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Jemneé castice PM2 c

e “fine particulate matter”, suspendované Castice

e aerodynamicky prumeér <2,5 um

e pri vdechnuti se 90% dostava do plicnich alveolu
o dale az do krve

e fyzikalni vlastnosti (velky povrch, elektricky naboj)
o => nosice specifickych polutantu

m napr. PAH (polycyklické aromatické uhlovodiky)

e soucast frakce PM,

o PM, se na PM,  podili 60 - 80 %
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Figure 1. Relative contributions of the nine targeted risk factors to the estimated burden of disease
attributed to these risk factors, averaged over the six participating countries. The figure is adapted from
Hénninen and Knol (2011) with permission from the copyright holders.

Hanninen, Otto, et al. "Environmental burden of disease in Europe: assessing nine risk factors in six countries." (2015).



Zdravotni ucinky expozice PM, .

e kratkodoba expozice asociovana se zvySenym rizikem
o infarktu (zodpovédna za 7% infarkta)?
o hospitalizace pro srde¢ni selhani® (o0 1.28% na kazdych 10ug/m?®)®
o mrtvice/CMP (1.34krat "odds ratio" (OR) pfi 15-40 pg/m?)’
o u téhotnych a novorozencu
m nizka porodni hmotnost'™ (o 18% na kazdych 5um/m?)"
m piedéasny porod'®

4. Nawrot TS, Perez L, Kiinzli N, Munters E, Nemery B. Public health importance of triggers of myocardial infarction: A comparative risk assessment. Lancet 2011;377:732-740. doi:10.1016/S0140-6736(10)62296-9.
5. Shah AS V, Langrish JP, Nair H, et al. Global association of air pollution and heart failure: A systematic review and meta-analysis. Lancet 2013;382(9897):1039-1048. doi:10.1016/S0140-6736(13)60898-3.

6. Dominici F, Peng RD, Bell ML, et al. Fine particulate air pollution and hospital admission for cardiovascular and respiratory diseases. JAMA 2006;295(10):1127-1134. doi:10.1001/jama.295.10.1127.

7. Wellenius G a., Burger MR, Coull B a., et al. Ambient Air Pollution and the Risk of Acute Ischemic Stroke. Arch. Intern. Med. 2012;172(3):229-234. doi:10.1001/archinternmed.2011.732.

10. Brauer M, Lencar C, Tamburic L, Koehoorn M, Demers P, Karr C. A cohort study of traffic-related air pollution impacts on birth outcomes. Environ. Health Perspect. 2008;116:680-686. doi:10.1289/ehp.10952.
11. Pedersen M, Giorgis-Allemand L, Bernard C, et al. Ambient air pollution and low birthweight: A European cohort study (ESCAPE). Lancet Respir. Med. 2013;1:695-704. doi:10.1016/S2213-2600(13)70192-9.



...ha delce expozice zalezi
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Figure 2. Comparison of estimates of
percent change in mortality risk associ-
ated with an increment of 10 pg/m® in
PM,  or 20 pg/m® of PM,, or British
Smoke (BS) for different time scales of
exposure (log scale of approximate num-
ber of days, updated and adapted from
Pope281a), Euro indicates European; car-
dio, cardiovascular disease; and car-
diopul, cardiopulmonary.

40. Brook RD, Rajagopalan S, Pope CA, et al. Particulate matter air pollution and cardiovascular
disease: An update to the scientific statement from the american heart association. Circulation 2010;
121:2331-2378. doi:10.1161/CIR.0b013e3181dbece1.



Zdravotni ucinky expozice PM, .

e dlouhodoba expozice asociovana se zvySenym rizikem

o celkové umrtnosti (0 6% [Cl 4, 8%] na kazdych 10ug/m?3)?8
m mortality z kardiovaskularnich pfi¢in (o 11% na kazdych 10pg/m?®)?®
m mortality z ,pfirozenych pfigin“ (o 7% na kazdych 5ug/m?)?
m Umrtnost na rakovinu plic (0 14%?2* a 18%?2° na kazdych 5ug/m?)

o vaznych nemoci
m infarktu®', CMP32, chronické bronchitidy’, snizeni mentalnich

schopnosti 3334
o mensiho rastu plic u déti (o 110-150ml pfi zvyseni o 10ug/m?>)™

28. Hoek G, Krishnan RM, Beelen R, et al. Long-term air pollution exposure and cardio- respiratory mortality: a review. Environ. Health 2013;12(1):43. doi:10.1186/1476-069X-12-43.

