress

Area

Workin hours

Sales area

Storage area

N2 of employers

N¢ of customers/day

Ventilation

Type of ventilation system

A/C

Fan

Door open or closed

Cleaning

Products

Frequency

Period

Surrounding Area

Metereology

Type of products
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ID

M1

M2

M3

ma

M5

M6

M7

M8

M9

M10

M11

Mi12

M13

ESCOLA SUPERIOR DE
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Table S2 - Summary of the characteristics of the studied GSs, including cleaning procedures

Adress

AV 25 DE ABRIL, EDIF
ALVORADA Ne¢ 672,

RCH. A/B, Cascais

AV das Esmeraldas ,
257-B, SD Rana

JARDIM DO BUZANO
, N2 134, SD RANA

R ALVES REDOL, N 17
A, aldeia de juzo

R DAS LAPAS, N¢ 140,
U 5, Charneca

RUA DE ALVIDE, 883
A, ALCABIDEC HE

R SANTA
MARGARIDA N 8
LOJA, Cascais

Travessa Domingos
Correia, lote B,

Cascais

LARGO DA
ASSUNGAO, 17, 18
R/C, Cascais

RUA FLORBELA
ESPANCA, 174, Atibd

RUA DO C HA FARI Z
n240, VI VEN DA S.
JOSE, ALCABIDECHE

LARGO OSTENDE,
Edificio Palmeira, loja
14 B, Estoril

PRACETA CARLOS
PAIAO, 32-B SD
RANA

N2 of
workers

3 (2 male and 1
female)

2 (1 male and 1
female)

N/A

[

2 (1 male and
female)

2 (1 male and
female)

N

2 (1 male and
female)

N

[

2 (1 male and
female)

[

3 (2 male and
female)

3 females

2 (1 male and 1
female)

2 (1 male and 1
female)

