HEALTH RISKSOF AIR POLLUTION IN THE CZECH REPUBLIC

Environmental health monitoring in CR includes thenitoring of selected quality indicators
of outdoor and indoor air quality. Concentratiorisamborne pollutants have been obtained
from a network of 21 measuring stations operatedheglth institutes (CSMON) in the
monitored cities, and from measuring stations suped by the Czech Hydrometeorological
Institute (CHMI) within the Automated Immission Mitoring (AIM). In 2016, data from 94
urban measuring stations which fulfil the requiretseof the monitoring system were
processed. A total of 77 municipalities and 8 Peagiistricts were covered for the
assessments by the Monitoring System.

For comparison, the evaluation included also datausal background levels acquired from
measurement programmes at two EMEP stations (Catpe programme for the monitoring
and evaluation of the long-range transboundarpdaiution in Europe) operated by CHMI in
KoSetice and Bily Kz, data from three background stations with regligignificance in
Jesenik, Svratouch, and Rudolice v Horach as wgetlada from traffic 'hot-spots' in Prague,
Brno, Usti n/L, and Ostrava.

1. URBAN AIRBORNE POLLUTION

In towns and urban agglomerations, the major l@mgitsources of airborne pollution are
traffic and its associated processes (primary catitru and non-combustion emissions - re-
suspension, abrasion, corrosion, etc.) and emsdiam small sources. Traffic is a major
source of nitrogen oxide, aerosol WM, 5 and fine particulate matter (RM and other
fractions of ultrafine particles), chrome, nickdbad (resuspended), volatile organic
compounds - VOCs (petrol engines), polycyclic arbendydrocarbons - PAHs (diesel
engines) and, of high importance when considerech asim, greenhouse gases carbon
monoxide and carbon dioxide (approx?1@0°g CO/1 km/vehicle). Small/locally significant
sources of solid and liquid fossil fuel combust@re or may be non-negligible sources of
nitrogen oxide, carbon monoxide, PAHs and partieutaatter. A separate issue is presented
by the environs of large-scale industrial and pos@urces or areas loaded by significant
long-distance pollution transport such as the @atiéarvina and northern Bohemia
agglomeration. The issue remains also the load eoondary pollutants including ozone
from emitted precursors (VOCs). Data on mass cdreteon are available namely for basic
substances which are aerosol Bléind nitrogen dioxide N According to the equipment of
the involved measuring stations the evaluatiorupgptemented with data on other pollutants.
The number of measuring stations, data of whiclewssed to assess the potential population
exposure and health impacts is shown for indivigagdlutants in Tab. 1.1Usefulness of the
data from the station network operated by the Hedistitute in Usti nad Labem was
influenced by its ongoing reconstruction.

Tab. 1.1 The number of measuring stations includedhe assessments, 2016

Pollutant No. of stations | Pollutant No. of stations
PMyq 118 NO 63
PM, s 70 NO 65
NO, 65 Cco 13
PAHs 43 Q 48
Benzene 34 SQ 42
Metals in PMq (As, Cr, Cd, Mn, Ni, Pb) 46




Air quality is processed on two levels. The firstél is aimed at the evaluation as related to
the annual limits (AL) as stipulated in Annex noflAct no. 201/2012 Coll. on air protection,
and to the reference concentrations (Rfhe second level targets the air quality assessme
in defined types (categories) of urban areas. Hsessment criterion included not only the
intensity of surrounding traffic, but also the tela proportions of different types of heating
systems and possible burden from significant imalssource. Distribution of the location
types according to these criteria is presentedain. T.2. Air quality in the different types of
locations is evaluated for health most relevanitupahts NQ, PMyo, As, Cd, Ni, Pb, benzene
and BaP. In addition, the estimate of the burdethefcommon urban environment (ie. the
urban "background”, without an extremely heavygport and industry) was performed. This
estimate is based on average annual concentraitan abtained from urban monitoring
stations in categories 2 — 5. The data of simithan stations in the Moravian-Silesian region
were not included to this estimate due to the higlttea burden compared with stations in
other regions of the country, and they are evatusgparately.

