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It is important thatfpollutants of emerging concern] such as ultrafine particles| black carbon and elemental carbon]as
well as ammonia and theJoxidative potential of particulate matter‘kbe measured at monitoring supersites at both
rural background locations and urban background locations i order to support scientific understanding of their

effects on human health and the environment, as recommended by the WHO. For Member States whose territory is

less than 10 000 km? measuring at monitoring supersites at urban

background locations would be sufficient.
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Crni ogljik— absorpcija in segrevanje atmosfere

1 gram = 10 ¢rnih deznikov 1 ¢érn deinik/ 1 km

Bond, 2012




Nekaj terminologije

* Crni ogljik - Black Carbon: masna koncentracija BC pgm3
* opticna meritev ekvivalentna masi eBC (filtrski fotometri)

* absorpcijski koeficient aerosolov b,;,;, Mm™
e opticna meritey, in-situ, direktna, sledljivo kalibrirana

babs = BC-MAC



Opti¢na meritev BC: filtrski fotometri
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WP1 (Objective 1)
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Foto-termicna interferometrija

Particle absorb light

Heat transfered to gas

Measurement of
interferometer
phase change

Sprememba faze je proporcionalna absorpcijskemu koeficientu!!

Pump beam intensity:

Particle temperature:

Particle number:
Air temperature:
Refractive index:

Light path length:

Interferometer phase:

=1 W/mm?
AT=0.6 K

2500 cm3
AT=8 uK
An=10*10"12

As=10*10"1 m
A$=0.03 pRad

Moosmiuiller and Arnott, 1996; Sedlacek, 2006; Sedlacek and Lee, 2007; Lee and Moosmdiller, 2020; Visser et al., 2020; Drinovec et al., 2022
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Mach-Zehnderjev fototermicni interferometer

s

Courtesy of: E. Weingartner
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Photo-Thermal Aerosol Absorption Monitor
PTAAM

n’

532 nm & 1064 nm
450 nm & 808 nm
450, 520, 785 nm




Foto-termicni signal — ni vpliva velikosti aerosolov

0.9060 _‘7 a3 mineral dUSt‘ 409124
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Measurement interval

* Meritev ni odvisna od velikosti delcev!
e Kalibracija s plini.
* Merimo lahko delce od saj do puscavskega prahu.
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Kalibraija: 450 and 532 nm — sledljiva do primarnih standardov

Instrument response denpends on:

* Pump beam intensity

* Overlap between pump and probe beams
-> instrument must be calibrated.

traceably calibrated
METAS permeation NO, generator
(Haerri et al. 2017)

450 and 532 nm channel calibration:
* Using absorbing gas: NO,

* Absorption cross-section = 1.47*10° cm2 @ 532 nm
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Linearni odziv

NO, Nigrosin
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Drinovec et al., 2022 16



Negotovost meritve

NO, amount fraction 2.0% Haerri, 2017
B NO, absorption cross-section 2.0% Vandaele, 2002; Orphal, 2003
C Mie calc. & nigrosin refractive index 2.0% Drinovec, 2022
D Mie calc. & particle size distribution 4.0% Drinovec, 2022
E scattering & absorbing gases 1.0% Drinovec, 2022
stability of instrument response 3.0% Drinovec, 2022
I e S S
b,,, @ 450 nm 4.2% A,B,EF
b,,, @ 808 nm 6.2% A,B,C,D,EF
AAE 10.4% C,D,EF

Yus Diez et al., 2025 17



Kalibracija
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Primerjava

* PTAAM is the only traceable instrument R S L S AT SR U ST )
* no artefacts, independent of SSA 1_85 T
« commercially available 16? _ T
* possibility of further intercomparisons ? 1'45 | ¢
* stanBC: n 1'25 i
* METAS NO2 permeator 1 o T _T ;
+ PTAAM or transfer standard PAX 0_85 -.-. I L
005115225335
Rsc (-)
—e— AE33950 nm —%- PAX 870 nm PTAAM 1064 nm

Kalbermatter et al., 2022




Sklepi

* absorpcija aerosolov

* sledljiva kalibracija

* linearni odziv & ni artefaktov

* zelo nizka negotovost meritve -> referencni inStrument za absorpcijo
* LOD @ 450 nm, 0.15 Mm?* @ 100 s avg
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Vpliv prometa, kurjenja lesa in
industrije na sestavo in
toksicnost delcev PM
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Merilo vpliva na zdravje: Oksidativni Potencial (OP)

PM delci kot povzrocitelji oksidativnega stresa wesereta, 20z

Absorbcijske
meritve porabe
oksidantov

Razli¢na obcutljivost
na kemijske spojine
r in velikost PM.

 Dithiothreitol (DDT)
» Askorbinska kislina (AA)

ROS: Reactive Oxygen Species
SLF: Simulated Lung Fluid
AOs: Antioxidants

Vir: Shahpoury et al., 2022.



Obmocje proucevanja: Kanal ob Soci
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Meritve na strehi OS Deskle

zima 2020/21 pomlad 2021 poletje 2021 jesen 2021

PM;,

24-urni filtri “ .
Crni ogljik

1-min meritve




DolocCanje virov

Kemijska sestava filtrov PM,,

Pozitivna Matricna

Crni ogliik ‘ Faktorizacija (PMF)
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PMF: viri PM,,

6%

7%

3%

1%

34%

9%

10%

Secondary biogenic
Sulfate-rich
Primary biogenic
Cement dust
Chlaride-rich
Domestic heating
Mineral dust

Traffic

Aged sea salt
MNitrate-rich

Glojek et al., 2024



Naravni proti antropogeni Vviri
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Zgorevanje biomase
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Zgorevanje biomase & Promet £ g
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Skupni prispevek virov k PMy,
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Skupni prispevek virov k OP_,
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Skupni prispevek virov k OP,,
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Povzetek

* PM,, = druga alpska obmocgja. ¢einea. 2o
« Najpomembnejsi viri: & (5= kﬂ

d O P z m ed najVi éj i mi V Evro p i » (Daellenbach et al., 2020; Weber et al., 2021; Borlaza et al., 2021b)

|

* Nenavaden vir bogat s kloridi, z visokim OP,,.