2 male

Type of Facilities

Grocery and
charcuteri e

Grocery, charcuterie
and pastry

Grocery , coffe shop
and confection of

food

Grocery, with sales of
bread, charcuterie
and butchery

Grocerie, charcuteri e,
bakery, pastry and
meals

Grocery, charcuterie,
bakery and pastry

Grocery, charcuterie
and bakery

Grocery and
charcuteri e

Grocery, coffe shop
and meals

Grocery, charcuterie
and bakery

Grocery and
charcuteri e

Grocery and
charcuteri e

Grocery and
charcuteri e

Products

Fruits, vegetabl es,
beverages, dry products,
consumables, charcuterie,

bread

Fruits, vegetabl es,
beverages, dry products,
consumables, charcuterie,

bread

Fruits, vegetabl es,
beverages, dry products,
consumables, charcuterie,

bread

Fruits, vegetabl es,
beverages, dry products,

consumables, charcuterie,
bread, butchery

Fruits, vegetabl es,
beverages, dry products,
consumables, charcuterie,

bread

Fruits, vegetabl es,
beverages, dry products,
consumables, charcuterie,

bread

Fruits, vegetabl es,
beverages, dry products,
consumables, charcuterie,

bread

Fruits, vegetabl es,
beverages, dry products,
consumables, charcuterie,

bread

Fruits, vegetabl es,
beverages, dry products,
consumables, charcuterie,

bread

Fruits, vegetabl es,
beverages, dry products,
consumables, charcuterie,

bread

Fruits, vegetabl es,
beverages, dry products,
consumables, charcuterie,

bread, clothing

Fruits, vegetabl es,
beverages, dry products,
consumables, charcuterie,

bread

Fruits, vegetabl es,
beverages, dry products,
consumables, charcuterie,

bread

Sales Area

110 m2

110 m2

200 m2

200 m2

80 m2

150 m2

110 m2

30 m2

120 m2

180 m2

75 m2

200 m2

80 m2

Storage .
Period Products
Area
q A Biodagradabl e
2m2 g environmental
everyday )
friendly products
Closing time Domestic use
5m2
everyday products
Biodagradabl e
20 m2 CEERERED environmental
everyday )
friendly products
Professional use
2 to 3 times aday products with
FT/FDS
Professional use
10m2 2 to 3 times a day products with
FT/FDS
5m2 Closing time Domestic use
everyday products
. Domestic use
2m2 2 times a day
products
5m2 Closing time Domestic use
everyday products
e Professional use
2m2 oslngdtlme products with
CLRE FT/FDS
Professional use
40m2 2 to 3 times aday products with
FT/FDS
NA Closing time Domestic use
everyday products
Professional use
20m2 2 times a day products with
FT/FDS
o Professional use
Closing time )
5m2 products with
everyday

FT/FDS

Open hours Closed days
09:00-20:00 Sunday
09:00 - 14:00 saturd
16:00 - 20:00 QIR
afternoon and
saturdays 09:00- .
14:00 v
08:00 - 19:00
saturdays 08:00- Sunday
16:00
07:00 - 13:00
15:00 - 20:00
Sunday
saturdays 07:00-
17:00
09:00 - 20:00 Sunday
07:30 -14:00
Sunday
16:00 - 20:00
dias uteis
08:00 - 20:00
Sunday
satand sun
09:00-19:00
N/A Sunday
08:00 - 18:00 Sunday
08:00 - 20:00
saturday 08:00- Sunday
19:00
09:00 - 13:00
16:00 -
19:30/20:00 Sunday
saturday 09:00-
13:00
08:30 - 13:00
14:00 - 20:00
saturday 08:30 - Sunday
19:00 afternoon
sunday 08:30 -
13:00
08:00 - 13:00
Sunday
15:00 - 19:00

clients/day

150

250

130

200-250

70-100

80-90

150

10

150- 170

200-250

60 -70

200

80-100
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Table S3 - Identification of the studied GSs and the monitoring boxes used during the study, including the type of location and monitoring period.

M1 Bioshop 22/11/21-10:25 | 25/11/21 - 10:00 Register

M2 Amanhecer esmeralda 22/11/21-12:35 | 25/11/21- 10:30 Register

M3 Biofrade 25/11/21-10:51 | 29/11/21 - 10:06 Register Fruits/vegetables Office
M4 Mercado da Aldeia 29/11/21-11:00 | 03/12/21- 10:30 Register Storage Office
M5 Amanhecer Charneca 03/12/21-10:50 | 06/12/21 - 10:00 Register Fruits/vegetables Storage
M6 Minimercado Valor Certo 06/12/21-10:20 | 10/12/21-10:20 Register Fruits/vegetables
M7 Meu Super cobre 10/12/21-11:10 | 14/12/21- 09:30 Register Hallway

V£ Ton Sin 14/12/21-10:05 | 16/12/21 - 09:30 Register Storage
M9 Leitaria Estrela da Assuncdo 17/01/22-12:00 | 19/01/22 - 10:30 | Fruits/vegetables Register
M10 Meu Super atiba 19/01/22 - 10:50 | 22/01/22 - 15:30 A/E Register
M11 Comércio tradicional (Fernanda nunes [Atrozela]) 16/02/22-11:40 | 21/02/22- 11:00 Register Store

M12 Perola do monte 16/02/22-12:00 | 19/02/22 - 16:30 Register
M13 Cruz & Bras 19/02/22 - 16:40 | 21/02/22 - 10:30? Register
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Table S4 - Description of the independent variables considered in the statistical analysis regarding their influence on the IAQ levels at the GSs.

Independent Variable

Description of categories

Number of clients per day

(1) < 100, (2) 100-200, (3) > 200

Selling area (m?)

(1) <= 110 m?, (2) > 110 m?

Type of facility

(1) "charcuterie”, (2) “charcuterie with bakery and coffee shop”, (3) “charcuterie, meals
and butchery”

Type of products

(1) "Regular Grocery products"”, (2) "Regular Grocery products + Clothes", (3) "Regular
Grocery products + Butchery"

Storage

(1) "no storage", (2) "<=5m?", (3) ">5m?"

