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Emisie z automobilove| dopravy

EMISIE Z ODPAROVANIA
STRATY PRI STRATY MOTORA 70 % (HC, POZ)
DOPLNANI PALIVA . Tepelné (60 %) s ODIERANIE
(HC, POZ) . Spalovanie PNEUMATIK, BRZD A

. PreCerpavanie SPOJKY

r . Trenie e
VYFUKOVE EMISIE PASIVNE STRATY 5% ;
(CO,, CO, HC, NO,, PM)~ . Vodna pumpa atd.

' STRATY HNACIEHO
SPATNE USADZANIE s MECHANIZMU OPOTREBOVANI
CESTNEHO PRA J ESTNE
e C(_Irl(g ? = POHON KOLIES ::VRCHEJ'O

T

™ Hnaci mechanizmus motorového vozidla je skupina stcasti, ktoré vytvaraju silu na pohon kolies. Patri medzi ne prevodovka, osi a kolesa.
HC - uhlovodik; POZ - prchavé organické zIG&eniny; TC - tuhé Eastice; CO - oxid uholnaty; €O, - oxid uhli¢ity; NO, - oxidy dusika;




Resuspenzia cestného prachu

DEPOZICIA

(1) ROZKLAD POVRCHU VOZOVKY

(@ DEPOZICIA PRIAMYCH EMISIi Z VOZIDIEL
(3) USADZANIE PRACHU

@ sMET

() BAHNO A $PINA

(® EROZIA ZO SUSEDNYCH PL&CH

(@ UNIKNUTY MATERIAL
(® BIOLOGICKY MATERIAL

@ POSYPOVY MATERIAL ZIMNEJ UDRZBY

ODSTRANENIE Z POVRCHU VOZOVKY
[T] zviRENIE A VOZIDLAMI
[Z] VETERNAEROZIA
(3] VYTLAK PRIKRAJNICI
(¥] obTok POMOCOU ZRAZOK DO KANALIZACIE
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Zdroje tuhych Castic
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Measuring station and day of measurement
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Distribucia tuhych castic

Komenského Street

Univerzitna Street Kosicka Street

A. Hlinku Square Vyskoskolakov Street

EPM2.5-10 ®mPM1-2.5 mPM1 EPM25-10 mPM1-25 mPM1

EPM2.5-10 mPM1-25 mPM1

Strkova Street SPV2E10 mPML2E = PML =PM25-10 mPM1-25 mPM1

Average value and standard deviation of PM concentrations [ug/m?]

Measuring station Std. Dev. Std. Dev. Std. Dev.
PMasio oy, PM25 pm,e YT e,
Univerzitna Street B 4.6 33! 1.6 08l 217 12.2
A. Hlinka Square [ | 3.2 111 1.1 %] K 3.1
Komenského Street 197 6.8 4.7 14 621 13.9
Kosicka Street I 144 2710 33 0.7 92 2.0
#PM25-10 =PM1-25 =PM1 Strkova Street B 119 400 2.8 09l 31 1.6
Vysokoskolakov Street B 9.1 26| 1.4 0.5 3.7 8.3




Vyuzitie softveru ,R" + ,OpenAir”

PM, =10
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Vyuzitie chemickeho zlozenia tuhych Castic

PM;5.10 PM; 5

Table 2. Average concentration of elements in the particulate matter (PM) fraction (PM, 5 and PM; 5 49)
at different measuring stations, with more than 60% in the PM, 5.

Table 1. Average concentration of elements in the particulate matter (PM) fraction (PM; 5 and PM; 5.49)
at different measuring stations, with more than 60% in the PM> 5 1.

i i Average Concentration + Standard Deviation [ng/m?] of the Element in the PM Fraction MS* M Average Concentration = Standard Deviation [ng/m®] of the Element in the PM Fraction

Mg Al Si Ca Cr Cu Fe Ba K S cd Sb Pb Ni Zn

124 102 6.1 50.1 42x107! 14 87.1 91 %10~} - 2167 5463  294x107°  152x 1070 65.1x107  118x 1070 433
TS +85 +9.1 £100  £357  £20x107' £25 234 159x 107! “ £1352 #3741  £204x1072  £102x107"  2335x1070  £10x107" 2291

g D8E 1311 200 7019  128x10 91 336 0.0 e 616 3124  44x102  85x10'  91x10!  77x10! 91
Fuess £1215  +1319  £1968 +6883 482x 1071 75  £3270 460.5x 107 S £580 #3332 #85x 1072 276x107"  2146x1077  269x107' 105

