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Uvod

Emise ze spalovacich motor( jsou z hlediska zdravotniho rizika jednim z
nejvétsich zdrojl znecisténi ovzdusi v méstskych aglomeracich.

VétsSina nasich odhadl celkovych emisi je zalozena prevazné na méreni
relativné malého poctu relativné novych motor{ za idedlnich podminek v
laboratori, a na méreni imisi.

Emise z daného vozidla v daném okamziku jsou velmi r{izné — zavisi na
technologii motoru, technickém stavu, atmosférickych a provoznich podminkach,
zpUsobu jizdy, ... na to se ¢asto zapomina!

Splnuje-li néjaky motor nové emisni normy (Euro 3,4,5,...) pri homologacnich
zkouskach za idealnich podminek, neznamena to nutné ze ma odpovidajici nizké
emise i po celou dobu realného provozu.

Pouze sledovanim emisi (requlovanych i nerequlovanych) po
celou dobu Zivotnosti vozového parku miizeme ziskat podklady
pro uvazena rozhodnuti o vhodnych opatrenich pro snizeni
emisi.

TECHNICKA UNIVERZITA V LIBERCI vojtisek: Nano&astice emitované spalovacimi motory. GenTox, Brno 10.5.2012. 2
Fakulta strojnl' I Za prispéni evropského financniho nastroje LIFE — projekt MEDETOX (LIFE10 ENV/CZ/651)

g MEDET®X)




Soucasna situace silnicni dopravy

e Intenzita dopravy i spotreba paliva rostou

e Emise ze spalovacich motor{i, zeména velmi jemné castice, se stavaji
jednim z hlavnich problému vétsiny mést

» Spalovani fosilnich paliv vede k emisim sklenikovych plyni, jejich
nartistajici koncentrace spojena s rizikem klimatickych zmén

e Zasoby fosilnich zdrojli jsou omezené

 CR i EU jsou energeticky zavislé na jinych zemich
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Spalovaci motory jsou dnes jednim z nejvétsich
zdrojt znecisténi ovzdusi
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Podet automobilu
(osobnich i nékladnich)
na nasich silnicich neustale roste
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Automobilismus

——

[Tranzi
Lranzit] KUE
SATALICE

=

Praha, 2009
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Nardst intenzity dopravy zplisobuje, Ze témeér polovina emisi
pevnych castic pochazi z mobilnich zdrojt

0

—0—silni¢ni nakladni doprava, desitky miliont tunokilometrt

—=—— prodej motorove nafty, miliony tun
—a&— registrované automobily, miliony

—@—registrované nakladni vozy, statisice

=== n0dil dopravy na celkowych emisich PM10, desitky procent

Jan-98 Jan-99 Jan-00 Jan-01

Jan-02 Jan-03 Jan-04 Jan-05 Jan

-06

Jan-07 Jan-08

Zdroj: Ro&enka Zivotniho prostiedi, MZP CR, 2007; Centrdlni registr motorovych vozidel; Ministerstvo dopravy
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Emise ze spalovacich motorii - plyny

e Oxid uhelnaty (CO) — jedovaty plyn
e Smés uhlovodikl (vyjma metanu) (NMHC)
e Oxidy dusiku (NOx)
- latky podilejici se na tvorbé prizemniho ozonu a smogu
e Metan (CH,)
e Oxid uhlicity (CO,)
- Sklenikove plyny
e Tékave organicke slouceniny (VOC) odparené z paliva
Toxicke latky, zejména formaldehyd, acetaldehyd, benzen,
acrolein, 1,3-butadien, a smeés plynnych, kapalnych a pevnych
organickych latek vznikajicich spalovanim nafty ve vznétovych
motorech
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Emise ze spalovacich motorti - castice

o Cerné saze — povétsinou ,Cisty" uhlik, ¢astice maji
velikost 0.1 az 1 mikrometr, maji slozity fraktalni tvar
pripominajici snehove vlocky, na téchto cCasticich se
nachytavaji aerosoly, plyny, pyl, mikroorganismy,
atd.

e Aerosoly — smes organickych latek z nespaleného
nebo castecné spaleného paliva a oleje, kyseliny
sirove a dusicné a jejich sloucenin, castice maji
velikost radove od 0.005 do 0.1 mikrometru, nejsou
proto témer viditelné

o Castice se zachycuji a usazuiji v plicich, vyvolavaji
onemocnéni dychacich cest, napadaji i srdce a mozek
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Zakladni typy vyfukovych aerosolii

