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asist. Tanja Carli, dr. med., univ. dipl. biol. Nacionalni institut za javno zdravje
tanja.carli@nijz.si

Tanja Carli, dr. med., univ. dipl. biol,, je doktorska studentka na Univerzi v Ljubljani, Medicinska fakulteta. Od oktobra
2019 naprej je zaposlena na Nacionalnem institutu za javno zdravije na Centru za zdravstveno ekologijo. Dosedanja
podrocja raziskovalnega dela so usmerjena v klinicno medicino, ki pa predstavlja pomembne temelje pri etiologiji in
patogenezi bolezni na podrocju javnega zdravja. Tekom dodiplomskega $tudija je sodelovala pri projektih, ki so proucevali
tudi riziéne populacijske skupine (npr. nosecnice, porodnice in novorojencki). Na podiplomskem studiju poglablja svoja
znanja s podroc¢ja proucevanja kirurskega zdravljenja bolezenske debelosti. Pri raziskovalnih nalogah se je seznanila in
pridobila nekatere vesc¢ine s podroéja epidemiologije (zbiranje in obdelava podatkov) na primeru bolnikov z zilnimi pristopi

zaradi kroni¢ne hemodialize. Kot asistentka s podrodja fiziologije pa svoje znanje prenasa tudi na dodiplomske $tudente.

dr. Mirko Bizjak univ. dipl. kem. Agencija Republike Slovenije za okolje
mpbizjak@gmail.com

Dr. Mirko Bizjak je Stevilna leta delal na podrocju kakovosti zraka, analitske kemije in nevarnih snovi. Kot raziskovalec
je bil zaposlen na Kemijskem institutu Slovenije. UdeleZen je bil tudi pri pedagoskem procesu, bil je mentor in somentor
pri Stevilnih diplomskih, magistrskih ter enem doktorskem delu, kot docent pa je bil pogodbeno zaposlen na UL
Zdravstveni fakulteti. Ttrileta je delal tudi na hidrometeoroloskem zavodu RS. Do leta 2016, ko se je upokojil, je bil zaposlen

na Agenciji republike Slovenije za okolje (ARSO).

doc. dr. Mateja Dovjak, dipl. san. inZ. Univerza v Ljubljani, Fakulteta za gradbeniStvo in geodezijo
mdovjak@fgg.uni-lj.si

Dr. Mateja Dovjak je docentka in raziskovalka na KSKE od leta 2007. Raziskovalno in pedagosko deluje na podrocju:
nacrtovanje zdravih, udobnih in trajnostnih stavb; sindrom bolnih stavb, kakovost notranjega okolja, varnost gradbenih
proizvodov. Njen prispevek k razvoju in raziskavam novih podrocij: razvoj morfologije nacrtovanja zdravilnega okolja in
UCCPS sistema (integral user-centred cyber-physical system) v bolnisni¢nem okolju. Aktivno sodeluje z domacimi in tujimi
strokovnjaki (Laboratory of Building Environment, Tokyo City University; Technical University of Denmark, Karlsruhe
Institute of Technology). Je clanica uredniSkega odbora 4 mednarodnih revij (AJEEPR, CAIER, 1JET, IJSER) in
recenzentka (Energy, Applied Energy, Building and Environment, Energy Policy...). Clanstvo v strokovnih in znanstvenih
zdruzenjih: European Public Health Association, EUPHA; International Solar Energy Society, ISES; COST Action C24,
COSTeXetgy; P2-0158 Structural engineering and building physics; SDA Slovenian Acoustics Association; SIST/TC STV
Glass, light and lighting applications in buildings.

prim. prof. dr. Ivan ErZen, dr. med., spec. = Nacionalni inStitut za javno zdravje,
epid., spec. jav. zdrav. ivan.erzen@nijz.si

Dr. Ivan ErZen je specialist javnega zdravija, ki je opravljal razlicne naloge v okviru dejavnosti javnega zdravja na
regionalnem in drzavnem nivoju. Njegovo raziskovalno delo je vezano na strokovno delo in usmerjeno predvsem v
proucevanje vpliva dejavnikov okolja na zdravje. Sodeloval je tudi pri raziskovanju vedenjskega sloga ter pri proucevanju
razsitjenosti nekaterih kroni¢nih bolezni v Sloveniji. Poleg strokovnega in raziskovalnega dela, veliko ¢asa nameni tudi

pedagoskemu delu- na razliénih nivojih in smereh prenasa znanje in izkusnje iz podrocja javnega zdravja na mlade
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generacije. Trenutno je predstojnik katedre za Javno zdravje na Medicinski fakulteti UM ter predstojnik centra za

proucevanje in razvoj zdravja v okviru NIJZ.

An Gali¢i¢, mag. san. inZ. Nacionalni institut za javno zdravje
an.galicic@nijz.si

An GaliCi¢, razvojno-raziskovalni sodelavec na Nacionalnem institutu za javno zdravje (N1JZ), po diplomskem in
magistrskem $tudiju sanitarnega inZzenirstva na Zdravstveni fakulteti Univerze v Ljubljani (UL) ter podiplomskem tecaju
Javnega zdravija na Medicinski fakulteti UL izobrazevanje nadaljuje na Interdisciplinarnem doktorskem studiju Varstvo
okolja na UL. Njegovo podroc¢je dela predstavljajo vplivi okoljskih dejavnikov na zdravje, med drugim opravlja strokovno
nalogo presojevalca prostorskih dokumentov z vidika krepitve in varovanja zdravja. Njegova interdisciplinarnost pri delu
se odraza s sodelovanjem s strokovnjaki razlicnih strok in ustanov. Je prejemnik Presernove nagrade Zdravstvene fakultete
UL za magistrsko delo. Sodeloval je pri ve¢ projektih in je avtor Stevilnih strokovnih ter znanstvenih del s podrocja

zdravstvene ekologije.

doc. dr. Karmen Godi¢ Torkar, univ. dipl. Univerza v Ljubljani, Zdravstvena fakulteta, Oddelek za
biol. sanitarni inZenirstvo
karmen.torkar@zf.uni-lj.si

Dr. Karmen Godi¢ Torkar je diplomirala iz interfakultetnega Studija mikrobiologije in pridobila doktorat iz Zzivilske
mikrobiologije na Biotehniski fakulteti v Ljubljani. Zaposlena je bila kot mlada raziskovalka in kot visja strokovna sodelavka
na Oddelku za zootehniko Biotehniske fakultete, zadnjih 12 let pa kot docentka za podrocje mikrobiologije na Zdravstveni
fakulteti v Ljubljani (predavateljica za podrocja Mikrobiologija s parazitologijo, Tehnologija in varnost zivil, Mikrobioloske
preiskave v okolju, Metode vzorcenja). Podro¢ja raziskav obsegajo: (1) Bacillus cereus v zivilih in klini¢nih vzorcih,
genotipske in fenotipske podobnosti glede na izvor, tvorbo toksinov, vrsto plazmidov in odpornost proti antibiotikom.
Preucevanje genetskih predispozicij razliénih tipov beta laktamaz pri sevih Bacillus cereus. (2) Mikrobioloska kakovost
okoljskih vzorcev (vode, povrsine, zrak): preucevanje prisotnosti bakterij, virusov protimikrobnih ter genotoksi¢nih snovi
v vzorcih vod. Preucevanje odpornosti bakterij proti antibiotikom v razli¢nih okoljskih vzorcih vode, vkljucno z odpadno
(¢rno) vodo, povrsin, zivil, s poudarkom na beta laktamazah razsirjenega spektra in karbapenemazah. (3) Sodelovanje v 16

raziskovalnih projektih.

prof. dr. Lijana Zaletel-Kragelj, dr. med., Univerza v Ljubljani, Medicinska fakulteta, Katedra za javno
spec. epidemiologije, spec. javnega zdravje in Nacionalni inStitut za javno zdravje
zdravja lijana.zaletel-kragelj@mf.uni-lj.si

Dr. Lijana Zaletel-Kragelj je ugledna profesorica na podrodju Javnega zdravja. Zaposlena na je na Univerzi v Ljubljani,
Medicinska fakulteta, Katedra za javno zdravije, kjer proucuje vsebine s podrocja javnega zdravja na dodiplomskem in
podiplomskem $tudijskem programu. Svoja bogata metodoloska in vsebinska znanja predaja tudi bodoc¢im specialistom
javnega zdravja. Vpeta je tudi v $tevilne nacionalne ter mednarodne projekte s podroéja okoljskih in druzbenih determinant
zdravja na Nacionalnem institutu za javno zdravje. Je clanica uglednih zdruzenj v slovenskem in mednarodnem prostoru
ter urednica temeljnih publikacij s podro¢ja javnega zdravia. Njeno bogato znanje ter poznavanje javnega zdravja odraza

preko objavljenih znanstvenih in strokovnih del.
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Natalija Kranjec, dipl. san. inZ. (UN) Nacionalni institut za javno zdravje
natalija.kranjec@nijz.si

Natalija Kranjec zaposlena na Nacionalnem institutu za javno zdravije z zakljuc¢enim diplomskim $tudijem sanitarnega
inZzenirstva na Zdravstveni fakulteti Univerze v Ljubljani deluje na podro¢ju vpliva okoljskih dejavnikov na zdravje, osrednje
podrocje dela sta okoljski hrup in onesnazenost zraka. Dodatno usposabljanje s podrocja metodoloskih pristopov
interdisciplinarnega obvladovanja zdravstveno-ckoloske problematike je opravljala na univerzi Manchester Metropolitan
University v Zdruzenem kraljestvu. Pri svojem delu sodeluje s Stevilnimi mednarodno priznanimi strokovnjaki in
institucijami. Aktivno sodeluje pri evropskih projektih s podroéja zdravstvene ekologije. Trenutno sodeluje pri evropskem
projektu ANIMA v okviru programa Horizon 2020. Svoje strokovno delo dopolnjuje z avtorstvom stevilnih strokovnih in

znanstvenih del.

doc. dr. Andreja Kukec, dipl. san. inZ Univerza v Ljubljani, Medicinska fakulteta, Katedra za javno
zdravje in Nacionalni inStitut za javno zdravje
andreja.kukec@mf.uni-lj.si

Dr. Andreja Kukec je zaposlena na Univerzi v Ljubljani, Medicinska fakulteta, Katedra za javno zdravje, kjer poucuje na
dodiplomskem in podiplomskem $tudiji vsebine s podrocja javnega zdravja. Na Nacionalnem institutu za javno zdravije kot
nacionalni ekspert s podro¢ja javnega zdravja aktivno deluje na Stevilnih nacionalnih in mednarodnih projektih. Njeno
strokovno in znanstveno delo je usmetjeno v proucevanje okoljskih determinant zdravja na razliéne populacijske skupine.
Ozje raziskovalno podrocje vkljucuje vsebine s podrodja zunanjega in notranjega zraka, od ocene izpostavljenosti,
proucevanja ucinkov na zdravje do oblikovnja javnozdravstvenih ukrepov. 1z njene bibliografije je razvidno, da je vkljucena
v raziskovalno delo z razliénimi strokovnjaki, kar se odraza tudi v njenem interdisciplinarnem delovanju in povezovanju z

razliénimi domacimi in tujimi institucijami.

dr. Anja JutraZ, mag. inZ. arh. Nacionalni institut za javno zdravje
anja.jutraz@nijz.si

Dr. Anja JutraZ je raziskovalka na Nacionalnem institutu za javno zdravie, do leta 2019 tudi sodelavka na Fakulteti za
arhitekturo Univerze v Ljubljani. Od leta 2013 deluje kot arhitektka in raziskovalka tudi na Institutu za interdisciplinarno
sodelovanje in urbani prostor CoLab. Njeno raziskovalno delo se osredotoc¢a na participacijo javnosti, interdisciplinarno
sodelovanje in delo na daljavo, v zadnjem ¢asu pa predvsem na iskanje povezav med zasnovo stavb (bivalnim/delovnim
okoljem) in zdravjem njenih uporabnikov. Leta 2013 je doktorirala z nalogo Vizualni digitalni sistem orodij za sodelovanje
javnosti pri urbanisticnem nac¢rtovanju na Fakulteti za arhitekturo v Ljubljani. Od leta 2017 deluje na Nacionalnem institutu
za javno zdravje, kjer sodeluje na razli¢nih raziskovalnih projektih (InAirQ), InnoRenew, Healthy Gateways, SHARP idr.),
kjer raziskuje vplive bivalnega, delovnega in Solskega okolja na zdravje uporabnikov. Sodeluje predsvem pri raziskovanju
kakovosti notranjega zraka in vplivih na zdravje otrok, pri celostnem naértovanju zdravih Solskih okolij ter razvoju

zdravstvenih parametrov v BIM modelih kot pomo¢ za nacrtovalce (arhitekte in urbaniste).

Peter Otorepec, dr.med., spec.za higieno, Nacionalni inStitut za javno zdravje, Center za zdravstveno
spec. MDPS ekologijo
petet.otorepec@nijz.si

Peter Otorepec je zdravnik, specialist za higieno in medicino dela. Trenutno je odgovoren za Center za zdravstveno
ckologijo na Nacionalnem institutu za javno zdravje v Ljubljani. Ima veliko izku$enj na podrocju okolja in zdravja.

Sodeloval je pri razlicnih EU projektih, povezanih z razvojem kazalcev okoljskega zdravja (ENHIS, UNIPHE) in projektov
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o vplivu izpostavljenosti onesnazenju zraka (APHEIS, APHEKOM). Sodeloval je tudi pri razvijanju metode za oceno

ucinka na zdravje.

Peter Novak, univ.dipl.biol. Agregat d.o.o.
peter@agregat.si

Peter Novak je diplomiral s podrocja funkcionalizacije magnetnih nanodelcev in njihove uporabe za bioloske aplikacije na
Biotehniski fakulteti Univerze v Ljubljani (UL). Diploma je bila zasnovana v sodelovanju med Nacionalnim institutom za
biologijo (NIB) in Nanotesla institutom iz skupine Kolektor. Zadnjih 10 let dal kot komercialist v podjetju Agregat d.o.o.,
kjer se ukvatjajo z nacrtovanjem, svetovanjem in dobavo komponent razlicnih prezracevalnih sistemov. Na podrocju
pomembnosti prezracevanja v notranjih bivalnih prostorih sodeluje s Konzorcijem pasivna hisa pod okriljem fakultete za
arhitekturo (UL), izobrazuje energetske svetovalce v skupini ENSVET in pripravlja individualna predavanja s podrocja

pomena uporabe tovrstne opreme v sodobnih stanovanjskih objektih.

Tanja Rejc mag. san. inZ Univerza v Ljubljani, Medicinska fakulteta, Katedra za javno
zdravje
tanja.rejc@mf.uni-lj.si

Tanja Rejc je v letu 2017 magistrirala na Zdravstveni fakulteti in si pridobila naziv magistrica sanitarnega inzenirstva.
Magistrska naloga je obsegala raziskovano delo s podroc¢ja mikrobioloske in kemijske kakovosti notranjega zraka. V letu
2017 in 2018 je opravljala pripravnistvo na Nacionalnem institutu za javno zdravje. Tekom pripravnistva je sodelovala tudi
pri meritvah kakovosti notranjega zraka tekom projekta »Transnational Adaption Actions for Integrated Indoor Air Quality
Management (InAirQ)« ter pri aktivnostih na projektu COST, kjer so se raziskovalci ukvarjali z oceno tveganja za zdravije
in vplivih industrijsko onesnazenih obmocji na zdravje. 2019 je bila izvoljena v naziv asistentke za podrocje Javnega
zdravstva na Zdravstveni fakulteti. 2019 je opravila podiplomski tecaj Javno zdravje na Katedri za javno zdravje na

Medicinski fakulteti.

prim. mag. Simona UrSi¢, dr. med., spec. Nacionalni inStitut za javno zdravje
higiene, spec. javnega zdravja simona.ursic(@nijz.si
g ’

Mag. Simona Ursi¢, je zdravnica, specialistka higiene in specialistka javnega zdravja, zaposlena na Nacionalnem institutu
za javno zdravje NIJZ. Na Biotehniski fakulteti v Ljubljani je pridobila naziv magistrica znanosti s podrocja zivilstva. V
okviru strokovnega dela se ves Cas ukvatja s proucevanjem okoljske problematike — preucevanjem vplivov razlicnih
parametrov okolja na zdravije, z osves¢anjem prebivalstva in izobrazevanjem. Ima veliko izkus$enj z razli¢nih podrocij okolja
in zdravja. Ves ¢as sluzbovanja je sodelovala z vrtci in osnovnimi Solami, ukvarjala se je z okoljsko problematiko v teh
institucijah. Je soavtorica in vodja preventivnega programa za otroke in mladino "Varno s soncem". Delala je tudi v

projektih EU o onesnazevanju zraka (UFIREG, InAirQ)).

dr. Tamas Szigheti National Public Health Center, Budapest, Hungary
szigeti.tamas@oki.antsz.hu

Dr. Tamas Szigeti je vodja skupine, ki dela na podrocju kakovosti zraka, aerobiologije in ¢loveskega biomonitoringa v
Nacionalnem centru za javno zdravje v Budimpesti na Madzarskem. Ima veliko izkusenj na podro¢ju analiticne kemije in
zdravja okolja. Sodeloval je pri projektih, ki jih financira EU in so povezani z notranjim okoljem (OFFICAIR) in
biomonitoringom (HBM4EU). V zadnjem casu je vodilni strokovnjak projekta InAirQ), ki se osredotoca na raziskavo

kakovosti zraka v zgradbah osnovnih $ol v Srednji Evropi.
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Sonja Sorli, dipl. uciteljica razrednega OS Karla Destovnika Kajuha, Ljubljana
pouka, naziv svetovalka sonja.sotli@os-kdk.si

Sonja Sorli je profesorica razrednega pouka, diplomirala je leta 1996 na Univerzi v Ljubljani na Pedagoski fakulteti. Od
leta 1981 je redno zaposlena na OS Karla Destovnika - Kajuha. Poucevala je ucence 2. triletja. Od leta 1999 je opravljala
delo pomocnice ravnateljice, od leta 2010 pa je ravnateljica na isti $oli. Njeno delo je zelo razgibano: skrbi za organizacijo
izobrazevalnega dela na soli, aktivno sodeluje pri oblikovanju porocil in letnega nacrta Sole, skrbi za urejenost Solske
dokumentacije, pomag pri nacrtovanju in izvedbi sodelovanja Sole z zunanjimi ustanovami in organizacijami, spremlja
zakone in predpise, pripravlja statisticna ali druga porocila, spodbuja in omogoca sprotno strokovno izobrazevanje
strokovnih delavcev in opravlja Se Stevilne druge naloge v skladu z zakoni, kolektivno pogodbo, splosnimi akti zavoda in

drugimi predpisi.

Zelo pomembno pa je nacrtovanje dela s sodelavci na razlicnih podrog¢jih uresnicevanja vsebin u¢nih nacrtov in drugih
neformalnih oblikah izobrazevanja, ki jih pedagoski delavci nudijo in omogocajo ucencem v $oli. Poleg tekmovanj,
natecajev, srecanj, spodbuja vsestransko vkljucevanje v razlicne projekte, ki jih organizira in omogoca Mestna obcina
Ljubljan, Ministrstvo za izobrazevanje znanost in Sport ali druge organizacije doma in v tujini. Sodelovanje v projektih

omogoca doseganje dodatnih znanj na visjem nivoju, tako uc¢encem kot tudi strokovnim delavcem.

Na 3Soli Karla Destovnika-Kajuha so ze pred mnogimi leti zaceli uvajati integrirane tedne v naravi. Taksna oblika
pridobivanja znanj na drugacen nacin se je kmalu uveljavila tudi po drugih Solah. S $portnimi oddelki so omogo¢ili Stevilnim
nadarjenim in perspektivnim Sportnikom uspesno nadaljevanje njihove $portne poti. Sodelovanje v evropskih projektih pa
omogoca vzgajanje in izobrazevanje za trajnostni razvoj in globlje poznavanje ter odgovoren odnos do sebe in drugih ljudi,

do svoje kulture in kulture drugih, do naravnega in druzbenega okolja.

dr. Toma? Sutej, univ.dipLfiz. Uprava Republike Slovenije za varstvo pred sevanji
Tomaz.Sutej@gov.si

Dr. Toma? Sutej se je rodil v Ljubljani. Osnovno solo sem obiskoval v Domzalah, elektrotehnisko pa v Ljubljani. Jeseni
1979 sem se vpisal na Univerzo v Ljubljani — smer Tehniska fizika. Diplomiral sem aprila 1984 na podro¢ju nevtronske
dozimetrije in se zaposlil na Institutu "Jozef Stefan" — Odseku za reaktorsko fiziko. Na Univerzi v Mariboru sem 1989
zagovarjal magistrsko nalogo o meritvah radona s polimernimi detektotji jedrskih sledi ter 1995 Se disertacijo o interakeiji
radona in njegovih kratkozivih razpadnih produktov s trdnimi povrsinami. Med 1991-93 sem bil tretjinsko zaposlen $e na
Republiskem sanitarnem (zdaj Zdravstvenem) inspektoratu ter od 1994 naprej redno. Spomladi 2003 smo ustanovili

Upravo Republike Slovenije za varstvo pred sevanji, kjer sem $e zdaj.

dr. Janja Tur$i¢, univ. dipl. inZ. kem. Teh.  Agencija Republike Slovenije za okolja
janja.tursic@gov.si

Dr. Janja Tursi¢, rojena 1970, je direktorica Urada za stanje okolja zaposlena na Agenciji RS za okolje. Naziv doktorica
kemijskih znanosti je pridobila na Kemijskem institutu v Ljubljani. V okviru svoje strokovne poti se ves ¢as ukvarja s
problematiko okolja, najblizje pa ji je podrocje onesnazenosti zunanjega zraka. Na Agenciji RS za okolje je aktivho

sodelovala tudi v kohezijskih projektih Bober in Sinica.
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dr. Rahela Zabkar Agencija Republike Slovenije za okolja
rahela.zabkar@gov.si

Dr. Rahela Zabkar, rojena 1977, je doktorirala iz meteorologije na Fakulteti za matematiko in fiziko leta 2009. Kakovost
zrak je bilo vsa leta njeno primarno podroéje dela. Po vzpostavitvi prvega disperzijsko fotokemijskega modela za
modeliranje onesnazenosti zraka v Sloveniji se je kot zaposlena na Fakulteti za matematiko in fiziko z modeliranjem Sitjenja
onesnazenja ukvatjala raziskovalno do leta 2015, ko se je zaposlila na Agencji RS za okolje. Na Agenciji pridobljeno znanje
in izku$nje prenasa v prakso ter nadgrajuje ob soocanju z razli¢nimi izzivi $irSega podrocja spremljanja, ocenjevanja in
napovedovanja kakovosti zraka v Sloveniji, s sodelovanjem s tujimi strokovnjaki ter ob aktivnostih povezanih z domacimi

in tujimi projekti s tega podrodja.
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UVODNIK

Zbornik recenziranih znanstvenih prispevkov Kakovost notranjega graka v solskih prostorib: Gradivo za izobragevanja v okviru projekta InAirQ je
nastal v okviru izobrazevanj, ki so del projekta InAirQ). Mednarodni projekt InA4irQ - Mednarodno sprejeti ukrepi za zagotavijanje kakovosti
graka v notranjih prostorih je potekal od julija 2016 do konca leta 2019 in je del projektov Interreg, Central Europe. V projekt je bilo
vkljuéenih devet partnerjev iz petih drZav Srednje Evrope (MadZarske, Poljske, Slovenije, Italije, Ceéke). Koncept projekta je bil osnovan,
da sta bili iz vsake drzave vkljuceni zdravstvena ustanova in osnovna $ola, v kateri se je izvedel aplikativni del projekta. Slovenijo je

zastopala Osnovna sola Karla Destovnika Kajuha iz Ljubljane. Glavni namen projekta InAirQ je preucevanje in dolocitev vplivov

onesnazenega zraka v Solskih prostorih na zdravje ljudi ter osvescanje Sirse javnosti o tej problematiki.

Osrednji namen zbornika je prikazati celostni pristop k na¢rtovanju solskih okolij, predvem povezavo med nacrtovanjem Solskih okolij
in vplivi na zdravje zaposlenih in otrok ter ostalih uporabnikov. Zbornik smo zasnovali kot preplet treh sklopov: vpliv okolja na zdravje

(sklop 1), arhitektura (sklop 2) ter izkusnje pridobljene iz projekta InAirQ (sklop 3).

V prvem sklopu so avtorji opredelili Celovit metodoloski pristop pristop prouievanja vpliva notranjega graka na gdravje, Parametre kakovosti notranjega
graka in njihove vplive na dravje otrok, dotaknili so se Problematike onesnagenosti zunanjega 3raka v Sloveniji tex Skodljivosti radona in ukrepov,
raziskali Skrb za obranjanje in krepitev gdravja otrok in mladostnikov v Solskih objektih, Ogliikov dioksid (CO2) kot indikator kakovosti graka v vzgojno-
izobragevalnih unstanovah s poudarkom na stanju v Sloveniji ter Prisotnost mikroorganigmov, frnega ogljika in ogljikovega dioksida v notranjem raku

v opazovanib vrtcih.

Drugi sklop nam ponuja arhitekturni pogled na obravnavo solskih prostorov, od na¢rtovanja, gradnje do vzdrzevanja. Prispevek Kako
labko ustvarimo dravo Solsko okolje— celostni pristop k oblikovanju solskib prostorov obravanava razlicne elemente, ki so pomembni pri nacrtovanju
Solskih prostorov: npr. osvetlitev, izbira pravilnih materialov, hrup, toplotno udobje, kakovost zraka, pravilna razporeditev prostorov. V
prispevku Strategija resevanja problematike mognega vpliva gradbenib proizvodov na kakovost notranjega 3raka v Solskib prostorih avtorica obravnava
razli¢ne materiale, ki se uporabljajo pri gradnji Solskih objektov in njihove vplive na zdravje. Studija primera, ki raziskuje povezave med
zdravjem uporabnikov in arhitekturno zasnovo stavbe, je predstavljena v prispevku Kakovostna zasnova notranjega okolja 3 vidika vplivov na
gdravje uporabnikoy. Na koncu v prispevku Pomen kvalitetnega prezraievanja v solah in vrtcih avtor primerja naravno in mehansko prezracevanje

in predstavi prednosti prezracevanja solskih objektov.

Tretji sklop je namenjen vsebini projekta InAirQ), ki je potekal od leta 2016 do leta 2019. Rezultati projekta so predstavljeni v naslednjih
prispevkih: Kako naj v soli zaznamo slab zrak? Rezuitati ankete, ki je bila izvedena med uienci OS' Karel Destovnik Kajub; Ozaveséanje o pomembnosti
izboljSanja kakovosti notranjega graka; Rezultati meritev merjenja kakovosti graka v okviru Projekta InAirQ; Ukrepi za izboljsanje kakovosti notranjega
graka v osnovnih Solaby »Benchmarking«: Pregled dobrib praks na podrogiu kakovosti notranjega graka v Solskib okoljib: Metodoloski pristop spremljanja
kakovosti notranjega zraka v osnovnib solaby Studjja izvedjjivosti glede izboljsav osnovnih sol— Studjja primera OS Karel Destovnik Kajub.

Izhajajoc¢ iz celostnega pristopa k nacrtovanju solskih okolij, je Zbornik recenziranih znanstvenih prispevkov namenjen strokovnjakom

in uporabnikom s podrodja javnega zdravja, arhitekture, gradbenistva ter zaposlenim v osnovnih Solah.

Dr. Anja Jutraz in Dr. Andreja Kukec
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PREFACE

Book of a peet-reviewed scientific papers with the title " Indoor air quality in school environment: material for capacity building trainings " was
made as a part of education training during the InAirQ project. InAirQ International Project - Transnational Adaption Actions for Integrated
Indoor Air Quality Management was conducted from July 2016 to the end of 2019 as a part of the Interreg Project, Central Europe. There
were nine partners from five Central European countries (Hungary, Poland, Slovenia, Italy, Czech Republic) involved in the project. The
concept of the project included one health institution and elementary school where the application part was conducted. Elementary
School Karl Destovnik Kajuh in Ljubljana represented the Slovenian elemetary schools. The main aim of the InAirQ) project was to

identify and study the effects of indoor air pollutants in elementary schools on human health and to raise public awareness on this issue.

The main aim of the book is to demonstrate a holistic approach to planning the school environment, especially the connection between
the planning of school environment and its impact on the health of employees, children and other users of the building. The book was
designed as a combination of three parts: the environmental impact on health (part 1), architecture (part 2) and lessons learned from the

InAirQ) project (part 3).

In the part one, authors defined a A comprebensive methodological approach to evaluate the impact of indoor air on health. Authors also breafly
discussed the issue of the The problems of outdoor air pollution in Slovenia, Radon health risk and mitigation, they also investigated the Child and
adolescent health protection and promotion in school facilities, Carbon dioxide (CO3) — indicator of air quality in eduncational institutions: the state in Slovenia
with an empbhasis on the situation in Slovenia, and studied the Presence of microorganisms, black carbon and carbon dioxide in the indoor air of

kindergartens.

Part two consists of the architectural perspective on the treatment of school interior, from design, construction to maintenance. The
paper How can we create a healthy school environment - A holistic approach to the design of school spaces addresses the various important elements in
the design of school spaces: e.g. lighting, choosing the right materials, noise, thermal comfort, air quality, proper layout of the rooms. In
the paper Problem-solving strategy for control and prevention of possible influences of construction products on the indoor air quality in schools the author
discusses various materials used in the construction of schools, and their effects on health. A case study, presented in the paper Quality
indoor environment and user health impact — case study, authors investigates the connections between the health of the occupants and the
architectural design of a building. Finally, in the paper The importance of adequate ventilation in schools and kindergartens, the author compares

natural and mechanical ventilation and presents the benefits of the effective ventilation of school facilities.

The third part is dedicated to the content of the InAirQQ project, conducted between 2016 and 2019. The results of the project are
presented in the following sections: Assessment of poor air quality in elementary school pupils Karel Destovnik Kajub; Awareness raising actions for
improving indoor air quality; Results of air quality measurement as part of the project InAirQ; Action plans for improvement of indoor air quality in primary
schools; »Benchmarkinge: review of good practices in the field of indoor air quality in school buildings: Methodological approach of monitoring indoor air quality
in primary schools; Feasibility plan for improvements in schools — case study OS Karel Destovnik Kajub.

Based on the holistic approach to school environment planning, the book of peer-reviewed scientific papers is aimed for professionals

and users in the field of public health, architecture, construction and elementary school employees.

Dr. Anja Jutraz in Dr. Andreja Kukec
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SKLOP 1: VPIVOKOLJA NA ZDRAVJE / Section 1: The Environmental
Impact on Health

11

1.2

1.3

1.4

1.5

1.6

1.7

Apndreja Kukec
Tanja Carl
Lijana Zaletel-Kragelj

Amja Jutrag
Apndreja Kukec

Janja Tursi¢
Rahela Zabkar

Tomaz Sutej

Simona Ursi¢

An Galitic
Nataljja Kranjec
Ivan Ergen

Tanja Reje

Apndreja Kukec
Karmen Godic Torkar
Mirko Bizjak

CELOVIT METODOLOSKI PRISTOP PROUCEVAN]JA
VPLIVA NOTRANJEGA ZRAKA NA ZDRAV]JE

A comprehensive methodological approach to evaluate the
impact of indoor air on health

PARAMETRI KAKOVOSTI NOTRANJEGA ZRAKA IN
NJIHOVI VPLIVI NA ZDRAVJE OTROK

Indoor air quality parameters and their impact on children's
health

PROBLEMATIKA ONESNAZENOSTI ZUNANJEGA ZRAKA
V SLOVENI]JI
The problems of outdoor air pollution in Slovenia

gKODL]IVOST RADONA IN UKREPI
Radon health risk and mitigation

SKRB ZA OHRAN]JAN]JE IN KREPITEV ZDRAVJA OTROK
IN MLADOSTNIKOV V SOLSKIH OBJEKTIH

Child and adolescent health protection and promotion in school
facilities

OGLJIKOV DIOKSID (CO2) — INDIKATOR KAKOVOSTI
ZRAKA V VZGOJNO-IZOBRAZEVALNIH USTANOVAH:
STAN]JE V SLOVENI]JI

Carbon dioxide (CO2) — indicator of air quality in educational
institutions: the state in Slovenia

PRISOTNOST MIKROORGANIZMOV, CRNEGA OGLJIKA
IN OGLJIKOVEGA DIOKSIDA V NOTRANJEM ZRAKU V
OPAZOVANIH VRTCIH

Presence of microorganisms, black carbon and carbon dioxide in
the indoor air of kindergartens

17



INDOOR AIR QUALITY IN SCHOOL ENVIRONMENT

CELOVIT METODOLOSKI PRISTOP PROUCEVANJA VPLIVA NOTRANJEGA ZRAKA NA ZDRAVJE

Dr. Andreja KUKEC'?, Tanja CARLI"?, Dr. Lijjana ZALETEI-KRAGEL]J"?
"Univerza v Ljnbljani, Medicinska faknlteta, Ljnbljana, Slovenija, ?Nacionalni institut 3a javno 3dravje, Ljubljana, Slovenija

Kljuéne besede: netodoloski pristopi, SWOT, presetna ragiskava, meritve kakovosti 3raka

UVOD. V zadnjih desetletjih je s strani mednarodne znanstvene skupnosti, okoljskih politik in sektorjev ¢edalje vec
pozornosti namenjene podrocju kakovosti notranjega zraka. Najverjetneje k temu prispeva sodoben nacin zivljenja zaradi
katerega prezivi clovek do 90% svojega ¢asa v zaprtih notranjih prostorih (npr. domovi, pisarne, sole, restavracije), kar je v
povprecju skoraj 5-krat ve¢ v primerjavi s casom, ki ga prezivi v zunanjem okolju. Temu primerno se, ob izpostavljenosti
onesnazevalom v zunanjem zraku, veéa izpostavljenost onesnazevalom v notranjem zraku. Se posebej ranljiva populacijska
skupina so otroci, predvsem zaradi razlik v anatomiji, fiziologiji in zrelosti imunskega sistema. Dodatno k razlikam prispeva
njihova vedja telesna aktivnost v primerjavi z odraslimi, kar prek vecje frekvence dihanja pomeni vdihavanje vedjih
volumnov (onesnazenega) zraka in ¢as, ki ga otroci prezivijo v domacem oz. vzgojno-izobrazevalnem okolju.

Skladno s potrebami po oceni vpliva kakovosti notranjega zraka na zdravje otrok v vzgojno-izobrazevalnih ustanovah v
Evropske unije (EU) in iz nje izhajajocih priporo¢il ter zakonskih podlag za izvedbo ustreznih ukrepov, se je Slovenija leta
2016 vkljucila v 3-letni mednarodni projekt InAirQ (angl. Transnational Adaptation Actions for Integrated Indoor Air
Quality Management), sofinanciran s strani programa Interreg CENTRAL EUROPE (CE). Osnovni namen projekta je bil
oceniti povezanost med boleznimi dihal, alergijami in opazovanimi onesnazevali (lahkohlapni ogljikovodiki, aldehidi, CO,
CO2, NO2, O3, PM2,5, UFP, radon in prah) ter mikroklimatskimi parametri (temperature zraka, relativna vlaga zraka,
izmenjava zraka prti razlicnih stopnjah prezracevanja) v notranjem zraku pri ranljivi populacijski skupini na obmocju CE.
NAMEN. Predstaviti celovit metodoloski pristop ocenjevanja vpliva onesnazenosti notranjega zraka na zdravije otrok.
REZULTATI. V letu 2017-2018 smo izvedli presecno raziskavo tipa HIS (angl. Health Interview Survey) o povezanosti
med boleznimi dihal, alergijami in opazovanimi onesnazevali (lahkohlapni ogljikovodiki, aldehidi, CO, COz, NO3, O3,
PM.;s, UFP, radon in prah) ter mikroklimatskimi parametri (temperature zraka, relativna vlaga zraka, izmenjava zraka pri
razliénih stopnjah prezradevanja) v notranjem zraku med otroci starimi 9 let, ki so bili vpisani v 3. razred OS v ljubljanski
zdravstveni regiji. Z mednarodnim anketnim vprasalnikom, ki so ga izpolnjevali star$i in vsebino katerega smo pred
implementacijo prilagodili slovenskemu prostoru, smo pridobili podatke za oceno zdravja in pocutja otrok. Meritve
kakovosti zraka v ucilnicah in na lokaciji zunaj Sole (temperatura in relativna vlaga, delci v zraku (PMzs), COz, aldehidi
(formaldehid), VOC - hlapne organske spojine (benzen), NO2 in radon) smo izvajali vzporedno, in sicer 1 teden na vsaki
Soli v obdobju kurilne sezone (13. 11. 2017 - 16. 3. 2018). Vse sodelujoce drzave so imele enoten protokol meritev (uporaba
enakih merilnikov; enak nacin dela (izbira merilnih mest, nacin izvajanja meritev, ravnanje z vzorci in transport do
laboratorija); analiza v istem certificiranem laboratoriju pri vodilnem projektnem partnerju v Budimpesti, kar je omogocilo
skupno predstavitev rezultatov meritev vseh partnerjev in moznost njihove primerjave med partnerji. SWOT analiza je bila
uporabljena kot celovito analiti¢no orodje za analizo prednosti, slabosti, priloznosti in nevarnosti z vidika kakovosti zraka
v izbranih OS.

RAZPRAVA. Ocenjevanje vpliva onesnazenosti notranjega zraka na zdravje otrok predstavlja za strokovnjake javnega
zdravja velik metodoloski izziv, in sicer tako v fazi nacrtovanja raziskave (izbor ciljne populacije, opredelitev vzorca,
potencialni dejavniki tveganja, opazovani zdravstveni izidi, ocena izpostavljenosti, skrbna priprava vprasalnika) kot v fazi
izvedbe (eticne dileme - predvsem soglasje starsev, izpolnjevanje vprasalnika, analiza in interpretacija podatkov).

SKLEP. Celoviti metodoloski pristopi proucevanja vpliva notranjega zraka na zdravje otrok so izhodis¢e za pripravo z

dokazi podprtih javnozdravstvenih aktivnosti na podrocju kakovosti notranjega zraka v vzgojno-izobrazevalnih ustanovah.
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1.1
A COMPREHENSIVE METHODOLOGICAL APPROACH TO EVALUATE THE IMPACT OF INDOOR AIR ON
HEALTH

Dr. Andreja KUKEC"™?, Tanja CARLI"?, Dr. Lijana ZALETEI -KRAGELJ"?
"University of Ljubljana, Faculty of Medicine, Ljubljana, Slovenia, ’National Institute of Public Health, Ljubljana, S/lovenia

Keywords: methodological approaches, SWO'T, cross-sectional study, air quality measurements

INTRODUCTION. Indoor air quality has gained considerable attention from the international scientific community,
environmental policies and sectors in recent decades. Due to the time-activity profiles of contemporary lifestyles, people
spend up to 90% of their time indoors (eg homes, offices, schools, restaurants), hence on average almost 5 - times more
than the time spend outdoors. Accordingly, along with the ambient air pollution exposure, the exposure to pollutants in
indoor air is increasing. In particular, children are highly vulnerable to air hazards, mainly due to the differences in anatomy,
physiology and maturity of the immune system. Additional differences compared to the adults exist due to their increased
physical activity enabling, via higher respiratory rate, to inhale larger volumes of (polluted) air, and due to their considerable
amount of time spend at home or at educational environment.

In agreement with the needs for assessing the impact of indoor air quality on children's health in educational institutions
across European Union (EU), and with the recommendations and legal basis for effective implementation of action plans,
Slovenia in 2016 joined the partners of the 3-year international project InAirQQ (Transnational Adaptation Actions for
Integrated Indoor Air Quality Management), co-funded by Interreg CENTRAL EUROPE (CE). Projects aim was to assess
the relationship between respiratory diseases, allergies and observed pollutants (volatile hydrocarbons, aldehydes, CO, COs,
NOz, O3, PM2s, UFP, radon and dust), and microclimatic parameters (temperature, relative humidity, air exchange at
different levels of ventilation) in indoor air among vulnerable population group across CE.

