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Abstract. Problem statement. Our study is part of the field of Internal Environmental Quality (IEQ) of confined
atmospheres. Its essence is to position the level of particle pollution in a diesel powered car. As a comparative analysis
compared to the normative data, this study makes it possible to highlight the exposure of the driver and the passengers
and to evaluate the health risk posed by the detected levels. Methods. In order to highlight the level of exposure to
particles, drivers and users of cars, we conducted an experiment to quantify particle concentrations in a diesel vehicle in
a static position following a protocol highlighting the influence of starting the engine. A metrology was implemented,
mobilizing two different particle counters (GRIMM and OPC ALPHASENSE). Conclusions. The various
measurements show that the levels of exposure to PM1 particles are low in both cases and in good safety conditions
against the standards. The levels measured pose no risk to the health of users.
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Awuorauis. ITocmanoska npo6nemu. JIOCTiKEHHS € 9acTHHOIO cepr SKOCTI 3aMKHYTOrO CepefoBHia. Moro
CYTh TOJIATA€ B BU3HAYCHHI PiBHSA YaCTHHOK B TIOBITPi JHM3EILHOTO aBTOMOOWISA. BUKOHAHO MOpIBHAJIBLHUN aHAIi3 3
HOPMAaTHBHUMHM JAaHUMH. JIOCHi/KEHHS Ja€ 3MOTy ITOKa3aTH BIUIMB Ha BOZIS Ta MAaca)XWpiB Ta OWIHUTH PHU3UK JUIS
3/I0pPOB'sI, TOB'SI3aHUI 3 BUSBICHUMH DIiBHAMH. [IJI1 MOHITOPMHTY KOHIEHTpauiii 3a0pyIHIOIOUHMX pPEYOBHH Oynn
BUKOPHCTaHI JBa THITM JIYMIBHUKIB dYacTHHOK. Lli ¢oTomerpm (onmTHMuHI cHUCTEMH 3 Ja3epHUMH IIPOMEHSIMH)
NpU3HaYeHi Uil HeraiHoro abo TPHBAJIOr0 BHMIpIOBaHHs PIBHIB YacTOK Yy MOBITpi. BOHM 103BOJSIIOTE MHUTTEBO i
Oe3nepepBHO BHMIpIOBaTH MAacoBY KOHIIGHTpAWil0 1 pO3Mip YacTHMHOK NwiIy. Po3mip BHMIpIOBaHMX YaCTHHOK
3MiHtoeThes Bix 0,3 no 20 MkMm B aiamerpi. BumiproBaHHs KOHUEHTpauii 31iHCHIOIOTbCS OJHOYAcHO Ha 16 KaHamax
ckanyBaHHs fiamerpoMm 0,3..20 MxM. 3Bakarouu Ha po3Mip YaCTHHOK, MU 3ocepeiuincs Ha mianasoni 0,3...1 MkM.
CriocTepiractbesi siBHE 30UTBIICHHST pPIiBHA YAaCTMHOK B TEPIIi XBWJIMHH TECTy. 3 CaMoro IOYaTKy poOOTH
TPAHCIOPTHOTO 3ac00y CIIOCTEPIraeThCs JerpecuBHA TeHACHMIA. Lle MpUCKOPIOEThCS MOYAaTKOM ABOX (ha3 BEHTHIIALII,
1110, OYEBUIHO, BUKJIMKAIO 3HWKECHHS PIBHS YaCTWHOK. 3yNMHKA BEHTHIIALII MPU3BOAUTH 10 3POCTaHHS KOHICHTpALIiM,
10 TiACHITIOETHCS 3YIMTUHKOIO TBUTYHA i OiNBbII-MEHIT BiZKPUTTAM BikoH. CITiJi 3a3HAYWTH, IO PiBHI YaCTHHOK JYXKE
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HU3bKI 1 HE CTaHOBJISITH JKOIHOTO PH3UKY JUISl JIIOAWHH, 3 ypPaxyBaHHSAM TIPaHMYHOTO 3HAYEHHS, BU3HAYEHOT'O
BcecBiTHBOIO OpraHizalii€lo 0XopoHH 3110poB's. Bucnoeok. s Toro, mod MiIKPECIUTH PiBeHb BIUIMBY YaCTHHOK Ha
BOJIiiB Ta KOPHCTYBa4YiB aBTOMOOIJIiB, MU IPOBEIN EKCICPUMEHT [T KUTbKICHOTO BU3HAYEHHS KOHIIEHTPAIIl YaCTHHOK
y IU3ENbHOMY TPAHCIOPTHOMY 3ac00i B CTATHYHOMY ITOJIOXKEHHI MICHA 3aIyCKy ABUTYHA. BpoBamkeHO METpOIIOTio,
10 BUKOPUCTOBYE NIBA PI3HUX JIYMWIFHUKA YaCTHHOK. Pi3HI BHMipIOBaHHS ITOKa3yIOTh, IO PiBHI BIUIMBY YAaCTHHOK €
HU3BKHAMH 1 BiIIOBiJAIOTh BUMOTAM CTaHAAPTiB. BUMIipsHi piBHI HE CTAHOBIATH PU3HKY IS 3I0POB'SI KOPUCTYBAiB.

KuwouoBi cioBa: 3a6pyonents wacmunkamu, sSKICMb HABKOIUUWHBO20 CEPed08Ud; PUUK O/l 300P08's; CIandapmu aKocmi

nosimps; OusenbHUl a8momooiIb

Introduction. Humans spend more than
80 % of their time in confined environments.
These are mainly indoor environments of
buildings used for housing or offices but also
means of transport such as buses or personal
cars. Within these environments and given the
activities they conduct, individuals are exposed
to relatively high pollution thresholds [1].