- elementarni uhlik
(saze)

- anorganické
slouceniny a kovy
- volatilni latky

A.Mayer, TTM
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Castice ve vyfukovych plynech
naftoveho motoru

Liati A., Dimopoulos P.E., Combustion and Flame 157 (2010) 1658-1670.
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Castice ve vyfukovych plynech naftového motoru

1.00E+08 ."-.-3
g
0.1 um 3
B.00E+07 -
lE 32 nm
S so0Eor I 64 nm
= > " e
: ' |
= 400Es07 | |
3 b
= : |I:|.1 um. L
2.00E+07 - A
16 nm il
0.00E +00 L 128 nm
1 10 100 1000

Electrical Mobility Equivalent Diameter [nm]  A.Mayer, TTM, Svycarsko
Prednaska na MZP 2009
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Typickeé velikostni spektrum castic
- vznetové motory

Normalized Concentration, dC/C,,,/dlogDp

Fine Particles
1 Dp <2.5 um
1 Nanoparticles
Dp < 50 nm
- .‘_..._.,
Ultrafine Particles PM10

1 Dp < 100 nm Dp <10 pm
1 . k Coarse
1 / Accumulation Mode

. ' Mode b .

0.001 0.010 0.100 1.000 10.000
Diameter (um)

Number Weighting

------ Mass Weighting
Kittelson, J. Aerosol/ Sci. Vol. 29, No. 5/6, pp. 575-588, 1998
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Zachycovaci ucinnost dychaciho systemu

Fractional Deposition of
Inhaled Particles 5
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A. Mayer, 12th ETH Conference on Combustion Generated Nanoparticles, Zurich, 2008
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Zachycovaci acinnost dychaciho systéemu

Muir, R. et al., High-level symposium on nanotechnology safety, Praha, 30.11.2011
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Zachycovaci ucinnost dychaciho systému

0.4 - . Lung deposition fraction:
NM AM ET — extrathoracic
=T - A i TB — tracheobronchial
I 7 o : PU — pulmonary
r \ ;
e \ ; .
0.3 4 Wik e Particle mass median diameter:

NM — nucleation mode
-E | AM — accumulation mode
3]
5
L 0.2
o
2
S 0.1
0.0 4+————

1 10 100 1000
Mobility Diameter (nm)

B. Alfoldy et al., Aerosol Science 40 (2009) 652—663.
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Pronikani velmi jemnych castic
(desitky nm) bunécnou membranou

1000 nm 78 nm |
Polystyrene Particles Polystyrene Particles

Barbara Rothen-Rutishauer, as quoted by A. Mayer, 12th ETH Conference on Combustion Generated Nanoparticles

A (MEDET®X)
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Typické velikostni spektrum castic 1N
Zazehoveé vs. Vznétové motory (USA) @

Engine Exhaust Particles
Diameter of Average Volume
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—— DI Diesel, 1988
0.14 7 e R IDI Diesel, 1984
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0.12 - L o
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= o0 —e— DI Diesel, 1991, HEI
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Fuel-Air Equivalence Ratio

Kittelson, J. Aerosol/ Sci. Vol. 29, No. 5/6, pp. 575-588, 1998
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Koncentrace castic ve vyfukovych plynech:

Zazehové vs. Vznétové motory (USA)

Engine Exhaust Particles
Volume Concentrations

1000000
. -
- - ’
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e g
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e
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Q i
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e
O \E: - Spark Ignition, 1970
104 | Spark Ignition, 1993
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v v

Koncentrace emitovanych castic dsou nejvyssi
v primeé blizkosti dopravnich tepen

Easting - NYS Coordinate Plane (Long Island, NAD27, meters) o
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Prostorové rozlozeni imisi PM,,
(ATEM / Praha — Zivotni prostredi 2009)

suspendované castice frakce PMyg
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Prostorové rozlozeni zdroji emisi PM
(Cesky hydrometerologicky tUstav)

specific emissions [t.kmZ.year ]
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0.5-1
L7 1-2
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&

Particulate emission density from 5x5 km squares, 2008
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Pomerneé riziko infarktu myokardu v zavislosti na
vzdalenosti od komunikace s vysokou intenzitou dopravy

3399 pacientdl, vék 45-75, Essen, Germany
(A. Mayer, TTM, Switzerland)
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Hoffmann 2006
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Catforrle Fevirrrme nial Baotection Agracre

~— AIR RESOURCES BOARD

LUNG
ASSOCIATION:

of California

T AMERICAN

Recent Research Findings:
Health Effects of Particulate Matter and Ozone Air Pollution, January 2004

Air Pollution Causes Premature Death
Attaining the California PM standards would annually prevent about 6,500

premature deaths, or 3% of all deaths. These premature deaths shorten lives by
an average of 14 years. This is roughly equivalent to the same number of deaths
(4,200 - 7,400) linked to second-hand smoke in the year 2000. In comparison,
motor vehicle crashes caused 3,200 deaths and homicides were responsible for
2,000 deaths (CARB 2002a, and CDHS 2000).

