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sicurezza e salute sul lavoro

1. Introduction

Air quality is a basic requisite 
of human health and well-being. 
Since people spend almost 90% 
of their time in indoor spaces 
(home, office, private and public 
premises) the need to improve and 
manage Indoor Air Quality (IAQ) 
is stated by many international 

bodies(IARC, 2016; WHO, 2014, 
2010). In order to estimate citi-
zens and workers’ exposures to air 
pollutants, detailed studies should 
be developed considering the time 
they spend at different locations 
during their working time and for 
leisure activities (Ott and Sieg-
mann, 2006). Moreover, producti-
ve – which are frequently subjected 

to high concentrations of particles 
and gaseous contaminants – and 
non-industrial workplaces (offices, 
universities) should be both con-
sidered for IAQ characterizations 
(Saraga et al., 2011).

The present paper concerns 
the study of airborne particulate 
matter (PM) concentrations in an 
indoor university working envi-
ronment (a fluid-dynamics labora-
tory). The goal is to evaluate con-
centrations patterns in relation 
with specific sources variable over 
time using real-time PM analysers 
supporting traditional sampling 
technologies. Besides, this last – 
placed at fixed and moving loca-
tions – are used to evaluate the re-
spect of Occupational Safety and 
Health (OS&H) normative limits.

The paper is part of the research 
activity carried out in recent years 
by the authors on the assessment 
of physical and chemical hazard 
factors in indoor and outdoor 
work and life environments (Bo et 
al., 2016a, 2016b; Pognant et al., 
2018). The evaluation complying 
with the current legislation on sa-
fety in the workplace, is based on 
the good practices for measuring 
indoor pollutants described in li-
terature.

2. Normative framework

The Italian reference standard 
for the assessment of physical and 
chemical risk factors at the wor-
kplace is the Consolidated Law 
on Occupational Health and Sa-
fety (Decreto Legislativo 81/2008 
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Valutazione delle concentrazioni in massa e in numero del particolato aerodi-
sperso in un laboratorio universitario di fluidodinamica. La qualità dell’aria negli am-
bienti indoor (IAQ) è un requisito fondamentale del benessere e della salute delle persone in 
quanto esse trascorrono gran parte del tempo libero e di lavoro in spazi interni. Come ribadito 
dall’Organizzazione Mondiale della Sanità (OMS), al rispetto dei limiti normativi in materia di 
salute e sicurezza dei lavoratori (OS&H) dovrebbero essere perseguiti standard di qualità dell’a-
ria più elevati in ambienti industriali e non (scuole, uffici, servizi). In questo caso studio – inqua-
drato in un’attività di ricerca più estesa da parte degli autori – si presentano i principali risultati 
della valutazione del particolato aerodisperso (PM10, PM4, PM2.5, PM1) in un ambiente di 
lavoro universitario (laboratorio di fluidodinamica). Le attività presso una galleria del vento e le 
sue attrezzature di servizio sono state analizzate mediante campionatori tradizionali e ana-
lizzatori ottici real-time. I risultati evidenziano la conformità con i requisiti normativi in materia 
occupazionale, nonché gli andamenti in relazione alle attività di laboratorio e i picchi di concen-
trazione associati alle operazioni di pulizia dei locali. Lo studio conferma la necessità di un ap-
proccio integrato e multi-parametrico per la valutazione delle evoluzioni a breve termine nelle 
concentrazioni di inquinanti piuttosto che uno studio limitato solo alle loro condizioni medie.
Parole chiave: IAQ, indoor-outdoor, inquinamento, OS&H, particolato atmosferico, qualità 
dell’aria, salute e sicurezza sui luoghi di lavoro.
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e s.m.i.: Testo unico sulla Salute e 
Sicurezza sul lavoro, 2008). The 
size fractions of PM in workplace 
atmospheres are: total airborne 
particles (all particles surrounded 
by air in a given volume of air), 
inhalable fraction (mass fraction 
of the total airborne particles that 
is inhaled through the nose and 
mouth), respirable fraction (mass 
fraction of the total airborne parti-
cles penetrating the ciliated respi-
ratory tract).

Following existing literature and 
OS&H best practices, the results 
of the measurements developed 
in the study are compared accor-
ding to the Threshold Limit Values 
(TLVs) of the American Confe-
rence of Governmental Industrial 
Hygienists (A.C.G.I.H., 1988). It 
should be noted, in particular, that 
the Time Weighted Average (TLV-
TWA) is referred to a conventio-
nal 8-hour workday and a weekly 
work period of 40 hours, which 
workers can be exposed, day after 
day, for their whole working life. 
The respect of TLV-TWA should 
guarantee any adverse effects on 
the health of exposed workers. The 
TLV-TWA is set to 10 mg/m3 and 3 
mg/m3 for inhalable and respirable 
fractions respectively.