AIM. To present a comprehensive methodology for assessing the impact of indoor air pollution on children's health.
RESULTS. In 2017-2018, a cross-sectional HIS (Health Interview Survey) survey was conducted to study the relationship
between respiratory diseases, allergies and observed pollutants (volatile hydrocarbons, aldehydes, CO, CO,, NO,, O3,
PM.;5, UFP, radon and dust), and microclimatic parameters (temperature, relative humidity, air exchange at different levels
of ventilation) in indoor air among 9 year old children, enrolled in primary schools in the Ljubljana Health Region. To
assess the health and well-being of children, a Slovenian adaptation of the International questionnaire was used, and
completed by the parents. To assess the air quality (temperature and relative humidity, airborne particles (PMzs), CO»,
aldehydes (formaldehyde), VOCs - volatile organic compounds (benzene), NO2 and radon) during the heating season (13.
11. 2017 - 16. 3. 2018), parallel measures were carried out in classrooms and out-of-school locations, 1 week at each school.
A unified measurement protocol (the use of the same measurement devices; the same working principles (selection of
measuring points, sample collection, handling and transportation); certified laboratory analysis, ensured by the leading
project partner in Budapest), was provided to all of the participating countries, enabling to combine and to compare the
measurement results between the partners. SWOT analysis was used as a comprehensive analytical tool to analyze the
strengths, the weaknesses, the opportunities and the threats of air quality in the selected primary schools.
DISCUSSION. Assessing the impact of indoor air pollution on children's health is a key methodological challenge for
public health professionals throughout the entire research process, especially in the phase of study design (selection of
target population, sample definition, potential risk factors, observed health outcomes, exposure assessment, questionnaire
design) and conduction (ethical dilemmas - notably parental consent, completion of the questionnaires, data analysis).
CONCLUSION. Comprehensive methodological approaches for assessing the impacts of indoor air pollution on
children's health present the starting point for the preparation of evidence-based public health activities in the field of

indoor air quality in educational institutions.
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PARAMETRI KAKOVOSTI NOTRANJEGA ZRAKA IN NJIHOVI VPLIVI NA ZDRAVJE OTROK

Dr. Anja JUTRAZ!, Dr. Andreja KUKEC'?
"Nacionalni institut za javno zdravje, Ljubljana, Slovenija, ?Univerza v Ljubljani, Medicinska fakunlteta, Katedra 3a javno 3dravye,
Ljubljana, Slovenija

Kljuéne besede: arbitektura, javno gdravje, parametri kakovosti notranjega raka, Solsko okolje, dravje otrok

UVOD. Kvalitetno Solsko okolje vpliva na razlicne dimenzije nasega zdravja. Prispevek raziskuje povezanost med
parametri kakovosti notranjega zraka in njihovimi vplivi na zdravje otrok. Na kakovost notranjega zraka vplivajo razli¢ni
dejavniki: kakovost zunanjega zraka, obseg izmenjave zraka, viti onesnazeval v zraku v zaprtih prostorih (npr. stevilo oseb
v prostoru, pohistvo, gradbeni in prekrivni materiali itd.), vezna sposobnost notranjih povrsin, filtri. Zunanji viri
onesnazeval zraka so: promet (npr. gostota prometa, blizina prometnih cest, parkiris¢), elektrarne, drugi industrijski obrati,
gradbena dela, odlagalis¢a odpadkov, kmetijska dejavnost (npr. skropljenje pesticidov), divji pozari. Notranji viri
onesnazeval zraka v udilnicah so: gradbeni materiali (npr. stenska obloga, tla, zavese), pohistvo, izdelki za ¢iscenje /
razkuzevanje, prah, barve, topila, lepila in smole, fotokopirni stroji, ¢rnila, biocidi, izdelki za osebno nego, ljudje ( izdihani
zrak), hi$ni ljubljencki, glodalci, Zuzelke, plesen (zaradi prekomerne prisotnosti vlage), sekundarni viri (npr. ozon reagira z
VOC-).
NAMEN: Namen prispevka je oceniti povezanost med parametri kakovosti notranjega zraka in njihovimi vplivi na zdravije
otrok. Cilj prispevka je prikazati javnozdravstveni in arhitekturni pomen nacrtovanja kvalitetnih Solskih okolij tako za
zaposlene kot tudi za uporabnike (otroke).
METODE. Na podlagi pregleda literature smo pripravili izbor najpogostejsih parametrov kakovosti notranjega zraka, ki
lahko imajo vpliv na zdravje otrok: NO», CO, O3, formaldehid, aldehidi (benzen, toluen itd.), VOCs, SVOCs, azbest, radon.
REZULTATI IN RAZPRAVA. Parametri kakovosti notranjega zraka imajo najpogosteje naslednje vplive na zdravje
(izbor): (1) NO2: povecana reaktivnost bronhijev, zmanj$ano delovanje plju¢, povecana obolevnost dihal, oslabljeni imunski
sistem, vnetje zrela, povecan alergijski ucinek alergenov (npr. alergija na hrano), ekcem; (2) CO (odvisno od prisotne
koncentracije v prostoru): glavobol, vrtoglavica, utrujenost, tezko dihanje, slabost, bruhanje, razdraZljivost, zaspanost,
zmedenost, dezorientacija, izguba zavesti, koma, smrt; (3) Os: bolecine v prsih, kaselj, drazenje grla, vnetje dihalnih poti,
poskodba plju¢; (4) VOCs: drazenje oci, nosu in grla, glavoboli, utrujenost, omotica, slabost, poskodbe jeter, ledvic in
centralnega zivénega sistema, za nekatere organe se sumi ali je znano, da povzroc¢a potencialno kancerogeni ucinek; (5)
formaldehid: drazenje sluznice (solzenje, kihanje, bolece grlo, kaselj), drazenje koze (izpuscaji, stbenje), alergeno,
senzibilizirajo¢ ucinek, sinusitis, glavobol, slabost, nespec¢nost itd.
SKLEP. Raziskava je pokazala, da je pomembno kvalitetno nacrtovanje Solskega okolja za zdravje otrok ter redno merjenje
ter spremljanje parametrov kakovosti notranjega zraka. V prihodnosti je potrebno na podlagi z dokazi podprte ocene
parametrov v Solskih okoljih nacrtovati in izvesti javnozdravstvene in arhitekturne ukrepe, ki bodo pripomogli k izboljsanju
pocutja in zdravja uporabnikov (pti obstojecih Solskih stavbah).
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1.2
INDOOR AIR QUALITY PARAMETERS AND THEIR IMPACT ON CHILDREN'S HEALTH

Dr. Anja JUTRAZ!, Dr. Andreja KUKEC'?
"National Institute of Public Health, 1jubljana, Slovenia, *University of Ljubljana, Faculty of Medicine, Ljubljana, Slovenia

Keywords: architecture, public health, indoor air quality parameters, school environment, child health

INTRODUCTION. A quality school environment affects the various dimensions of our health. The paper explores the
relationship between indoor air quality parameters and their effects on children's health. Indoor air quality is affected by
various factors: outdoor air quality, extent of air exchange, sources of indoor air pollutants (eg. people, furniture, building-
and covering materials etc.), the binding capacity of indoor surfaces, filters. Outdoor sources of air pollutants are: traffic
(e.g. traffic density, proximity of busy roads, parking lots), power plants, other industrial plants, construction works, waste
deposit sites, agricultural activity (e.g. spraying pesticides), wildfires. Indoor sources of air pollutants in classrooms are:
building materials (e.g. wall coveting, flooring, curtains), furniture, cleaning/disinfection products, dust, paints, solvents,
glues and resins, photocopiers, inks, biocides, personal care products, people (exhaled air), pets, rodents, insects, mould
(from moisture), secondary cources (e.g. ozone reacts with VOCs).
AIM. The purpose of the paper is to assess the relationship between indoor air quality parameters and their effects on
children's health. The main aim of the paper is to show the public health and architectural importance of planning quality
school environments for both employees and users (children).
METHODS. Based on the literature review, we have compiled a selection of the most common indoor air quality
parameters that can affect children's health: NO», CO, O3, formaldehyde, aldehydes (benzene, toluene etc.), VOCs, SVOCs,
asbestos, radon.
RESULTS AND DISCUSSSION. Indoor air quality parameters can have the following health effects (selection): (1)
NOz: increased bronchial reactivity, reduced lung function, increased respiratory morbidity, reduced immunological
protection, middle ear, nose-, ear-, pharynx inflammation, increases the allergenic effect of allergens (e.g. food allergy),
eczema, increased blood coagulation in adults; (2) CO: Acute symptoms: headache, vertigo, tiredness, heavy breathing,
nausea, vomiting, irritability, drowsiness, confusion, disorientation, loss of consciousness, coma, death; (3) Os: chest pain,
coughing, throat irritation, airway inflammation, lung damage; (4) VOCs: eye, nose and throat irritation, headaches, fatigue,
dizziness, nausea, damage to liver, kidney and central nervous system, some organics are suspected or known to cause
cancer; (5) formaldehyde: mucous membrane irritation (lacrimation, sneezing, throatache, increased expectoration), inhibits
ciliary activity, skin irritation (rash, itching), allergenic, sensitizing effect, sinusitis, headache, nausea, insomnia etc.
CONCLUSION. The research has shown the importance of quality planning of the school environment for children's
health and regular measurement of indoor air quality parameters. In the future, it is necessary to plan and implement public
health and architectural measures that will help improve the well-being and health of users (with existing school buildings)
on the basis of evidence-based assessment of parameters in school settings.
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PROBLEMATIKA ONESNAZENOSTI ZUNANJEGA ZRAKA V SLOVENLJI
Dr. Janja TURSIC", Dr. Rahela ZABKAR', " Agencija Republike Slovenije za okolje, ARSO, I jubljana, Slovenija

Kljuéne besede: kakovost zunanjega raka, onesnagevalo, onesnagenost Junanjega raka, delei PMy s in PMyo

UVOD. Na kakovost zraka v notranjih prostorih poleg dejavnikov, ki se nanasajo na aktivnosti v notranjih prostotih in
prezracevanje, vpliva tudi kakovost zunanjega zraka. Nivoji nekaterih onesnazeval v zunanjem zraku se precej dobro
odrazajo v notranjih prostorih (npr. delci PMyjs), pri drugih (npr. Os) pa povezava ni izrazita.

NAMEN. Onesnazenost zunanjega zraka je v Sloveniji pereca problematika, saj se soo¢amo s ¢ezmernimi ravami delcev
PMio v hladni polovici leta in ter visokimi koncentracijami ozona v poletnih mesecih. Povisane ravni delcev so posledica
lokalnih izpustov in meteoroloskih pogojev, problematika ozona pa ima izrazit regionalni znacaj z vplivom ¢ezmejnega
transporta.

METODE. Z vidika zagotavljanja skladnosti je v primeru delcev PMio najbolj problemati¢no stevilo preseganj dnevne
mejne vrednosti. Do visokih ravni delcev prihaja praviloma v hladni polovici leta. Takrat se visokim izpustom zaradi
uporabe lesne biomase v zastarelih kurilnih napravah pridruzijo Se neugodne meteoroloske razmere z izrazitimi
temperaturnimi inverzijami v nizinah celinske Slovenije. Na posameznih merilnih mestih v celinski Sloveniji je presezeno
dopustno stevilo preseganj. V zadnjem obdobju se kot najbolj problemati¢ni lokaciji izkazujeta Zagorje ob Savi in Celje.
NiZje ravni delcev belezimo na Primorskem, v celinski Sloveniji pa je izjema Velenje, kjer so prakticno vsi prebivalci
prikljuceni na daljinski sistem ogrevanja. Stevilo dni s presezeno dnevno mejno vrednostjo v posameznem koledarskem
letu je zelo odvisno od meteoroloskih pogojev v posamezni zimi.

REZULTATI IN RAZPRAVA. Onesnazenost z ozonom je najbolj problemati¢na na Primorskem in v krajih z visjo
nadmorsko visino, kjer poleti ob¢asno prihaja tudi do preseganj opozorilne urne vrednosti. Dopustno $tevilo prekoracitev
ciljne maksimalne 8-urne koncentracije je presezeno prakticno na vseh merilnih mrestih. Izjema so le lokacije pod
neposrednim vplivom prometa. Tudi v primeru ozona so razlike med posameznimi leti odvisne predvsem od meteoroloskih
pogojev.

SKLEP. Ostala onesnazevala z vidika doseganja standardov niso problemati¢na. Na nekaterih merilnih mestih se pojavljajo

nekoliko povisani nivoji delcev PMy s, NO; in benzo(a)pirena, vendar pa ravni niso visje od predpisanih standardov.
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THE PROBLEMS OF OUTDOOR AIR POLLUTION IN SLOVENIA
Dr. Janja TURSIC', Dr. Rahela ZABKAR', " Environmental Agency of the Republic of Slovenia, ARSO, 1 jubljana, Slovenia

Keywords: ambient air, pollutants, ambient air pollution, PMy s and PMyo particles

INTRODUCTION. Besides activities inside buildings and air conditioning, indoor air quality is also influenced by
ambient air. Levels of some pollutants inside buildings (e.g. PMa 5 particles) reflect ambient levels, while for others (e.g. O3)
the correlation is not significant.

AIM. Ambient air pollution in Slovenia is an important issue because of exceeded levels of PMj particles in cold part of
year and ozone in summer months. Reasons for elevated levels of particles are local emissions and unfavourable
meteorological conditions. Pollution with ozone is regional and connected to trans-boundary pollution.

METHODS. Compliance with air quality standards is not attained for PMio daily limit value. The allowed number of daily
exceedances is exceeded at some urban monitoring sites. The most problematic locations in recent yeras are Zagotje ob
Savi and Celje. High levels of particles are associated with the cold part of the year due to the widespread use of wood for
domestic heating and unfavourable meteorological conditions in basins and valleys of continental part of Slovenia. Lower
levels of particles are measured in Primorska region and in some towns in continental part with effective district heating.
The number of days with exceeded daily limit value in particular year is significantly influenced by meteorological conditions
in winter time.

RESULTS AND DISCUSSSION. The highest ozone levels are measured in Primorska region and at the high altitude
monitoring sites, where occasionally in summer information value is exceeded. The maximum daily eight-hour mean value
is exceeded at almost all measuring sites. The variation of ozone levels between different years depends mainly on
meteorological conditions in summer.

CONCLUSION. Levels of other pollutants are below air quality standards. At some measuring sites slightly increased

concentrations of PMys, NO> and benzo(a)pyrene are measured, but air quality standards are not exceeded.
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SKODLJIVOST RADONA IN UKREPI
Dr. Tomaz SUTE], Uprava Republike Slovenije za varstvo pred sevangi, Ljubljana, Slovenija

Kljuéne besede: radon, pljucni rak, pregralevanje, sanacija

Radon in predvsem njegovi kratkotrajni radioaktivni potomci v zraku povzrocajo najvecjo naravno sevalno obremenitev
prebivalcev. Priblizno vsak deseti plju¢ni rak nastane zaradi skodljivih ucinkov po vdihavanju radioaktivnih izotopov
radona, polonija, svinca in bizmuta. Kljub vedno boljsemu razumevanju fizikalnih in kemic¢nih lastnosti atomov pa Se vedno
ne znamo dovolj natan¢no ovrednotiti bioloskih ucinkov in zdravstvenega tveganja zaradi kompleksnih dejavnikov okolja,
predvsem kajenja in aerosolov. Tveganje je opredeljeno s sevalno obremenitvijo ali efektivno dozo (enota Sievert - Sv ali
J/kg). Skoda za zdravie je ovrednotena $e z ekonomskimi stroski. Zakljucek je, da so ukrepi za zmanjsanje izpostavljenosti
radonu, kot so redno prezracevanje prostorov, skrajSanje ¢asa v njih ali gradbena sanacija objekta upraviceni tudi pri
vsebnost radona v zraku, znatno nizji od 1000 Bq/m?.

UVOD. Naravni in zlahtni plin radon ter predvsem njegovi kratkotrajni radioaktivni potomci v zraku povzrocajo najvecjo
sevalno obremenitev prebivalcev. Skodljivi ucinki radona in njegovih potomcev so bili prvim raziskovalcem znani Ze pred
drugo svetovno vojno, vendar so se sistematicne $tudije nadaljevale Sele po njej predvsem zaradi povecane verjetnosti za
pljucnega raka pri rudarjih. Po letu 1980 pa so izsledki raziskav vzbudili zanimanje $irse javnosti (UNSCEAR Report 20006,
Annex E; UNSCEAR Report 1982).

Kljub vedno boljsemu razumevanju fizikalnih in kemic¢nih lastnosti atomov radona, polonija, svinca in bizmuta Se vedno
ne znamo dovolj natan¢no ovrednotiti bioloskega tveganja za nastanck plju¢nega raka zaradi kompleksnih dejavnikov
okolja, predvsem kajenja in aerosolov. Tveganje zaradi izpostavljenosti ionizirajocemu sevanju opredelimo s sevalno
obtremenitvijo ali efektivno dozo (enota Sievert - Sv ali J/kg). Pomembni vhodni veli¢ini sta Se ¢as izpostavljenosti (enota
sekunda — s ali ura = 3600 s) in aktivnost ali $tevilo jedrskih razpadov v sekundi (enota Becquerel - Bq = s1). Clovek je v
povprecju obremenjen z efektivno dozo nekaj mili-Sievertov letno. Od tega radon s potomci prispeva ve¢ kot polovico.
To je v Sloveniji okrog 1,5 mSv/leto pti doznem faktotju 2,6 nSv/Bq, pretoku dihanja 0,8 m3/h v 7000 urah in povprecni
vsebnost radona 100 Bq/m?. Upostevamo $e povprecno ravnovesje 40% med radonovimi potomci in radonom v zraku -
preracunano na energijo delcev alfa po razpadu vseh atomov.

Dodaten bioloski uc¢inek na celice v pljucih imajo kemi¢no aktivni delci ioniziranih radonovih potomcev, ki $e niso vezani
na aerosole v zraku. Posledica je, da so jamski vodniki zaradi majhne vsebnosti acrosolov v jami sevanju bolj izpostavljeni
kot zunaj. Zato je zanje smiselno povecanje doznega faktorja na okrog 5 do 10 nSv/Bq in pretoka dihanja na 1,2 m3/h. Se
bolj pomembno je, da kadilci tvegajo za smrt zaradi plju¢nega raka okrog 25-krat ve¢ od nekadilcev (Darby in drugi, 2005).
Zanje bi bilo smiselno povecati dozni faktor vsaj na 50 nSv/Bgq.

Delez odraslih kadilcev je okrog ena cetrtina, nekadilcev pa tri Cetrtine odraslega prebivalstva. Mednarodna komisija za
varstvo pred sevanji (ICRP Publication 126, 2014) tega ne locuje in zaradi kadilcev tudi za nekadilce povecuje povpreéni
dozni faktor na okrog 8 nSv/Bq. Na mednarodni ravni $e vedno potekajo razprave o teh vrednostih. Slovenija je predvidela
povecanje dozne obremenitve v ¢etrtem clenu Uredbe o nacionalnem radonskem programu (Utl. RS, st. 18/18), a je
uveljavitev te spremembe prelozila v leto 2021. Sprememba ima lahko pomembne ekonomske posledice za nekatere
gospodarske druzbe (rudnike, turisticne jame), saj bi morali podvojiti $tevilo delaveev za omejeno delo v jamah.

LaZje je meriti vsebnost radona v zraku (enota Bq/m?3). Referen¢na (opozotilna) raven povprec¢ne letne vsebnosti radona
v zaprtih bivalnih in delovnih prostotih je znizana na 300 Bq/m?. To je v skladu z direktivo Sveta Evropske skupnosti o
osnovnih standardih varstva pred ionizirajocimi sevanji (EU Council Directive 2013/59/Euratom). Pri preseganju te

vrednosti so potrebni dodatni ukrepi za zmanjsanje sevalne obremenjenosti, kot so prezracevanje prostorov, skraj$anje casa
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v njih ali zniZanje vsebnosti radona z u¢inkoviti gradbenimi posegi. Svetovna zdravstvena organizacija predlaga referenéno
raven celo 100 Bq/m? (WHO Handbook on Indoor Radon, 2009).
Bivalnih ali delovnih prostorov s preseganjem 100 Bq/m? je v Sloveniji vsaj tretjina. Okrog desetina prostorov presega 200
Bq/m?, dvajsetina pa 400 Bq/m?. Zato je potrebno celovito in strate$ko obravnavanje tega podrodja, ki poleg zdravstvenih
vidikov uposteva tudi ekonomske, socialne, gradbene, okoljske in izobrazevalne vidike.
NAMEN. Obravnavati tudi ekonomski vidik in potrditi, da so ukrepi za zmanj$anje izpostavljenosti radonu, kot so redno
prezracevanje prostorov, skrajSanje ¢asa v njih ali gradbena sanacija delov objekta upraviceni tudi pri vsebnosti radona v
zraku, znatno nizji od 1000 Bq/m?3.
METODE. Primerjati verjetnosti za plju¢nega raka iz literature s sevalnimi obremenitvami, jih pretvoriti v ekonomsko
skodo ali stroske ter dokazati upravicenost rednega prezrac¢evanja in gradbenih posegov za znizanje povprecne vsebnosti
radona v bivalnih ali delovnih prostorih.
REZULTATI IN RAZPRAVA. gkodljivost radona za zdravije vklju¢no s tveganjem za pljucnega raka, stroski zdravljenja
in poslabsanje kakovosti Zivljenja je ocenjena v razponu med 100 in 5000 evrov pri sevalni obremenitvi 1 mSv, kar je pri
sedanji metodologiji izracuna efektivnih doz enakovredno izpostavljenosti povprecni letni vsebnosti radona okrog 70
Bq/m?. Pri vsebnosti radona 1000 Bq/m? in ¢asu 2000 ur na delovnem mestu je efektivna doza za posameznika 6 mSv,
kar je enakovredno zdravstveni skodi med 600 in 30.000 evri. Ce svoje zdravje cenimo na 1000 €/mSv, se strosek sanacije
okrog 5000 evrov povrne ze po enem letu. Ce je v prostoru vec ljudi (na primer vecje pisarne, delavnice, ucilnice, igralnice),
se strosek povrne Ze znatno prej.
Pri vsebnosti radona 300 Bq/m? v 7000 urah doma pa je efektivna doza okrog 4,5 mSv. Ce vsebnost radona znizamo pod
100 Bq/m?, zmanj$amo zdravstveno skodo za okrog 3000 evrov letno. Strosek sanacije okrog 5000 evrov se povtne prej
kot v dveh letih. Ti izracuni veljajo za nekadilce. Prenchanje kajenja tobaka je najucinkovitejsi ukrep za zmanjsanje tveganja
za nastanek pljucnega raka.
SKLEP. Ukrepi za zmanjsanje izpostavljenosti radonu, kot so redno prezracevanje prostorov, skrajsanje casa v njih ali
ucinkovita gradbena sanacija objekta, so upraviceni tudi pti vsebnosti radona v zraku, znatno nizji od 1000 Bq/m?.
Opozorilna raven 300 Bq/m? je sedaj optimalna vrednost za ukrepe, ki zmanjsajo vetjetnost za nastanek plju¢nega raka.
LITERATURA.
e  UNSCEAR 2006 Report, Annex E:
https:/ /www.unscear.otg/docs/publications/2006/UNSCEAR_2006_Annex-E-CORR.pdf
e  UNSCEAR 1982 Report: https://www.unsceat.org/unsceat/en/publications/1982.html
e Darby et al., 2005: Radon in homes and risk of lung cancer: collaborative analysis of individual data from 13
European case-control studies. BMJ, 330(7485): 223-227.
e ICRP Publication No. 126, 2014: https://journals.sagepub.com/doi/pdf/10.1177/ANIB_43_3
e Utredba o nacionalnem radonskem programu (Ut.L. RS, st. 18/18):
http:/ /www.pists.si/Pis.web/pregledPredpisarid=URED7606
e  EU Council Ditrective 2013/59/Euratom of 5 December 2013 laying down basic safety standards for protection
against the dangers arising from exposure to ionising radiation:
https://eut-lex.curopa.cu/LexUriServ/LexUtiServ.doruti=0]:1:2014:013:0001:0073:EN:PDF
e WHO Handbook on Indoor Radon, 2009:
https:/ /apps.who.int/iris/bitstream/handle/10665/44149/9789241547673_eng.pdf;jsessionid=1E253EBF7E2
F668055A29F58C608BOBB?sequence=1
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14
RADON HEALTH RISK AND MITIGATION

Dr. Tomaz SUTE !, Stovenian Radiation Protection Administration, 1 jubljana, Slovenia

Keywords: radon, lung cancer, ventilation, mitigation

Radon and its short-lived radioactive decay products in air induce the highest exposure of population to natural ionising
radiation. Approximate one tenth of lung cancers are caused by inhalation and deposition of radioactive isotopes of
polonium, lead and bismuth in lungs. Despite better knowledge of physical and chemical properties of individual atoms
the biological effects and health risks are not evaluated enough exactly because of complex environmental factors, especially
smoking and aerosols. Risk factor is determined with radon exposute or effective dose (unit Sievert - Sv or J/kg). This
contribution deals with economical point of view also. It is concluded, that preventive measures to reduce radon exposure,
such as regular ventilation, shortening of occupational time or mitigation of buildings, are justified at radon concentrations
considerably lower than 1000 Bq/m3.

INTRODUCTION. The largest proportion of population exposure to natural ionising radiation is induced by noble gas
radon and above all by its short-lived radioactive decay products in air. Harmful effects or radon and its decay products
have been known to some individual experts before the World War II. However, systematic studies were continuing after
1950 especially because of higher risk for lung cancer of miners. As late as 1980 the results of research roused interest of
broader public (UNSCEAR Report 2006, Annex E; UNSCEAR Report 1982).

Despite better knowledge of physical and chemical properties of radon, polonium, lead and bismuth the biological effects
and health risks for lung cancer are not yet evaluated exactly enough because of complex environmental factors, especially
smoking and aerosols. Biological risk of ionising radiation is determined with exposure or effective dose (unit Sievert - Sv
ot J /kg). Important physical quantities are also exposure time (unit second — s ot hour = 3600 s) and activity (unit Becquerel
- Bq = s1). Human individuals are in average exposed to some milisieverts per year. Radon with its decay products
contributes more than a half. This amounts to around 1.5 mSv per year in Slovenia. Input values are: dose conversion
coefficient 2.6 nSv per Bq, breathing rate 0.8 m3 per hour in 7000 hours per year at average radon concentration 100
Bq/m?. Equilibrium factor between radon progenies and radon is supposed to be 0.4 (potential alpha energy).

Additional biological effects in lungs are caused by chemically active ionised radon progenies, unattached to aerosols in air.
The consequence is higher risk to get lung cancer for guides in tourist caves or other underground workers. Dose
conversion coefficient between 5 and 10 nSv/Bq and breathing rate 1.2 m> per hour are proposed. Special attention is
needed for smokers. Their risk to get lung cancer is approximately 25-times higher than for non-smokers (Darby et al.,
2005). Dose conversion coefficient should be increased above 50 nSv per Bq at least.

Proportion of adult smokers is about one quarter of total adult population. International Commission on Radiological
Protection (ICRP Publication 126, 2014) doesn't distinguish them from non-smokers. Therefore dose conversion factor is
averaged to about 8 nSv/Bgq. This is overestimated for non-smokers. On international level discussion about this is still
going on. In Slovenia an increase of dose conversion coefficient is anticipated in the Article 4 of the Governmental Decree
on the national radon programme (Off. Gazette, RS, 18/18). Implementation is suspended till 2021. Important economic
consequences would be influenced to some employers (mines, tourist caves) by changing this coefficient. Number of
underground workers should be doubled because of additional time limitations.

Measurements of radon concentrations in air are performed easier. Reference level for annual average indoor radon
concentrations in workplaces and domestic dwellings is set to 300 Bq/m?. This is in accordance to the European Union
Council Directive laying down basic safety standards for protection against the dangers arising from exposure to ionising
radiation (EU Council Directive 2013/59/Euratom). When this value is exceeded, additional measures ate requested such

as ventilation, shortening of occupational time or mitigation of buildings. World Health Organisation recommends
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reference level such low as 100 Bq/m? (WHO Handbook on Indoor Radon, 2009). It would make complications in
Slovenia, because at least one third of dwelling or working places exceeds 100 Bq/m?. Approximately 10% of places exceed
200 Bg/m? and 5% places exceed 400 Bq/m3, respectively. Therefore strategic and integrated national approach is
necessary including health, economic, societal, construction, environmental and educational aspects.
AIM. Economical aspects of health detriment due to radiation exposure should be included to decision making process.
The goal is to prove that reducing of radon exposure such as regular ventilation, time shortening or remediation are justified
at radon concentrations considerably below 1000 Bq/m?.
METHOD. Comparison of lung cancer risks from literature with effective doses calculations due to radon exposure,
perform cost-effectiveness analysis, and justify actions to reduce exposures with measures such as ventilation, time
shortening or mitigation.
RESULTS AND DISCUSSION. Health effects of radon including lung cancer risk, health care costs and quality of life
reduction are estimated to be in a range between 100 and 5000 € at effective dose of 1 mSv. According to current
methodology of dose calculations a value of 1 mSv is equivalent to 70 Bq/m? of domestic radon concentration, averaged
during 7000 hours in a year. At the concentration of 1000 Bq/m? and exposure time of 2000 hours on workplace the
effective dose for individual is 6 mSv. This is equivalent to cost within a range between 600 in 30.000 € because of additional
health risk. If our health worth 1000 € per mSv, mitigation cost about 5000 € is reimbursed in less than one year. If more
people are placed in one room (larger offices, workshops, classrooms, kindergartens - for example), the cost of mitigation
is reimbursed comparatively much faster.
At the exposute with 300 Bq/m?3 in 7000 houts at home the effective dose amounts to about 4,5 mSv. If average radon
concentration is reduced below 100 Bq/m?, health benefit increases for about 3000 € per year. Mitigation cost of about
5000 € against radon is reimbursed eatlier than in two years. These calculations are valid for non-smokers only. Stop
smoking of tobacco is the most efficient preventive measure to reduce risk against lung cancer.
CONCLUSION. Measures to reduce radon exposure such as ventilation, time shortening or building mitigation are
justified at initial radon concentrations significantly lower than 1000 Bq/m?. Reference level of 300 Bq/m?3 is at present
optimal value to reduce lung cancer risk.
LITERATURE.
e  UNSCEAR 2006 Report, Annex E:
https:/ /www.unscear.otg/docs/publications/2006/UNSCEAR_2006_Annex-E-CORR.pdf
e  UNSCEAR 1982 Report: https://www.unsceat.org/unsceat/en/publications/1982.html
e Darby et al., 2005: Radon in homes and risk of lung cancer: collaborative analysis of individual data from 13
European case-control studies. BMJ, 330(7485): 223-227.
e ICRP Publication No. 126, 2014: https://journals.sagepub.com/doi/pdf/10.1177/ANIB_43_3
e  Utredba o nacionalnem radonskem programu (Ut.L. RS, st. 18/18):
http:/ /www.pists.si/Pis.web/pregledPredpisarid=URED7606
e EU Council Directive 2013/59/Euratom of 5 December 2013 laying down basic safety standards for protection
against the dangers arising from exposure to ionising radiation:
https://eut-lex.curopa.cu/LexUriServ/LexUriServ.do?uti=0]:1:2014:013:0001:0073: EN:PDF
e WHO Handbook on Indoor Radon, 2009:
https:/ /apps.who.int/iris/bitstream/handle/10665/44149/9789241547673_eng.pdf;jsessionid=1E253EBF7E2
F668055A29F58C608BOBB?sequence=1
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SKRB ZA OHRANJANJE IN KREPITEV ZDRAVJA OTROK IN MLADOSTNIKOV V SOLSKIH OBJEKTIH
Mag. Simona URSIC, NIJZ, Nacionalni institnt za javno gdravje, Ljubljana, Slovenija

Kljuéne besede: 5o/, krepiter dravja, nreditev Solskib objektov

UVOD. Na nase zdravje in pocutje vplivajo Stevilni dejavniki: genetski, demografski, socio-ekonomski, nacin zivljenja,
delovno okolje.
Pomembno vlogo odigrajo parametri fizicnega okolja (zrak, voda, tla, sevanja...). Pred negativnimi vplivi iz okolja zelimo
Se posebej zascititl otroke, saj so zaradi obdobja rasti in razvoja najbolj ranljivi.
V razvitem svetu zaradi sodobnega nacina zivljenja tudi otroci in mladostniki vedno ve¢ ¢asa prezivijo v zaprtih prostorih,
ob delovnikih veliko v prostorih $ole (v povprecju 6-8 ur).
Ustrezno urejeni $olski objekti in spodbujanje zdravega Zivljenjskega sloga v njih lahko hkrati sluzijo kot vzgled za ureditev
ugodnejsih bivalnih pogojev v domacem okolju.
NAMEN. Ustrezni materialno-tehni¢ni pogoji predstavljajo temelj za varovanje in krepitev zdravja v Solskem objektu.
METODE. Pregled nekaterih osnovnih pogojev za ohranjanje zdravja otrok v $oli. Izbor temelji na:
e Izkusnjah in informacijah pridobljenih pri izvajanju pregledov Solskih objektov;
e  Raziskavah, ki so potekale v solah (npr. projekt InAirQ);
e Podanih mnenjih, nasvetih $olam glede izvedbe in opreme objektov (v preteklosti IVZ in zavodi za zdravstveno
varstvo, danes NIJZ);
e  Kazalnikih zdravja in ostalih podatkih o nekaterih zdravstvenih stanjih, pogostejsih pri otrocih in mladostnikih
ter njihovih poznanih dejavnikih tveganja.
REZULTATI IN RAZPRAVA. Za ohranitev in krepitev zdravja otrok in mladostnikov je nujen celosten pristop:
e  Predstavitev in spodbujanje zivljenjskega sloga, ki ohranja in krepi zdravje, v Solskem okolju, njegov prenos v
domace okolje in vkljucitev v svoj lasten zivljenjski slog.
e  Zagotavljanje primernih materialno-tehni¢nih pogojev v objektu $ole in v njegovi okolici.
Na razvoj bolezenskega stanja seveda vplivajo razlicni faktorji. Prikazana je povezava nekaterih bolezenskih stanj z
osnovnimi pogoji, ukrepi za zmanjsanje tveganja za njihov razvoj:
Debelost: Pri populaciji otrok s prekomerno telesno tezo in debelostjo pri¢akujemo slabse zdravje in pricakovano zivljenjsko
dobo. - Spodbujanje zdravega nacina prehranjevanja in aktivnega zivljenjskega sloga pri vsem prebivalstvu zacensi pri
najmanjsih.
Nalezljive bolezni: Obolevanje in odsotnost zaradi prebolevanja nalezljivih bolezni (npr. predvsem kaplji¢ne nalezljive bolezni
v hladnem delu leta, izbruh ¢revesnih nalezljivih bolezni...). — Izvajanje ukrepov za preprecevanje Sitjenja povzrociteljev
nalezljivih bolezni.
Zdravstvene tegave povezane s prisotnostjo ostalib agensov: Pojav alergij, legioneloz, okuzb s plesnimi itd., kot mozna posledica
prisotnosti agensov zivalskega, rastlinskega izvora, kemikalij, razrasc¢anja bakterij, plesni v prostorih Sole. - Preprecevanje
razras¢anja Skodljivih mikroorganizmov, odstranjevanje alergenov.
Netkatera obolenja dibal: Pojav bronhitisa, astme; na njihov razvoj vpliva tudi slaba kakovost zunanjega ali/in notranjega zraka
(zlasti prisotnost vlage in plesni v objektu ter alergeni iz notranjosti ali okolice objekta). — Preprecevanje izpostavljenosti
zraku slabe kakovosti in ustvatjanje pogojev za vzdrzevanje ustrezne kakovosti zraka v notranjih prostorih.
Kozni rak in maligni melanom: 1zpostavljenost soncnemu UV sevanju dokazano poveca tveganje za nastanek koznega raka
(tudi malignega melanoma), $e zlasti, ¢e smo mu prekomerno izpostavljeni v otroski dobi. - Preprec¢evanje prekomernega

izpostavljanja son¢nemu UV sevanju (osvescanje in dosledno izvajanje zas¢itnih ukrepov v praksi).
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Poskodbe: Nastanek poskodb (poskodbe so zlasti posledice padcev), odsotnost od pouka, moznost trajnih posledic. -
Zagotavljanje varnega okolja v prostorih Sole in okolici, osvescanje.
Okvare vida: Okvare vida (zlasti kratkovidnost). - Ustvarjanje pogojev za ohranjanje dobrega vida; redno vzpodbujanje
kratkih odmorov za sprostitev o¢i.
Okvare stuba ter druge postedice izpostavljenosti hrupu: Prisotnost hrupa v Solskem okolju vpliva na ucéenje, sodelovanje, pocutje
in zdravje ucencev in uéiteljev, zmanjsuje moznost koncentracije. - Zmanjsevanje hrupa s tehni¢nimi ukrepi (izbira lokacije,
protihrupne ograje, izbira manj hrupnih naprav v $oli itd.) ter po potrebi dopolnjeno z organizacijskimi in pedagoskimi
ukrepi.
SKLEP. Za krepitev in varovanje zdravja ucencev v Solskem okolju je poleg optimalnega fizicnega okolja v objektu in
okolici potrebno starostni stopnji primerno predstaviti aktivnosti in ukrepe, s katerimi ohranjamo in krepimo zdravje ter
spodbujati njihovo izvajanje. Postanejo naj del zivljenjskega sloga otrok in mladostnikov ter njihovih druzin.
LITERATURA.
e Vlada RS: Strategija za zdravije otrok in mladostnikov v povezavi z okoljem 2012-2020, Ljubljana 2012.
Pridobljeno s spletne strani 22.8.2018:
http:/ /www.mz.gov.si/ fileadmin/mz.gov.si/ pageuploads/javno_zdravije_2015/0kolje_in_otroci/strategija_zdr
avje_otrok_040212.pdf
e Akcijski nacrt za okolje in zdravje, Ljubljana 2015. Pridobljeno s spletne strani 22.8.2019:
http:/ /www.mz.gov.si/ fileadmin/mz.gov.si/ pageuploads/javno_zdravije_2015/okolje_in_otroci/_akeijski_nact
t_strategija_okolje_in_otroci_090715_.pdf
e S. Jeram, Hrup in zdravie v osnovnih Solah in predstavitev rezultatov ankete. Pridobljeno s spletne strani
17.1.2018: http://www.nijz.si/sl/podrocja-dela/moje-okolje /hrup.
e Interreg projekt Transnational Adaption Actions for Integrated Indoor Air Quality Management (InAirQ):
https:/ /www.interreg-central.eu/Content.Node/InAirQ/InAirQ.html
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1.5
CHILD AND ADOLESCENT HEALTH PROTECTION AND PROMOTION IN SCHOOL FACILITIES

Mag. Simona URSIC, NIJZ, National Institute of Public Health, I jubljana, Slovenia
Keywords: bealthy school environment, primary schools, public health

INTRODUCTION. Many factors affect our health and well-being: genetic, demographic, socio-economic, lifestyle,
working environment.
The parameters of the physical environment (air, water, soil, radiation, etc.) play an important role. Especially we want to
protect children from the adverse environmental impacts, as they are most vulnerable due to their growth and development.
Due to the modern way of life children and adolescents in the developed world spend more and more time indoors and
on working days a lot of time (on average 6-8 hours) in school facilities.
Appropriately organized school facilities which promote healthy lifestyles can also serve as a model for arranging more
favorable living conditions in the home environment.
AIM. Appropriate material-technical conditions form the basis for the health protection and promotion in a school facility.
METHODS. An overview of some basic conditions for maintaining children's health at school. The selection is based on:
e  Experience and information gained from conducting school facility inspections;
e School-based research (e.g. InAirQ) project);
e  Opinions and advice given to schools on the implementation and equipment of facilities (in the past by IVZ and
regional Institutes of Health, today by NI1JZ);
e  Health indicators and other data on certain health conditions more common in children and adolescents and their
known risk factors.
RESULTS AND DISCUSSION. In order to maintain and promote childrens and adolescents health, a holistic approach
is necessary:
e Presenting and promoting a healthy lifestyle in the school environment and transferring it to the home
environment and incorporating it into childrens own lifestyle.
e  Ensuring adequate material-technical conditions in and around the school facilities.
Some medical disorders and basic conditions and measures to reduce the risk of their development:
Obesity: We expect poorer health and lower life expectancy in a population of overweight and obese children. — Promotion
of healthy eating habits and active lifestyles in the general population, starting with the youngest.
Commmunicable diseases: Incidence of and absence due to infectious diseases (e.g. mainly droplet-borne infectious diseases in
the cold part of the year, outbreaks of gastro-intestinal infections...). - Implement measures to prevent the spread of
infectious agents.
Healtly problems associated with the presence of other agents: The occurrence of allergies, legionellosis, mold infections, etc., as a
possible consequence of the presence of agents of animal, plant origin, chemicals, bacterial overgrowth, mold on the
premises of the school. - Prevention of harmful microorganisms overgrowth, removal of allergens.
Some respiratory disorders: Occutrence of bronchitis, asthma; their development is also affected by poor ambient or / and
indoor air quality (especially the presence of moisture and mold in the building and allergens from inside or outside the
building). - Prevent exposure to poor air quality and create conditions for maintaining adequate indoor air quality.
Skin cancer and malignant melanoma: Exposure to solar UV radiation has been shown to increase the risk of skin cancer
(including malignant melanoma), especially when overexposed in childhood. - Prevention of overexposure to solar UV

radiation (awateness-raising and consistent implementation of safety measures in practice).
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Injuries: Occurrence of injuries (injuries are especially the consequences of falls), absence from classes, possibility of
permanent consequences. - Ensuring a safe environment in the school premises and surroundings, raising awareness.
Visual impairment: Visual impairment (especially myopia). - Creating conditions for maintaining good vision; regulatly taking
short breaks to relax your eyes.
Hearing impairments and other consequences of exposure to noise: The presence of noise in the school environment affects the
learning, participation, well-being and health of students and teachers, reducing the ability to concentrate. - Noise reduction
through technical measures (location selection, noise barriers, selection of less noisy devices at school, etc.) and
supplemented by organizational and pedagogical measures, where appropriate.
CONCLUSION. In order to promote and protect the health of pupils in the school environment, in addition to the
optimal physical environment in the facility and surroundings, it is necessaty to present (to the age appropriate) activities
and measures to maintain and promote health and encourage their implementation. They should become part of the lifestyle
of children and adolescents and their families.
LITERATURE.
e Vlada RS: Strategija za zdravije otrok in mladostnikov v povezavi z okoljem 2012-2020, Ljubljana 2012.
Pridobljeno s spletne strani 22.8.2018:
http:/ /www.mz.gov.si/ fileadmin/mz.gov.si/ pageuploads/javno_zdravije_2015/okolje_in_otroci/strategija_zdr
avje_otrok_040212.pdf
e Akcijski nacrt za okolje in zdravje, Ljubljana 2015. Pridobljeno s spletne strani 22.8.2019:
http:/ /www.mz.gov.si/ fileadmin/mz.gov.si/ pageuploads/javno_zdravije_2015/okolje_in_otroci/_akcijski_nact
t_strategija_okolje_in_otroci_090715_.pdf
e S. Jeram, Hrup in zdravie v osnovnih Solah in predstavitev rezultatov ankete. Pridobljeno s spletne strani
17.1.2018: http://www.nijz.si/sl/podrocja-dela/moje-okolje /hrup.
e Interreg projekt Transnational Adaption Actions for Integrated Indoor Air Quality Management (InAirQ):
https:/ /www.interreg-central.eu/Content.Node/InAirQQ/InAirQ.html
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OGLJIKOV DIOKSID (CO,) — INDIKATOR KAKOVOSTI ZRAKA V VZGOJNO-IZOBRAZEVALNIH
USTANOVAH: STANJE V SLOVENIJI

An GALICIC, Nataljja KRANJEC, Dr. Iran ERZEN, Nacionalni institnt za javno dravje, Ljnbljana, Slovenija
Klju¢ne besede: ogfikov dioksid, kakovost notranjega raka, vygoino-izobragevalne ustanove, pocutie, zdravje

UVOD. Otroci so glede vplivov onesnazil v zraku na zdravje obravnavani kot obcutljivej$a populacijska skupina (1,2).
Prekomerno onesnazen zrak negativno vpliva na zdravje ljudi, saj povisa obolevnost in umrljivost (3). Pri otrocih se zaradi
$e razvijajocega imunskega sistema poveca moznost nastanka alergijske reakcije (4). Prekomerno onesnazen zrak v ucilnicah
je povezan tudi z nezelenimi vplivi na produktivnost in uspesnost (4-8) ter absentizem ucencev (9-11). Vecina raziskav,
katerih namen je bila opredelitev izpostavljenosti onesnazenemu zraku v Solah, je bila osredoto¢ena na merjenje
koncentracij ogljikovega dioksida (CO2). COz se, kljub temu da ga Svetovna zdravstvena organizacija ne opredeljuje kot
onesnazilo (12), uporablja kot indikator kakovosti zraka v prostoru, zlasti za plinasta onesnazila, saj visoke vrednosti CO>
kazejo na slabo prezracevanje prostora in posledi¢no kopicenje onesnazil v prostoru (13,14). Visoke vsebnosti CO2 pa so
povezane z utrujenostjo, motnjami zbranosti in pozornosti ter glavoboli (15).

