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Progresivni priimyslovy podnik 21. stoleti vSechna predvidatelna
rizika studuje, hodnoti, a aktivné podnika kroky k jejich
minimalizaci (pfedchazeni ztratam a nahradé skod, udrzovani
dobrych vztahti s verejnosti, dobry soused a dobry spravce).
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Nardst intenzity dopravy zplisobuje, Ze téméF polovina emisi pevnych
Castic pochazi z mobilnich zdroj
v Praze doprava vyprodukuje 10,8 Gg (mil. tun) castic rocné

— to je 14-15x vice 0,7-0,8 Gg/rok ze stacionarnich zdrojt
(dle Praha — Zivotni prostiedi 2009)

—e— silniéni nakladni doprava, desitky miliond tunokilometra

—=—prodej motorové nafty, miliony tun
—=—registrované automobily, miliony

—&— registrované nakladni vozy, statisice

~=O~=-podil dopravy na celkowych emisich PM10, desitky procent

o
otivou, bagrem, autobusem, sekackou, Jan-98  Jan-99 Jan-00 Jan-01 Jan-02 Jan-03 Jan-04 Jan-05 Jan -06 Jan-07 Jan-08

B
akladacem, malym Ietadlem, na motorce, trajektem, ... ) Zdroj data v grafu: RoZenka ivotniho prostFedi, MZP CR, 2007; Centrdlni registr motorovych vozidel: Ministerstvo dopravy
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Typické velikostni spektrum ¢astic
- vznétové motory
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Fakula strofnl

Technickd univerzia v Liborci
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Dp < 50 nm
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v’ﬁﬁ:ﬁ"“‘"" Zachycovaci ucinnost dychaciho systému

Muir, R. et al., High-level symposium on nanotechnology safety, Praha, 30.11.2011
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Deposition Fraction

0.4+ . Lung deposition fraction:
5 NM AM ET - extrathoracic
) i TB - tracheobronchial
i PU — pulmonary
N H
0.3 Particle mass median diameter:
NM — nucleation mode
AM - accumulation mode
0.2 4
0.1
o
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Mobility Diameter (nm)

B. Alfoldy et al., Aerosol Science 40 (2009) 652—663.

Pronikani velmi jemnych &astic l’f“
(desitky nm) bunéénou membranou':. .*
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Fakuta sl
Techmioks unverzia v Lierc

B 1000 nm - 78 nm _
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Barbara Rothen-Rutishauer, as quoted by A. Mayer, 12th ETH C on C

Nanoparticles
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Typické velikostni spektrum ¢astic
Zazehové vs. Vznétové motory (USA)

Diameter, D,, (um)

Engine Exhaust Particles
Diameter of Average Volume
0.16
—— DI Diesel, 1988
014 --1DI Diesel, 1984
- 1995 DI Diesel, 1600 rpm
012 Spark Ignition, 1993
| == +1995 DI Diesel, 2600 rpm
o —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




o W Katedra Koncentrace &astic ve vyfukovych plynech:
T otort Zazehové vs. Vznétové motory (USA)
Totoesa e  Lbord d ry
Engine Exhaust Particles
Volume Concentrations
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Kittelson, J. Aerosol Sci. Vol. 29, No. 5/6, pp. 575-588, 1998
Vojtisek: Nanocastice emitované. lovacimi. a jejich rizika — CZ TPIS, Praha 2.11.2011

ER)

-@'}.‘:z‘.’.‘, mn  Koncentrace emitovanych &dstic gsou nejyyzsi,
ST

v pFimé blizkosti dopravnich tepen +7”,
*
Easting - NYS Coordinate Plane (Long Island, NAD27, meters) i
|||||\|x||y|l||||1|t||||s||||1|||||||||(|]|||||llllalslxv‘ll‘||||1|1||||\|| ‘§|
—1—50.00
_8
3
2771 3750
=
§g 2500
2
i
k) —1-2000
=
38
2 = 11500
2
&
£
2 11000
o Inkrementdlni PM; 5 Ll soo
5 koncentrace z tézkych
» . e
£ vozidel se vznétovymi 3
R voridel se vandtowymi - o B
s motory (pr!.uzzh ve
sméru modrych Sipek)
: @l e[ [*
__ @ i s |8
[ Modelovdni: Konheim & Ketcham, Brooklyn, New York ol lig
Vojtisek: Nanocdstice emitované. lovacimi mot a jejich rizika — CZ TPIS, Praha 2.11.2011