150 257 168 584 78x107! 22 509 LQ* i 248 16954 232x1072 6.9 x 107! 80.1x1077  186x107 407
ik +78 +130  +184 358  7.6x 107! +13 232 LQ* =t £286  =8431 £99x 1077  30x107'  #413x1070 53x 1070 =102

- 476 647 931 3373 74x107 02 59.0 72x%107! hin 35 9.7 13x 1072 0.4x 107! 34x107! 12x 107! 8.6
RMEvR +134 4283  +403  +1588 +182x10~¢ 205 390  +50x10"! .- +59 +238  #31x1072 xl1x107! +84 x 107! +19x 107! =195

ik 1140 92 1221 11377 104x107} 72 2471 368x 107! o 5642 24428  635x107%2 20x1077  1856x 107" 183x107' 893
+877  +699  +1484 +15876 +69x1071 42  £1714 £274x107! - 1869 £12345 £278x1072 £129x1070  894x 1070  x45x107" 2313

ok . 2039 1678 2345 14790 135x107' 153 5170  1103x107! i s 185 2652 67x1072 87x107"  125x1077  3ax107! 76
+1304  £768  £1672 8641 x6.0x 107! +72  +1368 +392x 107! +284 #2631  £8.1x 1072  £34x 107! x142x1070  £40x 1077 266

s 880 1416 2742 2838  142x 107! 94 3366  652x 107" PV < 1073 4959  188x 1072 266x10!  558x107!  132x1077 292

tep +424 £974 #1905 %1629 £58x 107! +28  +1418 +198 x 107! i +298 #4254  £63x1072 85x 107! £154x 1077 20x 1070 262
e 2990 3920 6073 13904 554 x 107! 360 13246 2527x107! PMys10 1230 2245 34x1072 783x1071  216x107!  113x1077 215
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PMys 704 926 204.0 3159 95 x 107! 28 2322 368x 107! Pl 98.8 4572 14.6 x 1072 116 x 107! 57.7 x 107! 158 x 107! 222

340  £452  £970 42195 68x107!  +14  £1504 £137x 107! ’ +240 #1812  #45x1072 x70x107'  #25x1077  x44x1077 269

ok PMyso 1580 2119 3758 7381  120x 107! 42 4560  39.1x 107! stok _— 1103 1649 29 % 102 61 10-) 227 % 10-) 72x 10 136
4936  +1183 2101 +4064 274x107! +25 #2781 +325x107! +556  +107.0 +22x1072 £39x107' +273x1070  58x1070 2137

PMys 16.0 259 106 57.0 23x107! 16 662 8.1x107! -~ 815 880.1 191x102  40x107! 31.0x 107! 0.9 x 1071 127

+46 £91  £109  #313  £09x107' 205 232  126x107! +267 #4623 +78x 1072 x16x1077  186x1077  x13x1077 252

o PMasio 79.2 1218 92,0 566.5 44 x107! 33 1964  33.7x10°! i PMyio 342 77.1 0.4 x 1072 1.8 x 107! 1L1x107! 09x 107! 20
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* MS—monitoring station, LQ—below detection limit. * MS—monitoring station.




Povod prvkov obsiahnutych v
tuhych casticiach

Zdroj

Vybrané prvky

Cestna doprava

Obrus povrchu vozovky
(kamenivo+asfaltové spojiva)

Al, Si, Ca, Mg, C, Na, K, V, Ni, S

Obrus sucasti automobilov

Cu, Sn, Cr, Pb, Cd, As, Sb, Fe, Al

Obrus sucasti brzd

Cu, Sh, Ba, Cr, Fe, Ni, Pb, Zn

Obrus pneumatik

Zn, Cd, Pb, Cu, Ni, Fe

Spalovanie pohonnych hmét

Mo, V

Katalyzator

Pt, Pa, Rh (Platinum metals)

Spalovanie uhlia a odpadu

Zn, Sh, Cu, Cd, Hg, Se, As, Cr, Co, Al, S

Priemysel

Sb, Ag, V, Ni, As, In, Cu, Mn, Ce, Co, Cr, Pb

Spalovanie biomasy

K

P&dny a mestsky prach

Ti, Al, Fe, Mn, Cr, Cu, Th




Vyuzitie viacrozmernych statistickych metod

Analyza hlavnych komponentov - PCA Faktorova analyza - FA

m m .
1= ijl 015X}, Xj= Zk=1 AjFr +Ej, J,

Kombinaciou tychto dvoch metéd sa dosiahne minimalny pocet latentnych
premennych s maximom pévodnych informacii (PCA) a potom pouzije minimalny
pocCet latentnych premennych (faktory) pre FA a vklada do nich pévodné znaky
(kovy).