NAMEN. Namen prispevka je pregled raziskav, ki so spremljale vrednosti CO: v slovenskih vzgojno-izobrazevalnih
ustanovah, jih vrednotiti in primerjati s stanjem v drugih evropskih drzavah.

METODE. V prvem koraku smo izvedli pregled literature obravnavane problematike za slovenski in evropski prostor. V
drugem koraku smo vrednosti COs, ki so bile ugotovljene v slovenskih vzgojno-izobrazevalnih ustanovah, vrednotili z
nacionalno zakonodajo in priporoceno vrednostjo iz znanstvenih prispevkov. V tretjem koraku smo primerjali vrednosti
CO; slovenskih z evropskimi vzgojno-izobrazevalnimi ustanovami.

REZULTATI IN RAZPRAVA. V zadnjih letih so bile v slovenskih vzgojno-izobrazevalnih ustanovah izvedene tri
raziskave, v sklopu katerih so izvajali meritve vrednosti COz (16-18). Raziskava Pirc (16) (2 vrtca — montazno in klasi¢no
grajen vrtec, pomlad 2013) je pokazala, da je bila najniZzja povprecna dopoldanska vrednost COz za klasi¢ni vrtec 1600 ppm,
za montazni vrtec pa 600 ppm, med tem ko je najvisja povprecna dopoldanska vrednost CO» za klasi¢no grajen vrtec
znasala 2700 ppm in montazni vrtec 2400 ppm. Povprecna vrednost COz vseh igralnic v raziskavi Pajek (17) (24 igralnic iz
18 vrtcev MO Ljubljana, pomlad 2013) je znasala 1460 ppm, najnizja povpre¢na vrednost CO2 za posamezno igralnico v
enem dopoldnevu je znasala 628 ppm, najvisja pa 2584 ppm. Povprecne tedenske vrednosti COz za ucilnice v raziskavi
InAirQ (18) (12 udilnic razliénih OS, ogrevalna sezona 2017/18) so znasale od 887 ppm do 1826 ppm.

Pravilnik o prezracevanju in klimatizaciji stavb (19) za CO; predpisuje dopustno vrednost 3000 mg/m> (=1667 ppm).
Rezultati raziskave Pirc (16) kazejo, da najnizje povpreéne vrednosti niso presegale zakonske dopustne vrednosti, medtem
ko je bila ta vrednost presezena v eni tretjini igralnic (8 od 24) v raziskavi Pajek (17) in v 1 od 12 ucilnic v raziskavi InAirQ)
(18). Priporocena vrednost CO» za dolgotrajno izpostavljenost po priporocilih znanstvenih prispevkov (14,20), ki je
dolocena na podlagi bistveno zmanjsane sposobnosti pomnjenja in zmanjsanje produktivnosti, znasa 1000 ppm ter je tako
nizja od dopustne vrednosti nacionalne zakonodaje. V raziskavi Pirc (16) priporocena vrednost ni bila presezena le v
primeru najnizje povprecne vrednosti za igralnico v montaznem vrtcu. V raziskavi Pajek (17) je bila priporoc¢ena vrednost
presezena v 83 % igralnicah (20 od 24), ravno tako je bila ta vrednost presezena v 83 % ucilnicah (10 od 12) v raziskavi
InAirQ (18).

Presezena priporocena vrednost je bila poleg Slovenije ugotovljena tudi v ucilnicah v razli¢nih delih Evrope: v Skandinaviji
(21), Nemciji (22), Italiji (23), Srbiji (24) in Grciji (25). Rezultati vseevropske raziskave s 300 vkljuc¢enimi osnovnimi Solami

so pokazali povprecno vrednost CO2 1433 ppm (min. 269 ppm, max. 4960 ppm) (20).
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SKLEP. Rezultati raziskav kazejo potrebo po izbolj$anju kakovosti zraka v slovenskih vzgojno-izobrazevalnih ustanovah

in sprejemu ucinkovitih ukrepov za doseganje le-tega. Glede na podnebne znacilnosti Slovenije ucinkovit ukrep lahko

predstavlja naravno prezracevanje, katerega bi bilo potrebno natanéneje ovrednotiti in optimizirati.
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1.6
CARBON DIOXIDE (CO;) — INDICATOR OF AIR QUALITY IN EDUCATIONAL INSTITUTIONS: THE STATE IN
SLOVENIA

An GALICIC, Nataljja KRANJEC, Dr. Ivan ERZEN, National Institute of Public Health, 1 jubljana, Slovenia

Keywords: carbon dioxide, indoor air quality, educational institutions, well-being, health

INTRODUCTION. Children are considered as a susceptible population group to the health effect of air pollution (1,2).
Excessive air pollution has a negative impact on health, with increased morbidity and mortality (3). Due to still developing
immune system, children are at higher risk for the development of allergic reactions (4). Excessive air pollution in
classrooms is associated with decreased cognitive functions (4-8) and absenteeism among students (9-11). Most of the
studies on air pollution exposure assessment in schools focused on measurements of carbon dioxide (COs). Even though
World Health Organization (WHO) does not consider COz as an air pollutant (12), it is considered as an indicator of indoor
air quality, particulatly for the gaseous pollutants, as increased levels of CO; indicate poor ventilation and consequently
concentration of pollutants indoors (13,14). High COzlevels are associated with fatigue, decreased cognitive functions and
headache (15).

AIM. Aim of this article is to review studies, which measured values of CO; levels in Slovenian educational institutions, to
evaluate them and compare them with the situation in other European studies.

METHOD. In the first step, we implemented a literature review of the topic discussed for the Slovenian and for European
area. In the second step, we evaluated COz values as measured in the Slovenian educational institutions with the national
legislation and recommended levels from scientific literature. In the third step, we compared Slovenian CO; values with
values in other European educational facilities.

RESULTS AND DISCUSSION. In the recent years in the Slovenian educational institutions, three studies with
measurements of COz were implemented (16-18). Pirc (16) (2 kindergartens — prefabricated and classically built
kindergartens, spring 2013) observed the lowest average morning values of CO for classically built kindergarten with 1600
ppm, and 600 ppm for prefabricated kindergarten and the highest average morning values for classically built kindergarten
2700 ppm and for refabricated kindergarten 2400 ppm. Average CO; value in all playrooms in study Pajek (17) (24
playrooms from 18 kindergartens in Municipality of Ljubljana, spring 2013) was 1460 ppm, the lowest average value of
COg; for each individual playroom on single morning was 628 ppm and the highest average 2584ppm. Average weekly
values in the classrooms in the study InAirQ (18) (12 classtooms of different primary schools, heating season 2017/18)
were from 887 ppm to 1826 ppm.

Rules on the ventilation and air-conditioning of buildings (19) for CO; enact admissible values of 3000 mg/m? (=1667
ppm). Results from the study Pirc (16) show, that the lowest average values did not exceed permissible legal values, while
these values were exceeded in on third of playrooms (8 out of 24) in the study Pajek (17) and in one out of 12 classrooms
in the study InAirQ) (18). Recommended CO; value for the long-term exposure under recommendations from scientific
literature (14,20), based on the adverse cognitive effects, is 1000 ppm and is as such lower than the permissible legal value.
In the study Pirc (16) recommended value was not exceeded only in the case of the lowest average value for the playroom
in the prefabricated kindergarten. In the study Pajek (17) recommended value was exceeded in 83 % of playrooms (20 out
of 24), as well as in 83 % of classrooms (10 out of 129 in the study InAirQ) (18).

Exceeded recommended value was also observed in the classrooms in the different parts of Europe: in Scandinavia (21),
Germany (22), Italy (23), Serbia (24) and Greece (25). The results of all European study with 300 primary schools showed
an average CO; value of 1433 ppm (min. 269 ppm, max. 4960 ppm) (26).

CONCLUSION. Results from the evaluated studies show a need for the improvement of air quality in the Slovenian

educational institutions and acknowledgment of adequate abatement measures. Concerning the Slovenian climate
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characteristics adequate abatement measure could be natural ventilation, which should be adequately evaluated and

optimized.
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PRISOTNOST MIKROORGANIZMOV, CRNEGA OGLJIKA IN OGLJIKOVEGA DIOKSIDA V NOTRANJEM
ZRAKU V OPAZOVANIH VRTCIH

Tanja REJC', Dr. Andreja KUKEC'?, Dr. Karmen GODIC TORKAR?, Dr. Mirko BIZJAK", 'Univerza v 1 jubljani,
Medicinska faknlteta, Katedra 3a javno 3dravje, Ljubljana, Slovenija, *“Nacionalni institut za javno dravje, Linbljana, Slovenija, * Univerza
v Ljubljani, Zdravstvena fakulteta, Ljubljana, Slovenija, * Agencija Republike Slovenije za okolje, Liubljana, Slovenija

Klju¢ne besede: kakovost notranjega raka, mikroorganimi v notranjem rakn, (rni ogliik, ogljikov dioksid

UVOD. Kakovost notranjega zraka pomembno vpliva na nase zdravje, saj zaradi sodobnega nacina Zivljenja prezivimo
veliko ¢asa v zaprtih prostorih. Kakovost notranjega zraka je odvisna od prisotnosti kemic¢nih, bioloskih ter fizikalnih
dejavnikov. Z zrakom se v obliki bioaerosola prenasajo $tevilni mikroorganizmi, ki lahko predstavljajo vir okuzbe. Crni
ogljik lahko, kot pomembno onesnazevalo ozracja, vpliva na klimatske spremembe v okolju. V bivalnih prostorih pa
predstavlja dejavnik tveganja predvsem pri obolenjih dihalnega sistema ter kardiovaskularnih boleznih. Visoke
koncentracije ogljikovega dioksida v notranjem zraku vplivajo na slabse pocutje, zmanjsajo moznost koncentracije ter
vplivajo na uéno uspesnost ucencev.

NAMEN. Oceniti koncentracije mikroorganizmov, ¢rnega ogljika in ogljikovega dioksida v notranjem in zunanjem zraku
dveh vrtcev v Zasavju v vseh stirih letnih sezonah.

METODE. Za mikrobioloske preiskave smo zrak, z aktivhim nac¢inom vzorcenja, vzorcili trikrat v vsaki sezoni, v
dopoldanskem in popoldanskem casu. Istocasno z mikrobioloskimi meritvami, smo izmerili tudi koncentracije COso.
Meritve ¢rnega ogljika v notranjem zraku smo izvedli enkrat v vsakem sezonskem obdobju, vsaka meritev je trajala od 5
do 7 dni, pri ¢emer smo vsaj eno uro merili tudi koncentracije v zunanjem zraku. Spremljali smo tudi temperaturo in
relativno zra¢no vlago, Stevilo oseb v prostoru, nacin prezracevanja, strukturo, stanje, starost in druge znacilnosti stavbe.
REZULTATI IN RAZPRAVA. V notranjem, kot tudi v zunanjem zraku smo ugotovili znacilne razlike v povpre¢nih
koncentracijah posameznih vrst mikroorganizmov med sezonami. Povprecna koncentracija skupnega Stevila
mikroorganizmov je bila, razen poleti, skozi celotno leto visja v notranjem zraku (skupno povpredje: 1408 cfu/m?) v
primetjavi z zunanjim zrakom (skupno povpredje: 676 cfu/m?), kat je lahko posledica manj pogostega zracenja prostorov
v hladnejsih letnih casih ter visjega Stevila oseb v prostoru. Stevilo in aktivnost oseb v prostoru, higiena prostora ter
prisotnosti nalezljivih bolezni med osebami v prostorih lahko moé¢no vplivajo na koncentracije dolocenih vrst
mikroorganizmov v notranjem zraku. Koncentracije gliv so bile spomladi, poleti in jeseni od 1.3- do 1.5-krat visje v
zunanjem zraku, medtem ko so bile koncentracije v zimskem ¢asu v notranjem in zunanjem zraku precej podobne, kar
kaze, da v prostorih niso bili prisotni viri gliv, ki bi prispevali k visjim koncentracijam v notranjem zraku. V obeh vrtcih je
bilo povpre¢no stevilo gliv v notranjem zraku najvisje polet, kar je lahko posledica ugodnejsih pogojev za rast in prenasanije
spor po zraku v primerjavi z ostalimi letnimi ¢asi. Najveckrat smo ugotovili prisotnost vrst rodov Cladosporium (v 84 %),
Penicillinm (70 %) in Aspergillus (61 %), ki lahko prispevajo k nastanku sindroma bolnih stavb ter povzrocajo stevilne
alergijske in respiratorne tezave.

Povprecne koncentracije ¢rnega ogljika v notranjem in zunanjem zraku so bile v obeh vrtcih najvisje v zimskem casu (920
ng/m?), najnizje pa spomladi (608 ng/m?), k cemur pripomorejo geografske znacilnosti pokrajine, visoka poraba lesne
biomase za ogrevanje ter znacilnosti ozracja v hladnejsih mesecih (toplotna inverzija). Najnizje koncentracije ¢rnega ogljika
so bile v ¢asu vikendov in ponodi, kadar je manj izpustov delcev v ozradje zaradi ogrevanja in prometa. Najvisja povprecna
koncentracija CO2 (1716 ppm) v notranjem zraku je bila spomladi, vendar se ni veliko razlikovala od povpreéja izmerjenih
koncentracij v zimskem ¢asu (1708 ppm). Najvisja izmerjena koncentracije COz je bila 2570 ppm. Razen treh izmerjenih
koncentracij, so vse koncentracije presegale vrednost 1000 ppm, ki jo Amerisko drustvo inzenitjev za ogrevanje, hlajenje
in klimatizacijo (American Society of Heating, Refrigeration and Air Conditioning Engineers) priporoca kot najvisjo

dovoljeno vrednost.
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SKLEP. Dolocene parametre kakovosti notranjega zraka je zaradi pomanjkanja ustreznih zakonskih predpisov tezko

enotno spremljati in vrednotiti.

Za zagotavljanje primerne kakovosti notranjega zraka moramo biti pozorni na ustrezno nacrtovanje in gradnjo stavb,

pravilno, redno in ucinkovito prezracevanje prostorov ter na vzdrzevanje ustrezne relativne zracne vlage in higiene

pr OStorov.
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1.7
PRESENCE OF MICROORGANISMS, BLACK CARBON AND CARBON DIOXIDE IN THE INDOOR AIR OF
KINDERGARTENS

Tanja REJC", Dr. Andreja KUKEC"?, Dr. Karmen GODIC TORKAR?, Dr. Mirko BIZJAK?, 'University of Ljubljana,
Faculty of Medicine, Ljnbljana, Slovenia, ?National Institute of Public Health, Ljubljana, Slovenia, *University of Ljubljana, Faculty of
Health, Ljubljana, Slovenia, * Environmental Agency of the Republic of Slovenia, Ljubljana, S/lovenia,

Keywords: indoor air guality, microorganisms in indoor air, black carbon, carbon dioxide

INTRODUCTION. Nowadays, we spend most of our time in indoor environments, therefore the quality of indoor air
plays an important role in maintaining the health and well-being. Indoor air quality depends on chemical, biological and
physical pollutants. Several different pathogen microorganisms can be transmitted through the air in the form of
bioaerosols. In indoor air can black carbon particles cause respiratory and cardiovascular system diseases, while in
environment it also contributes to global warming. High concentration of carbon dioxide in indoor air can cause malaise,
headaches, reduced ability to concentrate and can affect the academic achievement of pupils.

AIM. The aim of our study was to quantify and evaluate the concentrations of microorganisms, CO2 and black carbon
patticles in indoor and outdoor air of two kindergartens in Zasavje during all four seasons.

METHOD. Microbiological samples were taken three times in each season in the morning and afternoon with active air
sampler. Simultaneously with microbiological sampling, concentrations of CO; were measured. Sampling for black carbon
particles in the air was performed once per season in each kindergarten, continuously for 5-7 days in indoor and
approximately one hour a day in outdoor air. The air temperature and relative humidity was measured each time, the
number of people in the rooms, ventilation and heating system features, structure, state, age and other characteristics of
buildings were also recorded.

RESULTS AND DISCUSSION. Concentrations of individual type of microorganisms in the air significant differed
regarding to each season. The concentration of total number of microorganisms was higher indoors (total average: 1408
cfu/m?) compared to outdoors (total average: 676 cfu/m?) in all seasons except in the summer, which can be due to less-
frequent ventilation of the rooms and higher human occupancy. Human occupancy and activity, room hygiene and the
presence of certain infectious diseases amongst individuals in the rooms strongly shapes the microbiome of indoor air.
Concentrations of fungi were in spring, summer and autumn 1.3 - 1.5 times higher outdoors compared to indoors, whereas
the concentrations in indoor and outdoor air in winter were very similar. This indicates that there were no sources of fungi
in playrooms which could contribute to higher concentrations in the indoor air. In both kindergartens, the average
concentration of fungi in indoor air was the highest duting summer, which may be the consequence of more favourable
conditions for the growth and transmission of airborne spores compared to other seasons. Most common detected fungi
wete Cladosporinm spp. in 84 %o, Penicillinm spp. in 70 % and Aspergillus spp. in 61 % of the samples. These strains have been
commonly reported by other researchers as contributors to sick building syndrome and cause of many allergy and
respiratory problems. Average concentrations of black carbon in indoor and outdoor air were in both kindergartens the
highest in winter (920 ng/m?) and the lowest in spring (608 ng/m?), geographical features of the landscape, use of biomass
for heating and the atmospheres characteristics (thermal inversion) contribute to higher concentrations in colder months.
The lowest concentrations of black carbon were found on weekends and at nights when there were fewer particulate
emissions into the atmosphere due to heating and traffic. The highest average CO> concentration (1716 ppm) in indoor air
was in the spring, but it did not differ much from the average concentration measured in winter (1708 ppm). Maximum
concentration of CO; was 2570 ppm. Except for the three measured concentrations all other concentrations exceeded the
limit of 1000 ppm, which is the maximum recommended concentration set by American Society of Heating, Refrigeration

and Air Conditioning Engineers.
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CONCLUSION. Due to the lack of appropriate legal regulations, certain indoor air quality parameters are difficult to

monitor and evaluate uniformly. To ensure adequate indoor air quality in the rooms, buildings must be design and construct

propetly, ventilation of the rooms must be performed correctly, regularly and efficiently also relative humidity and hygiene

of the rooms must be adequately maintained.
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KAKO LAHKO USTVARIMO ZDRAVO SOLSKO OKOLJE? CELOSTNI PRISTOP K OBLIKOVANJU SOLSKIH
PROSTOROV
Dr. Anja JUTRAZ, Nacionalni institut za javno dravje, 1 jubljana, Slovenija

Kljuéne besede: 3dravo solsko okolje, kakovost 3raka v notranjib prostorib, osnovne Sole, interdisciplinarno sodelovange, javno dravje

UVOD. Izrednega pomena je, kako oblikujemo in vzdrzujemo Solske prostore, saj je zasnovano za otroke, ki so najbolj
ranljiva populacija. Poleg tega otroci prezivijo v soli v povprecju okoli 8 ur dnevno. Dobro Solsko okolje vpliva na razli¢ne
dimenzije nasega zdravja. Fizicno okolje mora biti varno, prijazno in podpirati uc¢enje. V celotnem zivljenjskem ciklu stavbe
je treba upostevati naslednje mikroklimatske parametre: hrup, osvetlitev, razporeditev prostorov, orientacijo v prostoru,
toplotno udobje, kakovost zraka, opremo. Skozi celoten postopek oblikovanja solskega okolja obstaja velika potreba po
interdisciplinarnem sodelovanju med razli¢nimi strokovnjaki. Obicajno strokovnjaki za javno zdravje niso vkljuceni v ta
postopek, vendar bi morali imeti tudi pomembno vlogo. Poleg tega je potrebno spremljati razlicne parametre od
nacrtovanja do faze vzdrzevanja stavbe (na primer parametre kakovosti zraka v notranjih prostorih), poleg tega pa so
potrebni tudi redni pregledi.

NAMEN: Glavni cilj razsikave je opredeliti pomen oblikovanja kakovostnega solskega okolja za zdravije vseh uporabnikov
(zaposlenih, ucencev itd.). V tej raziskavi bomo ustvarili strategijo, kako oblikovati zdravo Solsko okolje z vidika javnega
zdravija in arhitekture. Na koncu bomo podali smernice za na¢rtovanje novih Solskih objektov in za obnovo obstojece
stavbe.

METODE. Nasa raziskava temelji na pregledu literature in referenc¢nih obiskih razlicnih osnovnih $ol v Avstriji in na
Finskem v letih 2017 in 2018.

REZULTATI IN RAZPRAVA. Pri nac¢rtovanju zdravega Solskega okolja je treba upostevati razlicne elemente: postopek
(postopek ¢iscenja, vzdrzevanje, itd.), tehnicne elemente (naravno prezracevanje, mehansko prezracevanje, pohistvo, tla
itd.), u¢ni nacrt in zakonodajo. Na podlagi referen¢nih obiskov smo predlagali razliéne akcijske nacrte, ki bi jih lahko izvajali
tudi v drugih Solskih okoljih v Srednji Evropi.

SKLEP. Za zakljucek je potreben celostni pristop pri nacrtovanju $olskih stavb, ki temelji na interdisciplinarnem
sodelovanju med razlicnimi delezniki, od nacrtovalcev (arhitektov, inZzenitjev itd.) do strokovnjakov za javno zdravje.

Posebno pozornost je treba nameniti tudi ozaves¢anju o pomenu kakovosti zraka v notranjih prostorih.
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HOW CAN WE CREATE A HEALTHY SCHOOL ENVIRONMENT? A HOLISTIC APPROACH TO THE DESIGN
OF SCHOOL SPACES

Dr. Anja ] UTRAZ, National Institute for Public Health, 1 jubljana, Slovenia

Keywords: bealthy school environment, indoor air quality, primary schools, interdisciplinary collaboration, public health

INTRODUCTION. It is really important how we design and maintain school environment, as it is designed for kids,
who are the most vulnarable population and kids spend in school on average around 8 hours per day. Good school
environment influences different dimensions of our health. The physical environment must be safe, welcoming and support
learning. Through the entire life cycle of the building following microclimate parameters have to be considered: noise,
lightening, space distribution, orientation in the space, thermal comfort, air quality, furnishing. Through the entire design
process of the school environment there is a big need for interdisciplinary collaboration between different experts. Usually
public health experts are not involved in this process, but they should have also an important role. Moreover, monitoring
of different parameters is needed from the planning to the maintainance phase (for example indoor air quality parameters),
and also regular inspections are necessary.

AIM. The main aim is to define the importance of designing the quality-school environment for health of all users
(employees, pupils, etc.). In this research we will create the strategy how to design healthy school environment from public
health and architecture view. At the end we will provide guidelines for planning new school building and for renovating
existing building.

METHODS. Our research was based on literature review and benchmark visits of different primary schools in Austria
and Finland in 2018 and 2019.

RESULTS AND DISCUSSSION. When designing healthy school environment different elements should be considered:
process (cleaning process, maintenance, monitoring comprehensive approach), technical elements (natural ventilation,
mechanical ventilation, furniture, flooring, etc.), curriculum and legislation. Based on benchmark visits we proposed
different action plans which could be implemented also in other school environments in Central Europe.
CONCLUSION. To conclude, a holistic approach is needed in the planning process of school buildings, which is based
on interdisciplinary collaboration between different stakeholders, from planners (architects, engineers etc.) to public health

experts. Special attention should be paid also to awateness raising about importance of indoor air quality.
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STRATEGIJA RESEVANJA PROBLEMATIKE MOZNEGA VPLIVA GRADBENIH PROIZVODOV NA

KAKOVOST NOTRANJEGA ZRAKA V SOLSKIH PROSTORIH
Dr. Mateja DOV AK, Univerza v Ljubljani, Fakunlteta ga gradbenistvo in geodezijo, Ljubljana, Slovenija

Kljuéne besede: resevange problematike, gradbeni proigvodi, kakovost notranjega 3raka, Solski prostori, zdravje

UVOD. Obsezna prenova stavb v Sloveniji je rezultat Stevilnih pravnih aktov, politik in strategij na podrocju energijske
ucinkovitosti in dosega blizu ni¢ energijskih ter plus stavb. Fond stavb splosnega druzbenega pomena, vkljucujo¢ stavbe
za izobrazevanje, je pogosto star in energijsko neucinkovit in s tem potreben celovite prenove. Trend danasnjih prenov
zahteva od deleznikov graditve stavb nagle odlocitve, ki so pogosto zasnovane na podlagi ekonomskih interesov. V
morfologiji nacrtovanja graditve stavb z izborom gradbenih proizvodov, so zdravstveni in okoljevarstveni vidiki pogosto
spregledani. Taksen pristop ima za posledice mozen negativen vpliv na kakovost notranjega zraka in zdravje ter storilnost
uporabnikov stavb.

NAMEN: Namen prispevka je izdelati strategijo resevanja problematike moznega vpliva gradbenih proizvodov na
kakovost notranjega zraka s poudarkom na stavbah za izobrazevanje.

METODE. Metodoloski pristop je vkljuceval $tiri faze. V fazi 1 smo opravili sistemati¢en pregled zakonskih zahtev in
priporocil na podrocju zahtev za gradbene proizvode (GP). Faza 2 je vkljucevala pregled izbranih GP na trgu z izvedbo
intervjujev izbranih deleznikov proizvodno-potrosnega cikla GP. V fazi 3 smo izvedli pregled raziskav na podrocju
izbranih GP in moznega vpliva GP na zdravje. Na podlagi rezultatov smo izdelali strategijo resevanja problematike
moznega vpliva gradbenih proizvodov na kakovost notranjega zraka s poudarkom na stavbah za izobrazevanje (faza 4).
REZULTATI IN RAZPRAVA. Pregled zakonodajah zahtev je pokazal, da je varnost GP na mednarodnem
zakonodajnem nivoju dobro regulirana, vendar so zahteve slabse implementirane na nacionalnem. Delezniki so slabo
osvesceni o pravicah in obveznostih glede varnih GP. Rezultati pregleda raziskav so pokazali, da se vgradnja neustreznih
GP pogosto odrazi v moznem vplivu na zdravju in storilnosti uporabnikov.

SKLEP. Razvita metoda vkljucuje celoten Zivljenjski cikel GP in zajame vse deleznike proizvodno-potrosnega cikla. Z
vidika varovanja zdravja ranljivih skupin je osvescanje deleznikov v procesu graditve izobrazevalnih objektov izrednega

pomena.
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2.2
PROBLEM-SOLVING STRATEGY FOR CONTROL AND PREVENTION OF POSSIBLE INFLUENCES OF
CONSTRUCTION PRODUCTS ON THE INDOOR AIR QUALITY IN SCHOOLS

Dr. Mateja DOV JAK, University of Ljubljana, Faculty of Civil and Geodetic Engineering, Ijubljana, Slovenia

Keywords: problem solving, construction products, indoor air guality, school, health

INTRODUCTION. Extensive building renovation in Slovenia presents a result of international and national legal acts,
policies and strategies in the field of energy efficiency as well as attaining of neatly zero energy or even plus houses. Fond
of public buildings, including educational facilities, is often old and energy-inefficient and thus need deep renovation.
Current trend of refurbishment requires quick decision made by building stakeholders that are mainly based on economic
interests. Therefore, in a process of building design with the selection of construction products, health and environmental
aspects are often overlooked. Such approach often results in deteriorated indoor air quality and adverse health effects on
building users.

AIM: The purpose of this paper is to develop a strategy of solving the potential impacts of construction products on
indoor air quality with a focus on educational buildings.

METHOD. The methodological approach involved four phases. In phase 1, we conducted a systematic review of
international and national legal requirements and recommendations in the field of construction product (CP). Phase 2
included an examination of selected CPs on the market by conducting interviews with selected stakeholders in the
production and consumption cycle of CPs. In phase 3, a literature survey of possible impacts of CPs on health was carried
out. Based on the results, a strategy of control and prevention of potential impacts of construction products on indoor air
quality with a focus on educational buildings was developed (phase 4).

RESULTS AND DISCUSSSION. A review of legislation showed that safety issues of constructional products are well
defined on international level. Contrary, the requirements are pootly implemented on the national level. The awareness on
the safety of construction products of all stakeholders that are involved in the process of building construction is
insufficient. The results of literature review showed that any installation of unsafe or even dangerous construction products
has a potential adverse health effects on building users and has to be prevented.

CONCLUSION. The developed strategy focuses on the entire life cycle of construction products and covers all
stakeholders in the production-consumption cycle. In terms of health protection of vulnerable groups, raising the awareness

of all stakeholders that are involved in the process of design of educational facilities is necessary.
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KAKOVOSTNA ZASNOVA NOTRANJEGA OKOLJA Z VIDIKA VPLIVOV NA ZDRAVJE UPORABNIKOV —
PRIKAZ STUDIJE PRIMERA

'Dr. Anja JUTRAZ, "?Dr. Andreja KUKEC, 'Nacionaini institut za _javno zdravje, 1jubljana, Slovenija, 2 Univerza v
Ljubljani, Medicinska fakulteta, Katedra 3a javno zdravje, Ljubljana, Slovenija

Klju¢ne besede: kakovostno notranje okolje, mikroklima, kakovost notranjega 3raka, dravje uporabniko, javno dravje

UVOD. Nacrtovalci, investitotji in uporabniki se pri nacrtovanju objektov vecinoma ukvatjajo le z estetskimi in tehni¢nimi
vprasanji (npr. izbira materialov, nacini prezracevanja) ter se pri svojem delu ne zavedajo pomembnosti vpliva zasnove
stavbe, izbire materialov itd. na zdravje uporabnikov. Kakovostno zasnovano notranje okolje z vidika vplivov na zdravje
uporabnikov ni jasno opredejeno in vecinoma se s tem povezanimi vprasanji ukvarjajo Sele uporabniki stavbe.

NAMEN: Prispevek temelji na $tudiji primera, in sicer na raziskavi “Super mikroklima v bivanjskem prostoru”, ki je bila
izvedena leta 2015. Cilj je prikazati ustrezen pristop pri zagotavljanju kvalitetnega notranjega okolja.

METODE. Izvedenih je bilo 333 anket med opazovano populacijo (javnost in stroka) in 7 pol-strukturiranih intervjujev.
S kvalitativno in kvantitativho presecno raziskavo smo zeleli ugotoviti, koliko se ljudje zavedajo vpliva mikroklime v
prostoru, kjer delajo in bivajo, na njihovo pocutje in zdravje in koliko so pripravljeni narediti za izboljSanje le-te. Ugotavljali
smo povezavo med arhitekturno zasnovo stavbe ter zdravjem njenih uporabnikov (preucevanje razliénih vidikov bivanjske
mikroklime, ki vpliva na zdravje cloveka: izbira lokacije, materialov, na¢inov gradnje, kakovosti zraka in osvetlitve, toplotno
in zvo¢no ugodje, razporeditev prostorov itd.).

REZULTATI IN RAZPRAVA. Ugotovili smo, da je vecini vprasanih v njihovem bivalnem prostoru najpomembne;jsa
vizualna povezanost z okolico, sledita zvocno in toplotno ugodje, nato ustrezna osvetlitev prostorov, najmanj pomembna
pa jim je kakovost zraka. Ve¢ kot 80% opazovancev meni, da mikroklima (temperatura, vlaga, osvetlitev, kvaliteta zraka,
izbira materialov ipd.) v njihovem bivalnem okolju pomembno vpliva na zdravje.

SKLEP. Potreben je celostni pristop pri nacrtovanju kakovostnega notranjega okolja, ki temelji na interdisciplinarnem
sodelovanju med razlicnimi delezniki, od nac¢rtovalcev (arhitektov, inzenirjev itd.) do strokovnjakov za javno zdravje. Le
tako bo mozno povezavo med arhitekturnimi elementi in njithovem vplivu na zdravje ustrezno implementirati v prakso

(npr. ekonomski vidik je javnosti $e vedno pomembnejsi kot zdravie).
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QUALITY INDOOR ENVIRONMENT AND USER HEALTH IMPACT — CASE STUDY

'Dr. Anja JUTRAZ, "?Dr. Andreja KUKEC, 'National Institute of Public Health, 1jubljana, Slovenia, > University of
Ljubljana, Faculty of Medicine, Ijubljana, Slovenia

Keywords: guality indoor environment, microclimate, indoor air quality, user health, public health

INTRODUCTION. Designers, investors and users are mostly concerned with aesthetic and technical issues (eg materials
selection, ventilation methods), and are unaware of the importance of the impact of building design, materials selection,
etc. on the health of users. The quality of the built environment is not clearly defined in terms of the health effects of users,
and most of the related issues are addressed only by building users.

AIM: Research is based on the case study "Super Microclimate in Living Space" from 2015. The main aim is to show the
stategy to design quality indoor environment.

METHOD. 333 sutrveys were conducted among the observational population (public and professional) and 7 semi-
structured interviews. Through qualitative and quantitative cross-sectional research, we wanted to find out how many
people are aware of the impact of the microclimate in living environment on their well-being and health and how much
they are willing to do to improve it. We found a link between the architectural design of the building and the health of
users (study of different aspects of microclimate parameters that affect human health: choice of location, materials,
construction methods, air quality and lighting, thermal and sound comfort, layout of rooms, etc.)..

RESULTS AND DISCUSSSION. We found that the more visual connection to the surrounding area is the most
important element in their living environment, followed by sound and thermal comfort, followed by adequate illumination
of the rooms, the least important is the indoor air quality. More than 80% of observers think that microclimate
(temperature, humidity, lighting, air quality, choice of materials, etc.) in their living environment has a significant impact on
their health.

CONCLUSION. A holistic approach is needed in planning a quality indoor environment, based on interdisciplinary
collaboration between different stakeholders, from planners (architects, engineers, etc.) to public health professionals.
Only in this way can the link between architectural elements and their health effects be properly implemented

(e.g. the economic aspect is still more important to the public than health).
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POMEN KVALITETNEGA PREZRACEVANJA V SOLAH IN VRTCIH
Peter NOVAK, AGREGAT d.o.o., Ljubljana, Slovenija

Kljucne besede: fole, vrtcs, naravno pregracevange, mehansko pregralevanje, kvalitetni notranji 3rak

UVOD. Z vgradnjo sodobnega stavbnega pohistva v nasih $olah in vrtcih (velja tako za novogradnje kot tudi za obnove,
kjer se vgradi novo stavbno pohistvo) se doseze dobra zrakotesnost teh objektov in s tem postaja vzdrzevanje ustrezne
kvalitete notranjega zraka vse vedji izziv. Podro¢je kvalitete notranjega zraka opredeljuje Pravilnik o prezracevanju in
klimatizaciji (v nadaljevanju Pravilnik), ki je pri nas v veljavi od leta 2002. V njem so zapisane tiste osnovne zahteve za
kvaliteto zraka, ki zaradi starosti dokumenta predstavljajo nek minimum, ki ga je potrebno zadostiti za normalno, zdravo
bivanje in nemoten ucni proces v vzgojno-varstvenih ustanovah.