Vorider a motord Prostorové rozloZeni imisi PM,,
Tochnescvorta o (ATEM / Praha - Zivotni prostiedi 2009)

suspendované castice frakce PMq

IH, PM,
[ug.m=]
<20
I 2025
25-30
30-40
40-60
60-80
>80
___ silniéni
isaky

EECOE

* X ox
Prostorové rozloZeni zdrojé emisi PM . l,t‘fg’, P
(Cesky hydrometerologicky stav) BedtR

specific emissions [t.km'z.year"]
<05

£ 05-1
1-2
2-5
5-10

OV e - O e ‘e
Ekvivalentni z hlediska ,PM2,5" AMERICAN
. ‘ - LUNG
- ale ekvivalentni zdravotni riziko? ASSOCIATION.
of California

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

Tisic Castic sazi
(element. uhlik) Milion
nanocastic o organickych
prlméru 200 nm nanocastic o
ve vyfuk. plynech  priiméru 20 nm

x 1,000 x 1,000,000

Jedna
anorganicka
Castice o prliméru
2000 nm (2 um)

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).

Mikroskopické pevné castice vznikajici spalovanim
jsou jedna z nejcastéjsich pFicin pfedc¢asného amrti.
V Kalifornii zabijeji vice lidi, nez dopravni nehody, a

priblizné stejné jako druhotny cigaretovy kouf.




fein

“Fine particulate matter (PM2,5) is responsible for significant
negative impacts on human health. Further, there is as yet no
identifiable threshold below which PM2,5 would not pose a
risk. As such, this pollutant should not be regulated in the
same way as other air pollutants. The approach should aim at
a general reduction of concentrations in the urban
background to ensure that large sections of the population
benefit from improved air quality. However, to ensure a

Fakuta sropi vyskyt néni (a to nejen dychacich cest)

'“'?53&‘.’.‘. motors Z&FOVeRi s nardistajicimi emisemi z dopravy nariista ' /%
.
far

ini i 1 4.—7—’4'.:_:—0— rodej motorové natty, miliony tun
minimum degree of health protection everywhere, that Prode] T el mhr Lo
approach should be combined with a limit value, which is to 05— ——— ¥ Polinosis,saisfce Lo
. . —— Stél4 alergicka ryma, statisice
be preceded in a first stage by a target value.” . O~ podil doprawy na cekaujch enisich PO %4 |
(Smérnice 2008/50/EC, Gvodni Cast) Jan-02 Jan-03 Jan-04 Jan-05 Jan-06

Zdroj: Roenka Zivotniho prostedi, MZP CR, 2007.
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» Obr. D3.1.3 Dopravni vikon automobilové dopravy za pramérny pracovni den

\
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OV s Co s tim? ... Udrzba!
(Malé procento motorii ve Spatném stavu = velky podil na celkovych emisich)
| 3.44
Speer & 125, Denver, Jan. 1994
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Graph: Prof. Donald Stedman, University of Denver,
University lecture on vehicle emissions, 1995
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OV Co s tim? ... Filtry &astic! ik

Techicks univeria v Lo PTlOtNT projekt, World trade center, New York, 2003)", | «
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‘P"m.ﬁ Co s tim? ... Filtry castic! e
Tecmers umecia v oo Pilotni projekt, World trade center, New York, 2003)", , +*
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Co s tim? ... M&Fit a limitovat emise tak, *l/zf” e
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)
nanocastic o
anorganické préiméru 200 nm
Castice o prlméru ve yfuk. plynech

2000 nm (2um) |/

x 1,000

Milion
organickych
nanocastic o

priiméru 20 nm

Jedna

x 1,000,000
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Co s tim? ... Emisni limity které
skutecné snizi emise!
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Technicka univerzia v Liveri

Motor tohoto
vozu byl
homologovan
podle normy

Euro 5.

