Practical Test: A period of pollution in Western Europe
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In the past decade, public health problems (chronic illnesses, allergies) linked to air quality

have multiplied. Fine particles (< 2.5 um, PM,s) are clearly a prominent factor specified by

the World Health Organization. We are interested in monitoring them which are result

from human activities (transport, burning of fossil fuels, etc. . .).
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THE CALITOO?
What is it?

How does it work?

What does it measure?

The Calitoo is a PHOTOMETER that determination
the size of PARTICLES suspended in the atmosphere
in real time.

(Calitoo Ju PHOTOMETER Juiaasnsrainvuinves
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It calculates Atmospheric Optical Thickness (AOT), and derives a COEFFICIENT OL. The
value of this coefficient is INVERSELY PROPORTIONAL TO THE SIZE OF THE SUSPENDED

PARTICLES. (N15A1UUAIUAUNUBITUUTSEINAN8LES (AOT) wazAduUseans oL An
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Determination of AOT: measurement of atmospheric transparency for
selected wavelengths in the visible spectrum: 465 nm corresponds to blue,
540 nm to green, and 650 nm to red.

(n3ve AOT : WunsinAanulussuaiwasussennia Tnesvunaueaaud
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Determination of the coefficient: derived from AOT values and data from
the site of measurement (GPS coordinates, time, atmospheric pressure).
(M3fvuneduUszans: Tane AOT LLaxSi’J’a;JUaﬁ]’mmmmﬁﬂuﬁuﬁ (#ifi;
GPS, 1381, ANUAUUITYINTA)

Accuracy of the measurement: calculation of an R index. The value is
reliable for an R* index between 0.9 to 1.

(ANUQNABITBINTIA: AWIUAY R® edidedioldasian sening 0.9 89 1)




PART I: Direct measurement of Atmospheric Optical Thickness (AOT).

(ﬁ?ﬂﬁ 1: ﬂ?ﬁ@ﬁﬁﬂ%@@@?ﬂ%%?%@@Uii&ﬂﬂ?ﬁéﬁ‘&LLE‘N)

Instructions (ﬁ']él'ﬂ)
If sunny (fdudanan/Ale)

Familiarize yourself with the equipment and its operation (Quick start guide).
(Foudinsesilonazisnmsldau sonues @gileuurtinisldnu)

Take three measurements validated by an R® above 0.9

(529306 3 Arfidenindedield Taedidn R® 1nndi 0.9)

Record the results on the answer form, then calculate the average of the measurements.

(GUANA1AIlUNTLATEAINDU LAIANUINIANRALYDIANINTIVIALA)

If Cloudy (813ituz13n)
You will not make any measurements. a-Values will be provided.
(raulalfpemsiainanlag Tngazudedn a linsw)

Here are two values recorded with a photometer: (a1 2 Afitufinfu photometer)

The eruption of the Eyjafjallajokull volcano in 2010: value close to 0.4 over France.
(Msuzyveagull Eyjafiallajokull Tul 2010 : fA1Uszana 0.4 witloUssinANSuea)
Near the Antibles higshway during this winter: value close to 1.6

(uiilndyavians Antibles TutisnguumiiaiUssao 1.6)

Question 1: the average of your photometer measurements indicate that today the fine

particles above Sophia Antipolis . . . (only one answer possible)
Aaud 1: AedeveInani1snsIain Iny photometer anansaventedn Juliireynavunaian

Wil Sophia Antipolis . . . (HLiieaAmnaULRL?)

1.

are larger than those produced by autorobile exhaust. (fifnuinnin Aiinanledes
FOEUA)

are smaller than those due to automobile exhaust. (Hentioanin AfiAnanleds
F0EUS)

are larger than those of volcanic ash. (#A111nA71 mﬁLﬁﬂmmﬁwQLmﬂW)

results obtained do not permit any evaluation of atmospheric particle size at the
time of measurement. (afildf laianansnthuUsziiurunveseymaluussenialy
Freaiinaialé)



PART Il: Comparison of the values obtained with those of particles of known size.

(daui 2: MsSeuiisuAinTinlafveumansIuIwIN)

Instructions:  (A&3:)

Familiarize yourself with the principle of measurement of the coefficient for a
mixture in a test tube (see tutorial << Measuring global AOT of the atmosphere >>).
(Fous fenues Tudiuramann1snsinin yndulsyavs dmsunsveaodlunaonvaass
(aUpuur<<n13n5193n AOT YBIUTIYINA>>))

Make three measurements of the coefficient for each samples:, milk with water (test
tube 1), and clay with water (test tube 2).