Tab. 1.2 Categories (types) of urban measuremeatiens by the pattern of pollution
sources

Category | Description
1 Urban background without major sources (parks, $jgoounds etc)
2 Urban residential with local sources REZZO 3, fiaffp to 2 thous. vehicles/24h
3 Urban residential without local sources, distri@adting, traffic up to 2 thous. vehicles/24h
4 Urban residential with both local and district haad, traffic 2-5 thous. vehicles /24h
5 Urban residential with both local and district héad, traffic 5-10 thous. vehicles/24h
6 Urban residential with both local and district head, traffic over 10 thous. vehicles/24h
7 Urban residential with more than 10 thous. vehi2d$, transit roads (hot spots)
8 Urban industrial with significant effect of indagttraffic up to 10 thous. vehicles/24h
9 Urban industrial with significant effect of traf{ilO — 25 thous. vehicles/24h)
10 Urban industrial with highly significant effect tffic (over 25 thous. vehicles/24h)
11 Rural background - forests, parks (out of intrani), grasslands, uncultivated grounds, water areass,
meadows etc)
12 Rural agricultural — impact of agricultural sourcecultivated grounds
13 Rural industrial — influence of industry outweidteteffect of traffic
14 Rural industrial with traffic load - influence ofdffic outweighing industry
15 Rural residential with low-level effect of traffigp to 2 thous. vehicles/24 h)
16 Rural residential with medium traffic load (2 — t®us.vehicles/24h)
17 Rural residential with high traffic load ((> 10 thig. vehicles/24h)
18 Rural non residential with traffic load (> 10 thaugehicles/24h), no residential buildings

1.1 Primary measured substances

In comparison with the previous year, the levebinfpollution in 2016 improved slightly in
most of the monitored parameters; neverthelessndesured values do not deviate from the
long-term trend. Ambient air quality in the resitlehareas under monitoring is to a great
degree influenced by meteorological conditions.yTten be characterised by a higher rate of
extreme and rapid weather changes including mang-lerm periods of dry weather with
high temperatures, short periods of intense prtipn; compared to 2012, trend of reducing
the number of winter inversions has been continuihgsuant to the heating seasons 2012 -
2015 the winter 2016 can be considered as very. RAiltborne pollution in cities and urban

! actual authorization is set in Act No. 201/2012, Bara. 27.



agglomerations is primarily caused by traffic asmajor and effectively non-point source.
Other sources (heating plants, domestic heatingrahgstry) have a more local significance.
Extensively burdened by industry Moravian-SilesRegion (MSR), where crucial emissions
stem from large industrial sources and the longeapollution transport, has been showing
increased measured values of air pollutants. Téisadnfirmed by annual air pollution
characteristics of nitrogen dioxide, RMPM, sand benzd]pyrene, which not only in urban
locations with heavy traffic, but also in industoyrdened areas MSR exceed the WHO
recommended values and the limit values. On therdtand, the measured values of carbon
monoxide and sulphur dioxide at urban stationslyaseceeded the level of 5% of the short-
term air pollution limits; insignificantly increadeconcentrations of sulphur dioxide can be
observed at some stations in the MSR. Togetheravtigher frequency of sunny and tropical
days the number of days and areas with elevatedeotrations of ground-level ozone has
been gradually rising.

Annual arithmetic means afitrogen dioxide did not exceed §g/m* at EMEP background
stations; the mean annual value in cities, depgndmthe intensity of local traffic, ranged
from 16pg/m® in by pollution not significantly burdened areaser 20 - 3Qug/m® in medium
load areas and up to an annual mean ofig/dn in areas heavily burdened by traffic. The
highest values have been recorded in 'hot-spat®réigue, Ostrava, Brno and Usti n/L) where
mean annual values ranged between 40 angdgd®’ (annual limit 40ug/m®). Resulting
nitrogen dioxide pollution in urban areas is asatd with traffic, heating plants, domestic
heating and namely in the Ostrava-Karvina area lasge industrial sources. The situation
remains stable on a long-term basis.