2. Beelen R, Raaschou-Nielsen O, Stafoggia M, et al. Effects of long-term exposure to air pollution on natural-cause mortality: An analysis of 22 European cohorts within the multicentre ESCAPE project. Lancet 2014;383:785-795.

24. Pope Il CA. Lung Cancer, Cardiopulmonary Mortality, and Long-term Exposure to Fine Particulate Air Pollution. JAMA J. Am. Med. Assoc. 2002;287(9):1132-1141. doi:10.1001/jama.287.9.1132.

29. Raaschou-Nielsen O, Andersen ZJ, Beelen R, et al. Air pollution and lung cancer incidence in 17 European cohorts: Prospective analyses from the European Study of Cohorts for Air Pollution Effects (ESCAPE). Lancet Oncol. 2013;14:813-822.
31. Miller KA, Siscovick DS, Sheppard L, et al. Long-Term Exposure to Air Pollution and Incidence of Cardiovascular Events in Women. N. Engl. J. Med. 2007;356(5):447-458. doi:10.1056/NEJMoa054409.

32. Stafoggia M, et al. Long-Term Exposure to Ambient Air Pollution and Incidence of Cerebrovascular Events: Results from 11 European Cohorts within the ESCAPE Project Massimo. Environ. Health Perspect. 2014;122(9):919-925.

33. Weuve J, Puett RC, Schwartz J, Yanosky JD, Laden F, Grodstein F. Exposure to Particulate Air Pollution and Cognitive Decline in Older Women. Arch. Intern. Med. 2012;172(3):219-227. doi:10.1001/archinternmed.2011.683.

34. Power MC, Weisskopf MG, Alexeeff SE, Coull B a., Avron S, Schwartz J. Traffic-related air pollution and cognitive function in a cohort of older men. Environ. Health Perspect. 2011;119(5):682-687. doi:10.1289/ehp.1002767.

14. Gauderman WJ, Urman R, Avol E, et al. Association of Improved Air Quality with Lung Development in Children. N. Engl. J. Med. 2015;372(10):905-913. doi:10.1056/NEJMoa1414123.



Zdravotni ucinky expozice PM

e dlouhodoba expozice asociovana se zvySenym rizikem
o celkové umrtnosti ([eNeF/ 8 [&RZ 8 cE

m Umrtnost na rakovinu plic ( 2429 na kazdych 5
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Funkce expOZice-l’léinek (i.e. dose-effect relationship)

e “There appears to be a MoNGIONIE (eg, linear or log-linear) concentration-
response relationship between PM observed in cohort
studies that extends below present-day regulations of 15ug/m? for mean
D EIREYG Cwithout a discernable “safe” thresholdfis

e “This monotonic association supports the idea that any reduction in
particulate pollution will translate into health benefits within a population of
people, each with their own individual level of susceptibility.“°

40. Brook RD, Rajagopalan S, Pope CA, et al. Particulate matter air pollution and cardiovascular disease: An update to the scientific statement from the american heart association. Circulation 2010;121:2331-2378. doi:10.1161/CIR.0b013e3181dbece1.



Imisni limity PM,,

e smeérnice EU (2008/50/EC), zakon o ochrané ovzdusi 201/2012 Sb.
o ro¢ni pramérna koncentrace: < 25 pyg/m> A
o maximalni expoziéni konc.: <20 ug/m?® (2015) B
o celostatni cil snizeni expoz.: < 18 ug/m?® (2020) B
o prumeér poditany z
m A:vSech stanich
m B: pozadovych stanic v obcich nad 100.000 ob.

e doporuceni WHO (WHO-AQG)
o roéni pramérna koncentrace: < 10 yg/m?

European Commission. Air quality standards. [Cit. 25.3.2015]. Dostupné z: http://ec.europa.eu/environment/air/quality/standards.htm.
World Health Organization. Air quality guidelines for particulate matter, ozone, nitrogen dioxide and sulfur dioxide. WHO/SDE/PHE/OEH/06.02. [Cit. 25.3.2015]. Dostupné z: http://whglibdoc.who.int/hq/2006/WHO_SDE_PHE_OEH_06.02_eng.pdf



Imisni limity PM,,

e smérnice EU (2008/50/EC), zakon o ochrané ovzdusi 201/2012 Sb.
o roéni pramérna koncentrace: < 25 pyg/m*>A “The approach should aim at a
maximalni expoziéni konc.: < 20 pg/m?® (2015) B 9eneral reduction of

O

. ~ . _ 3 concentrations in the urban
o celostatni cil snizeni expoz.: <18 pg/m” (2020) B packground to ensure that
O

primér pocitany z - large sections of the population
m Alvsech stanich benefit from improved air
m B: pozadovych stanic v obcich nad 100.000 ob. quality.”

e doporuceni WHO (WHO-AQG)
o roéni pramérna koncentrace: < 10 yg/m?