The Italian legislative reference 
for the assessment and manage-
ment of ambient air quality (out-
door) is based on the EU Directive 
2008/50/EC (Decreto Legislativo 
155/2010: Attuazione della diretti-
va 2008/50/CE relativa alla qualita’ 
dell’aria ambiente e per un’aria piu’ 
pulita in Europa, 2010). The decree 
classifies the following particle 
sizing: PM10 (particulate matter 
which passes through a size-se-
lective inlet as defined in the re-
ference method for the sampling 
and measurement of PM10, EN 
12341: 2014, with a 50 % efficien-
cy cut-off at 10 µm aerodynamic 
diameter), PM2.5 ([…] at 2.5 µm 
aerodynamic diameter). The Com-
munity limit values, based on long 
term averages   for PM10 consist in 

40 µg/m3 annual mean (25 µg/m3 
for PM2.5) and 50 µg/m3 daily 
mean not to be exceeded more 
than 35 times a calendar year (n.a. 
for PM2.5).

Due to the lack of a specific re-
gulatory framework for IAQ in life 
environments, the World Health 
Organization (WHO) proposed 
the following guidance values ba-
sed on ambient air legislation (Set-
timo and D’Alessandro, 2014): 50 
µg/m3 for PM10 daily mean; 20 
µg/m3 for PM10 annual mean; 25 
µg/m3 for PM2.5 daily mean; 10 
µg/m3 for PM2.5 annual mean. 
Such values, reprised by some na-
tional bodies, represent WHO tar-
get to reach environmental quali-
ty and should not be intended as 
threshold normative exposure 
limits.

3. Materials and Methods

The case study had been deve-
loped in December 2018 at a flu-
id-dynamics research laboratory. 
The lab is targeted to experimental 
activities using the four existing 
wind tunnels. During the asses-

sment interval only one wind tun-
nel was active and operational. In 
addition to the wind tunnel, the 
following devices and facilities 
were functioning along the mea-
surement interval: air compressor 
(discontinuously active for a dura-
tion of few minutes with a frequen-
cy of 4-5 times a day since related 
to the use of the tunnel); lab ven-
tilation system (continuously acti-
ve in order to heat the wide room); 
wind tunnel’s workstation (PC and 
desk); displacement gate (commu-
nicating with the university yard 
for occasional loading-unloading 
operations; during the assessment 
interval remains closed except for 
a short opening period of around 
10 minutes in the afternoon of 
18th December).

The environmental measure-
ment chains were arranged and fed 
into an area of the lab that did not 
interfere with the escape routes 
and emergency exits. The instru-
ments, properly synchronized, 
consist in (Fig. 1):
– a real-time optical particle 

analyser TUF certificated for 
the estimation of mass concen-
tration (PM10, PM2.5), mod. 
APM2 (Comde-Derenda);

Fig. 1. Measurement chains. On the background the wind tunnel.
Catene di misurazione. Sullo sfondo la galleria del vento oggetto dello studio.
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– a research real-time optical par-
ticle analyser logging mass con-
centration (PM10, PM4, PM2.5, 
PM1) and particle counting 
(PN), mod. Frog (Palas);

– a reference dust sampler with 
PM10 size-selective inlet;

– a reference dust sampler with 
PM2.5 size-selective inlet.
In parallel with fixed location 

measurements, a personal sam-
pling was carried out in December 
19th on a lab technician during his 
working hours. The measurement 
was done by means of a personal 
portable pump with a respirable 
selective inlet. Furthermore, con-
tinuously monitoring for the qua-
lification of temperature, humidi-
ty and atmospheric pressure was 
done.

All data resulting from the me-
asurement campaign were analy-
sed for research purposes on IAQ 
in compliance with the regula-
tions. The choice to estimate the 
concentrations in mass by PM10 
and PM2.5 is congruous with the 
existing studies and literature on 
the subject. The results are com-

pared with A.C.G.I.H. limits for 
respirable and inhalable dusts: in 
particular, for precautionary pur-
poses, PM10 (which includes the 
respirable fraction) was compared 
with the TLV-TWA for the respi-
rable fraction equal to 3 mg/m3. 
Moreover, in congruity with the 
existing literature, the results were 
compared with the WHO quality 
benchmark values.