Exposure to elevated valuesPi¥ ;o suspended aerosol fractions in cities is of a non-point
character and an estimated 16% of the 4.5 millidrabitants of the residential areas under
study lived in locations where at least one of ¢higeria of exceeded limits is confirmed. In
2016, over 35 cases of exceedance of the shortadhremission limit (5Qug/m*/24h) were
detected at 20 stations (17% of measuring statimm a total of 115 evaluations). The
annual limit (40pg/m®) was exceeded at single station in Ostrava-Radeanihere the
highest urban value of the annual arithmetical meas recorded (41.fig/m®). Increased
burden with PMp aerosol fractions in the MSR Region is highlightad a difference of
roughly 7ug/m® of the annual mean between estimates of averageabwalues for common
urban environment 28g/m® in MSR and 24.g/m® in other areas in the Czech Republic.

In individual types of urban areas, depending anithensity of local traffic, the P mean
annual value ranged:

e on the level about 2i1g/m® (26 pg/m® in MSR) in localities with not direct traffic load
(categories 2 and 3);

e between 18 and 2ig/m® (34 ug/m® in MSR) of the annual mean in heavily traffic avea
(categories 4 and 6);

e upto 21 — 27ug/m® (41 ug/m® in MSR) of the annual mean in localities heavilydened
by industry (categories 8 to 10).

In 2016, the WHO recommended RMimit value of 20ug/m*/year was exceeded in 80 out
of 104 evaluated measuring stations. Environmdotd caused by P} aerosol fractions
has a tendency to be stable in the long-term inastedecade. The annual arithmetic mean at
nationwide and regional background CHMI stationsogé&tice, Rudolice v Horach and
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Jesenik) ranged from 7 to 1@/m’. The daily limit was exceeded only once at théi@tan
KoSetice and two times at Jesenik station.

The processing of PM suspended particulate matter included 59 statisimsstations in
Prague, five stations in Brno and Ostrava, twoiltavya, Plzen, Hradec Kralove, Pardubice,
Olomouc and in Karvina and one station in anotheis8ttlements. The annual limit of 25
ng/m® was exceeded at 8 municipal stations in the MSKn(©a, Ostravalesky T&in,
Havifov, Rychvald and ¥ovice). The 10ug/m® annual average, recommended by the
WHO as a limit, has been exceeded at all measwiations, including the republic
background station KoSetice (11u8/m°). The proportion of PMs fraction in PM, ranged
from 64% (station in Brno) to 89% (station in OpjavEhis ratio is primarily determined by
the composition of concur sources. It shows sigaift seasonal dependence - higher, PM
values in the heating season. In the period 2Q@T15, the average PMPMy, ratio ranged
between 72% and 76%. This share grew by less tBanfldm 75% in 2015 to 77.9% in
2016.

1.2 Heavy metalsin PM o suspended fractions

The levels of airborne pollution by heavy metalgevevithout significant fluctuation in the
majority of the monitored urban localities. Goodrretation of annual arithmetical and
geometrical means of Pb, As, Cd, Cr, and Mn in naoeas denotes a relative stability and
homogeneity of the emission values measured iescittithout great seasonal, climactic or
other variations. The nickel concentrations hawentsteadily declining in the last five years.

Concentrations of As, Cd, Ni and Pb in residerdiglas are roughly about 2 — 3 fold higher
than natural rural background values recordedeaEMEP stations in KoSetice and BilyiK
Elevated As values occurs near major industriatcsuat the measuring stations in Ostrava
(metallurgic plants) and localities prone to lasgale combustion of solid fossil fuels. Higher
concentrations of other heavy metals usually aresificted local incidence and significance.
Industrial heavy-load localities in the Ostravaioagare characterised by higher levels of Ni,
Mn, Cd and Pb, Tanvald and surrounding Cd andERtvated values are found in areas with
old toxic load (Kutna Hora,itlbram) or close to new small and middle-sized mietlistry
facilities.

1.3 Polycyclic aromatic hydrocarbons

Amongst the organic pollutants monitored in selgdgcalities were compounds having
serious health effects - polycyclic aromatic hydmbons (PAHS). Although their high-
molecular fractions are bound to fine aerosol pksi (PM s and smaller fractions) they may
also occur as vapour. A number of them are claskifis mutagens and carcinogens. The
estimation of the benzajpyrene annual mean values in settlements is fatictg around 1 to
1.5 ng/nf with an insignificant downward trend.