European Commission. Air quality standards. [Cit. 25.3.2015]. Dostupné z: http://ec.europa.eu/environment/air/quality/standards.htm.
World Health Organization. Air quality guidelines for particulate matter, ozone, nitrogen dioxide and sulfur dioxide. WHO/SDE/PHE/OEH/06.02. [Cit. 25.3.2015]. Dostupné z: http://whglibdoc.who.int/hq/2006/WHO_SDE_PHE_OEH_06.02_eng.pdf



Jaky je zdravotni dopad znecisteni PM, .?



o

Celosvétové .

Annual Average PM2.5 (pg/m3) .
10 & |
20
= . “outdoor air pollution, mostly by PM2.5,
EEE leads to 3.3 million premature deaths per year worldwide”
- o0 (95 percent confidence interval 1.61-4.81)
B 100

Figure 1. Estimated 2013 annual average PM, ; concentrations (ug/m*). The PM, ; estimates are generated from the grid cell average of satellite-based
estimates and TMS-FASST simulations and calibrated with a prediction model incorporating surface measurements. White areas indicate no data.

Brauer, Michael, et al. "Ambient air pollution exposure estimation for the Global Burden of Disease 2013." Environmental science & technology 50.1
(2015): 79-88.
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Fig. 1. Gain in life expectancy in months at 30 if PM,  concentrations did not exceed the WHO-AQG (10 pg/m?).



KE VLIVU ZNECISTENI OVZDUSI
NA UMRINOST V CESKE REPUBLICE

)4 TOWARDS THE EFFECTS OF AIRBORNE POLLUTION
V C R ON MORTALITY-RATES IN THE CZECH REPUBLIC

VLADIMIRA PUKLOVA, MICHALA LUSTIGOVA, HELENA KAZMAROVA, BOHUMIL KOTLIK

Statni sdravotui distay, Praba
k¢

metodika

snizovini nadsje doiti. Pokusili jsme se piispét k odhadu poétu ztracenych let Zivota (YLL) a zkriceni nadgje doziti v disled-
gbipyitel Ceska aesosolovym Cisticim. Vyuzili jsme k tomu imisni databizi vedenou v zimei Systemu monitorovini

v o« v . . . P . . o
napr. “2: méstska obytna z6na pouze s lokalnimi zdroji REZZO 3, do 2 tis. VOB e i previeivn St s s spodes b pvmsen o
. o v [4 scénife: pro stavajici situaci ve srovnani s hladinou piirozeného pozadi PM,, a pro piipad 5% sniZeni stiedni ro¢ni koncentrace
. od h ad eXpOZ I Ce ) p ru m e r ko n C V I O ka I Ita Ch kat 2 —5 aerosolovych éistic frakee PM, | v sidlech. Podle odhadu ¢ini podil piedéasnych tmrti v disledku expozice ¢ésticim 6,9 % viech
" " " Gmrti (95% konfidenéni interval CI 95% 2,6-12,7 %). Pocet ztracenych let Zivota v disledku znedisténi ovzdusi acrosolovimi ¢4s-
. ticemi je odhadovin na 95 719 (CI 95% 33 356-166 406) let, zkriceni nadéje dozitl pak o 8,6 (CI 95% 2,9-15,5) mésice pro muze
° ko nc P M od h ad n uta a ko 7 5 0/0 ko nc P M a 84 (CI 95% 2,8 15,1) mésice pro Zeay. Za piedpokladu snifent stiedni konceatracn hladiay aesosolovych Gistic frakce PM,,
= 2 5 - 1 0 v sidlech o 5 % by bylo mozno usetiit 530 (CI 95% 190-890) pedcasnych tmrti neboli 6850 (CI 95% 244011 570) let Zivota.
)

Klsigud slova: ovzdusi — znecibténi, expozice asrosolovm éasticim, predasni tmrmost, nadéje doziti, Ceska republika