NAMEN: Namen prispevka je predstaviti parametre kakovosti zraka kot jih opredeljuje Pravilnik ter predstaviti realne
meritve nekaterih parametrov v praksi. Sir§i namen pa je tudi medsebojno primerjati razlicne tipe prezracevanja, ki so
primerni za tovrstne objekte.

METODE. Teoreti¢ni del je povzet po Pravilniku, v prakticnem delu pa smo primetjali kakovost zraka (predvsem na
podlagi meritev COz in temperature) v ucilnici z vgrajenim mehanskim prezracevanjem preko prezracevalne naprave in
ucilnico, kjer se prezracevanje vrsi z odpiranjem oken. Obe udilnici sta znotraj iste Sole, kjer je bila izvedena vgradnja vec
manjsih centralnih prezracevalnih naprav le v nekaj ucilnicah.

REZULTATI IN RAZPRAVA. Pravilnik opredeljuje kakovost notranjega zraka s slede¢imi parametri: temperatura,
relativna vlaznost, obcutek pretoka zraka, koncentracije razlicnih onesnazeval (CO,, CO, trdni delci (predvsem PMjyg),
radon, formaldehid, amoniak, hlapne organske snovi in ozon) ter hrupnost. Obenem Pravilnik tudi definira minimalno
izmenjavo zraka v prostoru in predpisuje minimalni termiéni izkoristek za prezracevalne naprave. Ce na podlagi navedenih
parametrov primerjamo ucinkovitost naravnega prezracevanja z odpiranjem oken in mehanskega prezracevanja z uporabo
prezracevalne naprave, opazimo slede¢a odstopanja, kar potrjujejo tudi izvedene meritve:

e Temperaturo zraka lahko bistveno lazje nadziramo z uporabo prezracevalne naprave, saj smo pti odpiranju
oken vezani na direkten vpliv zunanjih temperaturnih razmer. Ker v ve¢jem delu leta niso tako idealne zunanje
temperature, da bi si zeleli odpirati okna v daljSem ¢asovnem obdobju, je z vidika minimizacije izgube temperature
pomembno okna odpirati dovolj pogosto a le za kratek ¢as. V $oli bi to v praksi pomenilo po vsaki solski uri, za
ne ve¢ kot 5 minut. V vrtcih, kjer ni tako pogoste petriode zapuscanja prostorja, kot je to v primeru sole, je dovolj
redno prezracevanje dosti vedji izziv in pogosto povsem nemogoce brez bistvenega poslabsanja kvalitete zraka.
Ker pa temperatura ni edini mejni faktor, ki nas pri odprtem oknu lahko moti (tu so predvsem tudi trdni delci v
zunanjem zraku in zunanji hrup), je v dolocenih obdobjih lahko odpiranje oken tudi povsem odsvetovano
(odvisno od lokacije objekta).

¢ Relativna vlaznost je v vecji meri obi¢ajno posledica aktivnosti v prostorih sole ali vrtca. Na povisanje vlaznosti
vpliva predvsem dihanje, v nekaterih prostorih pa tudi vlaga, ki je posledica priprave hrane, spros$c¢anja iz akvarija,
tusiranja in podobno. Z uporabo prezracevalne naprave se viski vlage nenehno odstranjujejo iz prostorov. Z
usmerjenim gibanjem zraka pa tudi preprecujemo Sirjenje vlage v neustrezni smeri (enako velja tudi za mnoga
druga onesnazila, ki se sproscajo znotraj objekta). Pri prezracevanju z odpiranjem oken se vlaga pogosto
prekomerno zadrzuje zaradi nerednega odpiranja oken.

e  Pretok zraka obcutimo predvsem pri odprtem oknu. Prezracevalni sistem je potrebno dimenzionirati tako, da
ne povzroca gibanja zraka nad 0,2 m/s, kar Ze smatramo kot prepih.

¢ Koncentracije onesnazeval so pri prezracevanju z odpiranjem oken najpogosteje vsakodnevno presezene.

Véasih narastejo tudi ¢ez dvojno koncentracijo zgornje dopustne meje. To so potrdile tudi nase meritve na
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primeru ucilnice brez prezrac¢evalnega sistema na OS Dolenjske Toplice. Pri uporabi ustrezno dimenzioniranega
prezracevalnega sistema ostajajo koncentracije onesnazeval ¢ez celoten dan znotraj dopustnih vrednosti, kot jih
predpisuje Pravilnik. Slednje smo potrdili tudi z meritvami v ucilnici z vgrajenim prezracevalnim sistemom na isti
OS.

e Hrup iz okolice je pomemben parameter, na katerega nimamo veliko vpliva, ¢e smo pri prezracevanju omejeni
na odpiranje oken. Pri prezracevalnem sistemu pa je hrup iz okolice povsem eliminiran (v okviru zvocne
izolativnosti objekta pri zaprtem stavbnem pohistvu). Bolj nas mora skrbeti hrupnost, ki ga znotraj objekta
povzroca delovanje prezracevalnega sistema. Tu je izbira ustrezne (dovolj tihe) prezracevalne naprave in uporaba
ustreznih perifernih komponent (prezracevalni kanali, dusilci zvoka, resetke in difuzotji) klju¢nega pomena za
zagotavljanje dovolj tihega notranjega okolja, ki ne moti uporabnikov notranjih prostorov $ol in vrtcev.

e Raba energije oz. nezelena izguba energije med prezracevanjem je tudi pomemben vidik na katerega z
odpiranjem oken ne moremo vplivati drugace, kot da okna v zimskem in poletnem obdobju ostanejo daljsi ¢as
zaprta, s ¢cimer poslabSujemo kakovost zraka v notranjih prostorih. Prezrac¢evalne naprave imajo po drugi strani
predpisan minimalni izkoristek vracanja temperature odpadnega zraka preko toplotnega izmenjevalca, s ¢imer
ohranjamo temperaturo notranjega okolja. Pravilnik predpisuje vsaj 65 % izkoristek prezra¢evalnih naprav, danes
pa so na trgu tudi naprave z izkoristki nad 80 %.

e Higiena v prezracevalnih sistemih je za dolgoro¢no zagotavljanje kvalitete notranjega zraka klju¢nega pomena.
Ta vidik je potrebno natanko preuciti pri zasnovi prezracevalnega sistema, v katerem je potrebno zagotoviti
ustrezne revizije za ¢is¢enje cevnih razvodov, obenem pa umestiti prezracevalno napravo na lokacijo, ki je hkrati
lahko dostopna za vzdrzevanje in obenem ustrezno odmaknjena od zvo¢no najbolj ob¢utljivih con. Vzdrzevanje
prezracevalnega sistema na kratki rok je v resnici omejeno le na redno menjavo filtrov v prezracevalni napravi
(enkrat na priblizno 6 mesecev). Ciséenje cevovodov je potrebno izvajati na razmeroma dolgo petiodo (enkrat na
6 do 8 let). Natanénejsa priporocila glede vzdrzevanja in ¢is¢enja mora zagotoviti dobavitelj prezracevalne opreme.

SKLEP. Rezultati meritev in izkusnje zaposlenih v $olah in vrtcih kazejo zaskrbljujoce stanje kvalitete zraka v tovrstnih
objektih. Ker tu ne gre le za kratkorocno izvajanje nekih programov za odrasle, pac pa za dolgotrajno bivanje (tudi ve¢ kot
8 ur dnevno) znotraj notranjih prostorov $ol in vrtcev, ne smemo zanemariti vpliva na zdravije in u¢ne sposobnosti, ki jih
ima slaba kakovost notranjega zraka v teh prostorih. Neizvajanje meritev kakovosti zraka in nepoznavanje podrocja ne
smejo biti izgovor za neizvajanje ukrepov, ki vodijo k boljsi kakovosti zraka. Kar je mozno takoj storiti in ni povezano s
finan¢nim vlozkom je osvesc¢anje zaposlenih in uvedbe rednega prezracevanja z odpiranjem oken. Ker pa v vseh zunanjih
pogojih to ni mozno, si je potrebno prizadevati za bolj celovito resitev, ki odpravi celo paleto tezav povezanih s premalo
intenzivnim prezracevanjem. Ustrezno dimenzioniran prezracevalni sistem namre¢ odpravlja tako presezene koncentracije
onesnazil, ki jih generiramo z naso prisotnostjo (CO2, VOC, vlaga, razne vonjave in podobno), raven radona, ki je bolj ali
manj pere¢ problem odvisno od lokacije objekta, s filtracijo zunanjega zraka zagotavlja zdravo okolje z minimalnimi
izgubami energije.

Ce postavimo zdravje otrok na pomembno mesto na prioritetni lestvici odgovornih v vzgojno-varstvenih ustanovah in v

$irsi javnosti, zahteva skrb za kvaliteto zraka v notranjih prostorih tovrstnih ustanov takojs$nje ukrepanje.
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24
THE IMPORTANCE OF ADEQUATE VENTILATION IN SCHOOLS AND KINDERGARTENS
Peter NOVAK, Agregat d.o.o., Ljubljana, Slovenia

Keywords: schools, kindergarten, natural ventilation, mechanical ventilation, indoor air quality

INTRODUCTION. The result of installation of modern building furniture in schools and kindergartens (both for new
buildings and reconstructions) is airtightness. Therefore, the maintenance of adequate indoor air quality is an increasing
challenge. The field of indoor air quality is regulated by the Rules on ventilation and air-conditioning (hereinafter the Rules),
which has been in force in Slovenia since 2002. It defines the minimum requirements for air quality for a normal, healthy
stay and an undisturbed learning process in educational institutions.

PURPOSE. The purpose of this paper is to present air quality parameters as defined by the Rules and the results of realistic
measurements of parameters in practice. The purpose is also comparison of various suitable ventilation types for such
objects.

METHODS. The theoretical part is summarized in the Rules. The practical part represents the comparison of the air
quality (mainly based on CO» and temperature measurements) in the classroom with the built-in mechanical ventilation via
the ventilation device and the classroom where the ventilation is done by opening the windows. Both classrooms are within
the same school where some smaller central ventilation units were installed in only a few classrooms.

RESULTS AND DISCUSSION. The Regulation defines indoor air quality with the following parameters: temperature,
relative humidity, air flow sensation, concentrations of various pollutants (CO, CO, particulate matter (mainly PMj),
radon, formaldehyde, ammonia, volatile organic matter and ozone), and noisiness. The Regulation also defines the
minimum air exchange in the room and prescribes the minimum thermal efficiency for ventilation devices. The comparison
of measurement results provided the following conclusions:

e The air temperature can be controlled significantly easier by the use of a ventilation device, since the opening
of the windows is related to the direct influence of the external temperature conditions. Since for most of the year
the outdoor temperatures are not ideal, it is important to open windows often enough, but only for a short time,
to minimize the loss of temperature. In school this would in practice mean during the break after every school
hour, for no more than 5 minutes. In kindergartens where there is less frequent abandonment than in school,
regular ventilation is much more challenging and often completely impossible without a significant deterioration
in air quality. However, since temperature is not the only limiting factor that disturbs the ambient when the
window is open (there are also particulates in ambient air and outside noise), opening windows may be completely
discouraged at certain times (depending on the location of the building).

¢ Relative humidity is, to a large extent, usually the result of activities at school or kindergarten. The increase in
humidity is mainly due to breathing, and in some rooms also moisture, which is the result of food preparation,
aquarium, showering etc. By using a ventilation device, excess moisture is constantly removed from the premises.
Directional air movement prevents moisture from spreading in the wrong direction (the same applies to many
other pollutants released inside the building). When ventilating by opening windows, moisture is often excessively
trapped by irregular opening of windows.

e The air flow is especially sensed when the window is open. The ventilation system must be sized in such a way
that it does not cause air movement above 0.2 m / s, which is already considered as draft.

e  Concentrations of pollutants are most often exceeded on a daily basis when opening windows. Sometimes they
also rise beyond the double concentration of the upper limit. This was confirmed by our measurements in the

classroom without a ventilation system at the Dolenjske Toplice Primary School. When using a properly
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dimensioned ventilation system at the same primary school, pollutant concentrations throughout the day remain
within the permissible values prescribed in the Regulation.

e  Surround noise is an important parameter that is not much affected if we are limited to opening windows when
ventilating. With the ventilation system, the noise from the surroundings is completely eliminated (within the
sound insulation of the building when the building is closed). We should be more concerned with the noise caused
by the operation of the ventilation system inside the building. Here, the choice of a suitable (sufficiently quiet)
ventilation device and the use of appropriate peripheral components (ventilation ducts, silencers, grilles and
diffusers) ate crucial to ensure a sufficiently quiet indoor environment that does not disturb the users of the
indoor facilities of schools and kindergartens.

e  Energy use. Unwanted energy loss during ventilation is also an important aspect that cannot be affected by the
opening of windows except that windows remain closed for longer periods in winter and summer, thereby
deteriorating indoor air quality. Ventilation devices, on the other hand, have a prescribed minimum efficiency of
returning the temperature of the exhaust air through the heat exchanger, thus maintaining the temperature of the
internal environment. The regulation prescribes at least 65% efficiency of ventilation devices, however there are
many devices with an efficiency over 80% on the market.

e Hygiene in ventilation systems are crucial to ensuring long-term indoor air quality. This aspect should be
carefully considered in the design of the ventilation system, where appropriate inspections should be provided to
clean the ducts. At the same time the ventilation device has to be mounted in a location that is easily accessible
for maintenance and at a suitable distance from the most sensitive areas. Maintenance of the ventilation system
is in general limited to the regular replacement of filters in the ventilation device (once every 6 months). Pipelines
normally require cleaning once every 6 to 8 years. Specific maintenance and cleaning recommendations should be
provided by the ventilation equipment supplier.

CONCLUSION. The results of measurements and the experience of staff in schools and kindergartens without adequate
ventilation system indicate a worrying state of air quality in such facilities. The impact on the health and learning abilities
due to a long stay (even more than 8 hours a day) inside the indoor premises of schools and kindergartens of poor indoor
air quality must not be neglected. Failure to take air quality measurements and unfamiliarity with the field should not be an
excuse for not taking measures that lead to better air quality. What can be done immediately and is not linked to a financial
contribution is to raise awatreness of employees and introduce regular ventilation by opening windows. However, since this
is not possible in all external conditions, a more comprehensive solution must be sought that eliminates the full range of
problems associated with not adequate ventilation. A propetly sized ventilation system eliminates the excess concentrations
of pollutants generated by our presence (CO2, VOC, moisture, various odours etc.) and the level of radon, which is more
or less a problem depending on the location of the object. Modern ventilation systems with filtration of the outside air and
heat recovery assure a healthy environment with minimal energy losses.

Inadequate indoor air quality in educational institutions has a significant impact on children's health, so immediate action

is a priority.

54



KAKOVOST NOTRANJEGA ZRAKA V SOLSKIH PROSTORIH

SKLOP 3: PROJEKT INAIRQ / Section 3: Project InAirQ.
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ZAZNAVANJE SLABEGA ZRAKA MED UCENCI 0S KAREL DESTOVNIK KAJUH
Sonja SORLI, OS Karel Destovnik Kajub, 1jubljana, Slovenija

Klju¢ne besede: kakovost 3raka, Sole, aktivnosti

UVOD. Tako kot odrasli v zaprtih prostorih doma ali na delovhem mestu, tudi ucenci prezivijo precejsen del dneva v
Solskih prostorih. Dokazano je, da ¢lovek v eni sami uri vdihne ve¢ kot pol kubi¢nega metra zraka, polnega bakterij in
virusov, prsic, vlage in drugih dejavnikov, ki jih v prostoru ne vidimo, vplivajo pa na nase zdravje in pocutje. Zato je v
notranjem okolju potrebno zagotoviti ustrezno kakovost zraka. V Solskem okolju lahko ustrezno kakovost notranjega zraka
dosezemo s prezracevanjem, z odpiranjem oken v ucilnicah. Tezavo pri tem predstavlja dejstvo, da je tak nacin zracenja
neenakomeren, nastaja lahko prepih, ta nacin je tudi energijsko potraten.

NAMEN. Na primeru predstaviti, kako v Soli zaznavamo slab zrak ter s katerimi aktivnostmi lahko izbolj$samo stanje.
METODE. Prikazali smo lastne izkus$nje na podrocdju zaznavanja slabega zraka v ucilnicah ter aktivnosti, ki jih izvajamo
za izboljSanje stanja v Soli.

REZULTATI IN RAZPRAVA. Povrsina nasih ucilnic je od 20 — 25 m?, $tevilo ucencev v posamezni ucilnici pa se giblje
od 18 — 25. Ucitelji po vsaki u¢ni uri v ¢asu odmora prezracijo ucilnico. Ucenci na razredni stopnji ostanejo v isti ucilnici,
na predmetni stopnji se zamenjajo, odidejo v drugo ucilnico. Med zra¢enjem v odmoru se celoten zrak v prostoru ne
zamenja, ve¢ moznosti za to je v tistih ucilnicah, kjer izvajajo zracenje Ze med uro. Slabo kakovost zraka zaznamo z vstopom
v prostor. Ne le slab vonj, tudi preve¢ suh zrak povzroca zdravstvene tezave pri ucencih. Ustrezna vlaznost zraka pripomore
k izboljsanju odpornosti, manj pogosti obolevnosti dihal in k dobremu pocutju. Zagotoviti pa je treba ustrezno vlaznost v
prostoru, saj lahko previsoka vlaznost pospesi razmnozevanje prsic, plesni, glivic in bakterij.

SKLEP. Na temperaturo, vlago in kakovost zraka v prostorih vplivajo razli¢ni dejavniki, ki so povezani tudi z gradnjo in
uporabo razli¢nih gradbenih materialov, npr. vrsta vgrajenih oken in vrat, lega stavbe, na¢in ogrevanja, prisotnost drugih
virov onesnazevanja. Kako torej v stirideset let stari stavbi brez mehanskega prezracevanja zagotoviti, da bo v vsaki ucilnici

od 7. ure zjutraj do poznega popoldneva kakovost zraka ustrezna?
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3.1
ASSESSMENT OF POOR AIR QUALITY IN ELEMENTARY SCHOOL PUPILS KAREL DESTOVNIK KAJUH
Sonja SORLI, OS Karel Destovnik Kajuh, I jubljana, Slovenia

Keywords: guality of air, schools, activities

INTRODUCTION. Like adults in closed spaces of their homes or on workplaces also pupils spend a big part of the day
in school premises. It is proved that human inhales more than half cubic meter of fair in 1 hour (500 1 of air in one hour
). This air is full of bacteria, viruses, mites, moisture and other agents, that cannot be seen, but have a great impact on our
health and wellbeing. That's why it is so important to provide a proper quality of air in the internal environment. We can
provide a proper quality of inner air in school by ventilation — with openenig the windows of classrooms. The problem is
that this kind of ventilation is uneven, it makes drafts and is energy-consuming.

AIM: The purpose of the paper is to demonstrate an example of how bad air in school is detected and with which activities
we can make it better.

METHOD. We presented our personal experiences how bad air is detected in classrooms, as well as activities that are
petformed to improve the air in school.

RESULTS AND DISCUSSSION. The area of our classrooms is 20 — 25 m2, the number of pupils in individual
classroom is around 18 — 25. Teachers after each lesson, during break, ventilate the classroom. Pupils in primary grades
stay in the same classrooms all day while pupils in secondary grades change their classrooms almost after every break. The
air is not exchanged entirely during the ventilation. More chances for complete ventillation are in those classrooms where
the ventilation is performed also during the lessons.

Bad quality of air is already detected by entering into the classroom. Not just bad smell, but also too dry air can cause health
problems to pupils. The suitable humidity of air can improve the immunity of pupils, lessen frequent problems of
respiratory system and improve state of wellbeing. However, it is important to guarantee appropriate air humidity in the
classrooms since high humidity can speed up the reproduction of mites, mold, fungus and bacteria.

CONCLUSION. There are several factors that influence the temperature, moisture and quality of air in the rooms. These
factors are also related to construction and use of different construction materials, for example the window and door types
that are built in, location of the building, the heating method, the presence of other pollution sources.

How can we in 40 — year old building without forced mechanical ventilation ensure the appropriate quality of air from 7 in

the morning till late afternoon?
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0ZAVESCANJE 0 POMEMBNOSTI IZBOLJSANJA KAKOVOSTI NOTRANJEGA ZRAKA

Dr. Anja JUTRAZ', Dr. Andrgja KUKEC"?, Mag. Simona URSIC', "Nacionalni inititut za javno 3dravje, 1jubljana,
Slovenija, ? Univerza v Ljubljani, Medicinska fakulteta, Katedra za javno zdravje, Ljubljana, Slovenija

Kljucne besede: ozavestanje, izobragevanje, kakovost notranjega raka, forum kakovosti okolja.

UVOD. Ozavesc¢anja javnosti je najucinkovitejse sredstvo za sporocanje informacij, zlasti 8irsi javnosti. Ucinkovite akcije
ozave$canja so potrebne za obvescanje javnosti o doloceni problematiki in njihovo izobrazevanje. Ukrepi za dvig
ozavescenosti za izboljsanje kakovosti notranjega zraka v Solskih prostorih so bili pomemben del projekta InAirQ), kjer
smo se najprej osredotocili na $irso javnost (ucitelji v osnovni $oli, otroci itd.), na koncu projekta pa tudi na strokovnjake
(raziskovalci, ministrstva, ob¢ine).
NAMEN: Glavni cilj je bil informirati in ozavescati o vprasanju kakovosti zraka v notranjih prostorih, zlasti v okoljih, ki
jih obiskujejo otroci.
METODE. Nacionalni institut za javno zdravje je bil v okviru kampanje za ozavescanje v Sloveniji vklju¢en v razlicne
dejavnosti. Akcije so se zacele leta 2017, nadaljevale pa v letih 2018 in 2019.
REZULTATI IN RAZPRAVA. Ukrepi za ozavescanje o boljsem razumevanju ucinka kakovosti notranjega zdravja na
zdravje ljudi so bili sestavljeni iz komunikacij za obvescanje in razumevanje, zavedanje in ukrepanje. Nekatere dejavnosti,
ki so se izvajale, so bile:
A. Posebna srecanja z ucenci in njihovimi druzinami na 12 izbranih $olah: predstavitev pomena kakovosti zraka v notranjih
prostorih za ucence v ucilnicah, kjer so bile kasneje izvedene meritve kakovosti notranjega zraka.
B. Posebna srecanja s Solskim osebjem, kjer smo se na Solske usluzbence obrnili neposredno po e-posti, telefonskih klicih,
sestankih (12 izbranih Sol). Glavni cilj je bil seznaniti jih s pomenom kakovosti zraka v notranjih prostorih, vpliva slabe
kakovosti zraka na zdravje ljudi in o razlicnih ukrepih, ki bi jih lahko naredili za izboljsanje kakovosti zraka.
C. Razdelitev zloZenk in brosur med razli¢nimi ciljnimi skupinami.
D. Uporaba nacionalne spletne strani socialnega omrezja Facebook.
E. Distribucija brosure o projektu med vodji $ol, ucitelji, starsi.
F. Predstavitev rezultatov projekta na lokalnih konferencah, dogodkih:

e  Predstavitev projekta na Ministrstvu za izobrazevanje, znanost in $port v Sloveniji v okviru sestanka projekta CRP

"Analiza stanja na podrodju arhitekture javnih vrtcev in $ol v Sloveniji", januar 2018.
e  Okoljska konferenca "Nacionalni program varstva okolja in njegov dialog z lokalnimi skupnostmi”, april 2018,
Moravske toplice.

e 15, Svetovni kongres o zdravju okolja, marec 2018, Auckland, Nova Zelandija.
G. Clanki: npr. ,,Kakovost zraka v prostorih predsolskih stavb in projekt InAirQQ*.
H. Forumi kakovosti okolja: 5 forumov kakovosti okolja - razli¢na predavanja (na primer Ucinki onesnazenega zraka v
notranjih prostorih na zdravje; Predstavitev stanja osnovnih $ol ljubljanske zdravstvene regije z vidika kakovosti zraka v
notranjih prostorih; Metodoloski pristop in izzivi na podrocju ocenjevanja kakovosti zraka; Izboljsanje kakovosti zraka v
izobrazevalnih ustanovah z izbiro gradbenih proizvodov itd.) in delavnice.
I. Obvescanje Mestne ob¢ine Ljubljana, Ministrstva za Solstvo in ¢lanov Univerze v Ljubljani o projektu.
J. Sodelovanje na raziskovalnem projektu z Gimnazijo Ljutomer.
K. Razdelitev elektronskih novic med strokovnjake (AEC industrija), ¢lane univerze (raziskovalci in profesotji), osnovne

in srednje Sole, starse, obcine in ministrstvo itd.
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L. Obvescanje o projektu na spletni strani NIJZ.

Z aktivnostmi za ozaves$canje smo nagovorili naslednje ciljne skupine:

Ob¢inske in regionalne ustanove: Mestna obc¢ina Ljubljana.

Drzavne javne organe: Ministrstvo za Solstvo, Ministrstvo za zdravje.

Izobrazevalne ustanove: Univerza v Ljubljani (razlicne fakultete).

Ucenci vkljucenih $ol in njihovi starsi: 12 izbranih $ol v Sloveniji (na vsaki $oli smo star§em ucencev 3. razreda in
tudi ucencem predstavili projekt InAirQQ).

Upravni organi $ol in osebje Sol: Slovenska mreza zdravih Sol.

Gradbena industrija, na¢rtovalci in izvajalci: vabljeni na forume kakovosti okolja.

Interesne skupine, vklju¢no z nevladnimi organizacijami: vabljeni na forume kakovosti okolja.

Teme, ki so bile predstavljene na razlicnih dogodkih, so: osnovne informacije o projektu; zdravstveni vpliv slabe kakovosti

zraka; dobre prakse in referencni primeri; intervencijske metode za preprecevanje onesnazenosti notranjega zraka; uporaba

materialov in opreme za izboljsanje kakovosti notranjega zraka; vzdrzevanje in odgovornost upravljavcev prostorov.

SKLEP. Ozavescanje o pomembnosti kakovosti notranjega zraka v Solskih prostorih je zelo pomembno, saj lahko

uporabniki z zavedanjem tezav povezanih z zrakom v notranjih prostorih pomagajo prepreciti pojav tezav na samem

zacetku. V prihodnosti na¢rtujemo, da bomo lai¢no in strokovno javnost $e naprej obvescali in osvescali o tej problematiki.
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3.2
AWARENESS RAISING ACTIONS FOR IMPROVING INDOOR AIR QUALITY

Dr. Anja JUTRAZ!, Dr. Andreja KUKEC"?, Mag. Simona URSIC', "National Institute of Public Health, I jubljana,
Slovenia, 2 University of Ljubljana, Faculty of Medicine, Ljubljana, Slovenia

Keywords: awareness raising, education, indoor air quality, environment quality forum

INTRODUCTION. Awareness-raising campaigns are recognised as the most efficient and effective means of
communicating information especially to the general public. Effective awareness raising activities are necessary to inform
public about specific issue and educate them. Awareness raising actions for improving indoor air quality were important
part of the project InAirQ), where we first focused on general public (teachers in primary school, children etc.) and at the

end of the project also on professionals (researchers, ministries, municipalities).

AIM. The main aim was to inform and raise awareness about the issue of indoor air quality, especially in environments

frequented by children.

METHODS. As part of awareness raising campaign in Slovenia the National Institute for Public Health was involved in

different activities. The actions started in 2017, and continued in 2018 and 2019.

RESULTS AND DISCUSSSION. Awareness actions on better understanding IAQ impects on human health were
composed of communications for informing and understanding, awareness and action. Some of the activities that were

carried out were:

A. Specific meetings with school pupils and their families: Informing parents and teachers of 12 chosen schools about the
project and importance of IAQ; Presentation on the importance of the indoor air quality to pupils in the classrooms, where

measurement campaign was carried out (12 schools).

B. Specific meetings with school staff, where we approached school staff directly through emails, phone calls, £2f meetings
(12 chosen schools) and by inviting them to Environment Quality Forums. The main aim was to inform them about the
importance of indoor air quality, influence of bad air quality to human health and about different actions they could do to

improve air quality.

C. Dissemination of information materials (leaflet and brochure) among different target groups.

D. Use of national Facebook page.

E. Distribution of the brochure about the project among school managers, teachers, parents, stakeholders.
F. Presentation about the results of the project at local conferences, events:

e  Presentation of the project at the Ministry of Education, Science and Sport in Slovenia as part of the meeting of
the CRP project "Analysis of the situation in the field of architecture of public kindergartens and schools in
Slovenia - recording, evaluation and protection of examples of quality (sustainable) architectural practice", January

2018. There were present also the representatives from Municipality of Ljubljana.

e Environmental conference "National Environmental Protection Program and its Dialogue with Local

Communities", April 2018, Moravske toplice.

e 15th World Congress on Environmental Health, March 2018, Auckland, New Zealand.
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G. Articles: “Indoor air quality in Slovenian pre-school buildings and InAirQ) project” etc.

H. Environment Quality forums: 5 Environment Quality Forums — different lectures (for example Effects of polluted
indoor air on health, Presentation of the state of elementary schools in the Ljubljana health region from the aspect of the
indoor air quality, Methodological approach and challenges in the field of air quality assessment, Improving indoor air

quality in educational institutions with the selection of construction products etc.) and workshops.
1. Informing Municipality of Ljubljana, Ministry of Education and members of University of Ljubljana about the project.
J. Collaboration on the research project with the Gymnasium Ljutomer.

K. Distribution of electronic newsletters among professionals (AEC industry), members of the university (researchers and

professors), primary and secondary schools, parents, municipalities and ministry etc.
L. Informing about the project on the NIJZ’s website.
With our awareness raising activities we addressed following target groups:

e Municipal and regional institutions: Municipality of Ljubljana

e National public authority: Ministry for Education, Ministry of Health

e Educational institutions: University of Ljubljana (different faculties)

e Pupils of the involved schools and their parents: 12 chosen schools in Slovenia (at each school we presented

InAirQ project to the parents of the pupils of 3rd school year and also to pupils).
e Management bodies of the schools and school staff: Network of healthy Slovenian schools, Secondary schools
e Building industry, real estate developers and contractors: invited to EQF in 2018
e Interest groups including NGOs: invited to EQF in 2018

The topics that were presented at different events are: basic information about the project; health impact of poor air quality;
good practices and benchmark visits; intervention methods for air pollution; use of indoor materials and equipment;
maintenance and managers’ responsibility.

CONCLUSION. To conclude, awareness raising about the importance of indoor air quality is really important issue, as
by being aware of indoor air issues, occupants can help prevent problems. In the future we are planning to keep informing

lay and professional public about this issue.
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REZULTATI MERITEV MERJENJA KAKOVOSTI ZRAKA V OKVIRU PROJEKTA INAIRQ
Mag. Simona URSIC', Dr. Andrga KUKEC'?, Dr. Anja JUTRAZ' 'Nacionalni institut 3a javno zdravje, 1 jubljana,
Slovenija, ? Univerza v Ljubljani, Medicinska fakulteta, Katedra za javno zdravje, Ljubljana, Slovenija

Kljucne besede: [n.4irQ, meritve kakovosti graka, CO,, relativna viagnost raka

UVOD. Predstavniki Nacionalnega instituta za javno zdravje (NIJZ) smo od 2016 kot projektni partner vkljuceni v Interreg
projekt »Transnational Adaption Actions for Integrated Indoor Air Quality Management (InAirQ)«. Osnovni namen
projekta je ugotoviti kaksna je dejansko kakovost zraka v ucilnicah osnovnih $ol in oblikovati smernice za izboljsanje
kakovosti notranjega zraka v Solah na podroc¢ju Srednje Evrope. Nase aktivnosti so bile: izvedba meritev kakovosti zraka
in izvedba ankete glede zdravja in pocutja otrok v izbranih osnovnih $olah; organizacija forumov in ostalih aktivnosti za
povecanje ozavescenosti o problematiki notranjega zraka ter sodelovanje pri postavljanju skupne cezmejne strategije in
akcijskih nacrtov za izbolj$anje kakovosti notranjega zraka v Solskem okolju.

NAMEN. Meritve kakovosti ztaka (notri/zunaj) v osnovnih $olah so se izvajale v uéilnicah izbranih $ol v vseh drzavah
projektnih partnerjev. Namen izvajanja meritev je bil ugotoviti kaksna je kakovost zraka v uéilnicah in kaj vpliva nanjo ter
v primeru ugotovljenih odstopanj predvideti moznost ukrepanja.

METODE. Meritve onesnazenosti zraka so se v vseh sodelujocih drzavah izvajale po enotni metodologiji: izvedene so
bile v obdobju kurilne sezone (13. 11. 2017 - 16. 3. 2018), povsod v razredih tretjesolcev, v vsaki Soli so se izvajale po en
teden. Vecina parametrov se je merila v ucilnici in hkrati zunaj zgradbe.

Za ve¢ parametrov smo uporabljali enake merilne naprave in instrumente (formaldehid, benzen). Tudi ravnanje z vzorci in
transport do laboratorija je potekal na enak nacin. Vsi vzorci so bili analizirani v istem laboratoriju, pri vodilnem projektnem
partnerju v Budimpesti.

Poenotena metodologija izvajanja meritev, ravnanja z vzorci in laboratorijske analitike je omogocila skupno predstavitev
rezultatov meritev vseh partnerjev in moznost primerjave rezultatov med partnetji.

REZULTATI IN RAZPRAVA. V okviru meritev smo dolocevali naslednjeparametre: temperatura in relativna vlaga,
delci v zraku (PM2.5), CO2, aldehidi (formaldehid), VOC - hlapne organske spojine (benzen), NO2 in radon.

Zaradi lazjega prikaza rezultatov in organizacije ukrepov je vodilni projektni partner po principu semaforja za potrebe
projekta razvil Indeks/Kazalnik udobja (na osnovi parametrov temperatura in relativna vlaga) in Indeks/Kazalnik
kakovosti notranjega zraka (na osnovi vseh ostalih parametrov). Kazalnik udobja ima tri razrede (udobno, zmerno udobno,
neudobno okolje), Kazalnik kakovosti notranjega zraka pa pet razredov (nizka, zmerna, visoka, zelo visoka, nevarna
onesnazenost). Vrednost kazalnika doloc¢a parameter, ki ga rezultat meritve uvrs¢a v najbolj neugoden razred.
Predstavitev rezultatov po drzavah upostevajo¢ uvrstitev v razrede Kazalnika kakovosti notranjega zraka:

Od 12-ih 30l na Ceskem jih ima stanje notranjega zraka 8,33 % ocenjeno kot nevarno onesnazeno (povisane koncentracije
delcev v zraku), 58,33 % kot visoko onesnazeno in 33,33 % kot zmerno onesnazeno.

Na Madzarskem jih ima od 16-ih $ol stanje notranjega zraka 37,5 % $ol ocenjeno kot zelo visoko onesnazeno (v vseh Solah
so povisane koncentracije delcev PM2.5, v dveh $olah je povisan tudi CO2), 62,5% pa kot visoko onesnazeno.

V Italiji jih ima od 12-ih $ol stanje notranjega zraka 41,66 % Sol ocenjeno kot nevarno onesnazeno (povisane so
koncentracije benzena), 33,33 % kot zelo visoko onesnazeno, 16,67 % kot visoko onesnazeno in 8,33 % kot zmerno
onesnazeno.

Na Poljskem jih ima od 12-ih $ol stanje notranjega zraka 16,67 % ocenjeno kot zelo visoko onesnazeno (povisane vrednosti
CO2), polovica $ol kot visoko onesnazeno, 33,33% pa kot zmerno onesnazeno.

V Sloveniji je bila med 12-imi $Solami onesnazenost notranjega zraka ocenjena za 16,67% $ol kot zelo visoka (po ena $ola s

povisanimi koncentracijami benzena in CO2), za 41,66% sol kot visoka, za 41,66% $ol pa kot zmerna.
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Delez $ol z oceno Kazalnika udobja kot neugodno okolje je v vseh drzavah visok, vec¢inoma zaradi neustrezne vrednosti
relativne zracne vlage.

V Sloveniji je bila v 9 $olah ugotovljena prenizka vrednosti relativne zracne vlage.

Glede na rezultate je stanje v sodelujocih drzavah primerljivo. Velik problem predstavljajo zlasti povisane koncentracije
CO2 in prenizke vrednosti relativne zra¢ne vlage. Glede na v projektu postavljene razrede so pogosto zaznane tudi
povisane ravni benzena in formaldehida ter delcev. Za izboljsanje stanja bo potrebno odstraniti vire moznih onesnazeval,
sprejeti ukrepe za vzdrzevanje ustrezne kvalitete notranjega zraka ter jih dosledno izvajati.

SKLEP. Skrbi za ustrezno kakovost notranjega zraka v Solah bo potrebno posvecati ve¢jo pozornost.

LITERATURA.

e Interreg projekt Transnational Adaption Actions for Integrated Indoor Air Quality Management (InAirQ)— v
teku, https://www.interreg-central.eu/Content. Node/InAirQQ /InAirQ.html
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33
RESULTS OF AIR QUALITY MEASUREMENT AS PART OF THE PROJECT INAIRQ

Mag. Simona URSIC', Dr. Andreja KUKEC'?, Dr. Anja JUTRAZ' 'National Institute of Public Health, I jubljana, Slovenia,
2University of Ljnbljana, Faculty of Medicine, Ljubljana, Slovenia

Keywords: In.AirQ, primary schools, air quality measurements, CO,, relative humidity

INTRODUCTION. Since 2016, representatives of the National Institute of Public Health (N1JZ) have been a partner in
the Interreg project “Transnational Adaptation Actions for Integrated Indoor Air Quality Management (InAirQ))”. The
main purpose of the project was to identify the actual air quality in primary school classrooms and to develop guidelines
for improving indoor air quality in schools in Central Europe. Our activities were: conducting air quality measurements
and conducting a survey on the health and well-being of children in selected primary schools; organizing forums and other
activities to raise awareness of indoor air quality, and participating in setting up a common cross-border strategy and action
plans to improve indoor air quality in the school environment.

AIM. Air quality measurements (inside / outside) in primary schools were conducted in the classtooms of selected schools
in all project partner countries. The purpose of the measurements was to determine the air quality in the classrooms and
the factors affecting it, and to provide an opportunity for action in case of deviations found.

METHODS. Air pollution measurements were catried out in all participating countries following to a uniform
methodology: they were carried out during the heating season (13.11.2017 - 16.3.2018), in the third-grade classes, and were
conducted for one week in each school. Most of the parameters were measured in the classroom and simultaneously outside
the building.

The same devices were used for measuring several parameters (formaldehyde, benzene). Also, samplea were handled and
transported to the laboratory in the same way. All samples were analyzed in the same laboratory by a leading project partner
in Budapest.

The unified methodology of measurement, sample handling and laboratory analytics enabled the joint presentation of the
measurement results of all partners and the possibility of comparing results between partners.

RESULTS AND DISCUSSSION. The following parameters were measured: temperature and relative humidity, fine
particulate matter (PM2.5), CO2, aldehydes (formaldehyde), VOC - volatile organic compounds (benzene), NO2 and
radon. To facilitate the presentation of results and the organization of measures, the leading project partner according to
the traffic light developed the Index / Comfort Indicator (based on parameters of temperature and relative humidity) and
the Index / Indicator of indoor air quality (based on all other parameters) for the needs of the project. The comfort
indicator has three classes (comfortable, moderately comfortable, uncomfortable environment), and the indoor air quality
indicator has five classes (low, moderate, high, very high, dangerous pollution). The value of the indicator is determined by
the parameter that is by result of the measurement placed in the most unfavorable class.

Presentation of results by country according to the classification in the Indoor Air Quality Indicator:

Of the 12 schools in the Czech Republic, 8.33% are rated as dangerously polluted (increased particulate matter
concentrations), 58.33% as highly polluted and 33.33% as moderately polluted.

