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Abstract

The particulate matter (PM) in the air of office environments plays an important
role in the daily human exposure in urban areas. The present paper reports a few
measurements in order to integrate the knowledge of the sector concerning
pollution in offices. The parameter analysed is PM, referred to in three fractions
of interest, depending on their dimensions. Some considerations are reported in
order to set or confirm specific criteria for the correct management of office air
quality.
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1 Introduction

In the last three decades, atmospheric particulate matter (PM) has been at the core
of a lot of research, with a growing interest from the scientific community and
public opinion dealing with the concept of the sustainable city [1-5]. Several
epidemiological studies have claimed that PM has strong effects on human health;
a high correlation between air pollution and irritation to the respiratory tract,
pulmonary and cardiovascular diseases and visual disturbances has been
underlined; in addition, the long-term exposure to PM increases the chance of
developing cancerous diseases [6]. PM size plays an important role in human—air
interaction: fine particles (FP, diameter < 2.5 pm) and ultrafine particles (UFP,
diameter < 0.1 um) are more harmful [7-8]. In fact, FP can reach undisturbed the
pulmonary alveoli through trachea and bronchi [9-10].

At the international level, the strong attention to the atmospheric pollution has
led to the adoption of a series of laws aimed at the control of emissions from
industrial and transport sectors. In Italy, the Legislative Decree 155/2010, through
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transposition of the European Directive 2008/50/EC, fixes the outdoor annual
average concentrations (40 pg/m? for PM, and 25 pug/m? for PM, s), the maximum
outdoor 24 hours-average concentrations allowed for PM,o (50 ug/m?®) and the
number of days exceeding (35). This approach will be critically analysed in the
discussion section of the present paper in order to point out some improvements
that can be taken into account in underestimated cases of human exposure in
offices. More in general, quantification of emissions from indoor sources is very
important for the assessment of the total human exposure to particles taking into
account that at European level, the majority of the population spends up to 80% of
their day in indoor environments [11].

Wallace and Ott [12] stated that indoor sources provide about 47% of total
daily ultrafine particulate (UFP) exposure. The main sources of air pollution are
human activities, such as cooking, domestic heating, cleaning, smoking; even just
walking can increase PM levels in the house through re-suspension phenomenon
[11, 13, 14]. In addition to the monitoring of selected workplaces [15], recent
studies focused on specific indoor environments as houses, pizzerias, cafeteria,
hospitals, schools, churches and tunnels [16—19]. It is desirable to pay particular
attention to specific spaces: the offices. Electronic equipment (printers,
photocopiers, fax), paper residues, clogged filters of air conditioning system,
transit of workers may lead a rise in PM concentrations up to the emergence of
headaches, eye irritations and rhinitis, if exposure is prolonged [20]. Some
sampling carried out in computer rooms, offices and libraries have shown that
indoor PM levels are often higher than outdoor and non-compliant with
regulations [21].

In Italy, a national legislation for indoor environments has not been defined yet.
The international guidelines (issue in United States, Canada, Netherlands, Finland,
Norway) can be taken as a reference, although it is clear that lack a common and
shared approach. The American Standard ASHRAE [22] gives a further
contribution to the field with the advantage of indicating precise values of
concentrations: PM, s is set to 15 pg/m® (annual exposure) and 35 pg/m? (daily
exposure), whereas limit for PMo are 50 pg/m?3 (annual exposure) and 150 pg/m?
(daily exposure).

The aim of this study is to monitor the human exposure to a range of particle
sizes as PMio, PM2sand PMi and to evaluate the indoor air quality (IAQ) in three
different types of office. That in order to expand the already existing literature
data on indoor concentrations of PM. Results are discussed concerning some
criticalities referred to not optimised outdoor and indoor emissions (industrial
activities with diffused emissions; cleaning activities causing re-suspension of
PM).

2 Materials and methods

The instrument used for PM measurements is the GRIMM analyzer 1.108 [23].
This portable dust aerosol spectrometer allows continuous measurement of
airborne particles and their counting into 16 granulometric classes from 0.3 to 20
pum.
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The tool is based on the principle of the light scattering of single particle hit by
a laser beam. The air is drawn into the instrument by a volume-controlled pump at
a rate of 1.2 liters/minute and goes in the measuring cell, where, after the hit with
particles, the scattering light is deviated to a mirror and, at last, to the detector.
The pulse and the intensity of light are fingerprints able to evaluate the number
and the size of each single particle. Finally, the sample is collected onto a 47-mm
filter, so any gravimetric analysis is possible.