® mérici stanice v CR kategorizovény podle typu Iokali!yxm-mmé.ﬁmzmmaopnamum@,é,Xpom e acoss i Tin S gl S e Rmitnceh
O

vysledky:
e v dusledku znecisténi Casticemi
o zemfe piedéasné 7380 lidi (Cl 2570-12830) ro&né, tj. 7% umrti v CR
o je ztraceno 95.700 let zivota (Cl 33.400-166.400) roéné
o je zkracena stfedni délka doziti o 8,5 mésice

Puklova V, Lustigova M, Kazmarova H, Kotlik B. KE VLIVU ZNECISTENI OVZDUSI NA UMRTNOST V CESKE REPUBLICE - TOWARDS THE EFFECTS OF AIRBORNE POLLUTION ON MORTALITY-RATES IN THE CZECH REPUBLIC. HYGIENA
2013;(2):5-10.



Lze odhad provest presneji?



Vliv PM, . na délku Zivota v CR

e CiL = Kvantifikovat
o umrtnost,
o stfedni délku zZivota a
o pocet ztracenych/ziskanych let zivota

Cecht ve dvou scénafich ve srovnani se realitou v roce 2014.

e celkovy vliv znecisteni ovzdusi PM, .
m Vliv sniZeni pod pozadovou hladinu 5 pg/m3 byl zanedban;



Roéni praméry polétavého
prachu PM 2,5 (uglcm®):

B do 100

Koncentrace PM,, ..

151-175
176-20,0
201-225
22,6-250
251-275
27,6-30,0
30,1 a vice

15 venkovskych a 29 méstskych &i pfec pozadovych stanic X imisni model’s rozli§enim 1km?
Zdroj: CHMU. Znegisténi ovzdusi na tzemi Ceské republiky v roce 2014. Praha, 2015. ISBN 978-80-87577-523.

Zdroj: Rozptylowy model EMEP a CAMx na zakladé imisi mésiskych a venkovnich pozadovych stanic v roce 2014. 1] 50 100 150 km
Administrativni hranice: ©ArcCR, ARCDATA PRAHA, ZUJ, GSU, 2014, L L 1 )




Pocet obyvatel na km?:

Roéni priméry polétavého
prachu PM 2,5 (ugicm®):

B s1-180
B e1-170
[ 171-180

[0 201-210

Zdroj: Rozptylovy model EMEP a CAMx na zékladé imisi méstskych a venkovnich pozadovych stanic v roce 2014.

re

1001 - 2000
2001 - 5000
5001 - 10000
10001 a vice

Administrativni hranice: ©ArcCR, ARCDATA PRAHA, ZU, CSU, 2014.



Roéni priméry polétavého Pocet obyvatel na km?:
prachu PM 2,5 (ugicm®):

B 51-160 19,1-200 do 100 B 1001-2000
B 61170 20,1-21,0 101 - 200 B 2001- 5000
[ 171-180 21,1-220 [ 201-500 [ 5001 - 10000
18,1-19,0 B o221-230 [ s01-1000 B 10001 avice
Zdroj: Rozptylovy model EMEP a CAMx na zakladé imisi méstskych a venkovnich pozadovych stanic v roce 2014. 0 5 10 15 km

Administrativni hranice: ©ArcCR, ARCDATA PRAHA, ZU, CSU, 2014.



Standart Error of the Mean
(uglem’):

Metodika: nejis centrace PM,, . -

21-25
W 26-30
B 31avice

rozliSenim 1km?

15 venkovskych a 29 méstskych ¢&i pfed pozadovych stanic X imisni model

Zdroj: CHMU. Znegisténi ovzdusi na tizemi Ceské republiky v roce 2014. Praha, 2015. ISBN 978-80-87577-523.

Zdroj: Rozptylovy model EMEP a CAMx na zakladé imisi méstskych a venkovnich pozadovych stanic v roce 2014, 0 50 100

150 km
Administrativni hranice: ©ArcCR, ARCDATA PRAHA, ZU, CSU, 2014. !