In Hungary, out of 16 schools, 37.5% of schools ate rated as very highly polluted (in all schools PM2.5 particulate
concentrations are increased and in two schools CO2 is also high) and 62.5% as highly polluted.

In Italy, out of the 12 schools, 41.66% of schools are rated as dangerously polluted (benzene concentrations are increased),
33.33% as very highly polluted, 16.67% as highly polluted and 8.33% as moderately polluted.

In Poland, 16.67% of the 12 schools are rated as very highly polluted (high CO2 values), half of them as highly polluted
and 33.33% as moderately polluted.
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In Slovenia among 12 schools, indoor air pollution was estimated in 16.67% of schools to be very high (one school with
high concentrations of benzene and one with CO2), 41.66% of schools as high and 41.66% of schools as moderate.
The proportion of schools with an unfavorable environment as rated by the Comfort Indicator is high in all countries,
mainly due to inadequate relative air humidity.
In Slovenia, too low relative air humidity was found in 9 schools.
According to the results, the situation in the participating countries is comparable. In particular, high concentrations of
CO2 and low relative air humidity are a major problem. According to the classes of air quality, set up in the project, elevated
levels of benzene, formaldehyde and particulate matter are often detected. In order to improve the situation, it will be
necessary to remove sources of possible pollutants, adopt measures to maintain adequate indoor air quality and implement
them consistently.
CONCLUSION. Care for the proper indoor air quality in schools will require greater attention.
LITERATURE.

e Interreg projekt Transnational Adaption Actions for Integrated Indoor Air Quality Management (InAirQ)— v

teku, https://www.interreg-central.eu/Content. Node/InAirQ) /InAirQ.html
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UKREPI ZA IZBOLJSANJE KAKOVOSTI NOTRANJEGA ZRAKA V OSNOVNIH SOLAH
Mag. Simona URSIC', Dr. Anja JUTRAZ', Dr. Andreja KUKEC'?, 'Nacionalni institut za javno dravje, 1 jubljana,
Slovenija, ? Univerza v Ljubljani, Medicinska fakulteta, Katedra za javno zdravje, Ljubljana, Slovenija

Kljuéne besede: kakovost notranjega 3raka, osnovne Sole, ukrept, radon, CO;

UVOD. Predstavniki Nacionalnega instituta za javno zdravje (NIJZ) smo od 2016 kot projektni partner vkljuceni v Interreg
projekt »Transnational Adaption Actions for Integrated Indoor Air Quality Management (InAirQ)«. Osnovni namen
projekta je ugotoviti, kaksna je dejansko kakovost zraka v ucilnicah osnovnih $ol in oblikovati smernice za izboljsanje
kakovosti notranjega zraka v Solah na podrocju Srednje Evrope. Ena izmed nasih aktivnosti v projektu je bila sodelovanje
pti oblikovanju akcijskega nacrta za izboljsanje kakovosti notranjega zraka v Solskem okolju.

NAMEN: Priporocila za izdelavo akcijskega nacrta za izboljsanje kakovosti zraka v $olskem okolju naj bi posamezni $oli
glede na njeno specifiko pomagala oblikovati ukrepe za izboljsanje kakovosti notranjega zraka in jih tudi redno izvajati. V
ta namen smo $olam, vklju¢enim v projekt, posredovali rezultate metitev in njthovo umestitev v razrede Indeksa/Kazalnika
udobja in Indeksa/Kazalnika kakovosti notranjega zraka, ki jih je za potrebe projekta oblikoval vodilni projektni pattner.
Vrednost kazalnika vpliva na nujnost izvedbe in obseg ukrepov. Doloca ga parameter, ki ga rezultat meritve uvrséa v najbol;j
neugoden razred.

METODE. Na podlagi pregleda literature in izvedene raziskave smo pripravili seznam ukrepov za izboljSanje kakovosti
notranjega zraka v osnovnih Solah, ki smo jih razdelili v ve¢ sklopov (glede na parametre, deleznike, zahtevnost izvedbe).
REZULTATI IN RAZPRAVA. Solam so bili postedovani neposredni ukrepi, glede na posamezen parameter, dokument
akcijski nacrt pa poleg tega vkljucuje tudi izvajalce in ostale aktivnosti, ki jih je za vzdrzevanje ustrezne kakovosti zraka v
Solskih prostorih potrebno izvajati ves Cas.

Prikaz nekaterih ukrepov ob presezenih koncentracijah izbranih onesnazeval v notranjem zraku:

Radon: V zaprtih prostorih je v najvedji meri prisoten zaradi izhajanja iz tal, vir predstavlja tudi opeka iz elektrofilterskega
pepela, Ce je stavba zgrajena iz nje. Izpostavljenost radonu v zaprtih prostorih je treba znizati na najnizjo mozno raven.
Redno in ucinkovito zracenje, dodatna ukrepanja (organizacijske resitve, sanacija objekta) so potrebna glede na izmerjene
vrednosti.

CO.: Povisane koncentracije COz so posledica prisotnosti oseb v zaprtem prostoru. V ucilnicah je treba ves ¢as vzdrzevati
razmere za udinkovito obvladovanje koncentracije CO: (sprememba/vzpostavitev protokola zradenja, upostevanje
omejitve Stevila oseb glede na povtsino in volumen prostora itd.).

Delei PM: Prisotnost delcev v zaprtih prostorih je posledica njihovega vstopa iz zunanjega zraka ter virov v notranjosti
objekta. Ukrepi temeljijo na omejevanju vnosa delcev PM iz zunanjega zraka v notranjost $ole in na omejevanju nastajanja
delcev v zaprtih prostorih (med prometnimi konicami in epizodami velike onesnazenosti zraka prostorov ne zrac¢imo, v
casu velike onesnazenosti zraka naj Sola preide na ogrevanje z okolju prijaznejsim gorivom, redno vzdrzevanje filtrov pri
mehanskem prezracevanju, izogibanje aktivhostim in dejavnostim, ki povzroc¢ajo prasenje v prostorih).

Bengen: Prisotnost benzena v zaprtih prostorih je posledica vstopa benzena iz zunanjega zraka, virov benzena v notranjosti
objekta in ne dovolj u¢inkovitega prezrac¢evanja. Izpostavljenost benzenu v zaprtih prostorih je treba znizati na najnizjo
mozno raven! Identifikacija in odstranitev materialov, ki so vir benzene v stavbi; zmanjsanje ali odprava dejavnost, kjer se
lahko sprosc¢a benzen ter redno izvajanje ustreznega prezracevanja. Vnos benzena iz zunanjega zraka lahko zmanjsamo s
premisljeno postavitvijo parkirnih prostorov v okolici Sole, odstranitvijo morebitnih virov cigaretnega dima, primerno

lokacijo dovodov svezega zraka, izogibanjem uporabe izdelkov, ki bi lahko bili vir benzena itd.
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Formaldebid: Velja za specificno onesnazevalo notranjega okolja. Pois¢emo vir prisotnosti formaldehida in ga odstranimo
oziroma v najvecji meri omejimo (izbira ustreznega pohistva in oblog, uc¢inkovito prezracevanje, vzdrzevanje temperature
in relativne vlaznosti v $olskem okolju pri najnizjih ravneh udobja).
SKLEP. Za zagotavljanje ustrezne kakovosti notranjega zraka naj bi imela vsaka Sola izdelan akcijski nac¢rt in predvidene
ukrepe tudi redno izvajala v praksi.
LITERATURA.
e NIJZ, 2017. Notranji zrak — Ukrepi za izboljSanje. Pridobljeno s spletne strani 27.8.2019.
https:/ /www.nijz.si/sites/www.nijz.si/files /uploaded/notranji_zrak_priporocila_za_prebivalce_zadnja_110120
17.pdf
e NIJZ, 2018. Delci PM — Priporo¢ila za prebivalce. Pridobljeno s spletne strani 27.8.2019.
https:/ /www.nijz.si/sites/www.nijz.si/files /uploaded/notranji_zrak_priporocila_za_prebivalce_zadnja_110120
17.pdf
e Interreg projekt Transnational Adaption Actions for Integrated Indoor Air Quality Management (InAirQ)— v
teku, https://www.interreg-central.eu/Content. Node/InAirQ) /InAirQ.html
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3.4
ACTION PLANS FOR IMPROVEMENT OF INDOOR AIR QUALITY IN PRIMARY SCHOOLS

Mag. Simona URSIC', Dr. Anja JUTRAZ', Dr. Andrgja KUKEC'?, 'National Institute of Public Health, 1 jubljana,
Slovenia, ? University of Ljubljana, Faculty of Medicine, Ljubljana, Slovenia

Keywords: indoor air guality, primary schools, action plans, radon, CO;

INTRODUCTION. Researchers of the National Institute of Public Health (NIJZ) have been involved in the Interreg
project "Transnational Adaptation Actions for Integrated Indoor Air Quality Management (InAirQQ)" as a project partner
since 2016. The main aim of the project is to identify the actual indoor air quality in primary school classrooms and to
develop guidelines for improving indoor air quality in schools in Central Europe. One of our activities in the project was
to participate in the development of an action plan for improving indoor air quality in the school environment.

AIM. The recommendations for the development of an action plan for improving the indoor air quality in the school
environment should help the individual school to prepare an action plan for improving the indoor air quality and to
implement them on a regular basis. To this end, we provided the participating schools with the results of the measuring
campaign and their placement in the Indexes / Comfort Indicator and the Indoor Air Quality Indicator, designed by the
lead project partner. The value of the indicator influences the urgency of implementation and the extent of the action plan.
It is determined by the parameter that places the measurement result in the most unfavorable classroom.

METHODS. Based on the literature review and the conducted research, we have compiled a list of action plans for
improving indoor air quality in primary schools, which were divided into several sections (according to parameters,
stakeholders, complexity of implementation).

RESULTS AND DISCUSSSION. Action plans were provided to schools, depending on each parameter. They also
included contractors and other activities that need to be carried out at all times in order to maintain adequate indoor air
quality in the school premises.

Here are presented some of the action plans taken when concentrations of selected pollutants in indoor air are exceeded:
Radon: 1t is mostly present indoors due to its escape from the ground, and the source is also brick from fly ash if the building
is constructed from it. Indoor radon exposure should be kept to a minimum. Action plans: Regular and efficient ventilation,
additional measures (organizational solutions, facility remediation) are required in relation to the measured values.

CO2: Increased CO; concentrations are due to the presence of users/people. Action plans: Classtooms need to be
maintained at all times to effectively manage CO; concentrations (modification / establishment of a ventilation protocol,
compliance with the limitation on the number of persons depending on surface area and volume, etc.).

PM particles: The presence of particulate matter indoors is due to their entry from outside air and sources inside the building.
The measures are based on limiting the intake of PM particles from the outside into the school interior and limiting the
generation of particulate matter indoors (during peak periods and episodes of high air pollution, do not ventilate the
premises; maintenance of filters in mechanical ventilation, avoidance of activities and activities that cause dusting in the
premises).

Bengene: The presence of benzene indoors is due to the entry of benzene from the outside air, the benzene sources inside
the building and not enough efficient ventilation. Action plans: Indoor benzene exposure should be kept to a minimum!
Identification and removal of materials that are the source of benzene in the building; reduction or elimination of benzene
release activities and regular provision of adequate ventilation. Benzene intake from outside air can be reduced by carefully
positioning parking spaces around the school, removing potential sources of cigarette smoke, appropriate location of fresh

air supplies, avoiding the use of products that could be a source of benzene, etc.
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Formaldebyde: Applies to a specific internal environmental pollutant. Action plans: Find the source of formaldehyde and
remove it or minimize it (choice of appropriate furniture and coverings, effective ventilation, maintenance of temperature
and relative humidity in the school environment at the lowest comfort levels).
CONCLUSION. In order to ensure adequate indoor air quality, each school should have an action plan in place and
regularly implement the action plans.
LITERATURE.
e NIJZ, 2017. Notranji zrak — Ukrepi za izboljSanje. Pridobljeno s spletne strani 27.8.2019.
https:/ /www.nijz.si/sites/www.nijz.si/files /uploaded/notranji_zrak_priporocila_za_prebivalce_zadnja_110120
17.pdf
e NIJZ, 2018. Delci PM — Priporo¢ila za prebivalce. Pridobljeno s spletne strani 27.8.2019.
https:/ /www.nijz.si/sites/www.nijz.si/files /uploaded/notranji_zrak_priporocila_za_prebivalce_zadnja_110120
17.pdf
e Interreg projekt Transnational Adaption Actions for Integrated Indoor Air Quality Management (InAirQ)— v
teku, https://www.interreg-central.eu/Content. Node/InAirQ) /InAirQ.html
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»BENCHMARKING«: PREGLED DOBRIH PRAKS NA PODROCJU KAKOVOSTI NOTRANJEGA ZRAKA V
SOLSKIH OKOLJIH

'Dr. Anja JUTRAZ, "?Dr. Andreja KUKEC, "Peter OTOREPEC, "Nacionalni institut za javno 3dravje, 1jubljana,
Slovenija, 2 Univerza v Ljubljani, Medicinska fakulteta, Katedra za javno zdravje, Ljubljana, Slovenija

Klju¢ne besede: obiski dobrib praks, osnovne sole, kakovost notranjega zraka, 3dravo Solsko okolje.

IZVLECEK. Onesnazen notranji in zunanji zrak predstavlja veliko skrb za zdravje in lahko privede do resnih zdravstvenih
problemov. Z ogledom dobtih praks po Evropi smo Zeleli obiskati tak$ne $ole, mreze in / ali raziskovalne institute, ki
imajo dolgoletne izkus$nje na podrocju zdravega Solskega fizi¢nega in socialnega okolja ter skupnosti. Izkusnje ogleda dobrih
praks bodo prispevale k uc¢inkovitemu komuniciranju in pretoku znanja med razliénimi aktetji in k pripravi trajnostnih
akcijskih nacrtov za kakovost notranjega zraka v Solah. Izbrali smo pet razli¢nih $ol v Avstriji in na Finskem, ki smo jih v
letu 2017/2018 obiskali skupaj s projektnimi partnetji. Temeljili smo na primerih dobtih praks z vidika kakovosti notranjega
zraka. Na podlagi ogleda dobrih praks smo pripravili tabelo rezultatov s seznamom pridobljenih izkusen;j in predlaganimi
akcijskimi nacrti za srednje-evropski prostor. Izkusnje, pridobljene z ogledom dobrih praks, so bile uporabljene v kasnejsih

fazah projekta pri pripravi nacionalnih akcijskih nacrtov.

UVOD. Onesnazen notranji in zunanji zrak predstavlja veliko skrb za zdravije in lahko privede do resnih zdravstvenih
problemov. V EU je bil dosezen velik napredek pri izboljsanju kakovosti zunanjega zraka in zmanjsanju emisij onesnazeval.
Ker vecino ¢asa prezivimo v notranjih prostorih in so glede na literaturo najbolj ranljiva populacija otroci, stari od 6 do 14
let, je zelo pomembo ustvarjanje zdravih Solskih okolij.
NAMEN: Z ogledom dobtih praks po Evropi smo Zeleli obiskati taksne Sole, mreze in / ali raziskovalne institute, ki imajo
dolgoletne izkusnje na podroc¢ju zdravega Solskega fizicnega in socialnega okolja ter skupnosti. V partnerskih drzavah
mocno primanjkuje politiénih ukrepov v razumevanju zdravstvenih tveganj zaradi onesnazenega notranjega zraka in
nevarnosti zaradi pomanjkanja meritev kakovosti notranjega zraka. V nekaterih evropskih drzavah je politi¢ni in pravni
okvir glede gradnje $ol bolj napreden, posebej z vidika zdravega Solskega okolja in vplivov na zdravije. Izkusnje ogleda
dobrih praks bodo prispevale k uc¢inkovitemu komuniciranju in pretoku znanja med razlicnimi akterji (sektorski, druzbeni
in znanstveni) in k pripravi trajnostnih akcijskih nacrtov za kakovost notranjega zraka v Solah. Primerjalna analiza nam bo
ponudila razliéne tehni¢ne in tehnoloske resitve, ki so narejene z zavedanjem o zdravju uporabnikov ter so hkrati
energetsko ucinkovite.
METODE. Izbrali smo pet razli¢nih $ol v Avstriji in na Finskem, ki smo jih v letu 2017/2018 obiskali skupaj s projektnimi
partnerji. Projektni partnerji so sodelovali v enem ali obeh obiskih, kjer smo izbrali dobre primere Solskega okolja z vidika
kakovosti notranjega zraka. Obiskali smo naslednje sole:

e  Obisk dobrih praks 1: Avstrija, 29. in 30. november 2017
Sola 1: »Childcare centre Maria Enzersdorf« pri Dunaju MAAG + illiz architektur).
Obisk sta vodila avtorica $ole, arhitektka Stefanie Wégrath in predstavnik Mestne obcine Dunaj. Razkazali so nam $olo s
poudarkom na prezracevalnih sistemih in kakovosti notranjega zraka. Pojasnili so nam tudi, kaksne so razmere glede gradnje

in obnove $ol na Dunaju.
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ot

Slika 1: Ulilnice — okna: naravna svetloba, naravno preszvmiy‘e (/ea); hodniki — line 3a pregratevanje, ki povezujejo hodnik in uéilnico
(desno) (vir: InAirQ skupina)

Sola 2: »Volksschule Graz-Mariagrun (http:/ /www.volksschule-mariagruen.at

Obiske je organiziral Armin Knotzer iz AEE - Instituta za trajnostne tehnologije v sodelovanju z ravnatelji obeh Sol.

Razkazali so nam $olo s poudarkom na prezracevalnih sistemih in kakovosti zraka v notranjih prostorih.

AT
I e

Slika 2: Ulilnica in fleksibilen prostor ga ucenje (vir: InﬂQ skupina)

v

Sola 3: »Primarv School Hausmamstaaten«

SRR RRNER

e  Obisk dobrih praks 2: Finska, 21. in 22. maj 2018

Sola 1: »Saunalahti school«
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Obisk sole Saunalahti je vodila podpredsednica sole Minna Welin. Razkazali so nam $olo s poudarkom na prezracevalnih
sistemih in kakovosti zraka v zaprtih prostorih. Pojasnili so nam nov $olski nacrt, ki je bil na drzavnem nivoju sprejet leta
2016 in ki ima velik vpliv na zasnovo $olskih zgradb. Sola Saunalahti je prva ve¢namenska $ola v Espou: celodnevni vrtec,
Sola, javna knjiznica, mladinski center in Stevilne dejavnosti. Zasnova stavbe poudarja varnost in fleksibilnost, oblikovali so

jo Verstas Architects in predstavlja nov center tega obmodja.

Slika 4: Ulilnice in mehansko prezracevanje (vir: InAirQ skupina)

v

Sola 2: Razli¢ne $ole v obéini Sipoo, organizacija Obdina Sipoo.

V Sipoo filozofija na¢rtovanja novih in prenovljenih Solskih zgradb temelji na trojni pedagogiki (nov u¢ni nacrt), prostorski
ucinkovitosti (gospodarstvo) in arhitekturi. Stavbe so na¢rtovane tako, da omogocajo ve¢ uporab, kar poveca stopnjo
izkori$¢enosti stavbe. Vsi projekti se izvajajo v sodelovanju med oddelki za upravljanje z nepremic¢ninami in izobrazevanjem
obc¢ine Sipoo. Dobra kakovost notranjega zraka je osnovna zahteva vseh zgradb.

Na Finskem je bil novi u¢ni naért za osnovno in srednjo solo uveden leta 2016 (in nekoliko kasneje tudi za predsolsko
izobrazevanje). Ucni nacrt vpliva tudi na nacrtovanje Solskih zgradb. Po novem u¢nem nacrtu so u¢na okolja postala
vecnamenska. Star tip ucenja, ki temelji na klasi¢nih ucilnicah, se je spremenil v ucenje preko izkusenj, kar pomeni tudi
nove zahteve za u¢na okolja. U¢na okolja so na eni strani prostori, ki so podobni dnevni sobi za en ali ve¢ razredov, na
drugi strani pa so to majhni prostori namenjeni eni osebi. V uénem nacrtu je poudarjeno, da je ucno okolje mogoce najti
znotraj ali na prostem, kar pomeni, da Sole niso ve¢ samo stavba, ampak so razsirjene tudi na bliznja igris¢a, gozdove in
naravo.

Z obiskom Obc¢ine Sipoo smo izvedeli ve¢ o $olah v Sipou, dobri kakovosti zraka v notranjih prostorih kot osnovni zahtevi
za vse zgradbe, postopku zagotavljanja dobrega zraka v notranjih prostorih, upravljanju prezracevalnega sistema, obiskali
smo dve $oli v Nikkilanu, vasko solo in solo Soderkulla v Opintieju (v sodelovanju z: Suvi Tuiskunen, Lari Siren, Juha

Pohjonen, Pekka Nirhamo).

Slika 5: Soba s pregracevalnimi napravami (vir: InAirQ skupina)

73



INDOOR AIR QUALITY IN SCHOOL ENVIRONMENT

REZULTATI IN RAZPRAVA. Na podlagi ogleda dobrih praks smo pripravili tabelo s seznamom pridobljenih izkusen;j

in predlaganimi akcijskimi nacrti za srednje-evropski prostor.

visoko kakovostnih lesenih fasadnih
elementov.

Tema Element Izkus$nje ogleda dobrih praks Predlagani ukrepi
PROCESNE Proces ¢is¢enja | OGLED 1/FINSKA: uporaba eko Uporabljajte distila z najmanj
IZBOLJSAVE ¢istlinih sredstev. skodljiivim vplivom na zdravie,
spodbujanje uporabe naravnih distil
VzdrZevanje OGLED 1/FINSKA: Trajno dobro | Redni pregled prostorov tet hitri
vzdrzevana stavba. ukrepi in sanacije v primeru
uhajanja vode in prisotnosti
vlage v Solskih stavbah.
Spremljanje/ OGLED 1/FINSKA: In$pekcijski Redni pregledi Solskih stavb, ki
nadzor pregled stavbe izvaja obéina. jih izvaja ob¢ina.
OGLED 1/FINSKA: Stalno Monitotji kakovosti zraka v
merjenje kakovosti notranjega zraka | vsaki ucilnici, redno spremljanje.
v udilnicah (CO», T, RH).
OGLED 1/FINSKA: sptemljanje je | Spremljanje je odvisno od
odvisno od sezonskih parametrov sezonskih parametrov (Rv zraka,
(Rv zraka, T zraka, vlaga). T zraka, vlaga).
OGLED 1/FINSKA: Decentralizirano / centralizirano
Decentralizirano / centralizirano mehansko ali hibridno
mehansko ali hibridno prezracevanje.
prezracevanje.
OGLED 1/FINSKA: Sodoben Sodobni sistem avtomatizacije in
sistem za avtomatizacijo in krmiljenja stavb.
krmiljenje stavb (daljinski nadzor;
merilnik zmogljivosti).
TEHNI(V:NE Naravno OGLED 1/AVSTRIJA: ne odpirajo | Potreba po kombinaciji
IZBOLJSAVE prezracevanje oken, obstaja samo mehansko naravnega in mehanskega
prezracevanje - velika tezava. prezracevanja.
Mehansko OGLED 1/FINSKA: mehansko Nacrt za vzdrzevanje
prezracevanje prezracevanje z rekuperacijo toplote | prezracevalnega sistema. Nacrt
(nadzarovano prezraCevanje, bi moral vkljucevati spremljanje,
detektortji temperature, CO» in pregled in ¢is¢enje komponent
prisotnosti oseb). prezracevalnega sistema, kot so
zunanji dovodi zraka, zunanji
dusilci zraka, zracni filtri,
odtoc¢ne posode, ogrevalne in
hladilne tuljave, notranjost enot
za upravljanje zraka, motorji
ventilatorjev in pasovi, vlazenje
zraka, krmilniki in hladilne vleke.
OGLED 1/AVSTRIJA: mehansko | Mehansko prezracevanje v
prezracevanje v vseh stavbah. celotni stavbi.
OGLED 1/FINSKA: intenzivho Intenzivno prezracevanje
prezracevanje v dnevni sobi. (mehansko prezracevanje) v
jedilnici.
OGLED 1/FINSKA: no¢no Nocno prezracevanje.
prezracevanje.
OGLED 1/AVSTRIJA: inovativai Inovativni prezracevalni koncept
nacin prezracevanja. - sodelovanje s strokovnjaki
MEP od zacetka procesa
nacrtovanja, interdisciplinarno
sodelovanje, inovativni koncepti,
integrirani v oblikovanje stavb.
Pohistvo OGLED 1/FINSKA: uporaba Uporaba materialov z nizkimi
materialov z nizkimi emisijami. emisijami.
Konstrukcijski OGLED 1 &2/AVSTRIJA & Uporaba prefabriciranih,
material FINSKA: uporaba prefabriciranih, visokokakovostnih lesenih

fasadnih elementov.
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OGLED 1/FINSKA: uporaba
betona z nizko emisijo HOS (VOC).

Uporaba veliko betona z nizko
emisijo HOS (VOC).

Okna /
steklena fasada

OGLED 1 &2/AVSTRIJA &
FINSKA: velike okenske povrsine.

*Vpliv na polutie uporabnikon.

OGLED 1 &2/AVSTRIJA &
FINSKA: sistemi sencenja (nizja
temperatura).

Sistemi sencenja.

Tla OGLED 1 &2/AVSTRIJA & Menjava talnih oblog z zdravimi
FINSKA: predvsem patket (naravni | gradbenimi materiali (uporaba
element). parketa).
Stene OGLED 1 &2/AVSTRIJA & Manj dekoracije na stenah.
FINSKA: Stene brez slik, dekoracij.
Zelenje OGLED 1/FINSKA: Veliko roz, Umestitev zelenja / rastlin, roz v
zelenja v ucilnicah. ucilnice in skrb za njihovo nego.
SREDSTVA/ Lastnik OGLED 1/FINSKA: ob¢ina je Preudarno upravljanje stavb,
FINANCIRAN]JE lastnica stavbe in ima vecjo vlogo pri | celostno resevanje problematike
vzdtzevanju / razdelitvi stedstev itd. | naértovanja in vzdrzevanja
(Ravnatelj Sole ima manj moci kot v | Solskih zgradb.
drugih drzavah EU).
LOKACIJA Urbanisti¢no OGLED 1 &2/AVSTRIJA & Izbira ustrezne lokacije za nove
GRADNJE nacrtovanje FINSKA: Lokacija stavbe je v blizini | Solske zgradbe: lokacija v blizini
zelenja, na obmodju z nizko stopnjo | zelenja, na obmodju z nizko
onesnazenja, v blizini ni prometne stopnjo onesnazenja, ne v blizini
ceste in industrijskih virov. prometne ceste, ne v blizini
industrijskih virov.
OGLED 1/FINSKA: izvedba Utbanisti¢no nacrtovanje Solske
urbanisticnega nacrtovanja solskih zgradbe na podlagi
stavb na podlagi bioklimatskega bioklimatskega nacrtovanja
nacrtovanja (osvetljenost, hrup, (osvetljenost, hrup, toplotno
topolotno udobje, kakovost zraka, udobje, IAQ, nizka stopnja
nizka stopnja zunanjih izpustov zunanjih emisij v zrak itd.).
zraka itd.).
PRISTOP/ Celovit pristop | OGLED 1/FINSKA: Celovit pristop pri nacrtovanju
PROCES (faze Celovit pristop pri nacrtovanju $olskih stavb.
NACRTOVAN]JA | naértovanja) Solske stavbe: obcina in uprava (s
strokovnjaki: arhitekti, urbanisti,
upravniki, politiki, LCFMs,
strokovnjaki za javno zdravje,
ckonomisti itd. - interdisciplinarne
ekipe), starsi, Solski usluzbenci,
otroci.
Na primer Sipoo: Upravitelj ob¢ine -
Vodstvena ekipa - Razli¢ni oddelki
(Center za razvoj in nacrtovanje rabe
zemljis¢, Ekonomski in upravni
center, Oddelek za socialno in
zdravstveno varstvo, Oddelek za
Solstvo, Oddelek za tehnologijo in
okolje).
OGLED 1/FINSKA: Nov koncept | Nov koncept projektiranja
oblikovanja Solskih zgradb: Solska $olskih stavb.
zgradba ni le Solska zgradba, temvec
stavba, ki zdruzuje razli¢ne funkcije:
center skupnosti, mladinski center,
knjiznica itd.
OGLED 1/FINSKA: Funkcionalno | Funkcionalno in logi¢no
in logi¢no nacrtovanje stavbe. nacrtovanje stavbe.
Proces OGLED 1/FINSKA: Nacrt Nov proces nacrtovanja: Nacrt
nadrtovanja raziskave = Raziskava = Naért raziskave = Raziskava = Naért

popravil, popravila/izboljsave =
Nadaljnje ukrepanje.

popravil, popravila/izbolj$ave =
Nadaljnje ukrepanje.

Ucdéni nadrt

OGLED 1/FINSKA: Ué¢ni naért so
na drzavni ravni v letu 2016

Sprememba ucnega nacrt
(nacionalna raven).
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spremenili, novi Solski u¢ni nacrti
imajo velik vpliv na zasnovo stavbe
in tudi na¢rtovanje procesa (nova
ucna okolja); timsko delo,
»prilagodljive« ucilnice, za razlicne
uporabnike.
KAKOVOST Organiziranost | OGLED 1/FINSKA: Veénamenski | Ve¢namenski prostoti, novo
SOLSKEGA prostorov prostori, transparentni, lo¢eni mobilno pohistvo.
OKOLJA prostori z mobilnimi stenami, *upliv na polutie
drsnimi vrati za izobrazevanje ter za
celotno skupnost - vsi prostoti so
»ucni prostori« (celovit pristop:
ucenje, telesna aktivnost, vescine);
»Stavba sluzi uporabniku«.
OGLED 1/FINSKA: Ostednja Vsi obroki v enem prostoru, ne
jedilnica. v vseh ucilnicah (centralizirano).
OGLED 1/FINSKA: Vgrajena notranja in zunanja
integtirani/zdruzljiv notranji in mesta za predavanja/uéenje.
zunanji prostor za predavanja/
ucenje.
PRENOVE Izolacija OGLED 1/FINSKA: Hkrati s Hkrati s termomodernizacijo je
termomodernizacijo je potrebno potrebno izvesti posodobitev
izvesti posodobitev ogrevalnega ogrevalnega sistema v
sistema v kombinaciji s kombinaciji s prezracevalnim
prezracevalnim sistemom. sistemom.
DRUGE Zakonodaja OGLED 1/FINSKA: Vzpostavitev | Vzpostavitev zakonskih
IZBOL]éAVE zakonskih predpisov - spremljanje predpisov - spremljanje
parametrov (COg, T zraka, Rv zraka) | parametrov (COg, T zraka, Rv
in priprava novih predpisov za $ole zraka) in priprava novih
(Stevilo ucencev v ucilnici). predpisov za Sole (Stevilo
ucencev v ucilnici).

SKLEP. Potrebno je neposredno sodelovanje med ob¢ino in $olo za ustvarjanje zdravega Solskega okolja. V¢asih lahko
izbolj$ave procesov hkrati resijo vec tezav in prihranijo tudi ekonomski primankljaj. Izkusnje, pridobljene z ogledom dobrih

praks, so bile uporabljene v kasnejsih fazah projekta pri pripravi nacionalnih akcijskih nacrtov.

LITERATURA.
e Interreg project Transnational Adaption Actions for Integrated Indoor Air Quality Management (InAirQ)) —

https:/ /www.interreg-central.eu/Content.Node/InAirQQ /InAirQQ.html
e  Cincinelli A, Martellini T. Indoor Air Quality and Health. Int | Environ Res Public Health 2017; 25;14(11): 1286.
e  Svetovna zdravstvena organizacija (2004). Children’s health and the environment. Geneva, Switzerland.
e  Svetovna zdravstvena organizacija (2010). Guidelines for Indoor Air Quality: selected pollutants. Copenhagen,

Denmark.
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BENCHMARKING: REVIEW OF GOOD PRACTICES IN THE FIELD OF INDOOR AIR QUALITY IN SCHOOL
BUILDINGS

'Dr. Anja JUTRAZ, "2Dr. Andreja KUKEC, 'Peter OTOREPEC, "National Institute of Public Health, 1 jubljana, Slovenia,
2 University of Ljubljana, Faculty of Medicine, Ljubljana, Slovenia

Keywords: benchmark visit, primary schools, indoor air quality, bealthy school environment

ABSTRACT. Indoor or outdoor air pollution is a major environmental health concern and it can lead to setious health
effects. With the benchmarking around Europe we aimed to visit such schools, networks and/or research consortia that
have long term experience in healthy school policy, school physical & social environment and community link. The
experiences and best practices from benchmarking will contribute to make the communication and knowledge flow among
the different actors effective and to compile sustainable indoor air quality action plans for the schools. We chose 5 different
schools in Austria and Finland, which were visited by project pattners in year 2017/2018. We based on examples of good
practice from indoor air quality. Based on a review of good practices, we have prepared a table listing lessons learned and
proposed action plans for the Central Europe. Lessons learned from benchmarking were used in later stages of the project

when preparing national action plans.

INTRODUCTION. Indoor or outdoor air pollution is a major environmental health concern and it can lead to serious
health effects. Much progress has been made in the EU to improve outdoor air quality and reduce the emission of
pollutants. We spend most of our time indoor, and according to the literature, the most vulnerable population are children
aged 6-14. Therefore it is imporant to create healthy school environments.

AIM. With the benchmarking around Europe we aimed to visit such schools, netwotks and/or research consortia that
have long term experience in healthy school policy, school physical & social environment and community link. In the
partner countries there is a severe lack of policy measures and gap in understanding of the health risks and threat of
uncontrolled indoor air and environment. However in some European countries the policy and legal framework, as well as
the schools themselves are well advanced to manage the challenges of school health. The experiences and best practices
from benchmarking will contribute to make the communication and knowledge flow among the different actors (sectoral,
social and scientific) effective and to compile sustainable indoor air quality action plans for the schools. Benchmarking will
provide good opportunity to see technical & technological solutions, which are made with health-conscious and are energy
efficient.

METHODS. We chose 5 different schools in Austria and Finland, which were visited by project partners in year
2017/2018. Project pattners participated in one or both of the two benchmark visits representing European best practices

and matching their needs identified by the SWOT analyses. Visiting schools were:

e  Benchmark visit 1: Austria, 29th and 30th of November 2017
School 1: Childcare centre Maria Enzersdorf near Vienna (MAAG + illiz architektur).

The visit was guided by the author of the school, architect Stefanie Wograth and representative of the Municipality Vienna.
They showed us the school, with the focus on ventilation systems and indoor air quality. Moreover, they explained us how

the situation with school building and renovations in Vienna is.
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Figure 1: Classrooms — windows: natural light, natural ventilation (left); Corridors - ventilation line — connection between corridor and classroom

(right) (source: InAirQ team)

School 2: Volksschule Graz-Mariagrun :/ /www.volksschule-mariagruen.at
The visits were organized by Armin Knotzer from AEE — Institute for Sustainable Technologies, in collaboration with the

headmasters of both schools. They showed us the school, with the focus on ventilation systems and indoor air quality.

il

Figure 2: Classroom and dynamic learning space (xoum;.: nAirQ team)

School 3: Primary School Hausmamstaaten.

St

Fure 3: Classrooms (source: IiIQ team)

¢  Benchmark visit 2: Finland, 21st and 22nd of May 2018

School 1: Saunalahti school

78



KAKOVOST NOTRANJEGA ZRAKA V SOLSKIH PROSTORIH

The visit was guided by the Vice President of the school, Minna Welin. They showed us the school, with the focus on
ventilation systems and indoor air quality. Moreover, they explained us the new school curriculum, which was accepted on
the national level in 2016 and which has a big influence on the design of the school buildings. The School of future in
Saunalahti is the first school integrated multipurpose building in Espoo: full day day-care center, school, public library,
youth centre and many activities after schooldays. The design of this house has emphasized safety and flexibility, fitted on
the site and is very aesthetical. It was designed by Verstas Architects. It presents the Centre of the new area, the first big

building in this area.

Figure 4: Classroom and mechanical ventilation (source: InAirQ team)

School 2: Different schools in Municipality Sipoo, organized by Municipality Sipoo.

In Sipoo the philosophy in planning the new and renovated school buildings is based on the triplet of pedagogy (the new
curriculum), space efficiency (economy) and architecture. The buildings are planned to enable multiple uses which rises the
utilization rate of the building. All the projects are done in cooperation between the departments of real estate management
and education of Sipoo municipality. The good indoor quality is a basic requirement for all buildings.

In Finland the new curriculum for primary and secondary school was launched in 2016 (and also for the early childhood
education a bit later). The curriculum also affects the design and planning of the school buildings. According to the new
curriculum the learning environments become more versatile. The old classroom-based teacher-drawn learning transforms
into learning by experiencing and phenomenon-based learning. That also means new requirements for the learning
environments. The learning environments can be living room —like spaces for one or many classes to small quiet spots for
one person. The curriculum emphasizes that the learning environments can be found in- or outdoors which means that
the schools no more just a building but it expands into nearby playgrounds, forests and nature.

Through our visit of Municipality Sipoo we learnt more about schools in Sipoo, good indoor quality as a basic requirement
for all buildings, the process for good indoor air, air ventilation system management in Sipoo, and we visited two schools

in Nikkilan, Village school and Soderkulla School in Opintie (presenters: Suvi Tuiskunen, Lari Siren, Juha Pohjonen, Pekka

Nirhamo.

Figure 5: MEP room (source: InAirQ team)
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RESULTS AND DISCUSSSION. Based on a review of good practices, we have prepared a table listing lessons learned

and proposed action plans for the Central Europe.

with low emissions

Topic Element Lessons learned from BV Proposed action plan
PROCESS Cleaning BV2/FINLAND: using ecoftiendly | Use cleaning products with the
IMPROVEMENT | process cleaning products least adverse impact on human
health, more natural cleaners.
Maintenance BV2/FINLAND: Permenantly Regular inspection of the rooms
well maintained building and quick action and
remediation in case of leakage
of water and accumulation of
moisture in the school buildings
Monitoring BV2/FINLAND: Inspection of Regular inspections of school
building is carried out by the buildings catried out by
municipality. municipality.
BV2/FINLAND: Continuous ait Air quality monitors in each
quality monitoring in classrooms classrooms, regular monitoring.
(CO2, T, RH)
BV2/FINLAND: Monitoring Monitoring depends on
depends on seasonal parameters seasonal parameters (RH, T,
(RH, T, moisture). moisture).
BV2/FINLAND: Decentralised/centralised CO2
Decentralised/centralised CO2 controlled mechanical or hybrid
controlled mechanical or hybrid ventilation.
ventilation.
BV2/FINLAND: Modetn building | Modern building automation
automation and control system and control system.
(remote monitoring; performance
meter providing summary —
infromative format)
TECHNICAL Natural BV1/AUSTRIA: not openable Need for combination of
IMPROVEMENT | ventilation windows, there is only mechanical | natural and mechanical
ventilation — big problem ventilation.
Mechanical BV2/FINLAND: mechanical Plan for maintenance of HVAC
ventilation extract and supply ventillation with | system. The plan should include
heat recovery (demand controlled monitoring, inspecting and
ventilation, operated by cleaning HVAC components
temperature, CO2 and presence such as outside air intakes,
detectors) outside air dampers, air filters,
drain pans, heating and cooling
coils, the interior of air handling
units, fan motors and belts, air
humidification, controls and
cooling towers.
BV1/AUSTRIA: mechanical Mechanical ventilation in all
ventilation in all building. building.
BV2/FINLAND: Intensive air Intensive air ventilation system
ventilation system in the dining (mechanical ventilation) in the
room. dining room.
BV2/FINLAND: Night ventilation | Night ventilation
BV1/VIENNA: Innovative Innovative ventilation concept —
ventilation concept, see attached collaboration with MEP from
tile Banklimatik UE 2017-10-01- the beginning of
Fkleines Format.pdf design/planning process,
interdsicisplinary collaboration,
innovative concepts integrated
into building design.
Furniture BV2/FINLAND: using materials Using materials with low

emissions.
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Construction BV1 &2/AUSTRIA & FINLAND: | Using prefabricated, high quality

material using prefabricated, high quality wooden facade elements
wooden facade elements (emmissions stays in the
(emmissions stays in the factory) factory)
BV2/FINLAND: using a lot of Using a lot of concrete with low
concrete with low VOC emission VOC emission

Windows / BV1 &2/AUSTRIA & FINLAND: | *Inpact on well-being

glass facade

Big windows surfaces

BV1 &2/AUSTRIA & FINLAND:
Shading system (lower
temperature)

Shading systems.