Vyuzitie softveru ,Statistica” - PCA

Projekce promennych do faktorové roviny (1x 2
Vlastni cisla korelacni matice
Pouze aktiv. promenné 1.0
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Projekce pripadu do faktorové roviny (1x 2)
Pripady se souctem cos()*2 >= 0.00
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Vyuzitie softvéru ,Statistica”

Factor loads

Kumulati
% celk. v.Vlast. Kumulati

Faktor vl. Cislo Rozptylu  Cislo V. %

1 9.491232 59.32020 9.49123 59.32020
2 3.898265 24.36415 13.38950 83.68435

Factorl

0,97 0,03 0,96

093 Cr Cu [FE Cd Sb Ba

Chemical element (PM10)

Factor 2

Cr Cu Fe Cd Sb Ba Pb
Chemical element (PM10)

Ni




|dentifikacia zdrojov tuhych Castic

Significant chemical elements for the

MS Factor % of the total variance Source of PM1g
factor
F1 71.8 Mg, Al, Si, K, Ca, Ba, Zn Road dust resuspension
uvp F2 12.4 S Combustion — local, central heating
F3 9.2 Cr, Cu, Fe, Cd, Traffic related abrasion
F1 50.8 S, Cd, Sb, Pb Combustion — local, central heating
hiin F2 21.9 Al, Si, K, Ba Traffic, pavement related abrasion
F3 14 Mg, Ca, Zn Road dust resuspnsion
F4 7.9 Cu, Fe, Ni Industry
F1 60.3 Al, Si, Cr, Cu, Fe, Sb, Ba Traffic related abrasion
sk F2 25.1 K, S, Cd, Pb Combustion — local, central heating
F3 9.9 Mg, Ca, Zn Road dust resuspension, exhaust
processes
F1 66 Mg, Al Si, K, Ca, Cr. Cu, Fe, Sb, Ba Road .dust resuspension, traffic related
abrasion
B = 16.8 cd, Pb Industry
F3 9.3 S Combustion — central heating
F1 66.2 Cr, Cu, Fe, Sb, Pb, Ni, Zn Industry, traffic related abrasion
strk  |F2 15 Mg, Al, Si, K, Ca, Ba Road dust resuspension
F3 7.8 S Combustion
F1 52 Al, K, Cr, Fe, Ni, Traffic related abrasion
vys |F2 28 Cd, Sb, Pb, Zn Combustion - local

EORS

Mg, Al, Si, Cr, Cu, Fe, Sh, Ba

Traffic rel
Traffic related emissions

24.4

K, S, Cd, Pb, Zn

Combustion — local, central




Vyuzitie modelovania znecCistenia ovzdusia

PRIEMERNA ROCNA KONCENTRACIA PM,s V ZILINE

Cetové koncentracs, model SYMOS'9? s korekcou podia wnisndho montovingy, rok 2015
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Prispevok cestnej dopravy k znecisteniu
ovzdusia - PM, ;

SYSTEM RIADENIA KVALITY OVZDUSIA MESTA ZILINA

VYSLEDKY MODELOVANIA

_ Priemerna ro¢na koncentracia 26,86 pglm’ ==
( + Prenos znedistenia zo Slovenska

Jemneé prachove castice PM.s s - 5
hted = Slovenské priemyselné zdroje 0,36 pg/m
: 3

2015 s I i 3 I
Slovenska automobilova doprava 9,07 ug/m
+ Prenos znetistenia z Ceska 0,07 pa/m’
Priemerné roiné koncentracie znetistenia . .
s + Prenos znedistenia z Polska 0,54 pg/m

% 15 20 25 30 40 50 60 pgim’

Pozadie 8,00 pg/m’
‘ @ :

. | Meranie kvality
ovzdusia v Ziline
12,57 pg/m3

B Uzemie s nadlimitnymi hodnotami > 25 pg/m’

Co sU jemné prachové astice PM;s?




Zaverom

v Cestna doprava ako zdroj znedistujucich latok ovzdusie:
v  Tuhé Castice: PM,,, PM,
v Oxidy dusika: NO,, NO,, NO,

v’ Prekragovanie limitnych hodnét v mestskom prostredi — tuhé
castice PM,y, PM, 5,

v Skodlivost tuhych &astic preduréena predovsetkym ich
chemickym zlozenim a velkostou,

v Znalost’ stavu znedcistenia ovzdusSia — vychodiskovy bod k
definovaniu pévodu znedistenia ovzdusSia a nastavenia
napravnych opatreni,

v Cestna doprava ako celoro¢ny zdroj znedistenia ovzdusia +
sezonne zdroje (lokalne vykurovanie) = zla kvalita ovzdusia.



. Monitorovanie kvality
ovzdusia