Comparison of PAH characteristics collected at meag stations in different types of urban
localities reveals the ongoing combination of etfeftom two major types of PAHs sources
(household heating and traffic). A case in pointhis Ostrava-Karvind agglomeration which
moreover suffers from emissions of large industt@inplexes and by the significant effects
of long-range air pollution. The winter period isacacterized by the occurrence of episodes
of higher concentrations, both due to the increasgdirements for energy, and their slower
removal from the atmosphere by physical-chemicatgsses as well.



In 2016, the limit value fobenzo[a]pyrene (BaP) was exceeded in 31 of the 41 measuring
stations (58%). The limit value of 1 ngltyear was exceeded threefold and more in a
suburban station iReporyje, a rural suburban station in Kladno Svermod five stations in
the Moravian-Silesian Region (three stations inr@st, one station in Karvina aritesky
Té&Sin). More than double the annual limit value wasasured at five other stations. The
lowest values obtained in settlements (in Usti hatbem and in Brno - 0.59 to 0.60
ng/ntlyear) are comparable to the values at the natibaakground stations (0.4 to 0.5
ng/ntlyear).

Annual average concentrations of bemfpyrene in urban non-industrial and transport
localities ranged between 0.5-3.3 ng/with a mean value of 1.46 nginin traffic-loaded
localities, values in the summer period were belong/r, the annual mean value for this
type of site was 1.56 ngfnin industrially exposed locations (chemical inmysmetallurgy,
etc.), especially in the Ostrava-Karvina basin, dnaual mean values were two and more
times higher (1.3 to 9 ngfn In addition, they are accompanied by a 24-hoiater maxima

in the order of dozens of nglmin the summer, the measured values there rangesi m
frequently from 0.1 to 5 ngfmwith the exception of two stations near the Aciittal
industrial complex in Radvanice-Bartovice with heglBaP values. The average annual value
in 2016 for the category of urban areas affectethbyindustry was estimated at 3.4 ng/m

The importance of small energy sources and loniguaie transport at the KoSetice national
background station (JKOSP) reflects the conceomadifferences in the order of magnitude
between the seasons of the year with higher vahessured in heating and in the transition
seasons. At moderately traffic loaded urban statmoRrague 10 (ASROP), annual averages
decreased from 2.5 nginmin 2006 to 0.71 ng/fhin 2015. The decrease is particularly
noticeable in the heating and transition seasofttoAgh the values measured in the non-
heating season are comparable to the values intikeSéhey were more than double in the
transition and heating seasons. At stations reptesedifferent levels of industrial load in
the MSK, i.e. in Karvina (TKAOP) and in Ostrava-Radice (TOREP - stations in the
ArcelorMittal emission plume), the concentrations bt decrease under the value of 0.5
ng/nT in the non-heating season, and they reach teng/of in the heating season.

PAH compounds comprise a number of substances mwhvdome are classified as probable
carcinogens with health effects of diverse impd&dtimates of the overall carcinogenic
potential of airborne PAH compounds are based anpemison of potential carcinogenic
effects of monitored substances with that of thestntoxic and best known representative -
benzop]pyrene (BaP). The estimate is therefore expressedhetoxic equivalent of
benzo[a]pyrene (TEQ BaP) and is calculated as the sum of products of texjaivalent
factors (TEF), as determined by US EPA (Tab. 1.8t the concentrations measured.

Tab. 1.3.1 Toxic equivalent factors (TEF) for caagenic polycyclic aromatic
hydrocarbons

TEF TEF TEF
Benzo[a]pyrene 1 | Benzo[b]fluorantheng 0.1 | Dibenz[ah]anthracene 1
Benzolk]fluorantheng 0.01 | Benzo[a]Janthracene | 0.1 | Indeno[1.2.3-c.d]pyreng 0.1
Chrysene 0.01 | Benzo[jlfluoranthene| 0.1




TEQ BaP values show large differences between medsueas. The highest values (13 ng
TEQ/m3/year in 2016) have been found at the OstRadvanice (TOREP) station,
representing the vicinity of a major industrialoesce. Also higher values 6 ng/m3/year of
TEQ BaP) were found in the other four industriadtdcts in Ostrava and the Moravian-
Silesian Region than in another urban stations,reve@nual TEQ BaP values ranged from
0.7 to 3.0 ng/m3. The potential impact of smalblogolid fuel sources in small settlements is
illustrated by the values between 3 to 6 ng TEQ/gedir at stations in Kladno - Svermov,
Brandys n/L and in Prague 5 at the suburb stati®eporyje. The annual arithmetic mean of
TEQ BaP at the background urban localities was ABFEQ/m3 in 2016.