Podet obyvatel na km?:
do 20
21-80
vatel

y 101 - 200
201 - 500
501 - 1000
1001 - 2000
2001 - 5000

5001 - 10000
10001 a vice

Zdroj: €SU census 2011 (upraveno die GHNW):

Zdroj: GSU, 2014, ) . 0
Administrativni hranice: ©@ArcCR, ARCDATA PRAHA, ZU, CSU, 2014. L

50 100 150 km
L s :




Metodika: exponovani obyvatele

e expozice = [koncentrace] x [hustota ob.]
o prumeérna rocni expozice PM, . primérného Cecha: 18,9 ug/m3

e vékové sloZeni obyvatel (CSU, 2011)
o 7105 317 starSich 30-ti let
e v&kové rozloZeni imrtnosti (CSU, 2014)
o realna umrtnost v CR v 2014: 104.437

€sU census 2011 (upraveno die CHMU). i}
Cesky statisticky urad. Demograficka roéenka Ceské republiky - 2014. Dostupné z: https://www.czso.cz/csu/czso/demograficka-rocenka-ceske-republiky-2014. [Cit. 2.2. 2016].



Study %

Metodika: funkce expozice-ucinek

1
ACS[18] B 1.06 (1.02, 1.11) 1211
1
ZV ’ éen I, PM O 1 O / 3 NLCSAIR [23] i m— 1.06 (0.97, 1.16) 43
y Mg/m :
2,5 Nurses Health [25] : 1.26 (1.03, 1.55) 0.94
y v s [ 4 :
ZVySi celkovou umrtnost Health Professionals 29 . : 0.86 (072, 1.02) 130
1
. US truckers [32] —i—o— 1.10 (1.02, 1.18) 6.22
1,062krat (Cl: 1,044-1,084 |
J a ( - ) ) ) ACS Los Angsles [19] —— 1.17 (1.05, 1.30) 3.18
1
1
Canadian cohort [34] p—p— 1.10 (1.05, 1.15) 11.20
1
1
California teachers [36] —o—}- 1.01 (0.94, 1.08) 6.53
Medicare cohort [26] = 1.04 (1.03, 1.06) 2327
Rome cohort [38] - 1.04 (1.03, 1.05) 23.95
1
Six city [16] —_— 1.14 (1.07, 1.22) 6.99
Overall (l-squared = 65.0%, p = 0.001) ¢ 1.06 (1.04, 1.08) 100.00
[}
1
NOTE: Weights are from random effects analysis :
T : T
646 1 1.55

Meta-analysis of the association between PM; s and all-cause mortality (Relative risk per 10 pg/m
Overall uses random effects.

Hoek G, Krishnan RM, Beelen R, et al. Long-term air pollution exposure and cardio- respiratory mortality: a review. Environ. Health 2013;12(1):43. doi:10.1186/1476-069X-12-43.



Metodika: vypoéet délky zivota a ztracenych let

podle projektu Aphekom

(Improving knowledge and pimpacted __py fix
communication for o o
decision making on air where ,D,, is the total number of deaths in the age group starting at
pollution and health in age n and covering m years.

TR 3 is the coefficient of the concentration response function.
Europe, http://si.easp. Ax is the decrease in the pollutant concentration in a given sce-
es/aphekom) nario, in pg/m?>.

Aphekom, HIA Tool Long-Term, http://si.easp.es/aphekom/images/downloads/HIA_tool_long_term_20092013.xls
Pascal M, Corso M, Chanel O, et al. Assessing the public health impacts of urban air pollution in 25 European cities: Results of the Aphekom project. Sci. Total Environ. 2013;449(2007105):
390-400. doi:10.1016/j.scitotenv.2013.01.077.



Vysledky

PocCet umrti
[stfed odhadu (95% Cl)]

Stredni délka zivota
[primér (95% CI)]

Zisk/ztrata let zivota
[primér (95% CI)]

Celkovy vliv
expozice PM, ;v CR

+8400
(4200-12000),

+8,7%
tj. z 96039 na 104437

-11 mésicu
(5-17)

na 79 let

-140.000
(67.798 - 213.778)

Srovnani se SZU
2010

Ruklova V. Lustigova M. Kazmarova H. Kotlik B. KE VLIVU ZN

+7379 (2572 - 12829)

+6,9 % (2,6-12,7)

ICISTEN OVZDUSi NA UMRTNOST V CESKE REPUBLICE -

-8,5 mésicu (2,9—
15,3)

OWARDS THE EFFECTS OF AIRBORNE POLLUTION ON M

-95 719
(33 356 - 166 406)

ORTALITY-RATES IN THE CZECH REPUBLIC. HYGIENA |

2013;(2):5-10.




