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The forest as a natural filter




Particulate matter (PM)

PM,,, particle size 100-10 pm
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Deadly impact of air pollution

How fine particles affect the body Effects of exercise

=00 ¢ Increase in strokes, brain ischemia 5 times more pollutants
LLUNGS _ .« Cognitive disorders inhaled during moderate

. . 2 exercise than at rest
» Worsening of chronic | @ Neuro-degeneratlve illnesses :
obstructive ~- . Deeper penetration of

pulmonary disease ) WHEART pollutants into the lungs

i L L | Blood levels of toxins in city
?uer?cliicéfn nilung \_ Y/ | *Changes runners along busy roads

= N in heart can double after 30 minutes

function to those of regular smokers

BLOOD g N\ /4 « Increase
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» Passage of particles / e rhythm

through walls \OF / problems PM = particulate matter

of blood vessels § — PM,,

* Blood flow problems (Cgr? @ <10 microns 4

» Peripheral vessel
disease/thrombosis

REPRODUCTION PM,

= thesmallest |
VASCULAR 5YSTEM JSNY + Fertility problems  \rd moat dangerous)
* Atherosclerosis | [ * Miscarriage @ <2.5microns

* Reductionindiameter \ =/ * Foetal growth
of blood vessels, problems _
high blood pressure * Premature birth Human

; : hair
* Low birth weight @ 50-70 microns
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Sources: French national health agency, inVS, European Environment Agency, QM




Partlculate ¢ leads to over 8.8 million deaths every year, globally

(Burnett et al., 2018; Lelieveld et al., 2020).

matter (PM)

Number of deaths by risk factor, World, 2017

red across all age groups

r of deaths by risk factor, measu

Total annual number of d 5

High blood pressure |§ ]

Smoking 7.1
High blood sugar IS © .5 1
Air pollution (outdoor & indoor) i i i or
Obesity 4721

Outdoor air po!lution 3.41.

Diet high in sodium |} 3.2 mil

Diet low in whole grains
Alcohol use J§ .8
Diet low in fruits J§ g jor

Diet low in nuts and seeds millio

Indoor air pollution |§

Diet low in vegetables _

Diet low in seafood omega-3 fatty acids |}
Low physical activity ﬂi
Unsafe water source
Secondhand smoke
Low birth weight 1%
Child wasting _ million
Unsafe sex I 1.03 million
Diet low in fiber N 8
Poor sanitation N
No access to handwashing facility [N
Drug use Il ¢
Diet low in legumes I
Low bone mineral density L_l
Vitamin-A deficiency
Child stunting |l
Diet low in calcium |
Non-exclusive breastfeeding
Iron deficiency
Zinc deficiency |
Diet high in red meat

Discontinued breastfeeding | 10,01-
6 million 8 million 10 million
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@OREF, 17.11.20217




Best solution: Zero air pollution

Phytoremediation



act as a natural filter
a form of phytoremediation

well-suited for air purification

Trees...

big absorptive area e.g. Leaf Area Index (LAI)
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Hypothesis

(1) Small, rough leaves > large, smooth leaves

. (2) LAl 1s a great modifier

@7 (3) Monocultures < Polycultures
R IEL o S



Tab. 1. B-Tree detalils.

Location Tulln, Lower
Austria

Planting date April 2013
Area 1.2 ha

No. of plots 44

Diversity gradient 1, 2, 4 species

Species pool Acer platanoides,
Carpinus betulus,
Quercus robur,
Tilia cordata

Carpinus betulus

|+# Acer platanoides

Ap 1| Te1|Qr1 1 Tilia cordata

Quercus robur

Fig. 3. B-Tree plot arrangement.

Fig. 2. DrFOREST sites locations
marked with red dots.



Methods: LAI

mp direct LAl estimation

Fig. 4. [A, B] Expenmental site B-Tree in Tulln, Lower Austrla [C] leaf 11tter bucket n the ﬁeld [D] sorting of litter
material; [E] leaf-litter dry weight determiation.



Methods: PM

Sampling Solution

Filtration Loaded filters Balancing



Results
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Fig. 13. Dataflow for PM,, and PM, s for monocultures from left to right.
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Results: PM
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Tab. 2. Particulate matter (PM) fractions removed from leaves of A. platanoides (Ap), T. cordata (Tc), Q. robur (Qr),
C. betulus (Cb) for the PM classes PM,,, PM,,, PM, . Data shown in mg PM-m~2 leaf area + standard error (SE).

Ap Tc Qr Cb
38.0 £ 6.5 130.9 £ 40.0 60.4 £+ 8.8 91.4 £ 20.7

97+ 33 11.7 +£ 5.1 159 £ 2.9 22.0 £+ 3.9
41+132 142 +24Pb 6.7 + 1.5 3¢ 129 + 1.6b¢

Species identity effect
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Results: LAI
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A. platanoides
T. cordata
Q. robur
B C. betulus
¥ A. plat/C. cord
Cb ApTc QrCb All Q. quer/C. betu
W A. plat/C. cord/Q. quer/C. betu

Fig. 14. Differences in mean leaf area index (LAI) measurements of all species combinations.




Results: LAI

A

Overyielding
effect

A. platanoides
T. cordata
Q. robur

B C. betulus
A. plat/C. cord
Q. quer/C. betu

Leaf Area Index [ m? m2 ]
Leaf Area Index [ m? m_2]

op O p o0 p B Aplat/C. cord/Q. quer/C. betu

Fig. 15. (A) Observed (0) and predicted (p) leaf area index (LAI) and (B) the contribution of each species to
the LAI in two species polycultures (ApTc, QrCb), and the four species polyculture (All) of the four species
A. platanoides (Ap), T. cordata (Tc), Q. robur (Qr), C. betulus (Cb).
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Results: PM canopy storage

Tab. 3. Mean PM,, and PM, . removed from leaves per square meter stand area (mg-m=2) and standard error (SE) of the
monocultures and polycultures.

Monocultures Polycultures

PMio
Ap Tc Qr Cb ApTc QrCb All

observed 36 £+ 10a 23+ 10a 74+14ab 81 +15ab 52+ 21ab/A 114 +8b/A 58 +20ab/A
predicted nominal 31£5A 82+ 4B 66 £6 A
predicted actual 43 +13 A 88+ 7B 71+ 8A

Monocultures Polycultures
Ap Tc Qr Cb ApTe QrCb All

observed 16 £6b 32 +9ab 32 +9ab 48 £ 7ab 35+ 13ab/A 61 +£12a/A 62+ 3a/A
predicted nominal 24 £5A 41 =8 A 37 £ 4B
predicted actual 24+ 5A 43+9 A 40+ 6B

PM; 5




Key messages

w Trees remove PM and ulimately aid to human health and wellbeing

Q Leaf properties and LAI significantly influence PM retention

A Tree species composition plays a role

ZE Overyielding can result in greater PM removal
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