1.4 Volatile or ganic compounds

The concentration of benzene was monitored at&ias in the CHMI network in 2016. The
annual benzene limit amount tqu§/m®. The data confirm the crucial importance of indast
production and secondary transport (despite afggni reduction in the benzene content of
motor gasoline) as the largest sources of volaifiganic compounds and, in particular,
benzene into the air.

The level of air pollution with benzene in the m&asl urban areas ranged between 0.7-3.3
ng/m’lyear in 2016, with an annual average of 2 to 3g8m’ at five stations (in the
Moravian-Silesian Region). The annual arithmeticamevalue at the background stations
amounted to 0.Gig/m’. At urban stations not loaded by industry or tpams as well as in
traffic-loaded areas, the annual average levelge@from 0.8 to 2.4g/m>with a mean value
of 1.2-1.3pg/m’lyear. In industrially loaded locations (chemicadiistry, metallurgy, etc.),
the highest values in the range of 0.7 toj8)8n°/year have been detected in the long term.

1.5 Theevaluation of air quality

The highest exceeding rate of the air pollutionitlinalue was found for benzajpyrene
(BaP); the average annual concentration in any tfparban area did not fall below the
annual limit value, the median values ranged frd3% in urban background transport and
industry unloaded sites to the highest (mediumperadf 345% valid for Ostrava's urban
industrial areas). The average annuahfddncentration draws the limit at the lowest level i
urban backgrounds and on the contrary most notahlyban industrial or village localities in
MSCs. The same applies to nitrogen dioxide withetkiension of traffic-exposed sites.

For a similar description of the situation in smsittlements there is still insufficient data,
however, the most significant are suspended pestiPMo and PM ), BaP and arsenic,
which sources are predominantly small local souusesg solid fuels.

2 HEALTH IMPACTSOF AIR POLLUTION
2.1 The population exposure

Manifestation of the effects of air pollutants agahth is dependent on their concentration in
the atmosphere and time for which people are exptuisthese substances. The real exposure
during the day, year and during the life of theividual varies greatly and differs depending
on the occupation, lifestyle, and concentrationssobstances in various locations and
environments.

Concentration ranges characterizing the size o&mrair pollution by PNy and nitrogen
dioxide (NQ), and thus the potential exposure of the populasshown in Tab. 2.1.1.



Tab. 2.1.1 The range of PN and
stations, 2016 (in pug/M)

NG, annual mean concentrations at the monitoring

Rural Urban environment
Pollutant background Minimum Mean Maximum
value value value
Nitrogen dioxide (N§) 5.7 11.0 25.6 53.7
Aerosol particles PN} 13.0 15.0 22.4 41.7

2.2 Health effects of air pollution

Particulate matter

Aerosol particles are considered the most sigmfienvironmental factor associated with
mortality not only due to their carcinogenicity, tbalso because of their systemic
proinflammatory action, creation of oxidative sggeshanges of electrical processes in cardiac
tissue, role in development of atherosclerosisuuticly calcification of cardiac arteries and
other effects. There is sufficient evidence thatasxre to air pollution causes development of
lung cancer. PM aerosol fractions, as the majorpmmants of air pollution, were evaluated
by IARC separately leading the same conclusion tiney represent proven Class 1 human
carcinogens. In 2013, the WHO International AgefaryResearch on Cancer (IARC) based
on an independent review of more than thousandestudassified a mixture of substances
that are implicated in air pollution as Class 1 hararcinogens [1].

Long-term exposure to PM air pollution results mcreased mortality from cardiovascular
and respiratory diseases, including lung canceronet bronchitis, decreased pulmonary
function in adults and children, and in other Heagtoblems. A limit value of Pl that
might be considered as safe for human health renmsagubject of debate amongst specialists.
A recent evaluation of epidemiological studies 2k failed to reveal such a limit, whereas
increased mortality has been correlated with very PM, s fractions of e.g. 8.5 pgfr3].
Additionally, there is a growing body of evidenaeking exposure to particulate matter and
type 2 diabetes, impaired neurological developnrerchildren and neurological dysfunction
among adults [2]. Short-term exposure to elevatedcentrations of PM plays a role in
development of morbidity and mortality namely insea of cardiovascular and pulmonary
disease and associated hospitalization, infant aliyrt increased incidence of respiratory
symptoms aggravation, particularly among asthméesars.