Cleaning procedure

(1) "Daily at closing", (2) "Daily at opening/several times"

Type of cleaning products

(1) "Domestic use", (2) "Professional with FT/FD", (3) "Domestic use - Environment
Friendly"

Days that groceries are
closed

(1) "Sunday Afternoon", (2) "Sunday", (3) "Saturday afternoon and Sunday"
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Table S5 - Results of the statistical analysis to the mean levels of IAQ parameters registered in all the
locations of the studied GSs.

Pair-wise comparation

1A
paraerter Variable studied n | Statistical test | p-value | (1)-(2) | (1)-) | (2)-(3)
Number of clients per day | 3| Kruskal-Wallis 0.007 0.118 0.009 0.67
Selling area (m2) 2 | Mann-Whitney 0.007
Type of facility 3| Kruskal-Wallis 0.308
Type of products 3| Kruskal-Wallis 0.062
CO:2 Storage 3| Kruskal-Wallis 0.083
Cleaning procedure 2 | Mann-Whitney 0.033
Type of cleaning products | 3| Kruskal-Wallis 0.033 0.558 0.030 0.238
Days that groceries are
closed 3| Kruskal-Wallis 0.911
Number of clients per day | 3| ANOVA 0.009 0.199 0.009 0.334
Selling area (m2) 2| ANOVA 0.002
Type of facility 3| ANOVA 0.430
Type of products 3| ANOVA 0.252
VOCs Storage 3| ANOVA 0.086
Cleaning procedure 2| ANOVA 0.014
Type of cleaning products | 3| ANOVA 0.048 0.360 0.057 0.120
Days that groceries are
closed 3| ANOVA 0.282
Number of clients perday | 3| ANOVA 0.223
Selling area (m2) 2| ANOVA 0.957
Type of facility 3| ANOVA 0.042 0.099 0.064 1.000
Type of products 3| ANOVA 0.223
T Storage 3| ANOVA 0.077
Cleaning procedure 2| ANOVA 0.906
Type of cleaning products | 3| ANOVA 0.946
Days that groceries are
closed 3| ANOVA 0.641
Number of clients per day | 3| ANOVA 0.482
Selling area (m2) 2| ANOVA 0.483
Type of facility 3| ANOVA 0.381
Type of products 3| ANOVA 0.596
HR Storage 3| ANOVA 0.266
Cleaning procedure 2| ANOVA 0.597
Type of cleaning products | 3| ANOVA 0.391
Days that groceries are
closed 3| ANOVA 0.275
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Number of clients per day | 3| ANOVA 0.285
Selling area (m2) 2| ANOVA 0.039
Type of facility 3| ANOVA 0.440
Type of products 3| ANOVA 0.159
PM2zs Storage 3| ANOVA 0.199
Cleaning procedure 2| ANOVA 0.900
Type of cleaning products | 3| ANOVA 0.119
Days that groceries are
closed 3| ANOVA 0.21
Number of clients per day | 3| ANOVA 0.285
Selling area 2| ANOVA 0.040
Type of facility 3| ANOVA 0.427
Type of products 3| ANOVA 0.165
PM1o Storage 3| ANOVA 0.207
Cleaning procedure 2| ANOVA 0.893
Type of cleaning products | 3| ANOVA 0.121
Days that groceries are
closed 3| ANOVA 0.214
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Table S6 — Summary of the mean levels of the considered parameters during the occupied period in the studied Grocery Stores, at each studied

location.
OCCUPIED PERIOD IN THE GROCERY STORES
Temperature (2C) Relative Humidity (%) CO; (ppm) VOCs (ppb) PMyo (ug.m™3) PM,.s (ug.m™3)