The data are available in time intervals between 6 and 60 seconds and, in this
paper, the PM;o, PM, s and PM, o values are taken into account, by now become
the actual reference classes for World Health Organization (WHO). Even though,
a current regulation does not recognize this method as official (they suggest
adopting gravimetric methods), the GRIMM analyzer is able to provide a good
overview about IAQ of the environments object to study.

The levels of PM inside the offices were monitored in three different situations.
In the first case, the offices are located in a service company headquarter (OFF1)
and they are separated to outdoor by a reception room. This building consists of
several types of room; in each of them the measurements of PM were carried out
every 6 seconds in an afternoon at the end of a workday (only five employees were
in the building). In the open space room (1A), 16.50 m long and 7.30 m wide, four
workstations and two photocopiers (only one was working) were present; then the
instrument was placed on a shelf in the center of the space at a height of 1.15 m.
Another test was performed in a smaller office (1B) with a one workstation and
one laser printer, external to the main room and independent from the others. It
measures 4.20 m x 3.10 m and the instrument was placed at a height of 0.9 m. In
the same office, another concentration curve of PM was recorded to evaluate the
effects of the air conditioning system (1C), consisting of vertical fun coil units
distributed at the edge of the floor. The instrument was fixed at 1.25 m height
oriented towards the cold output airflow. Finally, a particular indoor environment
as reception room (1D) was investigated with the instrument placed at a height of
1.45 m: air quality of the small room (4.90 m x 3.10 m) was probably affected by
the near outside parking and the frequent transit of workers.

For the second campaign of measurements, a building (OFF2) representing a
typical situation for small-medium companies was chosen: the analyzed office is
closer connected with a workshop. In this case, the office has two workstations
with personal computer and one shared printer and its extension is about 11.60 m
x 4.90 m. The company at issue is a metallic carpentry, so as the frequent welding,
painting and grinding processes in the workshop may contribute to a worsening of
IAQ in the entire building. All measurements were carried out in the office under
investigation, with time intervals of 6 seconds. The instrument was fixed on a
bracket high 1.65 m at the center of the room. The first test (2A) simulated the
case when two employees were doing their daily activities in the office whereas
the connecting door to the workshop was closed. The second test (2B) investigated
the variations in PM concentrations after a situation that often occurs in the
carpentry: the opening of the door between office and workshop and
the subsequent transfer of workers from one area to another. At last, the effects of
the air conditioning system (2C) were monitored, as for the first building.
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Finally, taking into account the recent tendency to place all electronic devices
in a dedicated room, it was analyzed a printers room (OFF3) inside a public library.
In this room (3.30 m x 2.70 m), four printers are present, the instrument was placed
at a height of 0.8 m and the data were taken every 6 seconds. The first test (3A)
was done in the late morning when all the printers were running and the area was
crowded, instead in the second test (3B), carried out four hours later, only one
printer was in use.

3 Results and discussions

The results of the tests are summarized in Table 1. In 1A (Figure 1) and 1B tests;
results have shown that general indoor air quality was good: in every monitored
area the concentrations of PM were lower than thresholds values suggested by
ASHRAE Standard.

PM levels were similar in the open space room and in the independent office,
probably due to poor re-suspension of dust because of the low presence of people
in the building during the day. This phenomenon is clearly visible in the test 1D
(Figure 2): increments of PM;o concentrations were recorded in correspondence
of the transit of workers through the reception. The presence of fitted carpet
definitely gets worse indoor air quality, which may reach danger levels in the
morning and in the late afternoon at the time of entry or exit of employers.

Table 1: Maximum and average concentrations of PM10, PM2.5, PM1 for
all tests.
Maximum (pg/m?) | Average (ug/m’)
PMio PMas PMio [ PMio PMas PMio
1A (open space) 145 10.1 9.1 11.3 95 8.8
1B (independent office) | 24.6  10.1 8.5 13 9.1 8.1
OFF1
1C (A/C system) 351 94 84 | 11.7 9 8.2
1D (reception) 202 94 8.2 148 89 7.9
2A (door closed) 52,1 149 107 | 285 134 102
OFF2 2B (door open) 519 169 123|292 156 11.1
2C (A/C system) 30.7 145 10.7 | 23.5 13 10.2
3A (morning) 33 4.9 3.6 17.1 4 32
OFF3
3B (afternoon) 24.3 6 4.8 16.6 5.2 4.4
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Figure 1: Concentration profiles of PM;o, PM, s, PM; during the test 1 A.
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Figure 2: Concentration profiles of PM10, PM2.5, PM1 during the test 1D
(red marks indicate the transit of workers through the room).