Quantitative estimate of health effect caused byaillution have been performed as regards
to particulate matter exposure. The basic indicatdrealth effects from long-term exposure
is an estimate of premature deaths in adult populaged over 30 years, excluding external
death causes (accident, suicide etc.). This inglidherefore includes premature deaths from
particular causes (cardiovascular or respiratosgake, lung cancer etc.) as well as deaths
resulting from short-term exposure to PM. Estimatesxe based on the concentration-
response function recommended in the WHO HRAPIgept¢4].

Using the mean ratio of the BMIfraction contained in PM during the 2011 — 2016 period at
a 75% level enables estimation of the increaseatufal) mortality among the exposed adult
population as 4.5% for each 10 ud/of the mean annual concentration in excess of the
defined counterfactual level of 13.3 pg/of PMy, fraction. The mean concentration of urban
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PMy in 2016 reached 22.4 pginThe overall mortality rate for the CR populataged over
30 years was therefore increased by 4.11% duengpterm PMo exposure. In view of the
range of mean annual concentrations of this paitui@m 13.6 pg/mto 41.1 pg/m at sites
in different types of localities, the estimate bktratio of premature deaths from RM
exposure against overall mortality (natural) randesn values of less than 1% in urban
localities with no traffic load to 13% in the mastlustrially and traffic burdened localities.

Because at the time of elaborating this report werteavailable a detailed demographic data
for 2016, it was impossible to employ standard pdace using attributive cases method to
estimate premature deaths caused by exposureaschearticles. The estimate was therefore
made using aggregate data on death counts froizbeh Statistical Office database and the
estimate of deaths up to 30 years of age and déatlesternal causes. An estimation of four
thousand premature deaths in 2016 caused by longeteposure to PM was performed.

Nitrogen dioxide

Nitrogen dioxide as a component of emission frommlgostion processes is highly correlated
with other primary and secondary pollutants, thenef it cannot be clearly determined
whether the observed health impairment arise frodependent effect of NQor rather the
effect of the whole mixture of substances, in pattr aerosol, [5], hydrocarbons, ozone and
other substances [6]. The main outcome of shomt-&xposure to high concentrations of NO
IS an increase in airway responsiveness; basetienmpact on changes in the reactivity in
the most sensitive asthmatics the WHO recommendade\of 1-hour N@ concentration of
200 pg/m was derived. The residents of large urban arefestafl by transit and targeted
traffic have been highly exposed. The recorded ahawuerage values show that in areas
heavily burdened by traffic e.g. in Prague agglatien, reduced lung function, increased
incidence of respiratory diseases, increased incel®f asthmatic aggravation and allergies
can be expected both in adults and children.

Although quantitative relationships of exposure drehlth effects of N® (e.g. on total,
cardiovascular and respiratory mortality) have bestablished, there cannot by clearly
determine the degree of overlap between thesetefieith the effects of other outdoor air
pollutants. That's why experts recommend asseslebealth impact of air pollution on the
basis of relations of suspended particles in wihiah effects of other pollutants has been
involved [4].

Ozone

Ground-level ozone is not emitted directly into #itmosphere. It results from photochemical
reactions between oxides of nitrogen and volatiiganic compounds. Ozone, which is a
typical part of the so-called summer smog episodas,in the warm season reach the levels
affecting health. Ozone has strong irritating eff@t the conjunctiva and respiratory tract and
at higher concentrations causes breathing probdgmdsnucosal inflammatory response in the
airways. Increasingly sensitive to ozone exposum @eople with chronic obstructive
pulmonary disease and asthma. Short-term and kEmg-exposure to ozone affects the
respiratory morbidity and mortality. Chronic exposuo ozone increases the frequency of
hospitalization for asthma exacerbation in childaed acute worsening of cardiovascular and
respiratory diseases in the elderly [4].