Limitace

e Nezahrnuti dopravnich “hotspot” stanic muze vést k podhodnoceni u€inku u
osob, které se v téchto lokalitach Casto vyskytu;i

e Slozeni ¢éastic PMZ’5 ani koncentrace elementarniho uhliku® nejsou rutinné méfeny
a tak nemonhly pfispét k zpfesnéni odhadu.

e Mezi vysledky jednotlivych studii v pouzité metaanalyze byla stfredné velka
heterogenita (1°=65%)® a proto je potfeba vysledky interpretovat s opatrnosti.

e Pouzity model zohledinuje pouze ob€any starsi 30-ti let. Zanedbani zdravotnich
ucinkd znecisténi ovzdusi na osoby mladsi 30let muze vést k podhodnoceni
skutecného ucinku.

3.Hoek G, Krishnan RM, Beelen R, et al. Long-term air pollution exposure and cardio- respiratory mortality: a review. Environ. Health 2013;12(1):43. doi:10.1186/1476-069X-12-43.

13.Gauderman WJ, Urman R, Avol E, et al. Association of Improved Air Quality with Lung Development in Children. N. Engl. J. Med. 2015;372(10):905-913. doi:10.1056/NEJMoa1414123..



Interpretace

1. Devét procent (Cl 4-12) Cechli zemfe predéasné v diisledku expozice jemnym
c¢asticim v ovzdusi.

2. Oproti pfedchozi studii SZU pouziti jiné metodiky nevedlo k signifikantné rozdilnému
stfredovému odhadu, ale dolni hranice konfiden¢niho intervalu byla témér
dvounasobna. Rozdil muze byt zpusoben

2.1. presnégjSim prostorovym rozliSenim znecCisténi a osidleni v prezentovaném
odhadu, nebo
2.2. Zohlednénim nejistoty koncentrace PM2,5 v modelu
3. ZlepsSeni kvality ovdusi je vhodnym verejné-zdravotnim cilem a prioritou.



Interpretace 2

1. Optimalizace spalovani v mobilnich a stacionarnich zdrojich zneg¢isténi,
pfipadné nahrada za bezemisni zdroje, bude mit vyznamny pfiznivy dopad na
stfednidélku zivota.

2. Snizeni znec€isténi PM2,5 neni jen nafizeni EU, ale zajem (a podle 2008/50/EC i
pravo) ob&anu o zdravi a zivot.



Diskuse



Roéni praméry polétavého
prachu PM 2,5 (uglcm®):
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Imisni limit EU (pro PM, i PM, ,) je pravne zavazny

e Evropska komise 3/2015:
o “..the maximum daily limits for PM.  is being exceeded in Praha, Stredni Cechy, Severozépad,
Severovychod (except for 2008), Brno, Stfedni Morava, Moravskoslezsko and Ostrava/Karvina/Frydek-
Mistek, with yearly limits also being exceeded in Moravskoslezsko and Ostrava/Karvina/Frydek-Mistek.”

o “The Commission considers that the Czech Republic has failed to take measures
that should have been in place since 2005 to protect citizens' health, and is asking
it to take forward-looking, speedy and effective action to keep the period of non-
compliance as short as possible.”

o “If the Czech Republic fails to act, the Commission may take the matter to the EU
Court of Justice.”

European Commission. March infringements package: main decisions; 26 March 2015. Dostupné z: http://europa.eu/rapid/press-release_ MEMO-15-4666_en.htm.



Metodika podrobnéji

e Mapa byla vytvofena kombinaci méfenych (primarnich) a modelovych
(sekundarnich) dat pomoci linearniho regresniho modelu s naslednou
prostorovou interpolaci rezidui. Méstské a venkovské znecisténi bylo
odhadnuto zvlast, vysledna mapa byla vytvorena sloucenim mestske a
venkovské mapy pomoci populacni hustoty. Jako mérena data byly pouzity
nameérené koncentrace na stanicich imisniho monitoringu z databaze ISKO,
kterou provozuje CHMU. Jako data modelova byly pouzity vystupy z
rozptylovych modelt CAMx a EMEP.

e Podrobny popis metodiky je uveden na http://portal.chmi.
cz/files/portal/docs/uoco/isko/grafroc/14groc/gr14cz/Xll_mapovani_CZ.html ,
v tisténé podobé v roence ,Zneéisténi ovzdusi na tizemi Ceské republiky v
roce 2014°.

European Commission. March infringements package: main decisions; 26 March 2015. Dostupné z: http://europa.eu/rapid/press-release_ MEMO-15-4666_en.htm.