Mikroskopickeé pevné castice vznikajici spalovanim
jsou jedna z nejcasteéjsich pricin predcasného umrti.
V Kalifornii zabijeji vice lidi, nez dopravni nehody, a
priblizné stejne jako druhotny cigaretovy kour.
A (MEDET®X)
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- - D
Peace Bridge border crossing town

N1

e 1.14 million heavy trucks annually [1]

e 7.66 million private vehicles annually
 Frequent delays, during which trucks idle [2]
e On Buffalo side, trucks often use residential
streets as staging areas

Buffalo, NY, USA |

Low-income
residential area
adjanced to U.S.

toll/customs
plaza

Fort Ere Onta

-

io, Cnada |

P
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Health issues near Peace

Bridge border crossing:
Very high levels of asthma and
respiratory ailments [4-7]

* 36% of households with at least
one person suffering from chronic
respiratory ailment

* 51% of households reporting at
least one asthmatic

e Health care utilization rates for
asthma more than double in the

immediate vicinity than in Bridge
surrounding neighborhoods
Toll & | W ryfeesisige Comiex
customs AP
A
Spatial distribution of ACCESS |  oma souras 21 o o ook
asthma cases in Buffalo routes “g;;.%m%:%

(marked by black dots)

L]
-y ¥
L .
Asthama o) :
Erou ot (Zp Code Leve)

Jamson S. Lwebuga-Mukasa, Journal of Asthma, Vol. 42, No. 5, 2005, pp.337-348.

TECHNICKA UNIVERZITA V LIBERCI vojtisek: Nano&astice emitované spalovacimi motory. GenTox, Brno 10.5.2012.
I Za prispéni evropského financniho nastroje LIFE — projekt MEDETOX (LIFE10 ENV/CZ/651)

Fakulta strojni

27 A (MEDET®X)




Jizda po dalnici
Osobni automobil, benzinovy motor, 138 kW
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Podil ,Spicek” na celkovych emisich:
CO, moderni vznétovy motor

Concentrations of CO in the exhaust of a 2007 Renau It Traffic van with a common-rail turbodiesel engin e
0.010 during five consecutive replications of ECE urban d riving cycle on an airport service road 5,000
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Méreni autora, Liberec a okoli, 2008
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Emise se zvysuji s najetymi km
- a to ne stejné, i pro jinak ,stejna™ vozidla!
Priklad: Emise NMHC, autobusy pohanéné zemnim plynem

Pittsburgh, Pennsylvanie, USA
Méreni za realného provozu autorem, 1996-1999

HC HC X4 05 ©6 O7 A8 X9 010
2.5 2.5
A

2.0 ‘ 2.0

15 Y 15

1.0 @ 1.0

o m

0.5 : oe 0.5

0.0 ‘C @ ‘ ‘ ‘ 0.0 M’Q%@@ 4 ‘ *

0 5000 10000 15000 20000 25000 30000 0 5000 10000 15000 20000 25000 30000
test mileage test mileage
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Nepomeérné mnozstvi celkovych emisi
ma na svédomi nepomeérné mala cast vozidel

i

.44

Speer & 125, Denver, Jan. 1994

|owesr each bar s the mean for that decila]

4=

Percent of Total CO

110+

0.5 0.0 0.08 0i0E 0.0&
1=t 2mnd Arcd dth Sithy

CO Decile

Q.06

Graph: Prof. Donald Stedman, University of Denver,
University lecture on vehicle emissions, 1995
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Co s tim? ... Osveéta!

(Napr.: Nesusit si rukavice vyfukovymi plyny ze svareciho agregatu)

R Y

g MEDET®X)
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Co s tim? ... Udrzba!

(Malé procento motorti ve spatném stavu = velky podil na celkovych emisich)
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Co s tim? ... Udrzba!