1D BOX Mean + SD Range [min-max] Mean + SD Range [min-max] Mean + SD Range [min-max] Mean + SD Range [min-max] Mean £ SD Range [min-max] Mean + SD Range [min-max]
M1 A 20303 [19.8 - 20.9] 440+ 1.8 [40.4 - 48.5] 438 + 33 [380 - 548] 47.4 +19.9 [17.5 - 140] 153 +8.0 [5.2 - 67.6] 13.8+8.1 [3.5 -67.0]

M2 B 214+12 [19.2-23.4] 40.1+49 [32.0-483] 458+27 [414 -546]  11.1+12.7 [0.7 - 106] 140+89 [2.9-43.0] 12.8+9.2 [1.4-42.8]
A 195+0.7 [18.0-20.6] 46.2+3.8 [39.1-57.9] 545+95 [391-810] 82.3+251  [33.4-170] 33.6+250 [5.1-172] 32.3+25.0 [3.5-169]
M3 B 221+25 [179-269] 442+6.1 [30.8-583] 632+89  [454-1012] 86.8+24.4  [32.8-189] 33.5+27.7 [2.9-179] 32.7+28.1  [1.4-182]
C 203+05 [18.6-21.2] 49.4+30 [43.7-59.3] 585+94 [383-983] 62.9+31.1 [26-143] 269+19.4 [3.1-157] 265+19.9  [1.8-160]
A 185+20 [13.7-249] 542+7.8 [30.5-70.3] 528+98 [363 -808]  56.3+20.7 [1.7 - 136] 18.6+87 [51-50.3] 17.2+88  [3.5-49.3]
M4 B 214+09 [188-226] 47.6+45 [384-57.5] 864+178 [474-1144] 80.1+10.0 [50.9-121] 103+6.2  [2.9-45.0] 9.0+6.4 [1.4 -44.9]
C 186+02 [182-19.3] 64.7+55 [533-78.2] 785+180 [391-1199] ©585+214  [10.7-178] 13.0+7.6 [3.1-59.6] 12.1+7.8 [1.8-58.8]
A 23.8+0.8 [222-27.2] 47.2+87 [224-595] 382+14 [354 -439] 53.3+19.3 [8.0 - 85] 15.5+9.5 [5.1 - 106] 14.0+9.5 [3.5 - 102]
M5 B 198+0.7 [184-215] 583+10.7 [389-72.1] 438+16 [408 -515]  28.8+14.4 [3.9 -59] 115+72 [29-730] 103+7.4  [1.4-71.8]
€ 22104 [21.0-22.7] 56.2+87 [43.2-69.2] 374+26 [335 - 462] 17.0+9.4 [2.6 -59] 119+93 [3.1-719] 11.0+94 [1.8-717]
A 216+13 [183-231] 52.7+54 [405-658]  401+31 [347 -556]  68.0 £20.9 [9.9-130] 24.4+30.0 [5.1-279] 23.0£29.9  [3.5-279]
e C 223+07 [18.6-23.6] ©54.7+54 [446-657] 386+36 [319 -502] 13.9+10.7 [1.3-53] 16.5+22.2 [3.1-157] 15.8+22.8  [1.8-160]
" A 21.1+1.0 [19.0-231] 551+7.3 [432-69.9 371+19 [347 -452] 58.7+19.0 [25.7-152] 20.8+8.2 [5.1-64.1] 194+83 [3.5-63.4]
B 21.0+06 [19.4-220] 551+7.5 [45.6-70.6] 476+23 [419 -588]  39.2+13.5 [0.7 - 77] 17.7+7.3 [2.9 - 103] 16.7 +7.5 [1.4 - 103]
Vg B 195+01 [19.2-200] 57.0+05 [55.8-58.3] 484 +59 [433 - 863] 35.5+7.2 [22 -59] 21.9+75 [29-57.00] 21.0+75 [1.4-553]
C 188+04 [17.6-19.3] 59.3+42 [51.1-655]  385#33 [335-644] 33.4+16.7 [1.3 - 101] 23.9+9.1 [3.1-825] 23.4+93 [1.8-82.8]
A 220+1.6 [144-267] 39.8+49 [283-650] 407 +19 [371-478] 40.4+17.3 [1.7 -91] 27.9+112 [5.1-745] 26.6+11.4 [3.5 - 74]
M €C 209+10 [153-260] 50.1+56 [40.0-72.1] 431+50 [369 -601]  56.9+13.1 [27.3-90] 29.5%12.2  [3.1-109] 29.2+12.4 [1.8-110.4]
vio AT 189:10 [159-202] 39335 [306-485] 457%45 [366 -683] 71.7+19.5  [11.7-138] 40.4+30.9 [51-231] 39.1+£30.7  [3.5-229]
C 195+06 [16.6-20.5] 48.0+29 [43.8-56.7] 543 +62 [399 -701] 109.5+18.6 [76.6-167] 40.2+32.1 [3.1-164] 40.0+32.8 [1.8-167]
w12 A 1185:10 [161-204] 595:7.4  [41.8-67.6] 49176 [349 -709] 68.2+15.5 [25.7-93] 20.0+18.5 [5.1-248] 185%185  [3.5-247]
B 184+11 [16.0-207] 553+7.0 [41.2-67.9] 365+16 [345 -465] 13.5+16.6 [0.7 -91] 16.9+11.8  [2.9-147] 15.9 + 12 [1.4 - 149)
M12 || € 19.0+07 [175-200] 64.2+29 [59.6-67.9] 532+69 [454 - 711] 60.4+9.8 [46.5 - 96] 9.2+5.1 [3.1-36.6] 81453 [1.8 -36.7]
M13 |'B 20.0+03 [19.3-20.7] 43.1+4.0 [352-47.6] 390 27 [355 - 465] 25.8+4.9 [17.5 - 34] 17.9+55 [29-389] 169%56  [1.4-38.7]
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Table S7 - Summary of the mean levels of the studied parameters assessed in each GSs (considering all locations within the GSs for the mean