Pohled do vyfukového

potrubi fomu neodpovidd.
(Kdesi v CR. Foto: autor.)
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Dovolime-li 160 km/h na dalnici,
jaké budou emise?

ayx

15 pm| [ Real freeway
° OECE 2 (dyno),

KaZdé bublina reprezentuje
okamZité koncentrace emisi
(imérné ploe bubliny) v kazdé
sekundé jizdy. Poloha bubliny

acceleration [km/his]

uddvd okamzZitou rychlost a
zrychleni
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.V\MP';;;;;:-_ otord Co s tim? ... Zamyslet se nad tim, jak 'l/f”‘*
dopravovat naklad pfes mésto! LR

Nakladni automobil Iveco Eurocargo (7 t) Teplice - Ri¢any

*?( 26.22 km celkem - pramé&ra rychlost 7.04 km/h %

15:41:00 15:51:00 16:01:00 16:11:00 16:21:00 16:31:00 16:41:00 16:51:00|

g Katodra Co s tim? ... Zamyslet se nad tim, jak ;*;'; wigs Eecact of prolon idling on PM emissi n.”i
‘:m dopravovat naklad pres mésto! lﬁ' $§::: ect of prolonged idling o emissions

Nakladni automobil DAF (40 t) na prazském okruhu
© Priimérna rychlost (30 s prlimér) a emise NOx a PM na kg paliva (120 s primér)
« Pii jizdé ,cestovni rychlosti® se emise vyrazné nelisi od limitl Euro 5 i pfi stafi motoru 109%
deklarované minimalni Zivotnosti (500 000 km).
o P¥i snizeni priimérné rychlosti NOx i PM na kg paliva i spotfeba paliva vyrazné nar(staji!
(napf. pfi 0.2 g PM/kg paliva, 50 kg/100 km: 0.1 g PM/km, 0.0025 g PM/t-km)

FS-Nax Euro 5 equivalents at 250 g/kWh: 2.0 g/kWh ~ 8 g NOx/kg fuel / 0.02 g/kWh ~ 0.08 g PM/kg fuel

——FsPM
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—— 30 per. Mov. Avg. (kmih)
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ific NOx and PM
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road speed [km/h]

1999 Freightliner truck, CAT 3406 engine, ~150,000 miles 8-hour extended idling test Idle Aire
Technologies, Knoxville, TN, December 17, 2001

Truck stop layover simulation: 8 hours idling at high idle with AIC

7| Stack-out particulate matter
8 g tideigd emissions, measured at the tailpipe, |

7 steadily increase and are

6 significantly higher than engine-out

5 emissions

4

3 ; 5 RS

2 Iy Engine-out particulate matter emissions, measured at the turbocharger outlef
1 iHi remain constant at approx. 1.25 grams per hour at curb idle, and triple at higl

0 : " = " ; coves - - o

Y
time13:30 14:30 15:30 16:30 17:30 18:30 19:30 20:30 21:30 22:30 23:30 0:30

= ° Both engine-outand T T T
7 | tilpipe particulate matter |":] tailpipe emissions start [~
6 Y emissions remain the same |-} to inerease, until they |-
5 | ot1- 15 grams perhourst | '} tevel st approximately |
curb idle immediately after | 3| double the engine-out
4 the 30-mile run - emissions i
3 ; -
2 i S Increasing the idling speed from curb 1
1 ettt = idle (800 rpm) to fast idle (1000 rpm) |
: ! i | approximately triples PH emissions
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. S Katea Co s tim? ... Zam im, jak : 00 o
- .- . o [ Katedra ? ... yslet se nad tim, jak ! ;%
Effect of pr°|°nged Idllng on emissions durlng $§3§:‘;Zf§'ﬂmmmm dopravovat naklad pres mésto! '{[3{&-' = ]

subsequent driving

¢ Class 8 truck idled for 8 hours at high
idle, then driven for ~32 miles on an
interstate highway

« PM emissions were sampled at the
turbocharger outlet (engine-out) and
at each stack (tailpipe) using three
portable, on-board systems

250 30-mile trip following an 8-hour high idle period
During first half of the trip, tailpipe (stack-out) emissions are

200l i (~ 5%) higher than engine-out emissions. This difference
- gradually decreases and is minimal at the end of the run.
3 -
B L o R
]
£
s
B 100 oo fonteneen
=
o

L s SETRR
0
time 010 0:15 0:20 0:25 0:30 0:36 0:40 0:45 0:50

1999 Freightliner truck, CAT 3406 engine, ~150,000 miles 8-hour extended idling test Idle Aire Technologies,
Knoxville, TN, December 17, 2001
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o Lokomotiva fady 749, CKD Praha, r.v. 1968

e Motor: K 65310 DR, CKD Praha, r.v. 1968, fadovy prepliiovany Sestivalec, zdvihovy objem 163,2
litru, vykon 1500 k pfi 775 ot/min