(Malé procento motorti ve spatném stavu = velky podil na celkovych emisich)

T e R e
| J.44
Speer & 125, Denver, Jan. 1994
l jowesr ench bar is the mean for that decila)
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Q40
|._
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0.06 0.0& 0.08 0.05 0.06
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Tgl 2nd ard dth ] Eh
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Graph: Prof. Donald Stedman, University of Denver,
University lecture on vehicle emissions, 1995
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Co s tim? ... Kvalita obsluhy!

Typické provozni rgiv im}/ autobusového motoru
V“V ag I’eSIVI’]i JI,Z dy na emlse éé-StIC (International D'I\'/Ab:‘;g(r;EtztT:b[:)r((i)l\v/;:ellJ 145 kW, 6.0 1)
- kazda bublina zpazor Auje hmgtnostnl emise PM e
za jednu sekundu jizdy R T P
Agresivni jizda ;
© Klidna jizda
“E 0 500 1000 OIéék:;S:]gmru 2000 2500 3000
w r -
= Termin , kvalita obsluhy™
= prevzat z prednasky dr.
2 Horaka, VSB Ostrava, o
0 . emisich z lokalnich
. |topemst’, Ovzdusi 2011
MR A M2 o) © Tato data jsou z
T, T e 0090 autobusu ve staté
‘ ‘ New York
0 1000 2000 3000
ota €ky motoru
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Co s tim? ... Kvalita obsluhy!

LAy W T RO 0

Autobus -Internaﬂ‘ional 3400
145 kW 6,0 | turbodiesel

Ty St

_ Chei“sfta'r St

7

Wooodlawn Aye &

—

Nor'malnl ny \ ' Agresivn
' Jizda

(pri dodrzeni

bezpecnosti

. , ; ‘ y provozu a
Dodge St 50D i)Y j Martin L@her - predpisi)

e RS
Obsah kruhu je
dmérny okamzZitym
Velml klidna jizda emisim pevnych
(bez omezeni dopravy castic,

malou ledou) kruh = 1 s jizdy
2 LS A1 (e LI

-l
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Co s tim? ... Cistsi paliva!

Vyfuk lokomotivy na stlaceny zemni plyn
Napa Valley, Kalifornie, USA
(ukazkovy projekt California Air Resources Board, 2004)

d

e
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Co s tim? ... Filtry castic!
(G&innost 90 az 99.9%)

Vstupni strana Vystupni strana
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Filtr Castic

Vyfukové plyny
= bez pevnych ¢astic

Téleso filtru

Porovité keramické stény
filtru

QHO @C
& HC o O,

Jednostranné zaslepené
kanalky

Nefiltrované vyfukové plyny _
s obsahem pevnych ¢astic I O, /) NO,
Princip filtru pevnych castic
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Filtr Castic

ouT

PM-
free

T

1 i |

H |

Tt At

w-- - X !
.....

; i ; gwc?ge'd channel wall

g
A. Liati, P. Dimopoulos Eggenschwiler / Combustion and Flame 157 (2010) 1658—-1670
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] o, . INFLOW
Filtr castic

s
f [
: ‘.".-'r”

¥ o] U

channel wall

A. Liati, P. Dimopoulos Eggenschwiler / Combustion and Flame 157
(2010) 1658-1670

QUTFLOW
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Filtr Castic

s e BT
L o :- | # _-I'I'I.' P '5'" e T
A. Liati, P. Dimopoulos ¥ - nn | W ||
Eggenschwiler / Combustion and B = a E a

Flame 157 (2010) 1658-1670
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Co s tim? ... Filtry castic!
(Pilotni projekt, World trade center, New York, 2003)

Engine-out |\/|
— Tallpipe

o
o
o
H

PM emissions [mg/s]

0:00 0:02 0:04 0:06 0:08 0:10 0:12 0:14 0:16
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Dnesni technologie
umoznuje velmi nizké
emise castic.

(Typicky vyfuk
stavebniho stroje s
naftovym motorem,

Svycarsko)

S

A

£ :
[
~ 4
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Co s tim? ... Emisni limity ktereé
skutecne snizi emise!

Motor tohoto
vozu byl
homologovan
podle normy

Euro 5.