OCCUPIED PERIOD

1D

M1
M2
M3
M4
M5
M6
M7
M8
M9
M10
M11
M12
M13

ESCOLA SUPERIOR DE

POLITECNICO TECNOLOGIA DA SAUDE
DE LISBOA . DE LISBOA

Temperature
(2€)
20.3+0.3
21.4+1.4
206+1.2
19.5+1.0
21.9+0.6
22.0+1.0
21.1+0.8
19.2+0.2
21.4+1.3
19.2 £ 0.8
18.4+1.0
19.0+£ 0.7
20.2+0.3

assessed at a specific GS), during the occupied period.

RH (%)

440+1.8
40.1+4.9
46.6 £ 4.3
55.5+5.9
53.9+94
53.7+54
55.1+74
58.2+2.4
449+5.2
43.6+3.2
57.4+7.2
64.2+29
43.1+4

CO(ppm)

438 +33
458 +27
587 +£93
726 £152
398 +19
393 +33
423 +21
435 £ 46
419 £35
500 56
428 £46
532 +69
390 + 27

VOCs (ppb)

47.4+19.9
11.1+12.7
77.3+26.8
65.0+17.8
33.0+144
41.0+15.8
49.0+16.2
345+11.9
48.6 +15.2
90.6 £19.1
40.9+16.0
60.4+£9.8
25.8+4.9

PM10 (ug.m'3) PMz.s (ug.m"")

15.3+8.0
14.0+8.9
313+241
14075
13.0+8.7
20.5+26.1
19.2+7.8
25.0+26
28.7 +11.7
40.3+31.5
18.5+15.1
9.2+5.1
17.9+5,5

13.8+8.1
12.8+9.2
30.5+24.3
12.8+7.7
11.7+8.8
19.4+26.34
18.0+7.9
244 +26.7
27.9+11.8
39.6 £31.8
17.2+15.2
8.1%+53
16.9+5.9
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