Metodika podrobnéji 2

e Mapa byla vytvofena kombinaci méfenych (primarnich) a modelovych
(sekundarnich) dat pomoci linearniho regresniho modelu s naslednou
prostorovou interpolaci rezidui. Méstské a venkovské znecisténi bylo
odhadnuto zvlast, vysledna mapa byla vytvorena sloucenim mestske a
venkovské mapy pomoci populacni hustoty. Jako mérena data byly pouzity
nameérené koncentrace na stanicich imisniho monitoringu z databaze ISKO,
kterou provozuje CHMU. Jako data modelova byly pouzity vystupy z
rozptylovych modelt CAMx a EMEP.

e Podrobny popis metodiky je uveden na http://portal.chmi.
cz/files/portal/docs/uoco/isko/grafroc/14groc/gr14cz/Xll_mapovani_CZ.html ,
v tisténé podobé v roence ,Zneéisténi ovzdusi na tizemi Ceské republiky v
roce 2014°.

European Commission. March infringements package: main decisions; 26 March 2015. Dostupné z: http://europa.eu/rapid/press-release_ MEMO-15-4666_en.htm.



PM zabiji zdrave i kriticky nemocne

e “PM air pollution exposure does not simply advance the mortality by a few
days of critically ill individuals who would have otherwise died (eg, mortality
displacement or “harvesting”).”

40. Brook RD, Rajagopalan S, Pope CA, et al. Particulate matter air pollution and cardiovascular disease: An update to the scientific statement from the american heart association. Circulation 2010;121:2331-2378. doi:10.1161/CIR.0b013e3181dbece1.



Je vztah mezi PM2,5 a celkovou mortalitou
kauzalni?

Kauzalitu I1ze v epidemiologii hodnotit nekolika kritérii:

casova souvislost (rizikovy faktor predchazi efektu);
konzistence asociace;

sila asociace;

vySSi efekt pfi vySSi davce;

objeveni mechanismu, ktery kauzalitu vysvetluje;
reversibilita pfi odstranéni rizikového faktoru a
design studie.®’

37. Bonita R, Beaglehole R. Basic epidemiology. World Heal. Organ. 2006;2nd editio:226. doi:10.1016/S0015-0282(01)03155-7.



Je vztah mezi PM2,5 a celkovou mortalitou
kauzalni?

1. Casova souvislost byla u kohortnich (longitudinalnich) studii,?® z kterych tato
prace vychazi, splnéna. Navic, sou€asna koncentrace znecisténi silné koreluje (r=
0,78) s koncentraci v minulosti.?*

2. Asociace je konzistentni mezi studiemi provadénymi riznymi vyzkumniky v
raznych zemich.?®

3. Asociace neni silna (HR 1,06), ale konfidenéni interval (Cl 4,4-8,4)% je
dostatecné vzdalen od hodnoty znamenajici absenci asociace.

4. Pozorovani vyssiho rizika s vyssi expozici jemnemu prachu (,dose-effect
relationship®) je taktéz konzistentni mezi riiznymi studiemi. 28

28. Hoek G, Krishnan RM, Beelen R, et al. Long-term air pollution exposure and cardio- respiratory mortality: a review. Environ. Health 2013;12(1):43. doi:10.1186/1476-069X-12-43.
24. Pope Il CA. Lung Cancer, Cardiopulmonary Mortality, and Long-term Exposure to Fine Particulate Air Pollution. JAMA J. Am. Med. Assoc. 2002;287(9):1132-1141. doi:10.1001/jama.287.9.1132.



Je vztah mezi PM2,5 a celkovou mortalitou
kauzalni?

5. Mechanismus ucinku jemnych €astic Ize vysvétlit nasledovné: velmi malé
castice pronikaji do alveolu plic a do krve, kde se podili na zvySeni
thrombogenicité a aterosklerose. U mySi exponovanych ,mestskému” vzduchu
byla pozorovana zvysena aterosklerosa a zanét cév.*® V jiném experimentu na
mysich byl prokazan vliv znegistnéni na mozek a depresivni pfiznaky. *°

6. Reversibilita: snizeni expozice jemnému prachu bylo asociovano se
prodlouzenim stfedni délky Zivota o 0.61+0.20 let. *°

/. Design studie: randomizovany pokus, kde by byli lidé byli exponovani nahodné
koncentraci znecisténi a nékolik let sledovana umrtnost z etickych davodu nelze
provést. Kohortni (longitudinalni) studie?® s adjustaci na mozné ,konfoundery“ jsou
vhodnou metodou k zjisténi zdravotnich dopadu znecisténi ovzdusi.