Increase in the daily maximum 8-hour concentratrevery 10 pg/rhabove the level of 70
ng/nT results in an increase in overall mortality of%.3The impact on respiratory mortality
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in the population over 30 years of age is estimated.4% for every 10 ugfmof daily
maximum 8-hour average concentrations above 70 Yudiming the period from April to
September [4].

Carbon monoxide and sulphur dioxide

Levels of carbon monoxide and sulphur dioxide itdoor air do not constitute a significant
health risk in the measured municipalities, althoug the case of sulphur dioxide the
threshold effect for 24-h concentration has notbget detected in epidemiological studies.
Sulphur dioxide concentrations occur only occadlgrmaver 40 ug/m, which is twice the
target value recommended by the WHO with a highrekgf precaution.

Metals

There is insufficient scientific evidence concemthe health effects of exposure to airborne
heavy metals. Epidemiological studies show theiptesinfluence on the effects of Rylon

the cardiovascular system via contained heavy sataluding chrome, nickel, cadmium,
manganese or mercury [2]. Lead detected in aemmwoiples is no longer a health risk in
terms of direct exposure since the blanket intrédacof lead-free petrol. In terms of
carcinogenic effects the detected concentrationsadimium and arsenic do not represent
significant health risks in most areas.

Evaluation of health risksfrom carcinogens

An estimate of the theoretical increase of cancsk caused by long-term exposure to
pollutants from outdoor air was carried out foreguis, nickel, BaP and benzene. The estimate
is based on the theory of non-threshold effectanfinogens and takes into account the linear
relationship of dose and effect. For the calcutgtimnit cancer risk values (UCR) were used,
these being the magnitude of the risk of incregsebability of oncological disease at a life-
long exposure to 1 pgfinof the carcinogens in ambient air. The UCR valéms the
assessment of carcinogens (Tab. 2.2.3.1) were takem WHO materials (Air Quality
Guidelines for Europe, Air Quality Guidelines, GidbUpdate 2005 - Particulate Matter,
Ozone, Nitrogen Dioxide and Sulphur Dioxide andeotbources (US EPA, HEAST).

Tab. 2.2.1 Unit cancer risk values for the monitarearcinogens

Pollutant Arsenic Nickel Benzo[a]pyrene Benzo[a]anthracene
UCR 1.5E-03 3.8E-04 8.7E-02 1.0E-04
Pollutant Benzolb]fluorantheng Benzo[K]fluoranthene| Benzo[ghi]perylene Dibenz[ah]anthracene
UCR 1.0E-04 1.0E-05 1.0E-06 1.0E-03
Pollutant Chrysene Indeno[1.2.3-cd]pyreng Cadmium Benzene

UCR 1.0E-06 1.0E-04 1.74E-04 6.0E-6

For inhabitants of individual types of urban lotek, lifelong exposure to monitored
substances was considered and expressed as amitlmadeic means for 2016, allowing
calculation of the extent of individual risk.

Tab. 2.2.2 summarizes the results on the individisil for evaluated chemicals based on
recorded concentrations from rural background @tati minimum values of health risk for
inhabitants of urban localities with minimal loaddamaximum values for inhabitants of
maximum load urban areas. Mean values of individiskl were calculated on the basis of
carcinogen concentrations in all types of the nowed urban localities.



Tab. 2.2.2 The estimate of the individual risk froexposure to airborne carcinogens, in
number of cancer cases per 1 mil. population, 2016

Pollutant Rural background = il IO :
Minimum value | Mean value | Maximum value

Arsenic 0.86 0.74 1.95 7.61
Nickel 0.09 0.12 0.27 1.30
Cadmium

0.02 0.02 0.06 0.66
Benzene

3.60 4.20 7.80 19.80
Benzo[a]pyrene 41.76 51.33 155.73 783.00

The theoretical increase of cancer risk causedxppsire to pollutants from the outdoor air
has not essentially changed for several yearssaimdthe range of 10- 10° for the different
carcinogens (one incremental cancer case per 1lbmio 1 thousand population). The
greatest long-term contribution is from exposure darcinogenic polycyclic aromatic
hydrocarbons (BaP): in the most burdened industrin areas the values attained represent
an incremental lifelong cancer risk by almost oagecper 1,000 of the population.
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