« 5 vagoni, hmotnost soupravy 290-300 tun (pocet a hmotnost cestujicich nebyly pfesné zndmy)

*  Méfeni provedena pfi bézném provozu rychliku na trati Praha - Tanvald




.{Pgm-_ motord Rozumné vyuZivany stary motor

Temasaveaviees 1€@PST N@Z neefektivné vyuzivany novy? *)
Emise PM (priimér Praha-Turnov): 1.05 g/km, 0.66 g/kg paliva (spotfeba paliva 185 1/100 km),
~ 0.0035 g/t-km (300 tun), ~ 0.0026 g na “sedadlo-kilometr” (Euro 6: 0.0045 g/km automobil)

Co s tim? ... Vérnéjsi
emisni modely!
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Emisni modely se pouZivaji pro odhady soucasnych nebo budoucich emisi z
dopravy pFi planovani staveb apod.
Jsou zalozené zpravidla na mérenich v laboratofi pfi ustalenych rychlostech,
coz nevyjadfuje (a podhodnocuje) celkové emise...
120 - —— Rychlost [km/h]
Emise za provozu — —— Emise PM [mg/s.
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Emise za provozu —
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jd = ! 2 , ) . ctd "
R ’E vétsina motor 1 v tunelovych is hot ! o8 Jizda po mésté - 0,7 az 2
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Tochnicid unerzia v Lbarci

Méreni

emisi z realnych vozidel, v realném provozu,

=y

se zahrnutim vsech ,, anomalii*,
je zakladem pro Gcinna opatfeni pro jejich

snizovani.

MéFit zakladni sledované latky nestaci.
Nejlepsi je pFimo méFit vliv na zdravi...

Projekt Medetox: Sledovani toxicity
vyfukovych plyné v podminkach méstského

provozu

Vojtisek: Nanocistice emitované spalovacimi motc
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“?'v‘::ﬁ‘.'.'. e Konstrukce pfenosné palubni aparatury . /fg
Tochs cowersa v Liard (Technicka univerzita v Liberci, 2009) Wb




* ¥ ** o
o I Kot motort Konstrukce pfenosné palubni aparatury . Z/gg: »@'f:{;‘.’.’. motord Konstrukce pirenosné palubni aparatury ' l’f"’"
Fakuta s sz vz Fakata s .y . s

I - analyticka cast et Tochckdwersa v Lierd - vypocet emisi Lt
H l H ECU
= e  iagnostck
g Filtrovany fedici [ | Diagnostické
PoX vzduch [ ' rozhrani
Lo 10-12 Ipm Nefelometr i 8 o ;

odbir (dop Fedny rozptyl : ; Tok nasavaného vzduchu GPS — poloha

— G (EE L) s MéFené koncentrace Tlak, teplota vzduchu vyEka, rychlos’t,
=] - HC, CO, CO2, NO, Teplota motoru & v siand
| ] Pred nebo za Ochlazeni o ‘ " eastice Otacky motoru Gasovy signal
LB katalytickym a ohfati T Rychlost vozidla
Lo Odstranéni yzorky ] i : Y
B neni nutny kondenzatu |EEEES L L
L N laminarni tok ag:;':" i e kg?:;‘e'le::;:';:xy 0 Ngopr X Mg X Py X @ X 2dvih. objem
ani izokineticky | ! oy N o v zd =
odbir vzorku L (zjistén experimentalné) RxT,,
Synchronizace dat
Harmonizace intervalu- 1s
© Vipocet taku vifukovich piynd
(tok a é sloZeni paliva, emisi)
Odtok vzorku 2. Hmotnostni tok emisi = const. x koncentrace x tok vyf. plyné
1 Motor 3. Spotieba paliva = emise uhliku (PM, HC, CO, CO2) / podil uhliku v palivu
Integrace: Emise na test, km, kg paliva
Zaznam véech datpo1ls
2k: Nanocastice emitované. lovacimi motory a jejich rizika — CZ TPIS, Praha 2.11.2011 k: Nanocastice emitované. lovacimi motory a, rizika — CZ TPIS, Praha 2.11.2011

v I Vosidor = motord Ovéreni (validace) méFeni Eastic s ,f,;
Tocetd unvezta v Liarc (Technicka univerzita v Liberci, 2008-2011) *, .*
MéfFici ionizaéni komora Semikondenzacni integrujici

