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Abstract. Problem statement. Printing services are known to release multiple pollutants of different sizes during the
different processes of printing, gluing and cutting paper. The purpose of this article was the quantification of pollutant
indoor emissions during working shifts in printing service. Particle concentration measurement when three printings are
operating continuously showed that values of PM10 and PM2.5 could exceed the limits set by the World Health
Organisation (WHO). Conclusion. Measurements in confined environments containing printer and the gluing machine
have shown that concentrations can reach values above the limits set by WHO and worrying values in the case of gluing
machine. The result affirms the importance of ventilation system and the necessity of dispersing machines in a large.
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Amnorauist. Ilocmanoska npo6aemu. Binomo, 1o mianpueMcTBa nojirpadivHux MOCIyr BUKHJIAIOTh B HABKOJIMIIHE
Cepe/loBHIIIE YMCIICHH] 3a0py/AHIOI0UI PEYOBHHH IIiJl Yac Pi3HUX IPOLECIB IPYKY, CKICIOBAHHS Ta pi3aHHs manepy. Tomy
Bce OUIbIIE MPALiBHUKIB JPYKAapChKOI ray3i cKapikaTbesl Ha MPoOJieMH 31 370pOB'SIM, sIKi BUHUKAIOTh BHACHIJIOK BIUIUBY
MeXxaHi3MiB. Memoro 1aHoro JOCIiKEHHs OyJIo KiIbKiCHE BU3HAYCHHS BUKUJIIB 3a0pyIHIOIOYMX PEYOBUH B MPUMIILECHHI
i 9ac pobodnx 3MiH y moixirpadiuniit ramysi. Memoouka. JlocmimxeHHs IpOBeAeHI Ha MOoirpadgigHOMy MiAPHEMCTBI,
po3TamoBaHoMy B MicTi JIs-Pomrens. BumiproBaHHS IPOBOAWIUCE B PI3HUX MPUMIIIEHHAX-CEKITiSAX, IO MIiCTATh IPHHTEPH,
piXydi mamepoBi MallMHM, CKICIOBAIIbHI MAaIllMHH, Ta B CKIAICHKUX HpuMimeHHsX. [IpoBeneHHs BHOIpKH MPOBOIMIOCS Y
TPHOX CEKIisX 00'eKTa: ABI CeKLii MICTATH APYKApChKI Ta CKICIOBAJIBbHI MAIIMHK, TPETs — Ha CTiiui peecrpaii. Bubipka
KOHLICHTpALlil YaCTHHOK IPOBOMIACS 3 BUKOPHCTAHHAM ONTHYHOTO JIYMIbHUKA Grimm i3 NpOMIXKKOM 4acy Juisl Bifoopy
npo6 1 xB. Ilix wac BUMIpIOBaHb JABEpi MK pPI3HMMH AUIIHKAMHM 00'€KTa 3alWINAINCS BIIKPUTHMHU. BuMiproBaHHS
KOHLICHTpALli1 YACTUHOK, KOJIM TPH APYKAPCHKI MAIIMHK NPALFOIOTh TIOCTIHHO, TOKa3aJlo, 10 3HAaYEHHS KIIbKOCTI YaCTHHOK
PM10 i PM2,5 MOXyTh INepeBUIIyBaTH HOPMAaTHBHI OOMEXEHHS, BCTAHOBJICHI BCECBITHBOIO OpraHizali€lo OXOpPOHH
310poB'st. Bucnoeox. BuMipioBaHHS B 3aKpUTHUX NPUMILIEHHSX, /€ PO3TAIIOBaHI NPUHTEP 1 CKJICIOBAIbHA MAllWHA,
MOKa3ajy, M0 KOHIICHTpAIlii YaCTHHOK B IMOBITPI MOXYTh JOCSTAaTH 3HAYECHb BHINUX, HiXK BCTAHOBJICHO CTaHAApTaMH, i
TPUBOXKHHX 3HA4YCHb Y BHIAJKY CKJICIOBAJbHOI MAIIMHU. Pe3ynbTaT MiATBEPIDKYE BaXIMBICTh CHCTEMH BEHTWJIALIT Ta
HEOOXiAHICTh TUCTIEPTYBAHHS MAIITUH Y BEIMKUX PO3Mipax.
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Introduction. Indoor air pollution in
workplaces has become a major concern in
recent years as it can have a harmful effect on
human health [1-3]. Indoor air pollution is also
important because we spend most of our time in
confined spaces: home, work, means of transport
[4]. It has been shown that the comfort and well-
being of employees in their workplaces directly
affect their performance and productivity [5].
There are different types of indoor air pollutants,
namely inorganic gases, volatile organic
compounds (VOCs), particulates, airborne
microorganisms and radon [1].

Despite the numeric revolution in the last
years, printing still considered as a necessary tool
in different sectors. Though, studies indicate that
during printing or gluing processes multiple
pollutants (VOCs, fine and ultrafine particles)
are emitted in the indoor environment [6; 7].
Therefore, an increasing number of printing
press facility employees complain about health
problems, which are due to the exposure to
machines.

Studies in this area are focused on VOC,
however, analysis of emissions in these
environments revealed the presence of fine
particles (0.1...10 um) and ultrafine (5...350 nm)
particles. In fact, fine and ultrafine particles
administered to the lung cause a greater
inflammatory response. It appears also that
ultrafine particles, after deposition in the lung,
largely escape alveolar macrophage surveillance
and gain access to the pulmonary interstitium [8].
It is therefore important to evaluate particulate
emissions from different machines and their
impact on the indoor environment.