Flooring: BV1 &2/AUSTRIA & FINLAND: | Change of flooring with healthy
Mainly parquete (natural element) building materials (use of
parquet).
Walls BV1 &2/AUSTRIA & FINLAND: | Less decoration on walls.
Walls without any paintings
Greenery BV2/FINLAND: A lot of plants in | Placing greenery/plants in
classrooms. classrooms, taking care of them.
FUNDINGS Owner BV2/FINLAND: municipality is Smart management of buildings,
the owner of the building and have | comprehensive management of
bigger role in the maintainance/ the design and maintenance of
funding distribution etc. (vice school buildings.
president of the school has less
power than in other EU counttries).
BUILDING Urban planning | BV1 &2/AUSTRIA & FINLAND: | Choosing good location for new
LOCATION Location near greenety, in the low | school buildings: Location near
polluted area, not busy roads greenety, in the low polluted
nearby, not near industry sources area, not busy roads nearby, not
near industry sources.
BV2/FINLAND: urban planning Utrban planning implementation
implementation of school building | of school building based on the
based on the bioclimatic approach | bioclimatic approach (sunlight,
(sunlight, noise, comfort, IAQ, low | noise, comfort, IAQ, low level
level of outdoor air emmissions of outdoor air emmissions etc.)
etc.)
APPROACH / Comprehensive | BV2/FINLAND: Comprehensive Comprehensive approach while
PLANNING approach approach while designing school designing school building
PROCESS (planning building: municipality and
phase) govrernment (with professionals:

architects, urban planners, CMs,
SEs, MEPs, LCFMs, public health
experts, economists etc. —
interdisciplinaty teams), parents,
school staff, children.

For example Sipoo: Municipality
manager — Management team —
Different departments (Centre for
development and land use
planning, Economic and
Administrative Centre, Social and
Health Department, Department
of Education, Department of
Technology and Environment)

BV2/FINLAND: New concept of
designing school buildings: school
building is not just a school
building but a building combining
different functions: community
center, youth center, library etc.

New concept of designing
school buildings

BV2/FINLAND: Functional and
logical planning of the building.

Functional and logical planning
of the building,.

81



INDOOR AIR QUALITY IN SCHOOL ENVIRONMENT

Planning BV2/FINLAND: Research plan = | New planning process: Research

process Investigations = Repair plan = Investigations = Repair
plan/repairs = Follow up plan/repairs = Follow up

Curriculum BV2/FINLAND: Provided in the Change of curriculum (national
national level by governments, it level).

was changed in 2016, new school
curriculum has a huge effect on the
design of the building and also
planning process (new learning
environments); teamwork,
»flexible« classrooms, for different

users
QUALITY OF Room BV2/FINLAND: Multifunctional Multifunctional spaces, new
SCHOOL distribution areas, transparent, separable inner mobile furniture.
ENVIRONMENT spaces (using mobile walls, sliding *impact more on well-being

doors) for education and culture to
the whole community — all places
are »learning spaces«
(comprehensive approach: learning,
physial activity, life skills); »building
serves the user«

BV2/FINLAND: Central dining All meals in one space, not in all

hall classrooms (centralised).
BV2/FINLAND: integtated inner Integrated inner and outside
and outside places for lectures places for lectures
RENOVATIONS Insulation BV2/FINLAND: In the same time | In the same time with thermo-
with thermo- modernisation it is modernisation it is necessary to
necessary to execute the execute the modernisation of
modernisation of the heating the heating system in
system in combination with the combination with the
ventilation system ventilation system
OTHER Legislations BV2/FINLAND: Establishing the | Establishing the law regulations
IMPROVEMENTS law regulations - monitoring - monitoring parameters (CO2,
parameters (CO2, T, RH), T, RH), regulations for schools

regulations for schools (number of | (number of pupils in classroom)
pupils in classroom)

CONCLUSION. To conclude, direct collaboration between municipality and school is important to create healthy school
environment. Sometimes process improvements could solve more issues at the same time and could also save some money.

Lessons learned from benchmarking were used in later stages of the project when preparing national action plans.

LITERATURE.
e Interreg project Transnational Adaption Actions for Integrated Indoor Air Quality Management (InAirQ)) —

https:/ /www.interreg-central.eu/Content.Node/InAirQ/InAirQ.html
e  Cincinelli A, Martellini T. Indoor Air Quality and Health. Int | Environ Res Public Health 2017; 25;14(11): 1286.
e  Svetovna zdravstvena organizacija (2004). Children’s health and the environment. Geneva, Switzerland.
e  Svetovna zdravstvena organizacija (2010). Guidelines for Indoor Air Quality: selected pollutants. Copenhagen,

Denmark.
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METODOLOSKI PRISTOP SPREMLJANJA KAKOVOSTI NOTRANJEGA ZRAKA V OSNOVNIH SOLAH

'Dr. Anja JUTRAZ, "2Dr. Andreja KUKEC, *Dr. Tamas SZIGHETI, 'Nacionalni institut 3a javno 3dravje, 1 jubljana,
Slovenija, 2 Univerza v Ljubljani, Medicinska fakuniteta, Katedra za javno zdravie, Ljubljana, Slovenija, > National Public Health Center,
Budapest, Hungary

Kljuéne besede: ocena ranljivosti, SWOT analiza, meritve, kakovost notranjega raka, Solsko okolje

IZVLECEK. Otroci kot najbolj ranljiva populacija v $olskem okolju prezivijo priblizno 8 ur na dan. Zato je pomembno
ustvariti zdravo $olsko okolje in spremljati razlicne parametre, ki so jim izpostavljeni. Glavni namen nase raziskave je
pripraviti uporaben metodoloski pristop, ki bi ga lahko (bi ga morale) uporabljati vse osnovne Sole v Srednji Evropi. Za
spremljanje kakovosti zraka v zaprtih prostorih je bila uporabljena kombinacija metodoloskih pristopov: ocena ranljivosti,
SWOT analiza in ocena stanja na terenu. Raziskava vrst in stanja Solskih zgradb je bila opravljena med 51-imi osnovnimi
Solami (50 solskih stavb) v Mestni ob¢ini Ljubljana. SWOT analiza je temeljila na pregledu naslednjih tem: izobrazevalna
politika, zakonodaja, financiranje, vklju¢enost zainteresiranih deleznikov, trenutno stanje uporabljene tehnologije in
materialov, moznost uporabe sodobnih inovativnih tehnologij, diseminacija in ve¢ja ozavescenost vodstva $ol glede
zagotovitve dobre kakovosti notranjega zraka IAQ, trendi v javnem zdravju, ki lahko vplivajo na kakovost zraka IAQ in
lokacija Sole. Meritve kakovosti notranjega zraka in ocena zdravstvenega stanja ter dobrega pocutja otrok so bile izvedene
v 12-ih izbranih osnovnih $olah. V nadaljnji fazi je potrebna priprava smernic za oblikovanje novih solskih zgradb in njihova

vkljucitev v zakonodajo.

1UVOD

Otroci kot najbolj ranljiva populacija v solskem okolju prezivijo priblizno 8 ur na dan. Zato je pomembno ustvatiti zdravo
Solsko okolje in spremljati razlicne parametre, ki so jim izpostavljeni (svetlobo, kakovost notranjega zraka, temperatura
zraka itd.). V predstavljeni raziskavi se osredotocamo na kakovost notranjega zraka v Solskih prostorih. Spremljanje
kakovosti zraka v osnovnih Solah bi morala biti razdeljena v vec¢ stopenj, od analize do meritev in priprave akcijskih nacrtov.
2 NAMEN

Glavni namen nase raziskave je pripraviti uporaben metodoloski pristop, ki bi ga lahko (bi ga morale) uporabljati vse
osnovne $ole v Srednji Evropi. Raziskava je potekala v okviru projekta Interreg "Mednarodni prilagoditveni ukrepi za
celostno upravljanje kakovosti notranjega ztaka (InAirQ)".

3METODE

Za spremljanje kakovosti zraka v zaprtih prostorih so bile uporabljene naslednje metode: ocena ranljivosti, SWOT analiza
in ocena stanja na terenu (ocena zdravja in dobrega pocutja otrok, karakterizacija Solske zgradbe z opazovalno listo, ocena
kakovosti zraka v notranjih prostorih — meritve kakovosti notranjega zraka).

4 REZULTATI IN RAZPRAVA

4.1 Ocena ranljivosti

Osnovne sole v Sloveniji in v Mestni obéini Ljubljana

V Sloveniji je 447 osnovnih $ol, 375 ol je zdravih 3ol (Slovenska mreza zdravih $ol - SMZS). Raziskava vrst in stanja Solskih
zgradb je bila opravljena med 51-imi osnovnimi $olami (50 Solskih stavb) v Mestni ob¢ini Ljubljana (nekatere spadajo v
SMZS, nekatere ne). Podan je splosen pregled vrst $olskih objektov v Mestni ob¢ini Tjubljana: podatki o starosti $olskih

objektov in ¢asu obnove stavb.
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Stevilo osnovnih %ol v Sloveniji in ljubljanski zdravstveni regiji!
e Stevilo osnovnih ol v Sloveniji: 452

e  Stevilo osnovnih ol ljubljanske zdravstvene regije: 116

Splosni pregled vrst in stanja Solskib 3gradb v nasi reggji: v Mestni obéini 1jubljana (MOL)

Delna prenova stavb je bila narejena na skoraj vseh 50-ih Solskih stavbah v MOL. Samo za dve $oli ni bilo najdenih
podatkov glede obnove zgradbe.

Kot glavni konstrukeijski material na mnogih starejsih stavbah je bila uporabljena opeka (13 stavb), na novejsih stavbah pa
prevladuje armiran beton.

Na vecini solskih zgradb je bila obnovljena streha (39 stavb) in zamenjana okna (35 stavb). Nekatere Sole so se odlocile za
obnovo vodovodne in / ali elektri¢ne napeljave (20 $ol) in za obnovo fasad z izboljsano toplotno izolacijo (18 $ol).

Za ugotavljanje energetske ucinkovitosti gradnje je bila izdelana Energetska izkaznica stavb - dokument, ki obstaja za cca.
30 solskih zgradb v Ljubljani. Na podlagi tega dokumenta smo ugotovili zacetni vlozek energije, namenjen pretvorbi v

toploto na enoto stavbne povrsine in letno porabo elektri¢ne energije za stavbe.

Leto gradnje solskib stavb v MOL Ljubljana
Zgrajeno v letih 1889-1913 8 sol
Zgrajeno v letih 1913-1950 = 1 Sola
Zgrajeno v letih 1951-1960 = 8 sol
Zgrajeno v letih 1961-1970 = 10 sol
Zgrajeno v letih 1971-1980 = 17 sol
Zgrajeno v letih 1981-1990 = 4 Sole
Zgrajeno v letih 1991-2000 = 1 Sola
Zgrajeno v letih 2000-2017 = 1 Sola

[ - S 4 10 Y14 10 I8 0 272 74 26 28 3D 32 34 36 48 40 42 33 an 48 5

Slika 1: Prikaz, leta izgradnje Solskib stavb v MOL (vir InAirQ Slovenia)

Ukrepi

Zaradi zmanjsanja toplotne izgube se predlagajo naslednji ukrepi:

U Viri: Ministrstvo 3a izobragevanje, {nanost in Sport, povezave: bitps:/ [ krkal.mss.edus.si/ registriweb/ Seznam1.aspx?Seznam=2010 and
bttps:/ [ kerkal.mss.edus.sif registrimeb/ Sexnam1.aspx?Seznam=2020
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eV stavbah z visoko porabo energije je predlagana namestitev dodatne toplotne izolacije ustrezne debeline za
celoten ovoj stavbe.
eV stavbah z zelo slabo izoliranim podstresjem je predlagana namestitev dodatne mehke toplotne izolacije.
e  Zamenjava oken z nizkimi toplotnimi izgubami.
e  Vgradnja prezracevalnih sistemov z rekuperacijo toplote za celotno zgradbo. Prezracevalni sistem mora biti
sestavljen iz vec lokalnih prezracevalnih naprav, ki so names¢ene na doloc¢enih mestih v vsakem nadstropju stavbe.
e Vzpostavitev samodejnega krmiljenja ogrevalnega sistema z namestitvijo termostatskih ventilov na radiatorje.
e  Zamenjava starejsih svetilk za razsvetljavo z novejsimi (LED paneli).
e  Uvedba organizacijskih ukrepov za redno izklapljanje ludi, izklop elektri¢nih in elektronskih naprav, ki se ne
uporabljajo.
To so osnovni ukrepi za zmanjsanje porabe energije v stavbi, hkrati pa ne povzrocajo dodatnih stroskov.
O kakovosti zraka v Solah v Mestni ob¢ini Ljubljana je dostopnih le malo podatkov. Ocenjujemo pomanjkljivosti na
podrocju zakonov za projektiranje Solskih stavb v Sloveniji. Prav tako ni posebnih smernic za spremljanje kakovosti zraka

v Solskih prostorih.

4.2 SWOT analiza

SWOT analiza temelji na pregledu naslednjih tem: izobrazevalna politika, zakonodaja, financiranje, vkljucenost
zainteresiranih deleznikov, trenutno stanje uporabljene tehnologije in materialov, moznost uporabe sodobnih inovativnih
tehnologij, diseminacija in vecja ozavescenost vodstva sol glede zagotovitve dobre kakovosti notranjega zraka IAQ, trendi

v javnem zdraviju, ki lahko vplivajo na kakovost zraka IAQ in lokacija Sole.

Izobragevalna politika

Na splosno je v enem razredu med 16 (najmanj) in 28 (najvec) ucencev (Ce je otrok s posebnimi potrebami, se najvecje
stevilo zmanjsa). Glede na raziskavo je obi¢ajno v enem razredu 23 otrok.

Kakovost zraka v notranjih prostorih ni vklju¢ena v uéne vsebine osnovnega izobrazevalnega sistema. Poleg tega ucitelji

odpirajo okna na podlagi svoje samoocene (ni splo$nega pravila, kako pogosto bi morali odpirati okna). Naloga ravnatelja

je opozotiti na slabo kakovost zraka v ucilnicah.

Slika 2: Osnovna Sola Karel Destovnik Kajub (Vir: arbiv InAirQ).
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Zatkonodaja

Neodvisen pravni akt o higienskih in tehni¢nih zahtevah za osnovne Sole ne obstaja. Posamezni dejavniki, ki vplivajo na
kakovost zraka v notranjih prostorih, se obravnavajo lo¢eno.

Pravilnik o prezracevanju in klimatizaciji stavb (Ur. L. RS, $t. 42/02, 105/02 v 110/02 - ZGO-1) doloca zahteve glede temperature,
prezracevanja in vrednosti nekaterih onesnazeval v zraku v zaprtih prostorih (CO», Rn, NHs, H>CO, VOC, CO, O3, PMj).
Vendar pa vodstva $ol premalo nadzorujejo zahteve/zakone in na splosno premalo poznajo vse zakonske zahteve.

Zakon o nalezljivih boleznih (Ut. L. RS, §t. 33/06 - UPB) za fizi¢ne in pravne osebe ter ustanove, pristojne za zdravje, se
zavezuje k izvajanju splosnih ukrepov, ki v skladu s posebnimi predpisi zagotavljajo ustrezen prostor za kakovost zraka v
notranjih prostorih. Pomanjkljivost zakona je slab nadzor nad izvajanjem splos$nega ukrepa in dejstvo, da znotraj zakona
ni dolocena ustrezna kakovost zraka. Predlagamo natan¢no opredelitev pojmov v zvezi s kakovostjo notranjega zraka —
dolocitev kazalnikov onesnazeval kakovosti zraka in njihovih mejnih vrednosti.

Uredba o energetski u¢inkovitosti stavb (Ut. L. RS, $t. 52/10) omogoca izvajanje hibridnega ali mehanskega prezracevanja,
kadar naravno prezracevanje ni mogoce. Vgrajeni mehanski ali hibridni prezracevalni sistemi stavb morajo zagotavljati

ucinkovito prezracevanje z rekuperacijo toplote.

Financiranje

Ministrstvo za izobrazevanje obicajno financira samo tehnologijo ali drugo opremo, v stavbo ne investira. Lastnik Solske
stavbe je obicajno obcina in od njih je odvisno, koliko denarja bodo vlozili v obnovo ali obnovo stavbe. Denarja za obnovo
Sol primanjkuje, obi¢ajno so prenove delne (na primer streha, fasada itd.), redko dodajo mehansko prezracevanje v celotni

zgradbi.

V'pletenost razlicnib delegnikon/ zainteresirane javnosti (vkljucno 3 organi odloéanja)
Pri nacrtovanju, vzdrzevanju in uporabi $olskih stavb sodelujejo razli¢ni ljudje, od drzavnih organov do stroke in splosne

javnosti/ uporabnikov (tabela 1).

DRZAVNI ORGANI STROKOVN]JAKI UPORABNIKI
PRISTOJNA MINISTRSTVA ZAPOSLENI: VSI ZAPOSLENI
- Ministrstvo za izobrazevanje, znanost - vodstvo sole STARSI (posredni vpliv)
in $port - uditelji/ce UCENCI /OTROCI (neposredni
- Ministrstvo za zdravije - tehni¢no osebje (hisniki, cistilke) vpliv)
- Ministrstvo za okolje in prostor NACRTOVALCI, OBLIKOVALCI SKUPNOST
INSTITUTI, AGENCIJE, - arhitetki
UNIVERZE - krajinski arhitekti, urbanisti¢ni
- Nacionalni institut za javno zdravje nacrtovalei
- Agencija RS za okolje - gradbeniki
- Univerze (Medicinska fakulteta, - strojniki
Zdravstvena fakulteta, Fakulteta za - izvajalci
arhitekturo, Fakulteta za gradbeni$tvo in | STROKOVNJAKI S PODROCJA
geodezijo) ZDRAVJA
OBCINE - specialist in strokovnjaki s podro¢ja
- Mestna obcina Ljubljana javnega zdravja
- pediatri
- Slovenska mreZa zdravih sol

Cistilke: imajo svoja pravila, vsa Cistilna sredstva so doloc¢ena; ko pospravijo ucilnico, odprejo okno; udeleziti se morajo izobrazevanj o Cistilnih
sredstvih, postopkih.

Arbhitekti] nacrtovalei: imajo velik vpliv v fazi nacrtovanja, ko lahko poucijo investitotje in bodoé¢e uporabnike o pomenu kakovosti notranjega zraka.
Starsi: lahko podatijo nekaj opreme ali pohistva; so vez med ucenci in uditelji; lahko ucence/svoje otroke ozavescajo o kakovosti notranjega zraka.
Skupnost: Na splosno je skupnost vecja in bolj vklju¢ena v $olo v manjsih krajih.

Tabela 1: Razlicni delesniki, od viade do stroke in javnosts, ki sodelujejo pri nalrtovanju, vzdrievanju in uporabi Solskil) 3gradb, vkjjuleni v
SWOT analizo.
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Trenutno stanje nporabljene tehnologije/ materialoy

Gradbeni / konstrukcijski materiali: najpogostejsi gradbeni material sta beton in opeka.

Table: ponavadi klasi¢ne table na kredo.

Prezracevalni sistemi: vedno v kuhinji (12/12), v¢asih v telovadnici (3/12), pisatni (3/12), racunalniski sobi (1/12), Solski
jedilnici (1/12), Solski dvorani (2/12), v nekatetih uéilnicah (2/12), celotna zgradba (1/12).

Klimatske naprave: obic¢ajno je klimatska naprava le v nekaterih prostorih (npr. kuhinja) in ne v vseh uéilnicah..

Kubhinja ponavadi nima oken, ponavadi je le mehansko prezracevana.

Zaklju¢na obdelava in pohistvo/oprema: pohistvo se kupuje na razpisih in ne vkljucuje nevarnih materialov.

Moznost razvoja inovativne sodobne tehnologije
Table: klasi¢ne krede je potrebno zamenjati s sodobno tehnologijo, »smart boards«.

Prezracevalni sistemi morajo biti vgrajeni v vseh prostorih solske zgradbe (ne samo v kuhinji, temve¢ tudi v ucilnicah).

Klimatske naprave morajo biti izvedene v vseh ucilnicah (v celotni zgradbi).

Kubhinja naj bo pozicionirana stran od drugih prostorov, kjer u¢enci prezivijo najve¢ casa.

kY irjenje gnanja in vedja ogavestenost vodstva Sol o gagotavijanju dobrege kakovosti graka - LAQ

Diseminacija in ozavescanje uciteljev trenutno ne poteka. Zaenkrat $e ni vzpostavljenega stalnega usposabljanja o kakovosti
zraka v notranjih prostorih v okviru Mreze zdravih $ol ali katere koli druge institucije (Nacionalni institut za javno zdravje,
Ministrstvo za zdravije).

Predlagamo vecjo diseminacijo in ozaves$¢anje uc¢nega osebja in SirSe javnosti (morda preko mreze Zdravih $ol, ki jo vodi
Nacionalni institut za javno zdravje - vanjo je vkljucenih 70% osnovnih sol v Sloveniji). Dobra priloznost je tudi dokument,
ki ga je pripravila delovna skupina za zrak na Nacionalnem institutu za javno zdravje z naslovom Kakovost zraka v zaprtih
prostorih - Smernice za sirso javnost (na voljo na spletni strani Nacionalnega instituta:

http:/ /www.nijz.si/ sites/www.nijz.si/ files /uploaded/notranji_zrak_priporocila_za_prebivalce_zadnja_11012017.pdf).

Trendi v javnem dravjn, ki labko vplivajo na LAQ

Na podrodju preucevanja vpliva onesnazeval zunanjega zraka na zdravje je bilo izvedenih ve¢ nacionalnih in svetovnih
epidemioloskih $tudij in mednarodnih projektov. Po drugi strani znanstveniki in strokovnjaki spoznavajo, da ljudje ve¢ ¢asa
prezivijo v zaprtih prostorih, kjer so prisotne Stevilne skodljive snovi. Podro¢je izpostavljenosti onesnazevalom zraka v
zaprtih prostorih je slabo raziskano. Z metodoloskega vidika, ki temelji na dokazih javnozdravstvenih dejavnosti, to kaze
na vec izzivov. Izzivi so povezani z moznostjo pridobivanja podatkov o vrsti in koncentraciji onesnazeval v zraku v zaprtih
prostorih in drugih dejavnikih tveganja, na podlagi katerih bomo lahko opredelili uc¢inke na zdravje. Za pripravo tovrstnih
ocen je potrebno aktivno sodelovanje vseh partnetjev, udelezencev raziskovanja in sodelujoéih organizacij / institucij,
zdravstvenih in okoljskih strokovnjakov, pa tudi podpora lokalnih, regionalnih in nacionalnih organov (izveden pristop
vpliva na zdravje z razli¢nih zornih kotov).

V Evropi so na podroé¢ju IAQ doslej izvedli tri vedje projekte (SINPHONIE, TAB in HEIMTSA), katerih namen je bil
oceniti vpliv kakovosti zraka v zaprtih prostorih na zdravje otrok v izobrazevalnih ustanovah. Rezultati raziskav so bili
pridobljeni z namenom dolocitve priporocil in pravnih podlag za izbolj$anje kakovosti zraka v zaprtih prostorih. V Sloveniji
sta bili doslej opravljeni dve anketi o merjenju koncentracije ogljikovega dioksida v vrtcu. Moznost javnega zdravja, da
pridobi informacije o kakovosti zraka v Solskem okolju, o opredelitvi moznih uc¢inkov na zdravje otrok in drugih

pomembnih dejavnikih tveganja, povezanih z gradbenim, socialnim in fiziénim okoljem ter druzinsko zgodovino,
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predstavlja udelezba Slovenije v evropskem Interreg projektu InAirQQ (ukrepi mednarodne prilagoditve za celostno

upravljanje kakovosti zraka v notranjih prostorih).

Lokacija

Osnovne $ole so obi¢ajno postavljene v blizini glavne ceste, praviloma je v blizini tudi parkiris¢e. Ker je Slovenija kmetijska

drzava, so v blizini sol pogosto tudi polja in kmetije (npr. problem gnojil). Ker pa je Slovenija tudi zelena drzava, je obi¢ajno

okoli sole veliko zelenja (parki, gozd, drevesa itd.).

Povzetek analize SWOT
Notranja analiza
PREDNOSTI SLABOSTI
Kaj negativno vpliva na solsko Kaj negativno vpliva na solsko
okolje v zvezi s kakovostjo okolje v zvezi s kakovostjo
notranjega zraka (IAQ)? notranjega zraka (IAQ)?
1. Ucitelji med odmori odpirajo 1. Vecina sol v ucilnicah nima
okna (pomanjkanje merljivih mehanskih prezracevalnih sistemov.
podatkov). 2. Klimatska naprava samo v
2. Uporaba distilnih sredstev, ki ne nekaterih delih solske zgradbe
vplivajo na kakovost zraka. (obicajno ne v ucilnicah).
3. Centralno ali daljinsko ogrevanje. | 3. Nizka ozavescenost o kakovosti
4. Kajenje v stavbi ni dovoljeno. zraka v notranjih prostorih in slaba
5. Vecinoma ni azbesta v $olskih osvescenost uciteljev o kakovosti
stavbah v Sloveniji in vecinoma ni zraka v notranjih prostorih: ni
oznacen kot obmocije, ki je usposabljanj za ucitelje o kakovosti
prizadeto z radonom (obmocja zraka v notranjih prostorih; IAQ ni
Solskih stavb). vkljucen v u¢ne vsebine osnovnega
6. Ciééenje: popoldne / zvecet po izobrazevanja
Solskem casu (globinsko ¢is¢enje 4. Starost solskih zgradb (vecina je bila
vecinoma vsakih $est mesecev ali zgrajena med letoma 1961 in 1980
vsako leto). (44/50 stavb je bilo zgrajenih pred
SWOT orodje za analizo 7. Zakonodaja: o mehanskem letom 1980). Vec¢inoma le delno

prezracevanju in o nacrtovanju sol
(Pravilnik o prezracevanju in
klimatizaciji stavb, Pravilnik o
energetski ucinkovitosti stavb in
Navodilo za gradnjo osnovnih sol v
Sloveniji).

8. Brogure o IAQ Nacionalnega
instituta za javno zdravje.

9. Delna prenova stavb je bila
narejena skoraj na vseh 50-ih
osnovnih $olah v Mestni ob¢ini
Ljubljana: na vecini Solskih zgradb
je bila obnovljena streha (39 stavb)
in zamenjana okna (35 stavb).
Nekatete $ole so se odlocile za
nove vodovodne in / ali elektri¢ne
instalacije (20 $ol) in obnovo fasade
z izboljsano toplotno izolacijo (18
sol).

10. Vse sole imajo Energetsko
izkaznico.

obnovljene (na primer zamenjava
oken, novo prezracevanje le v 40%
Solskih stavb v Mestni obcini
Ljubljana)

5. Pomanjkanje ustrezne opreme za
preverjanje vrednosti pretoka zraka v
prezracevalnih kanalih - v ucilnicah.
6. Ni nobenih posebnih smernic ali
pravil za spremljanje kakovosti zraka v
Solah.

7. Oprema: pomanjkanje pozornosti
pri izbiri materialov, pri izbiri
prevladuje cena.

8. Pomanjkanje zakonov za
projektiranje Solskih stavb v Sloveniji,
s posebnim poudarkom na higienskih
in tehnicnih zahtevah za osnovno
solo.

9. Uporaba kemikalij za ¢iscenje tal in
mize.

10. Ni interdisciplinarnega
sodelovanja med razli¢nimi aktetji /
delezniki.
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Zunanja analiza

PRILOZNOSTI

Kaksne so priloZnosti za izboljsanje
kakovosti notranjega zraka (IAQ) v
Solskem okolju??

1. Priporocila odgovornih organov (npr.
Nacionalnega instituta za javno zdravje,
Ministrstva za zdravje).

2. Usmeritve in priporocila, razvita v okviru
projektov za izboljsanje kakovosti zraka v
solah.

3. Proces termo-modernizacije Sol.

4. Dostop do objav/publikacij o kakovosti
zraka, rezultatov metitev kakovosti
zunanjega in notranjega zraka, vpliva
onesnazevanja zraka na zdravje ljudi,
vklju¢no z otroki, in metod za zmanjsanje
ravni onesnazevanja v zraku.

Strategije za priloZnosti in
prednosti (OS)

Katko labko s prednostmi izkoristimo
prilognosti?

1. Dvig osvesc¢enosti - razdelitev
brosur Nacionalnega instituta za
javno zdravje med Solami.

2. Pravilna izbira materialov in
tehnoloskih procesov, ki se
uporabljajo pri termo-modernizaciji
sole.

3. Uporaba smernic in priporocil,
razvitih pri projektih za izboljsanje
kakovosti zraka v Solah.

4. Popraviti / odistiti prezracevalne
naprave med postopkom termo-
modernizacije.

5. Moznost urejanja poteka
aktivnosti ucencev glede na
kakovost zunanjega zraka.

6. Opazovanje pojavnosti bolezni
dihal, ki so v literaturi navedene v
povezavi z onesnazenostjo zraka
med ucenci in izvajanjem
dejavnosti v primeru povecane
obolevnosti solskih otrok (npr. v
izbranih razredih).

7. Potreba po daljsi prenovi (doslej
ni bilo mehanskega prezracevanja,
doslej le delne prenove).

Strategije priloZnosti in slabosti
W)

Katko labko premagamo slabosti, te
izkoristimo prilognosti?

1. Pravilnik o kakovosti notranjega
zraka (IAQ) v Solah.

2. Priprava smernic za gradnjo in
spremembe v sodelovanju s
pristojnimi ministrstvi.

3. Predlog za vkljucitev tematike o
kakovosti zraka v uc¢ne vsebine v
osnovnih $olah.

4. Interdisciplinarni sestanki /
konference / usposabljanja o zdravem
oblikovanju stavb, zdravem okolju in
potencialnem vplivu na zdravje.

5. Razsirjanje znanja in vecja
ozavescenost Solskega vodstva glede
zagotavljanja dobrega IAQ (kakovosti
notranjega zraka).

6. Pogosto prezracevanje ucilnic
(odpiranje oken).

7. Izvajanje pregleda literature in
razdelitev izbranih publikacij med
Solsko osebje za ozavescanje o
kakovosti zraka.

8. Vgradnja prezracevalnih sistemov z
rekuperacijo toplote v celotno

zgradbo.

NEVARNOSTI

Katere so nevarnosti, ki lahko negativno
vplivajo na kakovost notranjega zraka
(IAQ) v Solskem okolju?

1. Okolica $ole (industrija).2

2. Moc¢an promet (med 12 solami 9-krat zelo
velik, velik ali srednje velik promet).

3. Prodiranje velikih koli¢in prahu v notranje
Solsko okolje od zunaj.

4. Veljavni zakonski predpisi - pomanjkanje
podrobnih zahtev za zagotavljanje ustreznih
parametrov zraka v Solskih prostorih.

5. Pomanjkanje sredstev za potrebna
popravila.

6. Pomanjkanje sredstev za vgradnjo
sodobnih prezracevalnih sistemov.

7. Nizka ozaves$cenost o kakovosti zraka v
zaprtih prostorih pri starsih, ki sodelujejo pri
nakupu materialov za notranjo opremo in
pohistvo.

Strategije ogroZenosti (TS)
Katko labko uporabimo Prednosti, da se
iz0gnemo nevarnostim?

1. Izbira pravega Casa za CiSCenje /
manjsa popravila.

2. Pogosto ¢iscenje in natanéno
odstranjevanje plasti prahu.

3. Upocasniti promet v okolici sole
(npr. zaprositi lokalne organe o
postavitvi lezecih policajev na cesti
v okolici $ole).

4. Prosnja za dodatna sredstva pri
lokalni samoupravi na podlagi
priporocil po pregledu

5. Izvajanje pregleda literature in
razsirjanje izbranih publikacij med
starsi za ozavescanje o kakovosti
zraka.

Strategije nevarnosti in slabosti
(TW)

Katko labko zmanjsamo pomanjkljivosti in
Se 1309nemo nevarnostim?

1. Ozavescanje o kakovosti zraka v
notranjih prostorih med Solskim
osebjem in starsi ucencev.

2. Izboljsanje vkljucenosti solskega
osebja in starSev v ukrepe za
izboljsanje kakovosti notranjega
okolja v solah.

3.V solah ustvariti organ, ki bo
odgovoren za zagotavljanje ustrezne
kakovosti zraka v notranjih prostorih.
4. Kmetijstvo v blizini.

Tabela 2: SWOT analiza

4.3 Ocena stanja na terenu — meritve kakovosti zraka v izbranih osnovnih Solah

Meritve kakovosti notranjega zraka so bile izvedene v 12-ih izbranih osnovnih $olah.

2 Podrobne analize Solskih zgradb so v poro¢ilu projekta InAirQ.
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Slika 3: Delo na terenn - osnovne Sole, kjer smo izvedli mertive kakovosti notranjega 3raka

Pri izbiti $ol so bili upostevani naslednji kriterji::
e  Lokacija: podezelsko / urbano obmoéje (nomenklatura EU), zelene povtsine / obmodja z gostim prometom /
industrijo
* Priblizno polovica 8ol naj bi bila na podezelju (velike zelene povrsine), polovica $ol pa v mestnem obmocju (na
obmodju gostega prometa / industtije).
e  Prezracevanje: naravno, mehansko, kombinacija obeh
e  Starost zgradb: <1946, 1946-1960, 1961-1970, 1971-1989, > 1990
Meritve kakovosti notranjega zraka so bile izvedene na dvanajstih izbranih osnovnih Solah, ki so se med seboj razlikovale
tudi po lokaciji:
e 3 osnovne Sole se nahajajo v mestnem srediscu,
e 2 osnovni Soli se nahajata v stanovanjski soseski,
e 2 osnovni Soli se nahajata v predmestju,
e 3 osnovne $ole se nahajajo v ve¢jem naselju,

e 2 osnovni $oli se nahajata na vasi.

4.3.1 Ocena zdravja in dobrega pocutja otrok
Zbiranje podatkov:
e Anketni vprasalnik o pogostosti bolezenskih simptomov, ucenci tretjih razredov osnovnih $ol, 12 $ol, ki so
sodelovale v projektu.
e Vprasalnik so izpolnili starsi otrok.
e Odzivnost: 203/162 (83.74%)
Vsebina vprasalnika:
e  Splosne informacije o otroku
e Podatki o nose¢nosti, porodu in zgodnjem otrostvu

e Informacije o alergijah (predvsem vezanih na dihala)
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4.3.2

Informacije o bivalnem okolju

Demografska vprasanja

Otrokovo dojemanje solskega okolja.

KAKOVOST NOTRANJEGA ZRAKA V SOLSKIH PROSTORIH

Lastnosti $olskih zgradb, pridobljene z opazovalno listo

Sola

Sola

Utilnica

Ostalo

Lastnosti: lokacija

Problemi (visoke

Fotografija u&ilnice

Problemi, ki lahko

Mozni viti onesnaZevanja zraka

- opeka, beton,
zelezo
- malo prometa

Relativna vlaznost

Sole, starost, glavni koncentracije) izhajajo iz udilnice
konstrukcijski
material, gostota
prometa

01 - mesto, stanovanjska | Benzen Zavese, linolej, kreda, Parkirisce, kurilnica, kemikalije za ¢is¢enje
soseska Formaldehid parkiris¢e ob ucilnici, Zunanji viri: 1 kurilnica, 2 etna cesta, 3 parkiriste
-1976 PMzs staro pohistvo,
-opeka, beton CO2 dekoracija (likovni
- malo prometa pouk, lepila), rastline

02 -mesto, stanovanjska Benzen Parkirisce, prometna cesta, industrija, kurilnica,
soseska PMz;5 prasna mesta (klet), poskodbe zaradi vode
-1981 CO:
- beton Relativna vlaznost Zunanji viri: 1 parkirisie, 2 prometna cesta, 3 trinica, 4
- veliko prometa kurilnica, 5 kmetijstvo

03 -mestno sredis¢e Benzen Zavese, dekoracija Parkirisce, prometna cesta, poskodbe zaradi
-1884 (razsiritev PMz;5 (likovni pouk), linolej, vlage, kemikalije za ciscenje
1950) CO2 kreda, pohi$tvo ni tako Zunanji viri: 1 prometna cesta
- prenova delov Relativna vlaznost staro
(elektricni kabli, Zunanje parkirisce
ucilnice) poleg ucilnic, ucilnica
- opeka nad parkiris¢em,
- veliko prometa plasti¢na okna

04 - mestno sredisce Benzen Okraski (likovni Parkirisce, prometna cesta, Zeleznica v blizini,
-1908 (razsiritev PMz;5 pouk), lesena tla, krede | prasna mesta, poskodbe zaradi vode (klet),
1976) Relativna vlaznost in pisala, roze (nekaj kemikalije za ciscenje,
- opeka, les malih), srednje staro
- srednje veliko pohistvo, lesena okna Zunanji viri: 1 prometna cesta, 2 Seleznica
prometa

05 - primestje Formaldehid Linolej, dekoracija Parkirisce, mizarstvo, prasna mesta (telovadnica,
- 2000 (srednje), torbe-fotelji, ucilnica za tehni¢ne predmete), poskodbe zaradi
- opeka, beton ni starega pohistva, vode in vlage (kuhinja, kurilnica, uéilnice),
- srednje veliko plasti¢na okna ciscenje s kemikalijami
prometa Zunaniji viri: 1 glavna cesta, 2 proizvodnja,

trznica, objekti lahke industrije, 3 kmetijstvo

06 - manj$e mestno Benzen Zelo malo dekoracije, Parkirisce, prometna cesta, odlagalis¢e odpadkov,
sredisce PMzs lesena tla, flomastri in cistilna naprava, kotlovnica, prasna mesta
-1883 Relativna vlaznost krede, srednje staro (ucilnica za tehni¢ne predmete, knjiznica),
(razsiritev19706) pohistvo, plasti¢na poskodbe zaradi vlage (kuhinja), kemikalije za
- prenova (1996, okna ciscenje
izolacija) Zunanji viri: 1 industrija, 2 glavna cesta, 3 kmetijstvo, 4
-opeka, beton, odlagaliste dkov, 5 indivi ogrevalne naprave
kamen
- srednje veliko
prometa

07 - primestje Benzen Zelo malo dekoracije, Mocno prometna cesta, zeleznica, prasna mesta
-1995 (razsiritev Relativna vlaznost linolej, kreda, rastline (telovadnica, ucilnica za tehni¢ne predmete),
2010) (malo), srednje staro poskodbe zaradi vode in vlage (ucilnice, hodniki),
- prenova (2010) pohistvo, plasti¢cno kemikalije za ciscenje
- beton okno.
- zelo veliko Zunanji viri: 1 industrija, 2 glavno Seleznisko voliste, 3
prometa individy naprave, 4 jjstvo, 5 glavne

ceste

08 - vas Benzen Malo dekoracije, lesena Prasna mesta (kotlovnica), poskodbe zaradi vode
-1975 Formaldehid tla, plasti¢na okna, in vlage (kuhinja, stranisce), kemikalije za
- prenova (2013, PMz;5 zeleni prostor okoli Sole | ciscenje, industrija
okna, izolacija) CO2 Zunanji viri: 1 glavna cesta, 2 kmetijstvo, 3 industrija

(dale)
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09 - manjse mesto Benzen Lesena tla, kreda, Parkirisce, kemikalije za ¢iscenje
-1974 (razsiritev Relativna vlaznost parkirisce, dekoracija, Zunanji viri: 1 glavna cesta, 2 kmetijstvo
2006) plasti¢na okna, srednje
- prenova (20006) staro pohistvo
- opeka, beton
- malo prometa
10 - manj$e mesto Benzen Ploscice na tleh, Veliko parkiris¢e, prometna cesta, kurilnica,
-1967 PMzs dekoracija (malo), prasna mesta (ucilnice za tehni¢ne predmete),
- prenova (elektri¢ni CO2 kreda, plasti¢na okna, poskodbe zaradi vlage (ucilnice), azbest
kabli, vodovodni Relativna vlaznost novo pohistvo (flokulat), kemikalije za ¢iscenje
sistem) Zunanji viri: 1 glavna cesta, 2 kmetijstvo (polja), 3
- opeka, beton elektritna industrija
- zelo veliko
prometa
11 -mesto Benzen Plasti¢na okna, Parkirisce, prometna cesta, kemikalije za ciscenje,
-1972 Formaldehid dekoracija, lesena tla, kemicna industrija
- prenova (2016, PM;, kreda, flomastri Zunanji viri: 1 parkiriste, 2 prometna cesta, 3 kemitna
elektric¢ni kabli, CO2 industrija, 4 kmetijstvo
osvetlitev,
vodovodni sistem)
- opeka, beton
- veliko prometa
12 -vas Benzen Dekoracija (malo), Parkirisce, prasna mesta (kotlovnica, ucilnice za
-1978 (razsiritev Formaldehid linolej, kreda, flomastri, tehni¢ne predmete), poskodbe zaradi vode
2006) PM2;5 zavese, plasti¢na okna, (ucilnice), kemikalije za ¢iscenje
- beton Relativna vlaznost individualno ogrevanje Zunanji viri: 1 cesta v bligini, parkiriste, 2 individnalni
- srednje gost promet Gradbisce ogrevalni napravi, 3 kmetijstvo: njive, kmetje, 4 lahka
industrija (sadna industrija)
Vse Sole: Ciscenje v popoldanskem casu

Tabela 3: Lastnosti solskib stavbh

4.3.3 Ocena kakovosti notranjega zraka: meritve

Meritve kakovosti notranjega zraka so potekale od 13.11.2017 do 16.3.2018, en teden v vsaki opazovani $oli.
Izvedli smo meritve naslednjih parametrov:

e  Temperatura in relativna vlaznost zraka

e delci (PMz5)

e CO

e aldehidi (formaldehidi)

e VOC (hlapne organske spojine) (benzen)

e NO;

e Radon

Stika 4: Notranje merilno mesto
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Spodnja tabela prikazuje povezave med razlicnimi gradbenimi elementi in moznimi onesnazevali, ki bi lahko vplivali na

kakovost notranjega zraka.

