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Onesnazen zrak:
najvecja okoljska groznja zdravju
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Najvegji negativni ucinki zaradi delcev. > St. prezgodnjih smrti:

SVET 3,5> M

EvROPA  240.000
13-krat > letno
SLOVENIA 1 300 - §t. smrti v prometu
Viri: EEA, 2021; WHO, 2020.
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Table 3 - Pollutants recommended to be measured at monitoring supersites at urban background locations and rural
background locations if not covered by the requirements of Tables 1 and 2

Pollutant Type of measurement

Size distribution of UFP Fixed or indicative measurements

Particulate matter oxidative potential Fixed or indicative measurements




Merilo vpliva na zdravje: Oksidativni Potencial (OP)

PM delci kot povzrocitelji oksidativhega stresa wesereta 2021

Kvantifikacija OP :

Absorbcijske
meritve porabe
oksidantov

Razli¢na obc&utljivost
na kemijske spojine
[- in velikost PM.

ROS: Reactive Oxygen Species  commmssssssssssssssd | ° Dithiothreitol (DDT)
SLF: Simulated Lung Fluid * Askorbinska kislina (AA)
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 . N
Crni ogljik

1-min meritve




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, sksiniéna, mali¢na Kkislina,

tartarat, maloniCna, maleiCna Kkislina, oksalat, pinonat, azelai¢na,

ftalicna, vanilicna kislina, 3-MBTCA, sebaki¢na kisl., citrat

kovine masni spektrometer z induktivno skloplijeno plazmo ICP-
Ag Al As Bi Cd Cs Cu Fe Mn Mo Ni Pb Rb Sb Sc Se Sn TiV Zn MS

Chevrier (2016a), Chevrier 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



Dolocanje virov

Kemijska sestava filtrov PM,,

Pozitivha Matricnha

‘ Faktorizacija (PMF)




Viri crnega ogljika
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Species contribution (ug m~3)

PM,, in kemijska sestava

Overhaul
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PMF: viri PM,,
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Naravni proti antropogeni viri
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Antropogeni viri



Zgorevanje biomase
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Zgorevanje biomase & Promet Q ==

Kovine v sledovih
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Industrijska vira
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Vir: mehanski procesi
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Skupni prispevek virov k PM,,

PMio
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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 obmocja. ceinea. 201

* Najpomembnejsi viri: & = Eﬂ

* OP = med najvisjimi Vv EVIOPI. oactensacneta, 2000 weberetat, 2021: gorsza et o, 20210)
* Nenavaden vir bogat s kloridi, z visokim OP,,. Eﬂ

» Nadaljne raziskave:

 primerjava rezultatov z drugimi uporabljenimi metodami;
 vzorcenje resuspendiranega prahu na razlicnih lokacijah po dolini.
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omestic heating
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Razliche lastnosti

Dimenzije




Onesnazenje s PM delci

NajvecCja okoljska groznja zdravju w.c .,

- -
PM “Skodljivost” ) sestava <=m) Eﬂ Q &
o




Alpske doline in problem kakovosti
zraka
 Visoki izpusti:  {8Y &

* Meteorologija.

* Pomanjkanje raziskav
specificnih ind. virov.

 Proizvodnja cementa: kd‘

N Visoki izpusti in potencialna
toksiCnost.

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

Foto: Ob¢ina Kanal ob Soc¢i



Kemijske analize

Vsak 3. filter, skupaj 120

Ogljiéni delci

OC/EC, Thermooptical analyzer )
loni

lon chromatography (IC).

Organski sledilci

Kovine

Inductively coupled plasma mass
spectroscopy (ICP-MS).

IC and HPLC-PAD.

Oksidativni potencial

Askorbinska kislina (AA),
dithiothreitol (DTT)



Pozitivha Matricha
Faktorizacija (PMF):
koraki

Software: EPA PMF 5.0

LEGEND:

eBC - equivalent black carbon
OP - oxidative potential

MLR - multiple linear regression

1 PM,,and chem. species,
' eBC
2. Selection of chemical species
)
Concentrations l Uncertainties
3' Exploratory phase Mannosan &/ Levoglucosan

/ \
# of factors l Change of species < oc*/oc

EC/eBCx & eBC,,

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

estimation MLR = -



Domestic heating
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Nitrate-rich
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Secondary biogenic oxidation
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Mineral dust
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Aged sea salt
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Oxidative potential (OP)
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eBC and sources
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Primerjava kovin fine in grobe frakcije

CainPM,g (ngfma)

Mn in PM, ¢ (ng!ma)
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PMF formulas

— \'P
X;;= D=1 Jirfrj + €

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 fi; are adjusted until a minimum value of the objective function Q for a user-
selected p is found.

L2
Q=y™m . ¥ €ij
T Lj=14i=1_, 2
J Sij
s; — the uncertainty of the jth species concentration in sample |

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