The air conditioning system was a help in maintaining high standards for air,
in fact, the low levels of PM in the output flux of fan coil unit, as seen in test 1C,
were a signal that filters were in good condition and they were able to retain
particles.

The higher values of PM were registered inside OFF2; we can state that the
adjacent workshop negatively affects the state of air in the office causing a rise in
levels of PM (Figure 3). To confirm this, in the test 2B (Figure 4) it should be
noted the peak of PM concentrations when the door was open during a grinding
process, known in releasing large amount of particulate in the air.

The air conditioning system led no improvements to air quality, probably due to
clogged filters of the old fun coil units.
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Figure 3: Concentration profiles of PM;o, PM, s, PM; during the test 2A.
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Figure 4: Concentration profiles of PM10, PM2.5, PM1 during the test 2B
(red marks indicate the openings of the door connecting the office
with workshop).

In test 3A (Figure 5), the time when study room was left to get into the printers
room was clearly indicated by the step of PM»s and PM; concentrations. This
implies the entry into an environment rich of particulate derived from toner dust
and paper residues. The oscillating values of PM;o were due to movements of the
occupants of the room, which cause the re-suspension of coarse particles.

As seen in Table 1, during the test 3B the room was less crowded and, in fact,
PM)o was lower than morning and more stable. PM,s and PM; were increased
compared to the test 3A. This underlines that the removal velocity by deposition
is higher for coarse particles and the risk from the presence of fine particles does
not decrease with the end of printing operations.
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Figure 5: Concentration profiles of PM10, PM2.5, PM1 during the test 3A
(red mark indicate the entry into printers room).

The above reported results can be discussed also from a wider point of view.
Indeed some recent literature pointed out that some industrial activities, sometimes
located also in urban context, can be responsible of diffused emissions that can
significantly affect the air quality in the surroundings of the plants generating
them. What must be underlined is that the above mentioned impact can affect also
the air quality in the offices present in those companies (not only PM). For
instance, this criticality can be found in the following cases:

=  Aecrobic biological mechanical treatment of waste when the process air is
treated by an open biofilter [24];

=  Anaerobic digestion of organic fractions when the stack characteristics are
not well designed [25];

= Steel making plants showing secondary and diffused emissions as a
characteristics of the design of the process [26].

In the above-mentioned cases an important contribution to the mitigation of the
indoor impact could come from the optimization of the cleaning activities in
the offices. To this concern it must be pointed out that the sector does not have
specific guidelines to guarantee quantitative results.

4 Conclusions

The TAQ of the offices could be adversely affected by the crowding of people in
small areas and the use of electronic devices responsible for the release of FP into
air, as seen in the case OFF3. The removal velocity by deposition for FP is lower
than for coarse particle. This means that concentrations of FP remain high even at
the end of the activities that generated it. For these reasons, the planning solution
of concentrate all electronic equipments in a separated room with dedicated air
aspiration has proven to be very effective and to recommend in the future. To
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improve the IAQ in the office, the main rule to follow is a proper design of the
spaces, so as to avoid the offices to bordering areas with large emissions of
pollutants. In the OFF2, the workshop worsened the IAQ of the entire building
causing high concentrations of PM in the next office. In this specific case, a
solution to limit the impact might be to build a separator hallway with a second
door at the end, so as to increase the isolation of the two environments. In addition,
the correct maintenance of the air conditioning systems is a help to preserve not
hazardous for human health concentrations of PM in the office because the cooling
units are equipped with filters capable of retaining particles. The test 1D has
highlighted the negative role of fitted carpet: it captures the dust and it releases
them at a later time during the transit of people. From a wider point of view, two
aspects should be taken into account with a deeper attention, considering the role
of offices in the daily exposure to PM for a few persons: diffused emissions from
industrial activities must be avoided as they can contribute significantly to the
background PM level in the offices of the company responsible for those
emissions; cleaning activities for offices should be optimized also adopting
specific guide lines to prevent re-suspension.
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