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Abstract

In recent years proof of “indoor air quality”, designed to protect and improve the health and safety
of workers, was a central strategy in the prevention of many companies. The man creates with the
environment in which he lives and works a continuous gas exchange through breathing; this
makes the respiratory system main entrance of air pollutants. The indoor pollutants are numer-
ous and originate from different sources. Their concentration may vary over time and depends on
the nature of the source, on ventilation, habits and activities carried out by the occupants in the
areas concerned. It is well known that photocopiers and laser printers are equipment that emit
several chemicals (ozone, solvents, toner dust) both to release the materials used for their opera-
tion (toner, ink, paper) and then to the special printing technology used. During the printing and
photocopying processes occurring chemical and physical processes complex, during which the
components of toner and paper will react under the influence of light and high temperatures.
More recently, there have been a growing number of articles as a result of indoor air pollution.
They have become more and more significant; probably because of increasing of the concentra-
tions of harmful substances in the confined environment. Particular attention has been given to
the emission of harmful substances from electronic equipment and printing that are increasingly
present in living and working place. This work was the main objective the emission of volatile or-
ganic compounds, formaldehyde and ozone from laser printing devices and consequently the es-
timation of elimination of same substances through a paper filters which operate through a
mechanism of filtration surface with interstitial and penetration of particles into matrix filter on
agglomeration, they also enclose type sandwich a layer of activated carbon.
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1. Introduction

The indoor air quality (IAQ) [1] [2] depends on the concentration of pollutants released to air in relation to the
dilution factor determined by replacement with fresh air. The indoor pollutants are capable of affecting human
health in a multitude of ways (from discomfort felt a sensory level to the serious ailments of the state of health),
depending on the contaminant. There are literally thousands of air contaminants, each having varying effects on
the human body. From a World Health Organization (WHO) estimation [3], it appears that a large percentage of
buildings, in developed countries, have a high levels of toxic indoor air contaminants. Indeed, one of the causes
of the occurrence of certain illness (allergies, poisoning, migraines, cancer, etc.) seems to lie in the degree of
pollution present in the environments in which normally spends most of the day.

Problems in the indoor air of workplaces are issues which occupational health care often needs to consider
when evaluating the health risks of a work environment, but, for the time being, there is very little information
on the causal relations of indoor air problems and the mechanisms behind them. There is a growing research in-
terest on the part of occupational hygienists, air quality in confined spaces, because the advent of electronic de-
vices in office environments has improved the efficiency of the work at the expense of air quality. The increas-
ingly widespread use of photocopiers and printers has been associated with the building sick syndrome (SBS)
[4] and their use is a major source of risk to be considered for an adequate assessment of chemical risk in the
workplace. Australian scientific research [5], published in the journal of American Chemical Society, says that
working next to a printer or copier in operation, it is equivalent to inhale cigarette smoke or to breathe exhaust
fumes of traffic jam, for our lungs there is little difference.

Some studies indicate that many volatile organic compounds (VOCs) [6] [7], formaldehyde and ozone are
emitted during the operation of photocopiers and laser printers, compromising the indoor air quality. The quality
and quantity of substances emitted are determined by the technical process, the type of toner and paper used by
the model and age of equipment, maintenance and environmental conditions [8].

The present work aims to contribute, through an initial learning phase, to the quantitative characterization of
VOCs, formaldehyde and ozone emitted from a single laser printer, with and without a filtering system, in a
“room service” of a office, which was so named because of in addition to laser printer technology under study,
contains other electronic devices commonly used to all staff. The above room has a volume of 13 m?, no system
of forced ventilation and its only opening is a door that looks into a hall and it is the only system of exchange of
air. The filtering system used consists of filter paper containing, sandwich type, activated carbon, these filters
operate by a mechanism of filtration surface and interstitial penetration of particles within the filter matrix. Fur-
thermore the study aims to carry out subsequent assessments of emissions from equipment of the printing, in
order to determine another forms of reduction for pollutants studies in indoor environments and to improve the
physical well-being and quality of life in the workplace.

2. Materials and Methods
2.1.VOCs

The name Volatile Organic Compounds (VOC) specifies a set of substances in liquid or vapour, with a boiling
point ranging from a lower limit of 50°C - 100°C to an upper limit of 240°C - 260°C. The term “volatile” is pre-
cisely the ability of these chemicals to evaporate easily at room temperature. The compounds of this category
are more than 300.

VOCs can cause a wide variety of effects ranging from discomfort to a serious deterioration of health status.
High concentrations of some VOCs detected in indoor air may cause effects towards several human organs or
systems, particularly of central nervous system.

It is, however, concentrations generally much higher than those found in indoor environments.