Pohled do vyfukového

potrubi fomu neodpovida.
(Kdesi v CR. Foto: autor.)
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Méreni emisi za provozu — Skoda Octavia

15
O
10 - o @¢)
.
54 60
5
3

acceleration [km/h/s]

o go
D Qge

]
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g

PM-

@ Real freeway
ECE 2 (dyno)

road speed [km/h]

Vlastni méreni autora
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acceleration [km/h/s]

Kazda bublina reprezentuje
okamzité koncentrace emisi
(Gmérné plose bubliny) v
kazdé sekundeé jizdy. Poloha
bubliny udava okamzitou
rychlost a zrychleni

NO o Cruise

ol

®ECE 1
® ECE 2

40 60 80 100 120 140 160 180
road speed [km/h]
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Co s tim? ... Mérit a limitovat emise tak,
aby to odpovidalo zdravotnimu riziku

Ekvivalentni z hlediska ,,PM2,5"
- ale ekvivalentni zdravotni riziko?

According to the current particulate matter measurement standards (total mass),
the following three are equivalent:

Tisic Castic sazi

(element. uhlik) Milion
nanocastic o organickych
Jedng , prdméru 200 nm nanocastic o
Lo organlg:kav ve vyfuk. plynech ~ primeru 20 nm
castice o prumeru ,
2000 nm (2 um) ' . :
x 1,000 x 1,000,000
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)

... Mozna se problém vyresi sam ... 2??

“Ropny zlom":
Svétova tézba je blizko svého maxima a bude klesat,
poptavka vzrista, vzristat budou i ceny.

50
_ 40 |— Luscoveries Argas must be equal
2 (USGS 1992)
2
@ 30 [
O —_—.ﬂ’\
: R ivanhoe’s
5 20 |— - vanhoe
:_9 Production \\ projection
a ~.
10 p— IMI““'"""'---.'.._,,l‘__ :
0 , | | I | |
1920 1940 1960 1980 2000 2020 2040

Years

World oil supply, showing global oil peak ai about 2010 with steady decline thereafier.

Graf: Objevy novych nalezist’ ropy (leva krivka) klesaji.
A lze vytézit jen to co bylo objeveno.
Ivanhoe, L.F.: World Oil, October 1995, p. 77-87
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, USA www.eia.gov)

e svétovych cen ropy

V4

vyvoj

Aktudlni vs. p Fed rokem

Pohyby ve sv étovych cenach ropy:
(Data: Energy Information Administration, 1997-2007
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Soumrak
Automobilismu?
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Méne energeticky
narocna doprava

<l
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Méne energeticky
narocna doprava

Court Streel
O Tice Supplics

i up ) } m % J ‘ ]

Borough Hall Statior ! |
4B 23M = e :
via platform

Enter with or buy MetroCard . S e = by 48 I
M-F 6:10am-9:05pm or see e
at Municipal Building entran
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Zmeény v uzemnim
planovani
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Mésta pro peési a ekologicka doprava

: 4 , 3 ;
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Projekt MEDETOX:
EU LIFE+ program, projekt LIFE10 ENV/CZ/651

Ustav experimentalni mediciny AV CR, Technicka
univerzita v Liberci,
Mlnlsterstvo zivotniho prostfedi CR

Inovativnl metody__pro sledovani toxicity vyfukovych
emisi ze spalovacich motort v podminkach
méstského provozu

. Mestsky provoz
- neJV|ce technlcky narocny z hlediska emisi
P nejvys$si mira expozice (blizkost, pqcet lidi)

TECHNICKA UNIVERZITAV LIBERCI vojtigek: Nano&astice emitované spalovacimi motory. GenTox, Brno 10.5.2012. S .
Za pFispéni evropského finan¢niho nastroje LIFE — projekt MEDETOX (L;ZFElO ENV/CZ/651) 57 .‘l/iff. MED E—[ X




Predstaveni... Co delame... Méreni emisi za realného provozu

it =
(A taky traktorem, kamionenﬂokomotivou, bagrem, autobusem, sekackou,
nakladacem, malym letadlem, na motorce, trajektem, ...)
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Foto pro zamysleni: Utlum automobilové
dopravy a podpora pési a cyklistické
dopravy, Manhattan, New York
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Prispévek byl vytvoren castecné v ramci projektu LIFE10 ENV/CZ/651: MEDETOX ("Innovative Methods of
Monitoring of Diesel Engine Exhaust Toxicity in Real Urban Traffic"), financovaného Evropskou komisi v programu
LIFE+ a Ministerstvem zivotniho prostiedi Ceské Republiky, a ¢asteéné z osobni iniciativy a pFispéni autora.
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