(9729 3 Addluusiasiegng tevAduUsyans « wuiutn aeanaaesd 1), uazhAu
wilenfiui (vaeanaaesi 2)

Record the results on the answer form and calculate the averages for each sample.

(GUANNANTIINTIVIAMUNTEANEAINDU WATAIUIUALRAEVDILARLAIDENS)

Question 2: Base on the data you obtain, fine particulates above Sophia Antipolis are. . . :

(only one answer)
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smaller than those of milk. (NI INTBIBYNIAUL)

larger than those of clay. (lngjnineumavesfumiled)

of a size between those of clay and milk. (Hvu1negsenintteynanuvileiiazeaunia
)

The size cannot be determined from the results obtained today. (lignunsaninum

y dvsn s &
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PART Ill: A particular situation in the spring of 2016.
dui 3: aaumsalianizvas galulding 2016

One morning in April, the air was laden with fine particles visible to the naked eye. Car

windscreens were covered with a deposit of fine yellow particles. You task is determine the

nature of these particles.
i dunidudieuwey, anwernmeaduluieduruadnannsanesiiulasmenlal nszan
S08UANUNARUMERUILIAGENEEDY 11UTBIAM AD N1TATIINAUENBULYBIBDUNIARINGT

10 000pm

0,001 0,01 0.1 1 pum 10 100 1000
Industrial smog Limestone dust
Pollen
Tobacco smoke and incense —
Cloud of clay dust
Virus &
— 5
Wood ash
B Sea salt crystals

Figure 1: (A) Light photomicrograph of a particle collected from a car windscreen. (B) size

range of different categories of fine particles. On this day in April, the value of Ql-value

was smaller than that obtained from the suspension of wood ash (rich in calcium

salts).
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Table 1: Chemical reagents used to determine the nature of particles.

M15°99 1: answedldludnihunsen weldivunnadnuazveseunia

Reagents, their quantities and the ensuring reaction

Particle Test HCL (1 drop) H,0, (1 drop) AgNO; (1 drop) Ammonium
oxalate (1 drop)
Limestone Fizzing (\Nanaq No reaction No reaction White precipitate
W) (rnaznawdudann)
Biological molecule No reaction Fizzing No reaction No reaction
(\ianear)
Clay No reaction No reaction No reaction No reaction
Sodium chloride No reaction No reaction White precipitate No reaction
(Anaznewdudann)
Calcium salts other No reaction No reaction No reaction White precipitate
than carbonate (anmznawdudann)




Instructions: (AN&4:)

Familiarize yourself with the equipment available at your work station. (L%uiLLawT']
amnuAuAsiugunsaiiayldenm)

Before you start working, put on the safety glasses. (RouftazBuvhay, Wildwiuen
Vekil))

Only perform two tests to determine the nature of the unidentified particles. (111113
nAFpULEs 2 As Lﬁamﬂmﬁﬂwmwaﬂagmﬂﬁﬁmmimaﬁﬁﬂ )

Question 3: Using Figure 1 and table 1, indicate the two reagents necessary to identify the

chemical nature of the yellow dust. (Two answers expected)
A0u? 3: T9nnd 1 waen15199 1, ieuanadndvinufisen 2 vlle Nanunsalddnuunauaudanig

wilveaudmdedld (Hdmeu 2 Uo)

1.
2.
3.
a.

HCL (nsalalasmaasn)
H,0, (lalasiauwnasaanlen)
AGNO; (@aroslunsn)

Ammonium oxalate (LauluLEy danYaN)

Question 4: From the results obtained, indicate the nature of these fine particles. (Only one

answer)
A10UN 4: IINWANITNARBY VIUBNINAMINYUYYBIBLNAGLLEYA AR (HlilesrnauLsen)

1.

2
3
il
5.
6
7
8

Industrial smog (MUBNATUINNYAFINATTH)
Tobacco smoke or incense (ATUENEU 390 5U)
Particles of clay (punaguwnilen)

Salt crystals (W@nLn&e)

Virus (125)

Ash originating from fire (1812 NN L)
Pollen (agaan&s)

Limestone dust originating from a nearby quarry (cﬁuﬁuﬁJuﬁLﬁmmﬂmﬁaqslﬂé’ﬂ)



PART IV: A period of pollution in Western Europe during the winter of 2017
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FIGURE 2: (A) Concentration of atmospheric fine particles (<2.5 um in diameter) on 25
January 2017. The map was prepared by measurement and application of a model
(PREV’AIR network). (B) Map with isobars for Western Europe on 25 January 2017. The black
line represents the path of the satellite in figure 3.