Kazalnik

Na kaj se nanasa (podrobneje)

IMoZna onesnazevala

Vista lokacije

Stanovanjsko naselje, mestno jedro, primestno
naselje, mesto, vas

Delci

isolation, roof covering, etc.

Lokacija
(Zkurll.an]e Obmodje zgradbe / Dale¢ od virov onesnazevanja (soseska, promet,  [Delci, NO2, NOy, CO, benzen,
okolje) zemljis¢e / zunanje ogrevanje, industrija). benzoapiren, itd...
okolje
Zasnova stavbe Tlorisna analiza, locitev cistih in necistih poti, INeprijetne vonjave
otganizacija /razporeditev prostorov
Vrsta stavbe
Leto izdelave
Lastnosti Stanje stavbe Obnovljeno (okna, izolacija, ogrevanje, Onesnazevala zaradi novega materiala,
stavbe prezracevanje itd.) oraba energije
Zgodovina ali IMikrobioloska onesnazevala
trenutno vidni znaki
poskodb vode,
uhajanja vode ...
Vidna plesen |Alergeni
Toplotna izolacija materiali, nacrtovanje in izvajanje IMikrobioloska onesnazevala, raba energije
Hidroizolacija materiali, nacrtovanje in izvajanje Vlaznost (mikroorganizmi)
(izolacija)
Konstrukcija Vhod, streha, konstrukcija stavb, izolacija, okna -  [Mikroorganizmi
Kontrukcija Toplotni mostovi, kondenzacija
zgradbe . S o
Oblikovanje in izvedba konstrukcijskih delov
vgrajenih elementov (vhod, streha, konstrukcija,
izolacija, okna; Toplotni mostovi, kondenzacija).
Materiali Building materials used for construction, Formaldehid

MEP (strojne,
elektri¢ne,
vodovodne
instalacije)

Prezracevanje

Pravilno nacrtovanje, redno vzdrzevanje, toaletni
prostori

ustrezno prezracevanje

Vista, hitrost, frekvenca, ¢e je prezracevanje
mehansko: upostevajte navodila proizvajalca

ICOz, druga onesnazevala (od aktivnosti in
materialov v razredih) (T lahko povecajo
onesnazevala iz prometa)

Ogrevanje

Nacin ogrevanja (biomasa)

delci, CO, VOC, PAH, benzopiren, POPs

(obstojna organska onesnazevala)
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Vzdrzevanje
Solskega pohistva
(polomljeno,
dotrajano)

Talne obloge IFormaldehid
Oprema 1
(vgrajena Barve, laki, zascitni Formaldehid
oprema/ premazi
pohistvo) .
Osvetlitev
Pohistvo Formaldehid
Izdelki, ki jih Risbe, slike, umetniski izdelki - barve, lepila, laki  [Formaldehid
izdelujejo ucenci,
razni okraski
Stvari, ki jih otroci
Oprema 2 prinesejo v solo
Loncnice/ roze 1 mikroorganizmi (plesni),
e
(zemlja) | formaldehid, CO, benzen, trikloroetilen,
CO»
Mozni hisni IMikroorganizmi
ljubljencki v razredu
Racunalniska O3, fenol, toluen, 2-etilheksanol,
Oprema 3 oprema formaldehid, poveca simptome bolnib stavb,
(tehni¢na nezadovoljstvo s kakovostjo zaznanega raka
oprema) ]
Klima
Prezracevanje Mechansko/ naravno prezzracevanje, pogostost CO», druga onesnazevala v notranjem
zraku (od aktivnosti in materialov v
razredih) (1 lahko povecajo onesnazevala
liz prometa)
Nadzor vlaznosti IMikroorganizmi (splosno zadovoljstvo z
notranjim okoljem)
Nadzor temperature [Toplotno udobje
Uporaba osvezilcev Ftalati, VOC (TVOC, skupne hlapne
zraka, Cistilcev organske spojine), benzen, formaldehid.
Sekundarna onesnazevala (biogene hlapne
organske spojine, BVOCs)
Uporaba barv (u¢ne VOC
Proces dejavnosti, likovni
pouk)
Dejavnosti v razredu | Malica v razredu/ jedilnici Neprijetne vonjave, delci, prah, CO»,
alica, aktivne i
(malica, aktivne igre) Aktivnosti — dvig prahu, povecana hitrost
prenove (COy)
Pisanje na table Pisala: T PO4 | benzen
(kreda, pisala za na
table) p Krede: T Cl, benzen | F
Stevilo uéencev v CO», mikroorganizmi
razredu
Otrodi, ki obiskujejo IMikroorganizmi
pouk, tudi kadar so
bolni
Cid¢enje (procesi in Kdaj? Kako pogostor Katere kemikalije se delci, mikroorganizmi
Cistila) uporabljajo za cis¢enje?
Uporaba naravnih IVOC, ftalati, formaldehid, benzen, Cl,,
Cistil INH3
Vzdrzevanje
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Ozavescanje

Izobrazevanja

Izobrazevanje, ozavescanje o pomenu kakovosti
zraka v notranjih prostorih

Splosno (velja tudi za tezave, s katerimi se
srecuje vsaka posamezna $ola)

Ostalo L
Spremljanje

kakovosti zraka

(1AQ)

Tabela 4: Povezava med gradbenimi elementi in moZnini onesnagevali

*Raziskava je narejena na podlagi javno dostopnih podatkov ga igbrane osnovne Sole.

5 SKLEP. V nadaljni fazi je potrebna priprava smernic za oblikovanje novih Solskih zgradb in njihova vkljucitev v

zakonodajo.
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e  Svetovna zdravstvena organizacija. WHO guidelines for indoor air quality: selected pollutants. Kopenhagen: Urad

Svetovne zdravstvene organizacije za Evropo, 2010.
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4.2
METHODOLOGICAL APPROACH OF MONITORING INDOOR AIR QUALITY IN PRIMARY SCHOOLS

'Dr. Anja JUTRAZ, "?Dr. Andreja KUKEC, *Dr. Tamas SZIGHETI, 'National Institute of Public Health, 1 jubljana,
Slovenija, 2 Univerza v Ljubljani, Medicinska fakuniteta, Katedra za javno zdravie, Ljubljana, Slovenija, > National Public Health Center,
Budapest, Hungary

Keywords: vuinerability assessment, SWOT, monitoring campaign, indoor air quality, school environment

ABSTRACT. Children are the most vulnerable population, who spent in school environment around 8 hours per day.
Therefore it is important to create healthy school environments and monitor different parameters. The main aim of our
research was to prepare specific methodological approach, which could/ should be used by all primary schools in Central
Europe. Following combination methods were used to monitor indoor air quality: vulnerability assessment, SWO'T analysis
and the field campaign. The research on the types of school buildings and the state of the school buildings was done among
51 primary schools (50 school buildings) in the Municipality of Ljubljana. The SWOT analysis is based on the review of
following topics: education policy, legislations, financial environment, stakeholders’ involvement, current state of the
appliedd technology, possibility of modern technology development and innovation, dissemination of knowledge and
increase of awareness of schools management regarding to ensure the good IAQ, trends in public health that may affect
the IAQ and location. The field campaign and health and wellbeing assessment of children was done in 12 chosen schools.
A further step requires the development of guidelines for the design of new school buildings and their incorporation into

legislation.

1INTRODUCTION

Children are the most vulnerable population, who spent in school environment around 8 hours per day. Therefore it is
important to create healthy school environments and monitor different parameters (light comfort, indoor air quality,
temperature etc.). In this research we focuse on indoor air quality. Monitoring indoor air quality in primary schools should
be devided in different stages, from analysis to measurements and action plans preparation.

2 AIM

The main aim of our research was to prepate specific methodological approach, which could/ should be used by all primary
schools in Central Europe. Research is done as part of Interreg project "Transnational Adaptation Actions for Integrated
Indoor Air Quality Management (InAirQ)".

3 METHODS.

Following methods were used to monitor indoor air quality: vulnerability assessment, SWOT analysis and the field
campaign (health and wellbeing assessment of children, characterization of a school building by checklist, assessment of
indoor air quality — monitoring campaign).

4 RESULTS AND DISCUSSSION.

4.1 Vulnerability assessment

Primary schools in Slovenia and in Municipality of Ljubljana

In Slovenia there are 447 primary schools, 375 schools are recognized as healthy schools. The research on the types of
school buildings and the state of the school buildings was done among 51 primary schools (50 school buildings) in the
Municipality of Ljubljana (these are Healthy and Unhealthy schools). This document provides a general overview about
the types of school buildings in the Municipality of Ljubljana: the information on the age of school buildings and the

extension of renovation of the buildings.
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Number of primary schools in Slovenia and Ljubljana health region?
e Number of primary schools in Slovenia: 452

e Number of primary schools in Ljubljana health region: 116

General overview about the types and the state of school buildings in onr region: in the Municipality of Ljubljana (MOL)

The partial renovation of buildings was made almost on all 50 school buildings in MOL.. Only for two of them (OS Livada,
built in 1993, and OS Dragomelj, built in 2006) no information for building renovation were found.

As main structure material on many older buildings the brick was used (13 buildings), and on newer buildings prevails
reinforced concrete.

On the most of school buildings the roof was renovated (39 buildings) and windows were replaced (35 buildings). Some
schools decided for plumbing and/or electrical installations (20 schools) and renovation of facade with improved thermal
insulation (18 schools).

For the source of energy performance of building the Energy building label (“Energetska izkaznica stavb®) was used, the
document which exist for app. 30 school buildings in Ljubljana. From this document we took Initial energy input, intended
for conversion into heat per unit of building area and annual electricity consumption for building. Based on these
documents we prepated two comparison tables with minimal and maximal total energy (in kW/m2a) used for building

heating in one year.

The year of School Construction in MOL. 1 jubljana
Build from 1889-1913 = 8 schools

Build from 1913-1950 = 1 school

Build from 1951-1960 = 8 schools

Build from 1961-1970 = 10 schools

Build from 1971-1980 = 17 schools

Build from 1981-1990 = 4 schools

Build from 1991-2000 = 1 school

Build from 2000-2017 = 1 school

I p - | " 14 Y 14 1L I8 | 274 N 25 3l 37 43 3 45 40 47 33 40 as )

Figure 6: The year of construction of school buildings in MOL

3 Sources: Ministry of Education, Science and Sport. Links: hitps:/ | krkal.mss.edus.si/ registriweb/ Sexnam1.aspx?Seznam=2010 and
bttps:/ [ kerkal.mss.edus.sif registrimeb/ Sexnam1.aspx?Seznam=2020
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Actions
Due to the reduction of heat loss the following actions are proposed:

e In buildings with high energy consumption the installation of additional thermal insulation of appropriate
thickness for the entire building envelope is proposed.

e In buildings with very pootly insulated attic the installation of additional soft thermal insulation is proposed.

e  Replacement of windows with low heat losses.

e Installation of ventilation systems with heat recovery for the entire building. The ventilation system should be
carried out by several local ventilation devices which are placed in specific locations on each floor of the building,.

e The establishment of automatic control system of the heating system by installing thermostatic valves on radiators.

e Replacing older lighting lamps with newer less conception technologies (LED Panels).

e The introduction of organizational actions for regularly switching off lights, switching off electrical and electronic
devices that are not in use. These are basic measures to reduce energy consumption in a building, while not causing
additional costs.

To conclude there is poor data on indoor air quality in schools in the Municipality of Ljubljana. Moreover, we noticed the
lack of laws for designing school buildings in Slovenia. There are also no special guidelines or rules on monitoring indoor
air quality in schools.
4.4 SWOT analysis
The SWOT analysis is based on the review of following topics: education policy, legislations, financial environment,
stakeholders’ involvement, current state of the appliedd technology, possibility of modern technology development and

innovation, dissemination of knowledge and increase of awareness of schools management regarding to ensure the good

TAQ, trends in public health that may affect the IAQ and location.

Education policy

In general, there are between 16 (minimum) and 28 (maximum) pupils in one class (if there is a kid with special needs, the
maximum number is reduced). Based on the research4 there are usually 23 kids in one class5.

The theme indoor air quality is not included in the learning content of basic education system. Moreover, teachers open
windows based on their self-assessment (there is no general rule how often they should open windows). The task of

headmaster is to draw attention to the poor air quality in classrooms.

Figure 7: Primary school Karl Destovnik Kajuh (Sources: Personal archive).

*+The interview with headmistress of the Primary school Karl Destovnik Kajuh.

5 Law on Primary School (Ut. 1. RS, no. 81/06 - official consolidated text, 102/07 ,107/10,87/11,40/12 - ZU]JF, 63/13 and 46/16 - ZOFVI-K) , Rules
on norms and standards for the implementation of the primary school programme (Ur. 1. RS, no. 57/07 , 65/08 ,99/10 , 51/14 and 64/15).
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Legistations

There is no independent legal act on the hygienic and technical requirements for primary schools. The individual factors
that influence the indoor air quality are considered separately.

Rules on the ventilation and ait-conditioning of buildings (Ut. 1. RS, no. 42/02, 105/02 in 110/02 — ZGO-1) provides for
requirements in terms of temperature, ventilation, and the values of certain pollutants in the indoor air (CO2, Rn, NH3,
H2CO, VOC, CO, O3, PM10). However, there is lack of control over the requirements and knowledge of the requirements
by the management of schools.

Communicable Diseases Act (Ur. L. RS, no. 33/06 - UPB) for natural and legal persons and institutions responsible for
health commits to the implementation of general measures which, in accordance with special regulations provide an
adequate indoor air quality area. The disadvantage of the law is a bad control of the implementation of a general measure
and that the relevant air quality is not precisely defined. We propose a precise definition of the term indicator of air quality
pollutants and their thresholds.

Regulation on energy efficiency in buildings (Ut. 1. RS, no. 52/10) allows the implementation of a hybtid or mechanical
ventilation when natural ventilation is not possible. Built-in mechanical or hybrid ventilation systems of buildings must

ensure effective heat recovery air.

Financial environment

The Ministry for education usually finance only technology or other equipment, they don’t invest in the building. The
owner of the school building is usually municipality and it depends on them, how much money they will invest in renovation
or reconstruction of the building. There is lack of money for school renovation, usually the renovations are partial (for

example roof, fagade etc., rarely they add mechanical ventilation in the whole building).

Stakeholders’ (including anthorities) involvement

In the design, maintenance and use of school building are involved different people, from government to profession and

public (Table 1).

- National institute of Public Health

- Slovenian Environment Agency

- Universities (Medical faculty, Faculty of
health science, Faculty of Civil and
Geodetic Engineering, Faculty of
Architecture)

MUNICIPALITIES:

- Municipality of Ljubljana

- civil and geodetic engineers

- mechanical engineers

- urban planners

- contractors

HEALTH CARE WORKERS
(part of Healthy school iniciative)
PUBLIC HEALTH
PROFESIONALS

- public health experts

- pediatrics

- environmental health engineers

GOVERNMENT PROFESSION PUBLIC (=users)
AUTHORITIES: EMPLOYEES: PARENTS (indirect impact)
- Ministry for education, science and - management PUPILS (direct impact)
sport - teaching staff COMMUNITY

- Ministry of health - technical/ support staff (janitor,

- Ministry of the Environment and cleaners)

Spatial Planning DESIGNERS:

NATIONAL INSTITUTIONS: - architects

Cleaners: they have their rules, all cleaning materials are set; when they clean the classroom, they open the window; they need to attend the trainings
about cleaning materials, elements.

Designers: they have a big influence in the planning stage when they can educate investors and future users about the importance of indoor air quality.
Parents: they can donate some equipment or furniture; they are the bond between pupils and teachers; they can raise awareness on indoor air quality
among their pupils.

Community: In general, the community is bigger and more involved in the school in smaller towns.

Table 5: Different people from government to profession and public involve in the design maintenance and use of school building include in the
SWOT analysis.
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Current state of the applied technology

Construction materials: the most common building material are concrete and brick.

Boards: usually there ate chalkboards.

HVAC systems: always in kitchen (12/12), sometimes in the gym (3/12), offices (3/12), computer room (1/12), school
dining room (1/12), school hall (2/12), some classtooms (2/12), the whole building (1/12)6.

Air conditioning: usually there is AC only in some rooms (e.g. kitchen) and not in all classrooms.

Kitchen usually doesn’t have windows, there is usually only mechanical ventilation — consequence is outdour around the
school.

Building finishing and furnishing: furniture is bought through tenders, and it doesn’t involve hazard materials.

Possibility of modern technology development and innovation

Boards: classical chalk boards should be replaced with modern technology, smart boards.

HVAC systems should be implemented in all room in the school building (not only kitchen, also in the classrooms).
Air conditioning should be implemented in all classrooms (in the whole building).

Kitchen should be located away from other rooms, where pupils spend the most time.

Dissemination of knowledge and increase of awareness of schools’ management regarding to ensure the good LAQ

Dissemination and awareness of teachers currently does not take place. So far there are no trainings on indoor air quality
by Healthy Schools Network or by any other institution (National institute of Public Health, Ministry of Health).

We suggest dissemination and awareness raising of educational staff and the general public (maybe through a network of
Healthy Schools led by National institute of Public Health - the network includes 70% of elementary schools in Slovenia).
Good opportunity present document prepared by working group in National institute of Public Health with title Indoor
air quality — Guidelines for general public (available on National Institute website:

http:/ /www.nijz.si/ sites/www.nijz.si/ files /uploaded/notranji_zrak_priporocila_za_prebivalce_zadnja_11012017.pdf).

Trends in public bealth that may affect the LAQ

In the field of studying the impact of outdoor air pollutants on health there have been catried out several national and
wotldwide epidemiological studies and international projects. On the other hand, the scientists and experts are realizing
that people spend more time indoors where are present numerus harmful substances Field of the exposure to the indoor
air pollutants is pootly studied. From the methodological point of view based on the evidence-based public health activities
at this suggest several challenges. Challenges are associated with the possibility to obtain data about the type and
concentration of pollutants in the indoor air and other risk factors biased on of which we will be able to define health
effects. For preparation of these kind of assessments is required active participation of all partners, survey participants and
patticipating organizations / institutions, health and environmental experts, as well as support of local, regional and national
authorities is needed (implemented of health impact approach from different point of view).

In Europe in the field of IAQ), so far, have been carried out three major projects (SINPHONIE, TAB and HEIMTSA),
whose purpose was to assess the impact of the indoor air quality on the health of children in educational institutions.
Research results have been obtained with the purpose of setting up the recommendations and legal bases for improving

air quality in indoor environment. In Slovenia, have been, so far catried out two surveys on measuring the carbon dioxide

¢ The results are based on the research among 12 chosen schools in Slovenia.
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concentration in kindergarten indoor environment. The public health possibility to obtain the information about air quality

in the school environment, about the definition of the potential effects on health of children and other important risk

factors associated with building, social and physical environment and family history, represents Slovenia's participation in

the European Interreg project InAirQ) (Transnational Adaption Actions for Integrated Indoor Air Quality Management).

Location

Primary schools ate usually placed near the main road, there is usually also car park. Moreover, as Slovenia is agriculture

country, fields and farmers are usually near schools (agricultural contamination, e.g. problem of fertilizers).

However, as Slovenia is green country, there is usually a lot of greenery around schools (parks, forest, trees etc.).

Summary SWOT analysis
Internal analysis

STRENGTHS WEAKNESSES
What has a positive impact on What has a negative impact on the
the school environment school environment regarding
regarding IAQ? IAQ?
1. Teachers open the windows 1. Most schools do not have
during breaks (lack of measurable mechanical ventilation systems in
data). classrooms.
2. Use of cleaning products that do | 2. Air conditioning system only in
not affect the air quality. some parts of school building
3. Central or district heating. (usually not in classrooms).
4. Smoking is not allowed in the 3. Low awareness of indoor air quality
building. and no dissemination of knowledge
5. Mostly no asbestos in the school | among teachers on indoor air quality:
buildings in Slovenia and mostly no training for teachers on the indoor
not designated as a radon-affected air quality, thy don’t talk about it; IAQ
area (school building areas). is not included in the learning content
6. Cleaning: in the of basic education
afternoon/evening after school 4. Age of school buildings (majority
time (deep clean mostly every six were built between 1961 — 1980
months or every year). (44/50 buildings wete built before
7. Legislations: on mechanical 1980). Mostly only partially restored

SWOT analysis tool ventilation and on school design (for example replacing windows, new

(Regulations on ventilation and air
conditioning of buildings,
Regulations on energy efficiency in
buildings and Instructions for the
construction of primary schools in
Slovenia).

8. Brochures on IAQ from
National Institute of Public Health.
9. The partial renovation of
buildings was made almost on all
50 schools in Municipality of
Ljubljana: on the most of school
buildings the roof was renovated
(39 buildings) and windows were
replaced (35 buildings). Some
schools decided for plumbing
and/or electrical installations (20
schools) and renovation of facade
with improved thermal insulation
(18 schools).

10. All schools have Energy
building label.

ventilation only in 40% of school
buildings in the Municipality of
Ljubljana)

5. Lack of the proper equipment to
check the airflow value in the
ventilation ducts / in classrooms.

6. No special guidelines or rules on
monitoring indoor air quality in
schools.

7. Furnishing: lack of attention to the
choice of materials, dominated by
price.

8. The lack of law for designing
school buildings in Slovenia, with
special focus on hygienic and
technical requirements for primary
school.

9. Using chemicals for floor and desk
cleaning.

10. No interdisciplinary collaboration
between different actors /
stakeholders.

101




INDOOR AIR QUALITY IN SCHOOL ENVIRONMENT

OPPORTUNITIES

What are the opportunities to improve
the TAQ in the school environment?

1. Recommendations of responsible
authorities (eg. National Institute of Public
Health, Ministry of health).

2. Guidance and recommendations
developed in the frame of projects aimed at
improving the indoor air quality in schools.
3. Ongoing process of thermo-
modernization of schools.

4. Common access to the publication of the
air quality, results of measurements of the
quality of outdoor and indoor air, the impact | 3. Use of guidance and

of air pollution on human health, including recommendations developed in
children, and methods to reduce the levels of | projects aimed at improving the

Opportunity-Strength (OS)
Strategies

How can we nse Strengths to take
adpantage of Opportunities?

Opportunity-Weakness (OW)
Strategies

How can we overcome Weaknesses by taking
adpantage of Opportunities?

1. Regulations on IAQ in schools.

2. Preparation of guidelines for the
construction and alteration in
cooperation with the competent
ministries.

3. Proposal to integrate the topics of
air quality in learning content in
primary schools.

4. Interdisciplinary meetings /
conferences/trainings on healthy
building design, healthy environment,
potential impact on health.

1. Awareness Raising -
dissemination of brochures from
National Institute of Public Health
between schools.

2. Proper selection of materials and
technological processes used in the
thermo-modernization of the
school.

airborne pollution.

External analysis

indoor air quality in schools.

4. Repair / clean the ventilation
ducts during the thermo-
modernization process.

5. The possibility of regulating the
activity of pupils depending on
outdoor air quality.

6. Observation of the incidence of
respiratory diseases listed in the
literature as associated with air
pollution among pupils and
undertaking of activities in case of
increased morbidity among school
children (eg. in selected classes).

7. Need for extended renovation
(no mechanical ventilation, only
partial renovations so far).

5. Dissemination of knowledge and
increase of awareness of school
management regarding to ensure the
good TAQ.

6. Frequent ventilation of classes
(opening of the windows).

7. Conducting of the literature review
and disseminate selected publications
among school personnel to raise
awareness of air quality.

8. Installation of ventilation systems
with heat recovery for the entire

building.

THREATS

influence the IAQ in the school
environment?
1. Surroundings of schools (industry).”

very heavy, heavy or medium traffic).

outside.
4. Legal regulations in force — lack of

parameters in school classes.

5. Lack of funds for necessary repairs.
6. Lack of funds for the installation of
modern HVAC systems.

7. Low awareness of indoor air quality

What are the threats that can negatively

2. Heavy traffic (among 12 schools 9 times

3. Infiltration of the large amounts of dust
into the inside school environment from the

detailed requirements for ensuring proper air

among parents participating in the cost of
purchase interior and furniture materials.

Threat-Strength (TS) Strategies
How can we use Strengths to avoid
Threats?

1. Selection of the right time for
cleaning / minor repairs.

2. Frequent cleaning and exact
removal of layer of dust.

3. Slow down the traffic at schools
(eg. to apply to the local authorities
about the installation of speed
bumps on the road in the school
surrounding).

4. Applying for the additional funds
to the local self-government on the
basis of the post-inspection
recommendations

5. Conducting of the literature
review and disseminate selected
publications among parents to raise
awareness of air quality.

Threat-Weakness (TW) Strategies
How can we minimize weaknesses and avoid
Threats?

1. Raising awareness of the indoor air
quality among the school staff and
parents of pupils.

2. Improvement of the involvement
of school staff and parents to take
actions towards the improvement of
the quality of the indoor environment
in schools.

3. Create an authority responsible for
ensuring adequate indoor air quality
(IAQ) in schools.

4. Agriculture nearby.

Table 6: SWOT analysis

4.5 The field campaign

The field campaign was done in 12 chosen schools.

7 Please see detail analyses of 12 chosen schools.
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Figure 8: Field campaign in Slovenia

When choosing schools, the following criteria were taken into consideration:

Location: Rural / urban area (EU nomenclature), Green areas / areas with high traffic / industry

*About half of schools are expected to be in rural areas (large green areas), and half of schools in the urban area
(in a large area of transport / industry).

Ventilation: Natural, Mechanical, Combination of both

Age of building: <1946, 1946-1960, 1961-1970, 1971-1989, > 1990

Indoor air quality measurements were performed at twelve selected primary schools, which also differed in location:

4.5.1

3 primary schools are located in the city center,

2 primary schools are located in a residential neighborhood,
2 primary schools are located in the suburbs,

3 primary schools are located in a larger settlement,

2 primary schools are located in the villages.

Health and wellbeing assessment of children

Data acquisition:

Survey questionnaire on the frequency of illness symptoms, pupils of third grades of elementary schools, 12
schools that were involved in the project.

The questionnaire was filled in by parents of children.

Response rate: 203/162 (83.74%)

Contents of the questionnaire:

General information about the child
Data on pregnancy, childbirth and early childhood
Information on respiratory and childhood allergies

Information about the living environment
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e Demographic issues

e A child's perception of the school environment

4.5.2  Characterization of a school building by checklist

School School Classroom Other
Characteristics: Problems (high Photos of classrooms Problems that can Potential sources of air pollution
location of the concentrations) originate from

school, age, classrooms
building materials,
traffic density
neatby
01 -Ljubljana, residential | Benzene Curtains, linoleum, Car park, heating plant, chemicals for cleaning
-1976 Formaldehyde chalk, car park next to
-brick, concrete PMz;s the classroom, old Quitdoor sources: 1 heating plant, 2 busy road, 3 car park
-light traffic CO2 furniture, decoration
(arts, glues), plants
02 -Ljubljana, residential | Benzene Car park, busy road, industry, heating plant,
-1981 PMz;5 dusty places (basement), water damage
-concrete CO:
-heavy traffic RH Outdoor sources: 1 car park, 2 busy road, 3 market
Sacilities, 4 heating plant, 5 agriculture
03 -Ljubljana, city Benzene Curtains, decoration Car park, busy road, moisture damage, chemicals
center PMzs (arts), linoleum, chalk, for cleaning
-1884 (extension CO2 furniture is not so old
1950) RH Outside parking next to | Outdoor sources: 1 busy road
- restoration of some the classrooms,
parts (electric cables, classroom above the
classrooms) parking lot, plastic
-brick window
- heavy traffic
04 -Ljubljana, city Benzene Decoration (arts), Car park, busy road, railway nearby, dusty
center PMz;5 wooden floor, chalk places (shelter), water damage (basement),
-1908 (extension RH and pens, plant (a few chemicals for cleaning,
1976) small), mid old
-brick, wood furniture, wooden Qutdoor sonrces: 1 busy road, 2 railway
-medium traffic windows
05 -Vrhnika, suburban Formaldehyde Linoleum, decoration Car park, joiner, dusty places (gymnasium,
-2000 (medium), bag- classroom for technical courses), water and
-brick, concrete armchairs, not old moisture damage (kitchen, boiler room,
- medium traffic furniture, plastic classrooms), cleaning with chemicals
windows Quitdoor sources: 1 main road, 2 production, market,
light industry facilities, 3 agriculture
06 -Logatec, city centre Benzene Very little decoration, Car park, busy road, waste storage site,
-1883 (extension PMzs wooden floor, pens and | cleaning device, boiler room, dusty places
1976) RH chalks, mid old (classroom for technical courses, library),
- restoration (1996, furniture, plastic moisture damage (kitchen), chemicals for
insulation) windows cleaning
-brick, concrete, Outdoor sources: 1 industry (Obrtna cona 1Logatec), 2
stone main road, 3 agricnlture, 4 waste storage site, 5
- medium traffic individual heating device
07 -Ljubljana, suburban Benzene Very little decoration, Busy road, railway, dusty places (gymnasium,
-1995 (extension RH linoleum, chalk, plants classroom for technical courses), water and
2010) (little), mid old moisture damage (classrooms, corridors),
- restoration (2010) furniture, plastic chemicals for cleaning
-concrete window.
-very heavy traffic Outdoor sources: 1 industry, 2 main raihway node, 3
individual heating device, 4 agricnlture, 5 main road
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08 -Horjul, village Benzene Little decoration, Dusty places (boiler room), water and moisture
-1975 Formaldehyde wooden floor, plastic damage (kitchen, toilet), chemicals for cleaning,
- restoration (2013, PM2s windows, green space medium industry
windows, insulation) CO2 around the school Qutdoor sources: 1 main road, 2 agriculture, 3 medinm
-brick, concrete, iron RH industry — METREL mechanica efc. (far away)
- light traffic
09 -Dobrova, town Benzene Wooden floor, chalk, Car park, chemicals for cleaning
-1974 (extension RH car park, decoration, Outdoor sources: 1 main road, 2 agriculture
20006) plastic windows, mid
- restoration (2006) old furniture
-brick, concrete
- light traffic
10 -Moravce, town Benzene Tiles on the floor, Big Car park, busy road, heating plant, dusty
-1967 PMzs decoration (little), places (classrooms for technical courses),
- restoration (electric CO2 chalk, plastic windows, moisture damage (classrooms), asbestos
cables, water-system RH new furniture (flocculate), chemicals for cleaning
-brick, concrete Outdoor sources: 1 main road, 2 agriculture (fields), 3
- Very heavy traffic medinm industry: IMP PROMONT — electric industry
11 -Dol pri Ljubljani, Benzene Plastic windows, Car park, busy road, chemicals for cleaning,
town Formaldehyde decoration, wooden chemical industry
-1972 PM;, floor,chalk, pens Qutdoor sources: 1 car park, 2 busy road, 3 industry —
- restoration (2016, CO2 JUB, chemical industry, 4 agriculture
electric cables,
lightening, water-
system)
-brick, concrete
-heavy traffic
12 -Gabrovka, village Benzene Decoration (little), Car park, dusty places (boiler room, classrooms
-1978 (extension Formaldehyde linoleum, chalk, pens, for technical courses), water damage
2006) PMz;5 curtain, plastic (classrooms), chemicals for cleaning
-concrete RH windows, individual Outdoor sources: 1 road nearby, car park, 2 individual
- medium traffic heating heating devices, 3 agriculture: fields, farmers, 4 light
Construction site industry (fruit industry — Presad)

All schools: Cleaning in the afternoon

Table 7: Characterization of school buildings

4.5.3

Assessment of indoor air quality: monitoring campaign

The monitoring campaign took place from 13.11.2017 to 16.3.2018, in each school one week.

We made measurements of the following parameters:

air temperature and relative humidity
particles (PMas)

CO,

aldehydes (formaldehyde)

VOC (volatile organic compounds) (benzene)
NO,

Radon
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Figure 10: External measuring station

A |

Following table presents connections between different building elements and possible pollutants that could affect on

indoor air quality.
Indicator What it refers to (more in detail) [Possible pollutants
Type of location Residential, city centre, suburban, town, village Particles
Location
(ext.ernal Building area / Land | Away from sources of pollution (neighbouthood, [Patticles, NO2, NOy, CO, benzene,
environment) / external traffic, heating, industry). benzoapiren, etc...
environment
Building design Floorplan analysis, separation of the clean and unpleasant odours
unclean paths, organization of the building
premises (spaces)
Type of the building
Construction year
Building State of the building | Renovated (windows, insulation, heating, Pollutants due to new material (), energy
characteristics ventilation, etc.) use
History or curtent IMicrobiological pollutants
visible signs of water
damage, leakage ...
Visual moulds IAllergens
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Thermal insulation

materials, planning and implementation

IMicrobiological pollutants, energy use

Waterproofing materials, planning and implementation Dampness (microorganisms)
(insulation)
Construction Front, roof, building construction, insulation, IMicroorganisms
O windows -Thermal bridges, condensation.
Building
construction Design and implementation of structural parts of
buildings (front, roof, building construction,
insulation, windows; Thermal bridges,
condensation).
Materials Building materials used for construction, Formaldehyde
isolation, roof covering, etc.
Ventilation Proper planning, regular maintenance, toilet CO», other pollutant (from activity and
facilities materials in the classroom) (1 may
L lincrease pollutant from the traffic)
MEP adequate ventilation
(Mech'anical, Type, speed, frequency, if ventilation is
Electrx'cal, and mechanical: respect of manufacturet's
Plumbing) instructions
Heating Heating method (biomass) Particles, CO, VOC, PAH, benzopyrene,
IPOPs (persistent organic pollutants)
Flooring Formaldehyde
qu'upfnent 1 Paints, varnishes, Formaldehyde
(built-in . .
. protective coating
equipment)
Lightening
Furniture Formaldehyde
Products made by Drawings, paintings, art products - paint, Formaldehyde
pupils, decorations adhesives, varnishes
Things children
. bring to school
Equipment 2
Pot plants (soil) T microorganisms (moulds),
| formaldehyde, CO, benzene,
trichloroethylene, CO,
Possible pets in the IMicroorganisms
class
Computer O3, phenol, toluene, 2-ethylhexanol,
Equipment 3 equipment formaldehyde, increase SBS' symptoms,
(technical dissatisfaction with the perceived air quality
stuff)
Air conditioning
Ventilation Mechanical / natural ventilation, frequency CO», other pollutant in indoor air (from
activity and materials in the classroom) (1
Imay increase pollutant from the traffic)
Humidity control IMicroorganisms (general satisfaction with
lindoor environment)
Temperature control [Thermal comfort
Processes Use of air refreshers,

purifiers

Phthalates, VOC (TVOC, Total Volatile
Organic Compounds), benzene,
formaldehyde. Secondary pollutants
(Biogenic Volatile Organic Compounds,
BVOCs)

Use of colours
(learning activities,
arts)

VOC
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Activities in the
classroom (eating,
"active" games)

Eating in the classroom / in the dining room

Activities - Rising dust, increased metabolic rate
(CO2)

unpleasant odours, Particles, dust, COa,

Writing on boards
(pens, chalk)

[Pens: T PO4 | benzene Chalks: 1 Cl,
benzene | F

Number of pupils in
the classrtoom

COz, microorganisms

Children attending
classes even when
they are ill

IMicroorganisms

Cleaning (process
and cleaning

When? How often? What chemicals are used for
cleaning?

[Particles, microorganisms

trainings

products)
Maintenance Use of natural IVOC, phthalates, formaldehyde, benzene,

cleaners Cl2, NH3

Maintenance of

school furniture

(broken, worn out)

Awareness raising Education, awareness about the importance of General (also specifically applied to
O Capacity building indoor air quality problems each school is facing)

Monitoring TAQ

Table 8: Connections between building elements and possible pollutants

5 CONCLUSION. A further step requires the development of guidelines for the design of new school buildings and
their incorporation into legislation.

6 LITERATURE.

e Interreg project Transnational Adaption Actions for Integrated Indoor Air Quality Management (InAirQ)) —

https:/ /www.interreg-central.eu/Content.Node/InAirQ/InAirQ.html

e  Svetovna zdravstvena organizacija (SZO). WHO Expert Consultation: Available evidence for the future update

of the WHO Global Air Quality Guidelines (AQGs). Meeting report Bonn, Germany 29 September-1 October

2015.

e  Svetovna zdravstvena organizacija. WHO guidelines for indoor air quality: selected pollutants. Kopenhagen: Urad

Svetovne zdravstvene organizacije za Evropo, 2010.

108




KAKOVOST NOTRANJEGA ZRAKA V SOLSKIH PROSTORIH

STUDIJA IZVEDLJIVOSTI GLEDE 1ZBOLJSAV OSNOVNIH SOL — STUDIJA PRIMERA 0S KAREL
DESTOVNIK KAJUH

'Dr. Anja JUTRAZ, "2Dr. Andreja KUKEC, '"Mag. Simona URSIC, 'Nacionalni institut 3a _javno 3dravje, 1 jubljana,
Slovenija, ? Univerza v Ljubljani, Medicinska fakulteta, Katedra za javno zdravje, Ljubljana, Slovenija

Kljuéne besede: studjja izvedljivosts, kakovost raka v notranjib prostorih, Solsko okolje, akcijski nacrti

IZVLECEK. Kot studijo primera smo obravnavali osnovno $olo v Ljubljani, osnovno $olo Karel Destovnik Kajuh
(KDK), ki je kot partner vkljucena tudi v projekt InAirQ. Glavni cilj studije je oceniti vsak akcijski nacrt na podlagi stopnje
izvedljivosti, cene in ¢asa. Za pripravo Studije izvedljivosti sta bili uporabljeni dve metodi: ocena ranljivosti in terenska
studija. Urbanisticno nacrtovanje, arhitektura in notranje oblikovanje imajo velik vpliv na kakovost zraka v notranjih
prostorih. Terenska $tudija je bila izvedena v zimski sezoni 2017/2018. Opravili smo meritve naslednjih patametrov:
temperatura zraka in relativna vlaga, delci (PMzs), COz, aldehidi (formaldehid), VOC (hlapne organske spojine) (benzen),
NOz, radon. Na podlagi rezultatov meritev je bila kakovost zraka v notranjih prostorih v okviru indeksa kakovosti
notranjega zraka uvrséena v zmerno kategorijo. Soli KDK za zakljucek predlagamo nacrt izvedljivosti (prikazano v tabeli

25), ki zdruzuje ukrepe, od bolj do manj izvedljivih, in deleznike, ki naj bi jih izvedl.