« Nadaljne raziskave:

* primerjava rezultatov z drugimi uporabljenimi metodami;
» vzorcenje resuspendiranega prahu na razlicnih lokacijah po dolini.
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Merjeni parametri

organski ogljik analiza OC/EC, EN 16909:2017 in Cavalli et al. (2010)

¢rni ogljik, BC meritve z Aethalometrom, Drinovec (2015), Sandradewi
(2008)

ioni in lahke organske spojine ionska kromatografija IC-MS v PM10, drugace enako kot

NO3-, NO2-, SO4?%, CI, NH4*, Na*, K*, Mg?*, Ca?* EN 16913:2017

glukonat, glikolat, propionat, format, MSA, propionat, piruvat, cis- Chevrier (2016a), Chevrier et al., (2016b)
pinonska kislina, 2-ketobutiricna kisl., gliksolat, pinska kisl., butirat, 4-

oksoheptanojska, glutariCna, adipiCna, sksinicna, mali¢na kislina,

tartarat, maloni¢na, maleina kislina, oksalat, pinonat, azelaicna,

ftalicna, vanili¢na kislina, 3-MBTCA, sebakicna kisl., citrat

kovine masni spektrometer z induktivho skloplijeno plazmo ICP-
Ag AlAs Bi Cd Cs Cu Fe Mn Mo Ni Pb Rb Sb Sc Se SnTiV Zn MS

Chevrier (2016a), Cheuvrier et al., (2016b)
polioli in sladkorji tekoCinska kromatografija visoke loCljivosti s pulzno
oksalat, eritriol, ksilitol, arabitol, sorbitol, manitol, trealoza, amperometri¢no detekcijo HPLC-PAD
levoglukozan, manozan, galaktozan, glukoza Chevrier (2016a), Chevrier et al., (2016b)
oksidativni potencial ditiotreitiol - DTT, askorbinska kislina - AA

Weber et al. (2018) in reference tam



Viri ¢rnega ogljika
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Antropogeni viri



Vir: mehanski procesi
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Domestic heating
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Razlicne lastnosti

Sestava

Dimenzije




Onesnazenje s PM delci

Najvecja okoljska groznja zdravju .o .-

_
PM “Skodljivost” ¢ sestava ¢y bt & A
o




Alpske doline in problem kakovosti
zraka

- Visoki izpusti: {2y &=

(e. g. Herich et al., 2014, Glojek et. al., 2022)

» Meteorologija.

« Pomanjkanje raziskav
specifiénih ind. virov.

 Proizvodnja cementa: Eﬂ‘

N Visoki izpusti in potencialna
toksiCnost.

(Kim et al., 2003; Rovira et al., 2018; Chen et al., 2022; Ervik et al., 2022).

Foto: Obcina Kanal ob Sodi



Kemijske analize

Vsak 3. filter, skupaj 120
(®)

Oglji¢ni delci @
S

OC/EC, Thermooptical analyzer .
loni

lon chromatography (IC).

Organski sledilci

IC and HPLC-PAD.

Kovine

Inductively coupled plasma mass
spectroscopy (ICP-MS).

Oksidativni potencial

Askorbinska kislina (AA),
dithiothreitol (DTT)



Pozitivhna Matricna
Faktorizacija (PMF):
koraki

Software: EPA PMF 5.0

LEGEND:

eBC — equivalent black carbon
OP - oxidative potential

MLR - multiple linear regression

1| PMyand chem. species,

eBC
v
2. Selection of chemical species
Concentrations l Uncertainties

3.

Explclratory Fi]ase Mannosan &/ Levoglucosan

# of factors l Change of species < oc*/0c

EC/eBCy & eBC,,

4. Base PMF
Constraints l Bootstrap
\_/ + Organics:
S. Optimal PMF ¢—— 3-MBTCA, oxalate, 2-MT,
/ phtalic acid.
Uncertainty l
estimation MLR < -




Domestic heating
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Secondary biogenic oxidation
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Mineraldust
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Oxidative potential (OP)

R? = 091+ Obs.
20

y=0.73x Fir2giedel

—
{52}
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’France — Alpine valley
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i = U.El+ Obs.
y=0.76x F a7

12

10

opeTT
{nmolimingm®)

France — Alpine valley
Switzerland — Alpine valley
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eBC and sources
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Primerjava kovin fine in grobe frakcije
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Soljenje cest
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PMF formulas

—\'P
Xi= D=1 9ikfkj + €

X; — concentration of species j measured on sample i
p —the number of factors contributing to the sample
f,; — the concentration of species j in factor profile k
g — the relative contribution of factor k to sample |
e; — the residual of the PMF model for the jth species measured on sample i.

The values of g, and f,; are adjusted until a minimum value of the objective function Q for a user-
selected p is found.

Q= Z}n:]_ 2?:1 Sijz

s; — the uncertainty of the jth species concentration in sample |

2
eij

n —the number of samples
m — the number of species.
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