- kalibrovana pro méreni celkové ’nefelomgsr . i

délky &astic - kalibrovan pro méreni celkové
[Vojtisek, Journal of the Air & Waste Management hmotnosti (':éstic

Association, 61, 2011, 126-134] [Vojtisek, Society of Automotive Engineers Technical Paper

porovnani provedeno se Series, 2001-01-3641 (2001) a 2009-24-0148 (2009)]
spektrometrem/klasifikatorem p ani p s méfeni

(Engine Exhaust Particulate Sizer, TSI, St. Paul, MN, USA) gravimetrickou depozi

na filtr

10 7 100 ———— _
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~ 0.01 g/kWh
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10— — Er=es &
SIELE e
= FIF1HIE &
— i phe
0.1 e —_— e —— —

x Diesel fuel without
DPF (R2 = 0.974)
+ Diesel fuel with DPF

(R2 = 0.945)

Bl

01 L L 1

ionization chamber [rel. units]
PM emissions by portable system [g/h]

0.01 0.1 1 10 0.1 1 10 100
total PM length by EEPS [m/cm3] PM emissions by standard graimetric method [g/h]
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Kated: < L. . ated
o 0 Vezider'a motora Skoda Fabia, zézehovy motor 1,4 MPI ?F’;’:&;‘:&.‘;"“‘““"‘

Techvickd univezta v Livre Technickd unverzia v berci
Jizda po letisti — 10000 PM [ug's]

ustalené rychlosti

Riding lawnmower
a akcelerace

——PM [mg/m3)]|
—kmih GPS

3]

aond maFon wolj— 4 - - ———— C TCP 102, Castelgarden,
(pokusna méfeni) Italy, mfg. in 2001,
,,,,, 4-cycle gasoline

road speed [km /h]

Mowing family house lawn

PM mass emissions [ug/s]
38

PM in raw exhaust [m

PM length is relative units per kg of fuel
All other data is in grams per kg of fuel

0
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§ LR - Eo vysokych zrychlenich 2 - 3
3 f PP 2 3
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MéFeni emisi z malych motort

Chainsaws
Stihl 029 (top)
Stihl MS361 (bottom)
2-cycle gasoline

Cutting firewood (logs)
On-board system mounted
on accompanying tractor

Chain saw 2-cycle
10000

iding

E

fuel-specific emissions
[9/ kg fuel] or [ / kg fuel]

Chainsaws
Stihl 029 (top)
Stihl MS361 (bottom)
2-cycle gasoli
Cutting firewood (logs)
On-board system mounted
on accompanying tractor

ground speed [km /h]

Chain saw 2-cyde
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1000

23
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2g
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&2 z
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A
) g
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H
H
0.1 =
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o I Voritera motord o Katodra Particle size distribution measurements :’l’l'{"::
Todeicdunozt  Lbor - E E Particulate Sizer) Bedt
Weed-whacker Sampling from the improvised
Oleo-Mac 746T dilution tunnel

2-cycle gasoline

Cutting /clearing
an overgrown ditch
On-board system
mounted on
accompanying
tractor

Weed-whacker 2-cycle
10000

B 8

5

[9/ kg fuel] or [/ kg fuel]

fuel-specific emissions

0.1

11:56: 1581 :00: :02: 12:04:00 12:06:00

ground speed [km/h]
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(dilution ratio 15:1-100:1)

Good repeatability for total
particle number and volume
Additional dilution necessary

Additional dilution system (max. 10:1)

HEPA Mass flow
filter controller EEPS

0-10 Ipm 10 Ipm
Sample flow
from l
tunnel

Particle size distribution measurements
(Engine Exhaust Particulate Sizer)

Katedra
"o M vozidel a motori
Fakuta sl
Techmioks unverzia v Lierc

Particle size distribution —ide
Cummins ISBe4 diesel engine |~ 25% load
1.0E+05 ——r=erew - 20% lad
= full load
[E——— )
1.0E+04 &

particle count [#/cm3]

1.0E+01

1000

10 100
equivalent mobiity diameter [nm]
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Particle size distribution measurements
Engine Ext Particulate Sizer)
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\ Fakutta strojni
Technickd univerzia v Liborci