Sampling for monitoring volatile organic compounds was performed in the following conditions:
¢ Analysis of the working environment (baseline).

e Analysis performed during printing in standard conditions for thirty minutes and for a number of prints equal
to five hundred, without filtering system (WOF) to estimate the environmental conditions in the presence of
a printer on.

o Analysis performed during printing in standard conditions for thirty minutes and for a number of prints equal
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to five hundred, with a filtering system (WF) to estimate environmental conditions in the presence of a prin-
ter on.
To determine VOCs was used the method NIOSH - HYDROCARBONS, BP 36°C - 126°C: METHOD 1500
Issue 2 [9].
Have been used active samplers SKC, using such systems to capture, vials activated carbon (length 70 mm,
outer diameter 6 mm) with the section main/secondary 100/50 mg. The laboratory analysis was performed via
gas chromatography using the FID as detector.

2.2. Formaldehyde

It is a colourless gas with a strong odour at room temperature and it is a type of volatile organic compound
(VOC) that is a common indoor air pollutant. It combines and reacts with other organic products present in in-
door whose effects are not fully known, as also highly soluble in water it is irritating to eyes and to mucous
membranes of the first of the respiratory tract as early as the concentration of 0.1 ppm.

The study has executed the characterization of formaldehyde and next its quantitative determination in the
indoor air of a “service room” of the monitored office containing a laser printer. The room only have a door,
overlooks a corridor, the door only is exchanging air system.

For the monitoring and analysis of formaldehyde was used the method 2016 of the National Institute for Oc-
cupational Safety and Health (NIOSH) [10], that we have modified. It provides a sampling on vials of silica gel
impregnated with 2.4 dinitrophenylhydrazine and subsequent analysis, after elution with acetonitrile, in High
Performance Liquid Chromatography (HPLC).

The experimental design of this study included three sequence steps:

(1) monitoring formaldehyde’s concentrations during 30 minutes of printing without filtering system (WOF)
(2) monitoring formaldehyde’s concentrations during 30 minutes of printing with filtering system (WF); (3)
comparison between average values collected in steps one and two. The first and the second steps are always
carried out on different days. The monitoring, provided for in the first two stages, are always carried out on dif-
ferent days to ensure, as far as possible, a wash, even natural, in-room, we had occasion to consider checking the
baseline values before each observation.

2.3. 0zone

It is a colourless and odourless gas, highly unstable which presents a serious air quality problem. Although
ozone is naturally produced in the atmosphere (the stratosphere), at ground-level, it is an air pollutant that can
harm human health. Even at low levels, ozone can cause a number of respiratory effects [11] [12].

Indoor ozone concentration depends from numerous factors; it vary widely internal surface composition (e.g.,
rugs, draperies, furniture, etc.) [13].

Some international organizations have indicated the values over which ozone molecule can cause a variety of
health effects. For example, the US Food and Drug Administration (FDA) has established an ozone level of 0.05
ppm as the maximum level allowed in a closed environment (homes, offices and public places) [14]. The Occu-
pational Safety and Health Administration (OSHA) requires that workers are not exposed to a concentration ex-
ceeding the 0.10 ppm for 8 hours. The National Institute of Occupational Safety and Health (NIOSH) recom-
mends a maximum of 0.10 ppm. EPA indicates that human exposure to levels of ozone, between 80 and 160 ppb,
can cause a variety of health effects with symptoms such as cough, irritation of the eyes and throat (US EPA,
1996) [15] [16]. The American Conference of Governmental Industrial Hygienists (ACGIH) lists the values of
the TLV-TWA, in relation to the type of work, 0.01 ppm (light work), 0.08 ppm (moderate work), 0.05 ppm
(heavy work).

For all tests, ozone concentrations were measured with an Environment S.A. 42M Ozone analyzer, based on
the absorption of UV radiation at 253.7 nm by ozone molecules. The readings were made in the presence and in
the absence of printing, with and without a filtering system.

Hence the indoor ozone concentration can vary from day-to-day and room-to-room, the emissions of ozone
from a laser printer have been studying in a single room of operating office equipment (personal computers, one
photocopier, and two laser printer). Each test of measure was effectuated with and without the blow-down sys-
tem. It has been found that the laser printers emits significant amounts of ozone, but the ozone concentration

was reduced with the use of blowdown system.
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3. Results and Discussion
3.1.VOCs

As regarding the emission of volatile organic compounds, the comparison between the average baseline (in ab-
sence of printing) obtained, with those acquired during printing, without filtering system (WOF) (Figure 1),
tests an increase of mean concentration of volatile organic compounds. By comparison the average concentra-
tion acquired without the use of this system (WOF) and with the use of the filtering system (WF), it shows that
the amount of volatile organic compounds emitted is reduced. The results show that this filtering system is suit-
able for lowering of VOCs emissions.