38. Sun Q, Wang A, Jin X, et al. Long-term air pollution exposure and acceleration of atherosclerosis and vascular inflammation in an animal model. JAMA 2005;294:3003-3010. doi:10.1001/jama.294.23.3003.

39. Fonken LK, Xu X, Weil ZM, et al. Air pollution impairs cognition, provokes depressive-like behaviors and alters hippocampal cytokine expression and morphology. Mol. Psychiatry 2011;16:987-995. doi:10.1038/mp.2011.76.
30. Pope CA, Ezzati M, Dockery DW. Fine-particulate air pollution and life expectancy in the United States. N. Engl. J. Med. 2009;360:376-386. doi:10.1056/NEJMsa0805646.

28. Hoek G, Krishnan RM, Beelen R, et al. Long-term air pollution exposure and cardio- respiratory mortality: a review. Environ. Health 2013;12(1):43. doi:10.1186/1476-069X-12-43.



Pope et al., 2002

e Metody:
o prospektivni kohortni studie, 500.000 probandu
o kontrola “konfoundert”: koufeni, vzdélani, marital status, alkohol, expozice v praci,

jidelniCek
o Cox proportional hazards model
e \ysledky:

o RR pro celkovou mortalitu: 1,06 (Cl 1,02-1,11)



PM., v Rakousku, Francii, Svycarsku

e vyuzivali vztah “davka-ucinek”
e konc. PM, modelovana na 1km?

vysledky: PM. , zpusobuje:

e 6% vSech umrti (40.000 rocne)
e 25.000 chronickych bronchitid (dospéli)
e 290.000 epizod bronchitidy (déti)

e 0,5 milionu zachvatu astmatu

Kinzli N, Kaiser R, Medina S, et al. Public-health impact of outdoor and traffic-related air pollution:
A European assessment. Lancet 2000;356:795-801. doi:10.1016/S0140-6736(00)02653-2.

ARTICLES

Public-health impact of outdoor and traffic-related air pollution: a

European assessment

N Kinzli, R Kaiser, § Medina, M Studnicka, O Chanel, P Filliger, M Herry, F Horak Jr, V Puybonnieux-Texier, P Quénel,

J Schneider, R Seethaler, J-C Vergnaud, H Sommer

Summary

Background Air pollution contributes to mortality and
morbidity. We estimated the impact of outdoor (total) and
traffic-related air pollution on public health in Austria,
France, and Switzerland. Attributable cases of morbidity
and mortality were estimated.

Methods Epidemiology-based exposure-response Jul c-tions

for a 10 pg/m? increase in particulate matter (PM.;) were
used to quantify the effects of air pollution. Cases
attributable to air pollution were estimated for mortality
(adults =30 years), respiratory and cardiovascular hospital
admissions (all ages), incidence of chronic bronchitis
(adults =25 years), bronchitis episodes in children (<15
years), restricted activity days (adults =20 years), and
asthma attacks in adults and children. Population exposure
(PM,;) was modelled for each km?® The traffic-related
fraction was estimated based on PM,, emission inventories.

Findings Air pollution caused 6% of total mortality or more
than 40 000 attributable cases per year. About half of all
mortality caused by air pollution was attributed to
motorised traffic, accounting also for: more than 25000

action in Europe. Our results, which have also been used
for economic valuation, should guide decisions on the
assessment of environmental health-policy options.

Lancet 2000; 356: 795-801
See Commentary page ??7?7?

Introduction
Research during the past 10-20 years confirms that
outdoor air pollution contributes ro morbidity and
mortality.!? Whereas some effects may be related to
short-term exposure,” others have to be considered
contributions of long-term exposure.*® Although the
mechanisms are not fully explained, epidemiological
evidence suggests that outdoor air pollution is a
contributing cause of morbidity and mortality.® State-of-
the-art epidemiological research has found consistent
and coherent associations between air pollution and
various outcomes (eg, respiratory symptoms, reduced
lung function, chronic bronchitis, and mortality).®
Relative risks related to air pollution, however, are
rather small. For example, for an average adult, the risk
of dying may increase on any given day by less than 1% if
the concentration of inhalable (<10 pm diameter)