AWl 2: (A) aududuvestuazessvuinidnluussenia uinduriugudnas <2.5 um) lufud
25 unsnAu 2017. wruidenandalaonisainuasUszgndainiuusiaes (PREVAIR
network). (B) wnuimnunaenauTnglsUny umn Tuiuil 25 unsiam 2017.
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FIGURE 3: (A) Explanatory thumbnail image of the method adopted for the imaging LIDAR
(Light Detection and Ranging). During its passage above the region of interest, the CALIPSO
satellite emitted a laser beam whose profile of dispersion was collected and analyzed to
deduce the composition of atmospheric particles. The image is therefore a cross-section of
the atmosphere. (B) Image obtained by the passage of the satellite over Western Europe on
25 January 2017. The yellow and red colors indicates the presence of PM2.5 particulates.
The grey trace close to the surface corresponds to clouds.

i 3 (A) nmvegeiildainisd15ialagds LIDAR (Lisht Detection and Ranging) 911013
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Table 2: Results of temperature measurements for an atmospheric column. The weather
balloon was released from a German weather station shown in Figure 3B (white dot).
A519T 2: NaﬂWimaﬁmqﬁwmﬁiuwiamhﬂfuadmmqa I@ﬂﬂﬁﬂdaﬂuaagumwmmﬁ naail
90 MAeesHL uandlunwil 38 (Fumiagadund)

Altitude (m) 376 748 998 1,249 1,408 4,013 6,001 10,007 12,008 14,004

Temperature (°C) -4.7 -8.3 -10.1 2.1 3.3 -11.0 -253 -58.2 -69.2 -65.2

Question 5: On the answer form, plot the curve of the air temperature as a function of altitude.

Aanai 5: luiuuvlesuvesnseauiney Was1ansvlvesgumgiloiniaiuninugs



Question 6: Name of the Limit A marked in Figure 3B: (Only one answer possible)

ADUN 6: WDUTILINA VB “Limit A7 Neglunmd 3B: (Hiilesrnauiie?)

1.

2.
3.
a

Stratopause
Tropopause
Mesopause

The lower limit of the exosphere

Question 7: Refer to question 5. At what altitude do you find the layer of fine particlulates

above the German weather station? (Only one answer possible)

° a Y a = o PN ) s a | X A A =
ANNIUN 7: DNBDIIADIUN 5, QWRWWUGUUTQ\?@HQ'W’]GUU'W@Laﬂﬂﬂ'ﬁ'ﬂiﬁjﬂm'ﬂﬂ 2 NUNLHRUBDENTU

A58 1NALETHY  (HLNE9AInDULALT)

1.

2.
3.
a

about 500 m
about 1,000 m
about 2,000 m
about 12,000 m

Question 8: What conditions are necessary to obtain a cloud of fine particles at low

altitude? (several answers possible):

o a = 1 Ao & ° 1Y a A [y =)
ANIUN 8: N@"LJVLGUGUEJ\‘IEWTJSEJ’]ﬂWﬁL‘EJUSLﬂ ‘Vl"\]"lL‘lJ‘Llﬁ'TMi"Uﬂ’]iLﬂ@ﬂi@%M@ﬂﬂ’Ju‘Mi@L?,J‘ZJf\]’]ﬂEJiéﬂ']ﬂ

avLduai low altitude @lanansAnau)

1.

A zone of low pressure. (WARILNABINIARN)

A zone of high pressure. (UAVDIAINNADINIAZ)

Emission of fine particles by natural of anthropogenic activities. (m'i‘ddaﬁlaﬂgmﬂ%m@
AnausssiAvesfianssuiiAnainanse)

A layer of cold air on the ground blocked by a temperature inversion. (%uma@mmﬂ
Suiignfenlimilefiufuannmafinmannduresgamgd)

A layer of warm air on the ground blocked by a temperature inversion. (%"u%a@mmﬁ
Q'uﬁQﬂﬁaﬂl”imﬁaﬁuaumﬂmiLﬁﬂmiNﬂﬁmaﬂquﬁ”ﬁ)