The main objective of this work is to study
the influence of printing and gluing machines on
the indoor environment. Measurements of PM10,
PM2.5 concentrations were carried out for
several working shifts. Various cases have been
studied in function with the number of operating
machines. Measurements are also carried out in
confined environments.
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Materials and methods

The present study was carried out in a
printing service located in La Rochelle city. The
facility devised into different sections containing
printers, cutting paper machines, gluing
machines and storage rooms. The sampling
campaign was conducted in three sections of the
facility: two sections contain printing, gluing

machines and in the reception desk (fig. 1).

Section 1 (S1) contains a chamber which

contains computers to program and activate

printers. This room also contains three printers

IM1, IM2, and IM3 arranged as schematized in

figure 1. References of the three printers are

shown in Table 1. Section 2 (S2) contains a

gluing machine IM4. Positions of the ventilation

openings and air conditioner are illustrated in

Figure 1. The speed values at the inlet of the

ventilation openings are of the order of 1.5 m/s.

Velocities were measured using a hot wire

anemometer type VELOCICALC PLUS 9545.
Particle concentration sampling was carried

out using the Grimm model particle optical

counter OPC with a sampling time of 1 min.

Measurements were carried out according in

three cases.

1. Measurement in S1 during a working shift
when one printer is operating. The OPC has
been placed in position P (fig. 1).

2. Measurement in S1 during one working shift
when three printers are operating. The OPC
has been placed in position P (fig. 1).
Meanwhile, particle concentration in the
reception desk was evaluated.

3. Confinement measurement, where a machine
is covered with a plastic tarpaulin. Using this
technique, emissions of two machines (IM3
and IM4) were evaluated.

During the measurements, doors between the
different sections of the facility were kept open.
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Fig. 1. Schematization of different sections of the press:
S1 — Section 1, S2 — Section 2, IM1, IM2,IM3 — Printers, IM4 — Gluing machine,
C — Air conditioning, V — Air opening, OF — Office, P — Sampling position
Table 1
References of the three printers
Machine name References
IM1 PRO 8100s
M2 PRO C7100s
IM3 BLOCKMATIC 350

Results

Table 2 shows a comparison between the
PM10 and PM2.5 levels for the two cases 1 and
2 in section S1 and inside the control chamber.
The table shows firstly similar values in S1 and
in the control chamber. This is certainly,
because the chamber is next to S1 and its door
has been opening several times during the
measurement period. Furthermore, the control
chamber has a ventilation opening operating in
a suction mode. Table 2 also shows a high
average and maximum concentration values
during case 2 measurement compared with case
1. The ratio between the maximum
concentrations in the two cases reaches 4.3 for
PM10 and 2.5 for PM2.5. Results show that
limits set by the WHO were exceeded in casel
with ratios 3 for PM10 and 2 for PM2.5.

Table 3 shows the average of PMI10 and
PM2.5 concentrations in section S3 during case
2. To be noted that PM10 and PM2.5
concentrations reach values similar to those
reached in section S1. This result reveals that
particles emitted in S1 can reach the reception
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despite the fact the two sections are separated
with S2. This affirms that the ventilation
system used in the facility is not efficient to
evacuate pollutant air to outdoor.

Figure 2 shows the evolution of PM10 and
PM2.5 concentrations in the confined volume
of IM3. The figure contains four pics which
correspond to different operating phases of the
printer. It can be noticed that in the absence of
ventilation, concentration can reach high levels.
However, in this case concentrations remain
below the limits set by the WHO.

Figure 3 shows the temporal evolution of
PM10 and PMZ2.5 concentrations under the
tarpaulin near the gluing machine IM4. A high
increase in concentration can be noticed after
switching on the machine. Concentration
reaches very high values 10 000 pg/m’.

Containment technique highlights the real
risk employees are exposed to when standing
near the machine or in an extremely
unfavorable case, for example during a turn off
of the ventilation system.
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Table 2
Comparison of average and daily maximum values of the different measures in S1
S1 Chamber
PM10 PM2.5(ug/m’) PM10 PM2.5(ug/m’)
(ng/m’) (ng/m’)
Average Case 1 25.00 15.70 24.10 15.10
Case 2 67.10 24.95 64.18 24.66
Maximum Case 1 36.00 19.40 35.74 19.30
Case 2 155.50 47.60 155.50 47.60
WHO 50 25
Table 3

Daily average and maximum values
of PM10 and PM2.5 in the reception area

PM10 PM2.5
3 3
(ng/m”) (ng/m”)
Moyenne 62.75 20.75
Max 121.8 35.5
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Fig. 2 : Temporal variation of PM10 and PM2.5 in the confined environment of IM3
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Fig. 3. Temporal variation of PM10 and PM2.5 in the confined environment of IM4

Conclusion. Research conducted in this
paper is an experimental contribution to
evaluating particle emission levels in a printing
facility during the gluing and printing
processes. Measurements of PM10 and PM2.5
concentrations were carried out during working
shifts in printing service. The findings obtained
in this study significantly enhance our
understanding of the levels and emission
sources, which affect indoor concentrations.

Measurements have shown that, when all

limits set by WHO. This result affirms the
importance of ventilation system and the
necessity of dispersing machines in a large.
Concentration measurement in a confined
environment allows evaluating the real risk that
employees are exposed to.

The further study of the emission sources
in a wide range of occupational environments
as well as the measurements of the exposure
levels at the employees’ could be significant for
knowledge and could help the development of

machines are running simultaneously, the the strategies for a healthier working
maximum particle concentrations exceed the  environment.
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