3.2. Formaldehyde

As can be seen, from the values reported in the Table 1, also the highest concentration detected falls in the range
of values of threshold for the perception of odours (0.06 - 1.2 mg/m®) and the threshold for eyes irritation (0.01 -
1.9 mg/m®). We can also observe a random distribution of formaldehyde’s concentrations emitted from the laser
printer in study, Figure 2.

As shown in Figure 3, there is no difference between values measured in the presence (WF) and in the ab-
sence (WOF) of filter, how, instead we would have expected.

Evaluating the results obtained from monitoring were taken into account two important issues: the limit estab-
lished by the American Conference of Industrial Hygienists (ACGIH) of 0.37 mg/m® [9] as a Treshold Ceiling
Limit Values (TLV-C) (it is a “threshold” value, which should not be exceeded even for an instant); the World
Health Organization has set a threshold of air quality for formaldehyde of 0.1 mg/m® (on 30 minutes of sampling)
in indoor environments specifying that a concentration of 0.3 mg/m?® causes a significant increase in the irritant
effects in healthy subjects.

The environmental sampling conducted show all values below the TLV-C of formaldehyde, proposed by the
ACGIH, but also below the limit proposed by the WHO.

It may be also noted that the baseline (BL) values measured fall around the maximum of the range 0.02 + 0.06
mg/m® representative levels of formaldehyde measured inside homes.

Moreover by comparison between the average values of the concentrations measured in the presence of the
filtering system, and failing that, we can determine that this filtering system is not suitable lowering of formal-
dehyde’s concentration.

3.3.0zone

The results of ozone tests obtained are shown in Figure 4.
The graph shows the values of the baseline (BF 1), followed by a first measure with the filtering system (WF),
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Figure 1. Average concentration of volatile organic compound.
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Table 1. Concentrations (mg/m°) of Formaldehyde With system Filtering
(WF) and WithOut Filtering system (WOF), average values of concentration
and baseline (BL).

Formaldehyde
[mg/m?] [mg/m?]
WF WOF
0.0402 0.0210
0.0359 0.0281
0.0407 0.0093
0.0407 0.0161
0.0214 0.0116
0.0236 0.0153
0.0185 0.0169
0.0238 0.0356
0.0078 0.0347
0.0171 0.0392
0.0143 0.0363
AVERAGE 0.0258 0.0240
MIN 0.0078 0.0093
MAX 0.0407 0.0392
BL 0.0063 0.0064
Distribution of formaldehyde emission
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Figure 2. Distribution of concentrations of formaldehyde measured and

WithOut Filtering system (WOF).

a second measure of baseline (BF2), a subsequent measurement without filtering system (WOF), finally a third
measure of baseline (BF3) was carried out.
In fact, under normal conditions the half life time of ozone is about 10 min and it is determined mainly by

changes of air and temperature.

As shown in Figure 4, the values of Baseline 1, determined initially, are quite stable and the range is between
15 and 20 ppb. The following monitoring was carried out during printing, with filtering system. Compared to
baseline it is evident an increase of ozone’s concentration. After a few minutes, a measure of ozone shows a re-
turn of the values to initial concentrations (Baseline 2). It was done a measure during a second printing, without
filtering system. The results are clearly in evidence: the values of ozone increased significantly, reaching values

O,
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Concentration’s range of formaldeyde
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Figure 3. Range of concentrations of formaldehyde measured with
filtering system (WF) and WithOut Filtering system (WOF) repre-
sentation of the average values of concentration and baseline (BL).

Ozone

Figure 4. The values have been averaged by the instrument every 2
minutes.

around 45 - 50 ppb. Finally it was made last measure of the concentration of ozone in the absence of printing
(Baseline 3) further confirms the re-establishment of the values monitored initially.

4. Conclusions

In conclusion, at this early learning phase of our study, it has been found that the laser printers emit significant
amounts of ozone and VOCs, but their concentrations decreases using the filtering system considered in this
work; while this filtering system is able to break down partially their emission, the formaldehyde risk during
printing work, in both cases (WOF and WO), is restricted. We must, however, stress that the limit values of oc-
cupational exposure are not a secure limit between “dangerous” and “harmless” concentrations and health dis-
orders, even when the limit values are respected, it cannot be excluded.

To break down the concentration of VOCs and o0zone present in confined environments, it should essentially
eliminate the principal source; it is always advisable to use products and materials with a low content of volatile
organic compounds. Where possible, it should also facilitate ventilation and frequent aeration of the rooms.
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