The majority of cities around the world
experience periods when high levels of air
pollution exceed international air quality
standards based on health. Some of the highest
levels of air pollution can be found in
expanding cities such as Delhi, in developing
countries. Exposure to high concentrations is
related to a wide range of acute and chronic
health effects in adults and children depending
on the constituents of the pollutants [2—5].

It is now accepted that particles play an
important role in the health effects of air
pollution. Faced with this health issue, French
and European regulations are evolving, with the
definition of reduction targets aimed at limiting
atmospheric concentrations and limiting the
potential exposure of people [6].

The majority of the scientific studies
carried out on vehicle pollution concentrate on
the emissions they emit, because, in spite of the
tightening of the polluting emissions
requirements of vehicles, the problem remains
particularly relevant for the cities of the world.
European Union, United States and Russia [7].

Since air renewal processes, including in
vehicles, use outdoor air, we have decided, in
this article, to characterize the level of particule
pollution in a diesel engine with the engine
running. This paper presents the results
obtained and their positioning in relation to the
standards in force and concludes on the
exposure of the driver and the users to the
measured thresholds.

Metrology and experimental protocol.
As part of a static experiment, we mobilized a
WOLKSWAKEN brand vehicle model GOLF
with diesel engine. The manipa was conducted
on the parking lot near the street of the staysail
in La Rochelle in France, as illustrated in the
image below, the red spot indicating the exact
point of positioning of the vehicle used.

Fig. 1. Location of the experimental site
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Fig. 2 : Positionning of metrology

In order  to monitor  pollutant
concentrations, two types of particle counters
were used:

GRIMM 1.108 :

In order  to monitor  pollutant
concentrations, two types of particle counters
were used: — These photometers (optical
systems with laser beams) are intended for the
immediate or long-term measurement of the
levels of particles in the air. They allow the
instantaneous and continuous measurement of
the mass concentration and the particle size of
the dust. The size of the particles measured
varies from 0,3 to 20 um in diameter.
Concentration measurements are carried out
simultaneously on 16 channels scanning
0,3...20 pum diameters. In view of the particle
size present we focused on the range:
0,3...1 um. A Grimm apparatus was used and

Fig. 3 : OPC ALHPASENSE N3

positioned on the cockpit as shown in Figure 2
below.

OPC ALPHASENSE N3

It is a particle counter that allows an
assessment of the concentration of particles in
the air. This device allows the instantaneous
measurement of PMI10, PM2.5 and PMI
particle concentrations exclusively. Our study
focused on the measurement of PM1, which
corresponds to fine particles, which are more
harmful to health because of their ability to sink
to the bottom of the lungs, even into the alveoli.
The OPC is visible in Figure 2 (placed on the
GRIMM). However, Figure 3 below illustrates
this more clearly.

For the purpose of this experiment, we put in
place a very precise and well-defined protocol,
which we carried out over a five minute tent period.
This protocol is detailed in the following table.

Table
Measurement protocol
Schedule Activities
11h08 Beginning of the experiment / start of counters / closed windows
11h13 Starting the vehicle
11h18 Ignition of ventilation (medium speed) / Figure 4
11h23 Acceleration of ventilation (full speed) / Figure 5
11h28 Cut off ventilation
11h33 Engine shutdown
11h38 Opening windows
11h43 Closing windows / End of the experiment




Fig. 4: Medium-cycle Ventilation

Results and discussions. After discharge
of our devices we obtain the following results:

GRIMM

This graph illustrates the evolution of the
level of particles measured over the period of
the test. There are significant variations
according to the various sequences (1 to 7) of
the protocol implemented. A large particle
distribution is noticeable. In any case, we
measure particle levels very appreciable under
the international regulations in force (the World
Health Organization recommends 25 p/m’ for a
24-hour exposure).

OPC ALPHASENSE N3

In the graph below, there is an obvious
increase in the level of particles in the first
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Fig. 5: Full-Flow Ventilation

minutes of the test. A degressive trend is
observed from the start of the vehicle. This is
accelerated by the start of the two phases of the
ventilation which obviously caused the flop of
the level of particles. The breakdown of the
ventilation causes a rise in concentrations
which is boosted by the engine shutdown and
more or less by the opening of the windows. It
should be noted that PM1 particle levels are
very low and do not pose any risk to the
individual despite their fluctuations through the
phases of our measurement protocol; in view of
the threshold value defined by the World
Health Organization (WHO) for 24-hour
exposure, ie 25 wm’.

VARIATION IN PARTICLE CONCENTRATION
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Fig. 6 : Variation in particule concentration measured by the Grimm
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VARIATION DE LA CONCENTRATION
PARTICULAIRE-OPC
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Fig. 7 : Variation in particule concentration measured by the OPC

Conclusion. In order to highlight the level different particle counters (GRIMM and

of exposure to particles, drivers and users of
cars, we conducted an experiment to quantify
particle concentrations in a diesel vehicle in a
static position following a protocol highlighting
the influence of starting the engine. A
metrology was implemented, mobilizing two

OPC  ALPHASENSE). The various
measurements show that the levels of
exposure to PM1 particles are low in both
cases and in good safety conditions against
the standards. The levels measured pose no
risk to the  health of  users.
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