4. Results and Discussion

According to the documental 
analysis and the indications sup-
plied by the workers, the activities 
carried out accords with the inten-
ded use of the premises and with 
what defined as a “typical day” du-
ring the preliminary meeting; in-
deed, no maintenance activity was 
developed to any of the wind tun-
nels during the assessment period.

The results are reported as fol-
low. In Fig. 2 the dataset provided 
by the certified analyser for the 
PM10 and PM2.5 indicators is di-

splayed. To support such data, the 
hourly concentration returned by 
the non-certified analyser are pre-
sented (Fig. 3). This last concerned 
the trend of PM1, PM2.5, PM4 
and PM10 and PN for the obser-
vation interval. The summary of 
the results of the fixed samplings 
is synthetised in Tab. 1. Regarding 
personal sampling, the measure-
ment developed December 19th 
over 480 minutes returned a con-
centration of 0.086 mg/m3.

As expected, the highest values   
are found in correspondence with 
the major laboratory working acti-
vities (central hours of the day). 
However, considering the time 
scale of the phenomenon, no si-
gnificant increase of concentra-

Fig. 2. PM10 and PM2.5 APM2 time series.
Serie temporali di PM10 e PM2.5 dell’APM2.

 Tab. 1. Results of fixed samplings.
Risultati dei campionamenti in postazione 
fissa.

[-] PM10 PM2.5

Sampling time [min] 1440.7 1440.3

Flux [l/min] 38.11 38.29

Concentration [µg/m3] 40.1 34.5
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tions at the activation of the wind 
tunnel is observed. The increase 
to some extent of PM10 during 
working hours is due to the re-
suspension of coarse particles by 
the presence of workers in the lab. 
This is even more evident compa-
ring the 19th (with two workers 
moving frequently close to the 
wind tunnel for its set-up) and the 
20th (with only one worker staying 
most of time at the desk) of De-
cember. Considering the 20th, whi-
ch presents minor contribution by 
human resuspension, despite the 
activation of the tunnel in two 
intervals (between 9.06 and 9.33 
and between 9.57 and 11.00 as he 
indicated) there is no significant 
increase in dustiness compared to 
the previous night-time.

As already notice during the 
manned measurements, the peak 
observed the 19th of December 
around 4 pm is related to the cle-
aning activities that took place in 
the lab: although the cleaning of 
surfaces (floors, shelves,…) was 
promptly banned in a range of 
15-20 m from the samplers, the 
sudden increase in concentrations 
occurred in conjunction with bru-

shing and washing the floors in 
other areas of the lab (regular we-
ekly operation). This result match 
with other studies found in the 
literature (Romagnoli et al., 2016) 
and with another research carried 
out at a printer room of the same 
university.

Considering the overall trend 
provided by the analysers, a pro-
gressive decrease in the concen-
trations between the beginning 
and the end of the measurement 
campaign is also observed. This 
decrease is driven by the finer 
PM fractions. The contribution of 
outdoor particulate produced by 
domestic heating in the district 
and the traffic of the nearby urban 
artery of Corso Einaudi (combu-
stion sources) can be traced back 
to infiltration phenomena. The in-
fluencing trend of outdoor pollu-
tion founds confirmation in chan-
ging of meteorological conditions 
from the afternoon of December 
19th which favoured the dispersion 
of outdoor pollutants (i.e. precipi-
tations in form of snowfall). The 
data collected by an urban outdo-
or public air pollution monitoring 
station confirm the decrease of 

outdoor PM concentrations. As 
reported, personal sampling re-
turned values   significantly lower 
than the TLV-TWA threshold for 
respirable dusts.

5. Conclusion

The study confirmed the stren-
gth of coupling real-time analysers 
with traditional reference sam-
plers in order to assess short-ti-
me trends of pollutants in indo-
or environments. At the end of 
the analysis the compliance with 
occupational requirements at 
the fluid-dynamic lab is verified. 
However, it should be noted that 
the long-term averaged values   sug-
gested by the WHO for indoor life 
environments constitute a quali-
ty objective to be pursued also at 
workplaces, in particular non-in-
dustrial ones such as a university 
laboratory. This purpose must be 
achieved considering the existing 
background pollution represented 
by the widespread outdoor urban 
air quality in which the university 
is located.

Fig. 3. Particle mass and particle counts hourly mean by Frog dataset.
Medie orarie delle concentrazioni in numero e in massa del Frog.
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