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

Ustav experimentalni mediciny AV CR, Technicka
univerzita v Liberci, .
Ministerstvo Zivotniho prostiedi CR

Inovativni metody pro sledovani toxicity vyfukovych
emisi ze spalovacich motor{i v podminkach
méstského provozu

Méstsky provoz:
-- nejvice technicky narocny z hlediska emisi
-- nejvyssi mira expozice (blizkost, pocet lidi)
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o [ Katedra Vzorkovani castic ve vyfukovych plynech
d kot svo vysokoobjemovymi vzorkovaci

Tochnicki univerzta v Liberc

Laboratory main exhaust duct
used as an improvised full-flow
dilution tunnel

Sampling
ports for
high-volume
samplers for
toxicological
assays

Sampling ports for
particulate sizing (EEPS)
and for gravimetric

measurement

VojtiSek: Nanocistice emitované spalovacimi motory a,

rizika — CZ TPIS, Praha 2.11.2011

oo [ Voshier o motord High-volume sampling of PM
e e for toxicological assays

High-volume samplers

(Digitel, normally used
for ambient air quality
measurements, here
adapted for use with
diluted diesel exhaust)
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o g Katedra High-volume sampling of PM :.l/[t){;:
d Fadasel for toxicological assays LU
O
High-vol Digitel plers vs. conventional
gravimetric
Conventional High-vol sampler
Sampling rates [l/min] 30-50 500-1000
Filter diameter [mm] 47 150
Mass of PM deposited [ug] 50 - 500 3000 — 20 000
Filter diameter [mm] 47 150
q ! Filter active area [cm?] 11-13 ~ 150
Sampled volume [m3] ~0.1-0.5 10 - 100

assays and
chemical characterization, large quantities
of PM are needed — about two orders of
magnitude more than for gravimetric
measurement... usually, full-flow dilution
tunnel / CVS system is used.
Results of these studies have been presented:
k et al., Ovzdusi 2011
kova et al., Ovzdusi 2011
Topinka et al., ETH Conference on Combustion
Generated Nanoparticles, 2011

Vojtisek: Nanocéstice emitované spalovacimi motory a jejich rizika — CZ TPIS, Praha 2.11.2011

** * X ox
vm W Katedra z * . * o WG Katedra * g x
vozidel a motori Sh rnuti e+ vozidel a motori « fife +
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Velmi jemné &astice emitované spalovacimi motory jsou jednim z nejvétsich a
nejvice rizikovych zdroji znecisténi ovzdusi véude, kde se spalovaci motory hojné
pouzivaji.

Nanocastice (do 50-100 nm) se usazuji v plicich, pronikaji buné¢nou membranou, a
piisobi na ,cely™ organismus; tyto vlivy jsou dlouhodobé a kumulativni; neni znama
existence ,bezpeéné" koncentrace.

Progresivni priimyslovy podnik 21. stoleti vSechna rizika studuje, hodnoti, a aktivné
odnika kroky k jejich minimalizaci (pfedchazeni ztratam a nahradé skod,
udrZovani dobrych vztahi s vefejnosti, dobry soused a dobry spravce).

Emise Ize sniZovat vi volbou technologie motorii a paliva (filtry €astic, plynna
paliva), ktera musi byt vhodné vyuzivana (kvalita udrzby, kvalita obsluhy, provozni
podminky), pfipadné nahradou motori jinymi pohony (elektrické manipulaéni
voziky v uzavienych prostorech).

Realizace opatfeni pro sniZovani emisi &astic vyZzaduji znalost mnoha oborti
(spalovaci motory, paliva a spalovani, fyzika a chemie aerosolii, dopravni
inZenyrstvi, ekonomika, Zivotni prostiedi a zdravi), rozhodnuti musi byt podepiena
smysluplnymi méFenimi a modely; jinak hrozi neicelné vynaloZeni nakladi, a
rozsahlé skody na lidském zdravi.
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S rachotivym pozdravem, Vasi spolehlivi sluzebnici,
nejvétsi zdroj ,,vyrobenych™ nanocastic

Ja uz jich moc
nedélam...
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Podékovani

| Foto pro zamysleni: Utlum automobilové
dopravy a podpora pési a cyklistické
dopravy, Manhattan, New York
g
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