1UVOD
Kot $tudijo primera smo obravnavali osnovno $olo v Ljubljani, osnovno solo Karel Destovnik Kajuh, ki je kot partner
vklju¢ena tudi v projekt InAirQ. Sola je bila vkljuéena tudi v meritve kakovosti notranjega zraka v zimskem obdobju
2017/2018.
étudija izvedljivosti vsebuje naslednje elemente:

e Ocena ranljivosti / ocena stanja

e Terensko delo / metitev kakovosti notranjega zraka

o Akcijski nacrti/ uktrepi

2 NAMEN: Glavni cilj studije je oceniti vsak akcijski nacrt na podlagi stopnje izvedljivosti, opredeljene v naslednji tabeli:

Stopnja izvedljivosti Cena Cas

1ZELO LAHKO IZVEDLJIVO Poceni, manj kot 10.000 EUR Lahko je izvedeno zelo hitro — many
kot eno leto.

2IZVEDLJIVO Med 10.000 in 50.000 EUR Okoli 1- 3 leta za implementacijo

3 TEZKO IZVEDLJIVO Zelo drago, ve¢ kot 50.000 EUR Zelo veliko ¢asa je potrebno za

izvedbo — ve kot tri leta

Tabela 1: Stopnja izvedfjivosti

3METODE

Za pripravo studije izvedljivosti sta bili uporabljeni dve metodi: ocena ranljivosti in terenska $tudija.

3.1 Ocena ranljivost

Urbanisti¢no nacrtovanje, arhitektura in notranje oblikovanje imajo velik vpliv na kakovost zraka v notranjih prostorih. Na

podlagi analize smo opredelili mozna onesnazevala in izvedljive izboljsave/uktepe.
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Osnovna $ola, ki smo jo izbrali kot studijo primera, se nahaja v predmestju Ljubljane, v stanovanjskem okolju in je bila

zgrajena iz opeke in betona leta 1976. Sola je bila delno obnovljena le dvakrat in nima mehanskega prezracevania.

Stika 1: Lokacija sole

BASIC INFO

ADDRESS

LOCATION

YEAR OF CONSTRUCTION
CONSTRUCTION MATERIAL
NUMBER OF STOREYS
BUILDING AREA (m?)

TYPE OF HEATING SYSTEM
AIR CONDITIONING
MECHANICAL VENTILATION

RENOVATION

city center LJUBLJANA

i JakCeva ulica 42, Ljubljana

i residential area, near city center
11976

! brick, concrete

i

| 44752

central or district heating

. in some parts of the building
¢ only in some parts: kitchen

2006 - windows

! 2008 - roof renovation

Slika 2: Osnovne nadilnosti Sole

3.1.1 Urbanisti¢no nacrtovanje

SCHoOL

| STRENGTHS

i - light traffic

! -alotof greenery

i - central or district heating
i - cleaning in the afternoon
- natural ventilation before
i school day, in the morning
i -no dusty places

i OPPORTUNITIES
i - additional renovation

! parts of building

i | WEAKNESSES

| -age of the building

' -hazard materials

¢ ' -air conditioning and me-
i | chanical ventilation only in
| | some parts of the building
i1 -chemicals for cleaning

i | THREATS
1 -heating plant nearby
i - mechanical ventilation in all

Sola se nahaja v stanovanjskem obmodju, ob reki Tjubljanici in v blizini prometne ceste. Na severu je vedje obmodje

proizvodnih dejavnosti in energetske infrastrukture. Glavni industrijski tockovni vir je toplarna, ki ima velik vpliv na

kakovost zraka v notranjih prostorih.

Location of school building: RESIDENTIAL AREA

RAILWAY STATION

CITY CENTER
LJUBLJANA

INDUSTRY

SCHOOL

RECREATION AREA

industry
heating plant

busy road
residential area

primary school
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special areas (tourism, sport)

E_areas of production activities

E_areas of energy infrastructure

street
river

C_areas of central activities
Z_green areas

S_ housing areas

Slika 3: Lokacija Sole in uporaba prostora v okolici (velje in manjse merilo)

Najvedji vir onesnazeval na prostem so prometna cesta, toplarna in parkiris¢e. Na zalost ni mogoce spremeniti nicesar glede

prometne ceste in toplarne, spremembe pa so mozne pri razporeditvi parkiris¢ v blizini.

1 heating plant

2 busy road

3 carpark

SELF ASSESSMENT 4 o=extremely poor, 6=extremely good
TRAFFIC DENSITY 1

GREENERY |

DENSITY OF BUILDINGS I

Slika 4: Potencialni viri onesnagenja 3raka v notranjib prostorib (unanji viri))

Sola se nahaja v bivalnem okolju, kjer primanjkuje parkirnih mest. Z novim urbanisti¢nim naértom in prometno strategijo

za celotno sosesko bi lahko zmanjsali $tevilo avtomobilov v blizini $ole in razsirili zelene povrsine.

‘}“E"““ﬂ“ﬂ’"ﬁ:\'a

Slika 5: Solska zgradba
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Mozne izboljsave
e  Spremeniti lokacijo parkiri§¢ - 2 / izvedljivo: ob¢ina bi morala spremeniti prometno strategijo za celotno sosesko.
e Povecanje $tevila dreves pred $olo - 1 / zelo izvedljivo: z majhnim zneskom denatja, ki bi ga morala dolodit

obc¢ina, bi bilo to mozno izpeljati zelo hitro.

3.1.2 Arhitektura
Solska stavba je bila zgrajena iz opeke in betona v letu 1976. Obnovljena je bila leta 2006 (okna) in 2008 (obnova strehe).
Klimatska naprava in mehansko prezracevanje obstaja le v nekaterih delih stavbe: kuhinja.

Vir glavnih onesnazeval zraka v notranjih prostorih predstavlja kuhinja (vonj iz kuhinje), ki se nahaja v sredini zgradbe.

Mozne izboljsave:

e Naravno prezracevanje: ¢rpanje zraka (odtok zraka) iz kuhinje (vonj po hrani) - 2 / izvedljivo - za fizi¢ne
sptemembe je treba narediti nove stene / vrata, da se kuhinja lo¢i od druge Sole; 3 / tezko izvedljivo - selitev
kuhinje na drugo lokacijo

e Mechansko prezracevanje: Nacrt za vzdrzevanje prezracevalnega sistema. Nacrt bi moral vkljucevati spremljanje,
pregled in ¢is¢enje komponent prezracevalnega sistema, kot so zunanji dovodi zraka, zunanji dusilci zraka, zracni
filtri, odto¢ne posode, ogrevalne in hladilne tuljave, notranjost enot za upravljanje zraka, mototji ventilatorjev,
vlazenje zraka, krmiljenje idr. - 3 / tezko izvedljivi - namestitev mehanskega prezracevanja v vse udilnice (drago)

e  Talne obloge: Zamenjava tal z zdravimi gradbenimi materiali - 3 / tezko izvedljivo - mogoce bi bilo opraviti $ele

poleti; ker je stavba precej stara, se s prenovo zacnejo pojavljati Se nekatere druge tezave

3.1.3 Notranje oblikovanje
V vedini ucilnic smo opazili tezke tekstilne zavese, linolejne obloge na tleh, table na kredo, staro pohistvo, Stevilne okraske

(od likovnega pouka in drugih dejavnosti), shranjevanje razlicnih pripomockov kot so razna lepila in v nekaterih razredih

veliko zelenja.

Slika 7: Pm'er uilnice
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Ocenjujemo, da predstavljajo glavna onesnazevala v notranjih prostorih kemikalije za ¢is¢enje, velika koli¢ina okraskov in
table na krede. Tudi Solske torbe in ves material, ki ga ucenci prinesejo v $olo, bi lahko bili potencialni vir onesnazeval

zraka v notranjih prostorih.

- kitchen is located in the middle of the building
- lead water pipes

- floor and desk cleaning with chemicals

- a lot of decoration

- odour

- chalkboards

Slika 8: Glavni viri onesnagevanja graka v notranjih prostorib (notranji viri)
Mozne izboljsave:
e Izdelava novega protokola za ciséenje - 1 /zelo lahko izvedljivo — prostore éistite pozno popoldne, po ¢iscenju
odptite okna itd .; 3 / tezko izvedljivo - selitev kuhinje na drugo lokacijo
e Zamenjava Cistl za ¢isCenje miz, tal itd. - 1 / zelo lahko izvedljivo - dogovor s podjetjem za ¢iS¢enje, majhna
nalozba (po potrebi nova Cistila, najprej ocena, kaj se uporablja)
e Odstranitev okraskov (umetniski izdelki itd.) in tezkih tekstilnih zaves - 1 / zelo lahko izvedljivo - odstranitev
vseh zaves, umetniskih izdelkov, pregled vzdrzevanja rastlin (Ce je na njihovih listih prah, na zemlji plesen) itd.
e Menjava klasi¢nih tabel na krede z drugimi ustreznimi tablami (s pisali) - 1 / zelo lahko izvedljivo — zamenjava

table za krede s tablo za pisala.

3.2 Studija na terenu
Terenska Studija je bila izvedena v zimski sezoni 2017/2018. Opravili smo metitve naslednjih parametrov: temperatura

zraka in relativna vlaga, delci (PMzs), CO», aldehidi (formaldehid), VOC (hlapne organske spojine) (benzen), NOg, radon.

3.2.1 Meritve
Na osnovi rezultatov meritev je bila kakovost zraka v notranjih prostorih v okviru indeksa kakovosti notranjega zraka
uvrscena v zmerno kategorijo. Glavna identificirana onesnazevala notranjega zraka so bila benzen, formaldehid, CO; in
delci (PM.s). Koncentracija formaldehida je bila 15,74 ng / m?in CO, 1396 ppm. V zvezi z delci in benzenom je bilo
ugotovljeno, da so bile tudi izmerjene zunanje vrednosti za masne koncentracije PMzsin benzena visoke (benzen v zaprtih
prostotih 3,11 pg / m? zunanji 4,61 pg / m? PMys v zaprth prostorih 12 ng / m3; na prostem 19 pg / m?). Posledi¢no
sklepamo, da je neprimerno kakovost zraka v zaprtih prostorih povzrocilo predvsem onesnazenje zunanjega zraka.
Pri vrednostenju parametrov udobja ( temperatura, vlaznost zraka) pa so le-ti kazali ugodno okolje.
Mozne izboljsave:

e Dodatne metitve - 1 / tes izvedljivo - nov protokol za redno spremljanje kakovosti notranjega zraka — IAQ.

e  Techni¢ne in procesne izboljsave * Glej tabeli 2 in 3.
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opremimo z notranjo opremo, ki ne vsebuje formaldehida

ali ¢im manj.

OnesnaZevalo Akcijski naért / ukrep Stopnja izvedljivosti
Benzen "Preprecevanje” vstopa benzena iz zunanjega zraka: 3/ tezko izvedljivo — prestaviti
lokacija parkiris¢, cigaretni dim, promet, blizina bencinske industrijo drugam
¢rpalke, industrije (premog, nafta, zemeljski plin,
kemikalie, jeklo) 2/ izvedljivo — zamenjati lokacijo
parkirnih mest
Med in po uporabo izdelkov, ki so vir benzena, je treba 1/zelo lahko izvedljivo — protokoli
prostore dobro prezracit (npr. med batvanjem / uporabo za uporabo barv in drugih
barv). produktov.
Izogibanje se moznemu viru benzena: gradbenim 1/zelo lahko izvedljivo — priprava
materialom in pohistvu, ki vsebujejo benzen, pohistvu iz smernice za prenove stavb.
ivernih plos¢ in polimernih materialov (vinilne, PVC in
gumijaste talne obloge, najlonske preproge in preproge iz
lateksa), vezanemu lesu, steklenim vlaknam, lepilom za tla,
barvam, oblogam iz lesa, tesnilom in sredstvom za
odstranjevanje barv.
Izogibanje moznemu viru benzena: shranjenim topilom in 1/zelo lahko izvedljivo — ptipraviti
razliénim ¢loveskim dejavnostim: ¢is¢enju, barvanju, smernice in protokole.
uporabi potrosniskih izdelkov, fotokopiranju in tiskanju,
shranjevanju in uporabi topil.
Formaldehid Izberemo primerno pohistvo in obloge - prostore 1/zelo lahko izvedljivo — ptipraviti

smernice za postopek nakupa
notranje opreme in pohistva in

druge opreme.

Prostori so prezraceni, zlasti novi, prenovljeni ali

opremljeni z novim pohistvom.

Med in po uporabi izdelkov, ki so vir formaldehida, morajo

biti Solski prostori dobro prezraceni.

1/zelo lahko izvedljivo — protokoli

za naravno prezracevanje.

3/ tezko izvedljivo — mehansko

prezracevanje.

Med in po uporabi izdelkov, ki so vir formaldehida, je

potrebno dobro prezraditi prostor.

1/zelo lahko izvedljivo — protokoli

za naravno prezracevanje.

3/ tezko izvedljivo — mehansko

prezracevanje.
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Ohraniti temperaturo in relativno vlaznost Solskih

eves

formaldehida narascajo s povecanjem temperature in

vlaznosti).

1/zelo lahko izvedljivo —
spremljanje T in Rv zraka v

ucilnicah, nadzor T in Rv zraka

Odstraniti materiale, ki vsebujejo formaldehid: gradbeni
materiali, ki oddajajo formaldehid, pohistvo in leseni
izdelki, ki vsebujejo smole na osnovi formaldehida, kot so
iverne plosce, vezane plosce in vlaknene plosce srednje

gostote; izolacijski materiali; tekstil.

2/ izvedljivo — zamenjava
elementov, ki vsebujejo

formaldehid.

Omejitev razstav izdelkov, ki jih v $olah naredijo sami, kot

so barve, tapete, lepila, laki.

1/zelo lahko izvedljivo.

Uporaba distilnih sredstev, kot so detergenti, razkuzila,
mehcala, Cistila za preproge in izdelki za cevlje, ki ne

oddajajo formaldehida.

1/zelo lahko izvedljivo — protokoli

za uporabo distilnih sredstev.

Prestavitev elektronske opreme, vklju¢no z racunalniki in

fotokopirnimi stroji.

2/izvedljivo — doloéitev primerna
lokacijo za rac¢unalnike,

fotokopirne stroje, izven udilnic.

CO, Specifi¢na pogostost in vrsta naravnega prezracevanja 1/zelo lahko izvedljivo —
(sprememba protokola). sprememba protokola.
Zmanjsanje Stevilo otrok v razredu. 2/ izvedljivo.
Umestitev senzorjev kakovosti zraka (CO, T, Rv zraka). 1/zelo lahko izvedljivo.
PMys Omejitev prezracevanja prostorov med povecanim 1/zelo lahko izvedljivo —
prometom in med temperaturno inverzijo. spremljanje AQI in upostevanje
protokola.
ZmanjSanje segrevanja biomase. * ne v tej Soli, ker obstaja sistem
centralnega ogrevanja
Redna menjava filtrov pri mehanskem prezrac¢evanju. 1/zelo lahko izvedljivo — dolo¢iti
protokole.
Radon Specifi¢na pogostost in vrsta naravnega prezracevanja 1/zelo lahko izvedljivo — dolo¢iti

(sprememba protokola)

protokole




INDOOR AIR QUALITY IN SCHOOL ENVIRONMENT

oblog (plastike), lesenih plosc.

smernice

Vidna plesen Odstranitev moznih virov plesni. 1/zelo lahko izvedljivo —
vzdrzevanje

Preprecitev vdora vode v zgradbo (streha, konstrukcija), 1/zelo lahko izvedljivo —
kondenzacijo. vzdrzevanje
Nadziranje vlaznosti in temperature (vlaznost 43-67%, 1/zelo lahko izvedljivo — dolo¢iti
temperatura med 18,5 in 25,5 C). protokole
Odstranite lon¢nic z veliko koli¢ino zemlje (spore gliv in 1/zelo lahko izvedljivo
plesni lahko prehajajo iz tal loncnic v zrak).
Specifi¢na pogostost in vrsta naravnega prezracevanja 1/zelo lahko izvedljivo — dolo¢iti
(sprememba protokola). protokole

VOCs ZmanjSanje uporabe barv, lakov, lepil, umetnih talnih 1/zelo lahko izvedljivo — doloditi

Odstranitev osvezilcev zraka, vonjev itd.

smernice

1/zelo lahko izvedljivo — dolo¢iti

Uporabba ve¢ naravnih ¢istil.

smernice

1/zelo lahko izvedljivo — dolo¢iti

Mehansko prezracevanje.

3/tezko izvedljivo

Specifi¢na pogostost in vrsta naravnega prezracevanja

(sprememba protokola)

protokole

1/zelo lahko izvedljivo — dolo¢iti

Tabela 2: Preventivni akcijski nacrti | nkrepi (predlagani aradi pomanjkanja rezultatov meriten)

3.2.2 Opazovanje

V okviru terenskih aktivnosti (meritev kakovosti zraka) smo $olo tudi obiskali in izpostavili seznam elementov, ki bi lahko

vplivali na kakovost notranjega zraka - IAQ. Na podlagi opazovanja smo pripravili in ovrednotili akcijske naérte/ ukrepe.

Elementi, ki imajo lahko vpliv na slabo kakovost notranjega zraka IAQ

Akcijski naért / ukrepi &

Stopnja izvedljivosti

SPLOSNE
ZNACILNOSTI

Sola je stara priblizno 40 let. Vsa okna v $oli so bila v
letu 2007/08 spremenjena, vsa so plasti¢na. Veéina
talnih povrsin je originalnih, ponekod so bile
zamenjane talne obloge. Pohistvo je tudi ve¢inoma od
zacetka. Prenova je bila izvedena na obmocdju, kjer se

nahajajo ucenci prve triade.

3/tezko izvedljivo - celovita prenova

celotne zgradbe

2/izvedljivo — delne prenove:

pohistvo, tla
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OPREMA

Likovni okraski na steklenih oknih (velika povrsina
okna je prekrita s slikami / drugimi umetniskimi
izdelki - vprasanje: ali je prostor dovolj osvetljen;

kaksna je kakovost barv za steklo?).

1/zelo lahko izvedljivo — odstranite

umetniske okraske z oken

TEMPERATURA

V dveh ucilnicah na vzhodnem delu stavbe, na
obmodju, ki ga ne obdajajo okoliske stavbe ali
drevesa, so poleti izmerjene izjemno visoke

temperature (nad 30 ° C, celo 33 © C).

2/izvedljivo — posaditi nova drevesa

v blizini teh ucilnic.

CISTILNA
SREDSTVA /
PROTOKOLI

Ciscenje izvajajo pred ali po poukuh, popoldne

oziroma v telovadnici zvecer.

Med letnimi pocitnicami izvajajo letno generalno

¢iscenje (v skladu s nacrtom ciséenja).

Cistilna sredstva narocajo po sistemu javnih naro¢il;
¢istilno osebje se mora udeleziti usposabljanja o

uporabi Cistil.

Osebje, ki ¢isti $olo, je del kolektiva.

1/zelo lahko izvedljivo — nov

protokol ¢iscenja.

PREZRACEVANJE

Izvajajo ga ucitelji, ponekod pa skrbijo za naravno

prezracevanje tudi ucenci.

V 3oli je pomembna tema, ki jo podpirajo vsi

usluzbenci.

Vse sobe so naravno prezracene zjutraj, nadalje

individualno glede na zanimanje ucitelja in po potrebi

glede na dejavnosti, ki se izvajajo v ucilnici.

1/zelo lahko izvedljivo — protokoli za
naravno prezracevanje, vklju¢enost

ucencev v protokole.

2/izvedljivo — redne metitve T, Rv

zraka, COq,

PRIPOMOCKI ZA
LIKOVNI POUK /

Vsak uc¢enec ima svoje batvice/ pripomocke, v prvi

triadi jih shranjujejo v predalih v ucilnici.

1/zelo lahko izvedljivo — zahteve za

batve in drug umetniski material;

USTVARJANJE shranjevanje izven ucilnice.

LONCNICE Lon¢nice / roze njihova prisotnost je pogojena z 1/zelo lahko izvedljivo — nov
interesom ucitelja, da bo skrbel zanje. protokol.

ZIVALI V 3Soli ni hisnih ljubljenckov.

Na hodniku je majhen akvarij, kjer v ¢asu obiska ni

bilo rib.

Tabela 3: Elementi, ki bi labko vplivali na kakovost notranjega graka - LAQ (metoda opazovanja) in predlagani akcijski nairti/ nkrepi
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Posebna opazanja pri pregledu (samoocena kakovosti notranjega zraka

- IAQ v razli¢nih prostorih)

Akcijski naért / ukrepi &

Stopnja izvedljivosti

izmerjena

temperatura najvisja)

(v toplem delu leta je

SPLOSNO Slabsa kakovost zraka na vhodu v pisarne (vonj po 3/tezko izvedljivo — fizi¢ni poseg
bliznjih toaletnih prostorih in razdelilni kuhinji). (nove stene / razporeditev prostorov
/ mehansko prezracevanje)
Slabsa kakovost zraka na hodniku prve triade (von; 2/izvedljivo — premik garderobe na
mehkejsih in vlaznejsih oblacil in cevljev - zaradi drugo lokacijo.
garderob na hodnikih).
Slabsa kakovost zraka na hodniku v osrednjem delu 3/tezko izvedljivo — fizi¢ni poseg
Sole (vonj po hrani, kuhanju - blizina jedilnice in (nove stene / razpoteditev prostorov
razdelilne kuhinje). / mehansko prezracevanje).
UCILNICA 1 Neustrezno sencenje (samo notranja sencila) 3/tezko izvedljivo — novi sistemi

sencenja.

Likovni okraski na steklenih oknih (velika povrsina
okna je prekrita s slikami / drugimi umetniskimi
izdelki - vprasanje: ali je prostor dovolj osvetljen;

kaksna je kakovost barv za steklo?).

1/zelo lahko izvedljivo — odstranitev

umetniskih okraskov z oken.

Veliko lon¢nic - nekaj plesni na zemlji.

1/zelo lahko izvedljivo — odstranitev

neustreznih lonc¢nic.

Na obmocju umivalnika je ¢istilo dosegljivo otrokom.

1/zelo lahko izvedljivo — ¢istilna
sredstva premakniti na visje polozaje
ali na varna mesta (ne na dosegu

otrok)

Kosi za odpadke nimajo pokrova.

1/zelo lahko izvedljivo — dodajte

pokrove smetnjakom

Vonj hrane (nezasciteni sendvici na kroznikih -

prinesejo jih v ucilnico pred malico).

1/zelo lahko izvedljivo — protokoli/

zahteve za izvedbo malice

UCILNICA 2

(v toplem delu leta
je izmerjena

temperatura najvisja)

Neustrezno sencenje (samo notranja sencila)

3/tezko izvedljivo — nov sistem

sencenja

Poslikave na steklenih delih oken.

1/zelo lahko izvedljivo — odstranit

umetniske okraske iz oken
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Vonj hrane (nezasciteni sendvici na kroznikih -
prinesejo jih v ucilnico pred malico, po ucilnici se med

poukom siri neprijeten vonj.

1/zelo lahko izvedljivo — protokoli/

zahteve za izvedbo malice

UCILNICA 3

Neustrezno sencenje (tkaninske zavese, prozorne in

bombazne zavese).

3/tezko izvedljivo — nov sistem

sencenja

Kosi za odpadke nimajo pokrova.

1/zelo lahko izvedljivo — dodajte

pokrove smetnjakom

Na obmocju umivalnika je ¢istilna oprema dosegljiva

otrokom (metla, smeti)

1/zelo lahko izvedljivo — premakniti
¢istilna sredstva v zaprte prostore (ne

na dosegu otrok)

MALA Neprijeten vonj 3/tezko izvedljivo — mehansko
TELOVADNICA prezracevanje

VELIKA Ni¢ posebnega /

TELOVADNICA

GARDEROBE V Smrad 3/tezko izvedljivo — mehansko
KLETI prezracevanje

Druga opaZanja

Akcijski naért/ ukrepi &

Stopnja izvedljivosti

PRIPRAVA IN Ko pripravljate malico, ki najmlajse ¢aka ze od jutra v | 1/zelo lahko izvedljivo — protokoli/
RAZDELITEV ucilnici, ga je treba pripraviti tako, da ni mogoce zahteve za potek malice (kje, kdaj,
MALIC naknadno onesnazenje hrane (hrana na pladnju mora | kako)

biti zascitena - na primer pokrita s folijo). Hkrati bo

za$cita (folija) vsaj delno prepredila sirjenje vonja po

hrani v ucilnici.

Za zagotovitev varnosti zivil pti sobni temperaturi je

treba upostevati tudi ¢as shranjevanja hrane.
HIDRANTI ZA Hidranti so zaklenjeni in zraven ni nobenih kljucev. 1/zelo lahko izvedljivo — dodat klju¢
PRIMER POZARA | Hidranti morajo biti takoj opremljeni s tipkami. od hidranta

NA HODNIKIH
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OSVETLJENOST
IN SENCENJE
UCOLNIC

Ucinkovito sencenje dosezemo s postavljanjem sencil

na zunanje dele oken.

Hkrati lahko nekoliko prispevamo k znizanju
temperature (neposreden vpliv soncne svetlobe) v

ucilnici spomladi in poleti.

3/tezko izvedljivo — nov sistem

sencenja

Tabela 4: Ugotovitve na podlagi opazovanja ob obiskn sole in predlagani nkrepi

4. REZULTATI IN RAZPRAVA. Na podlagi terenskih aktivnosti (meritve kakovosti notranjega zraka v izbrani $oli,

razgovori s predstavniki OS) predlagamo nekatere ukrepe, ki smo jih ocenili z vidika trostopenjske lestvice izvedljivosti (1-

zelo lahko izvedljivo, 2- izvedljivo, 3-tezko izvedljivo).

Ker pa pri nacrtovanju, vzdrzevanju in uporabi Solskih stavb sodelujejo razliéni delezniki, od predstavnikov oblasti do

stroke in javnost, so v nadaljevanju predlagani razli¢ni ukrepi, tudi glede na razliéne deleznike/zainteresirana javnost, ki bi

jih lahko izvedli. Slednje je podrobno prikazano v tabeli 6 in v odsekih 4.1, 4.2 in 4.3 .

Akcijski naért / Ukrep

Stopnja izvedljivosti

Tehnicna izboljsava

Naravno prezracevanje:

Crpanje zraka (odtok zraka) iz kuhinje (vonj hrane).

3/ tezko izvedljivo — kuhinja se
nahaja v sredis¢u o, fizi¢ne ovire je
tezko izvesti, potrebna je celovita

obnova stavbe

Mehansko prezracevanje:

Nacrt za vzdrzevanje prezracevalnega sistema. Nacrt bi
moral vkljucevati spremljanje, pregled in ¢is¢enje
komponent prezrac¢evalnega sistema, kot so zunanji dovodi
zraka, zunaniji dusilci zraka, zrac¢ni filtri, odto¢ne posode,
ogrevalne in hladilne tuljave, notranjost enot za upravljanje

zraka, mototji ventilatorjev, vlazenje zraka, itd.

1/zelo lahko izvedljivo — dolo¢iti

protokole

3/ tezko izvedljivo — vgradnja
prezracevalnega sistema v ucilnice

in druge dele stavbe

Talne obloge:

Menjava talnih oblog z zdravimi gradbenimi materiali

3/ tezko izvedljivo — potreba po

celostni prenovi stavbe

Procesna izboljsava

Operativne izboljsave:

spreminjanje nacina poteka nekaterih dejavnosti, ki lahko
vplivajo na kakovost notranjega prostora (npr. povecanje
pretoka zraka, omejevanje $tevila ljudi v sobi, sprememba

obdobja ¢iscenja).

1/zelo lahko izvedljivo — dolo¢iti

protokole

Sistemske izboljsave:
Redni ukrepi, ki pripeljejo do odstranitve vira (npr.
Zamenjava talnih oblog, prepoved uporabe nekaterih

detergentov).

1/zelo lahko izvedljivo — dolo¢iti

protokole in smernice
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Cistoca prostorov:

Izbira metod c¢iscenja, ki so ucinkovite za dano potrebo.
Izbira izdelkov z najmanj skodljivim vplivom na zdravje
Jjudi.

Pomembno je, da je osebje za ¢iscenje usposobljeno o tem,
kako lahko postopki ¢is¢enja in izdelki vplivajo na IAQ.
Priprava pisnih postopkov; poznavanje izdelkov, ki se
uporabljajo v zgradbi, kaksno je oprema in kupovanje
varnejsih izdelkov.

Uporaba bolj naravnih ¢istil, izogibanje uporabi skodljivih

batv.

1/zelo lahko izvedljivo — doloditi

protokole in smernice

Vzdrzevanje (Cistoca, kakovost) strehe, Zlebov, drenaze:
Redni pregled prostorov ter hitri ukrepi in sanacije v

primeru uhajanja vode in kopicenja vlage v prostorih

1/zelo lahko izvedljivo — dolo¢iti

protokole in smernice

Likovni pouk / uporaba posebnih matetialov:
Po dejavnostih z lepilom, barvami itd. ucilnico dobro

prezracite

1/zelo lahko izvedljivo — dolo¢iti

protokole in smernice

Druge izboljsave

Zakonodaja:
Vzpostavitev zakonskih predpisov — dolocitev parametrov
za spremljanje (COo, T, RH), predpisi za $ole (Stevilo

ucencev v ucilnici glede na njeno velikost).

3/ tezko izvedljivo — novi zakoni,

pravilniki

Ozavescanje:
Izboljsati znanje o pomenu onesnazevanja zraka v
notranjih prostorih (prezracevanje, materiali, obnasanje

otrok itd.) - razli¢ni ukrepi za razlicne skupine ljudi.

1/zelo lahko izvedljivo

Tabela 5: Akcijski nacrti — sexnam ukrepov

DRZAVNI ORGANI STROKOVNJAKI UPORABNIKI

PRISTOJNA MINISTRSTVA ZAPOSLENI: VSI ZAPOSLENI

- Ministrstvo za izobrazevanje, - vodstvo sole STARSI (posredni vpliv)

znanost in sport - uditelji/ce UCENCI /OTROCI (neposredni

- Ministrstvo za zdravije

- tehnic¢no osebje (hisniki, ¢istilke) vpliv)

- Ministrstvo za okolje in prostor NACRTOVALCI, SKUPNOST
INSTITUTI, AGENCIJE, OBLIKOVALCI

UNIVERZE - arhitetki

- Nacionalni intitut za javno zdravje | - krajinski arhitekti, urbanisti¢ni

- Agencija RS za okolje nacrtovalci

- Univerze (Medicinska fakulteta, - gradbeniki

Zdravstvena fakulteta, Fakulteta za - strojniki

arhitekturo, Fakulteta za - izvajalci

gradbenistvo in geodezijo)
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OBCINE

- Mestna ob¢ina Ljubljana

STROKOVNJAKI S PODROCJA
ZDRAV]JA

- specialist in strokovnjaki s podrocja
javnega zdravja

- pediatri

- Slovenska mreza zdravih Sol

Cistilke: imajo svoja pravila, vsa Cistilna sredstva so doloc¢ena; ko pospravijo ucilnico, odprejo okno; udeleziti se morajo izobrazevanj o Cistilnih

sredstvih, postopkih.

Arbhitekti] nacrtovalei: imajo velik vpliv v fazi nacrtovanja, ko lahko poucijo investitotje in bodoé¢e uporabnike o pomenu kakovosti notranjega zraka.
Starsi: lahko podatijo nekaj opreme ali pohistva; so vez med ucenci in ucitelji; lahko ucence/svoje otroke ozavescajo o kakovosti notranjega zraka.
Skupnost: Na splosno je skupnost vecja in bolj vkljué¢ena v $olo v manjsih krajih.

Tabela 6: Razlicni delegniki od viade do stroke in javnosts, ki sodelujejo pri nacrtovanjn, vzdrevanju in uporabi Solskib gradb

4.1 DrZani organi

Drzavni organi: odgovorni za nove zakone / predpise; obéine so lastniki stavb in odlo¢ajo o denarnih vprasaniih.

stavbe: Javne stavbe, ki so bile
zgrajene pred 30-50 leti, so
vecinoma v slabem stanju zaradi

nerednega vzdrzevanja.

Ukrep Izboljsave Stopnja izvedljivosti
Terminski plan celovitih obnov 1/zelo lahko izvedljivo
stavb
Zagotavljanje parkirnih mest za 1 CO 2/ izvedljivo
zaposlene (ne v blizini uéilnic)
Zamenjava strehe, toplotne | poraba energije 2/ izvedljivo
izolacije, zamenjava oken, ureditev

DRZAVNI tal

ORGANI
Redni pregledi / vzdrzevanje 2/ izvedljivo

Celovita obnova stavbe: Zagotoviti
redno obnovo javnih zgradb iz
proracuna obcine in evropskega
proracuna (Sole, zdravstveni

domovi, vrtci itd.).

3/tezko izvedljivo

Tabela 7: Vloga drzavnih organov pri zagotavljanju ustrezne kakovosti notranjega zraka v objektih $ol

4.2 Strokovnjaki

Vodstvo $ole: pristojni so za sprejemanje odlocitev, dolocanje protokolov in vlaganje v manjse tehni¢ne izboljsave.
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VODSTVO
SOLE

Ukrep Izboljsave Stopnja izvedljivosti
Ustanovitev IAQ ekipe Obcutek pripadnosti Solskemu 1/zelo lahko

osebju, redno preverjanje stavbe izvedljivo

Sole, boljse priprave na izvedbo

ukrepov za izboljsanje kakovosti

notranjega zraka
Ukrepi za ozavescanje o IAQ v | Splosna ozavescenost o IAQ 1/zelo lahko
Solah izvedljivo
Ucinkovito in redno prezracevanje | | Os 1/zelo lahko
pisarn, v  katerih se nahaja izvedljivo
fotokopirni stroj
Razporeditev ucilnic | COz, benzen 2/ izvedljivo
Primerno Stevilo ucencev v vsaki
ucilnici (izogibanje prenatrpanosti)
Ustrezno prezracevanje toaletnih | | plesen in vlaga 2/ izvedljivo
prostorov in kuhinje
Uporaba kleti za uéni proces zgolj | | PM, benzen, toluen, Na, Cl, | 1/zelo lahko
izjemoma etanol izvedljivo

Tabela 8: Vloga vodstva Sole pri zagotavljanju ustrezne kakovosti notranjega zraka v objektih $ol

Ucitelji: so vezi med starsi in otroki, njihova vloga je, da vzgajata (ozavescata o pomembnosti kakovosti notranjega zraka -

TAQ).

Ukrep Izboljsave Stopnja izvedljivosti
Organizitana distribucija hrane v | | neprijeten vonj in vidna sled | 1/zelo lahko
jedilnici, ne v ucilnicah skodljiveev izvedljivo
Naravno prezracevanje vsakih 45 | | CO2 1/zelo lahko

UCITELJT minut (odpiranje oken in vrat) izvedljivo
Upostevanje prepovedi kajenja v | | NO, CO 1/zelo lahko
blizini Solske zgradbe izvedljivo
Izogibanje names$éanju razliénih | 1 stopnja klimatskega hlajenja in | 1/zelo lahko
elementov v blizini oken pogostost dovoda svezega zraka izvedljivo
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Prisotnost rastlin v ucilnicah ob formaldehid, benzen, | 1/zelo lahko
pogoju, da se jih ustrezno vzdrzuje | trikloretilen, ogljikov monoksid, | izvedljivo
ogljiikov dioksid
Uporaba tabel s pisali 1 POy | benzen 1/zelo lahko
izvedljivo
Uporaba tabel s kredami 1 Cl, benzen | F 1/zelo lahko
izvedljivo

Tabela 9: Vloga uciteljev pri zagotavljanju ustrezne kakovosti notranjega zraka v objektih ol

Vzdrzevalno osebje: z rednimi pregledi lahko preprecijo slabo kakovost notranjega zraka - IAQ.

OSEBJE, KI
SKRBI ZA

Ukrep

Izboljsave

Stopnja izvedljivosti

Periodi¢no prevetjanje /

pregledovanje Solskih stavb

Hitra resitev, odstranjevanje

plesni in vlage

1/zelo lahko

izvedljivo

Vgradnja razvlazevalnika zraka v

kleti

| relativna vlaga in preprecevanje

pojava plesni

2/ izvedljivo

VZDRZEVANJE

Vgradnja predpraznikov pri | koli¢ina zunanjih onesnazeval | 1/zelo lahko
vhodu v $olo izvedljivo
Vsakodnevno naravno 1 dovod svezega zraka in nadzor | 1/zelo lahko
prezracevanje vseh udilnic zjutraj | onesnazeval, ki se ponodi | izvedljivo
pred poukom kopicijo v prostoru
Strokovno izvajan nadzor Poznavanje vab za $kodljivce, | 1/zelo lahko
skodljivcev oznaCena mesta za namestitev | izvedljivo

vab, poucevanje ucencev v $oli o

nevarnosti dela z vabami
Primerna temperatura (20 - 22 ° | | videz plesni in vlage - | 1/zelo lahko
C) in relativna vlaga (30-50%) v | namestitev  merilnih  naprav | izvedljivo
prostoru (vkljuéevanje otrok v merilne

postopke)
Redni nadzor / pregled in | | delci 1/zelo lahko
menjava filtrov v sistemih za izvedljivo

mehansko prezracevanje

Tabela 10: Vloga vzdrzevalnega osebja pri zagotavljanju ustrezne kakovosti notranjega zraka v objektih $ol

Cistilke/hi$niki: imajo svoja pravila, doloceni so vsi ¢istilni materiali; ko pospravijo uéilnico, odprejo okno; udeleziti se

morajo izobrazevanj o Cistilnih sredstvih.
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Ukrep Izboljsave Stopnja izvedljivosti
Redno odstranjevanje odpadkoviz | |  neptrijeten  vonj,  pojav | 1/zelo lahko
ucilnic skodljiveev izvedljivo

Pregled vseh tehni¢nih podatkov o | | VOC, Clz, NH; 1/zelo lahko
vseh uporabljanih kemikalijah in izvedljivo

po potrebi njihova zamenjava

(ustrezna koncentracija, uporaba

materialov)
CISTILKE,
HISNIK Pogostost ¢is¢enja INa, CI, NOs3, benzen 1/zelo lahko
izvedljivo
Izobrazevanje o pomenu Izboljsanje procesa ¢is¢enja 1/zelo lahko
ucinkovitega ¢is¢enja izvedljivo
Odstranitev osvezilcev zraka in | ftalati, VOC 1/zelo lahko
disav iz vseh prostorov $ole izvedljivo
Uporaba varnih ¢istilnih sredstev | amonijak, klor, VOC 1/zelo lahko
izvedljivo

Tabela 11: Vloga osebja, ki skrbi za Cistoco pri zagotavljanju ustrezne kakovosti notranjega zraka v objektih $ol

Oblikovalci/athitekti: imajo velik vpliv v fazi naértovanja, ko lahko poudijo vlagatelje in bodoc¢e uporabnike o pomenu

kakovosti zraka v notranjih prostorih.

Ukrep Izboljsave Stopnja izvedljivosti

Dobro vodenje gradnje 2/ izvedljivo

(terminski plani itd.)

Izolacija zunanjih sten in cevi 2/ izvedljivo

STROKOVNJAKI Uporaba lesa | PM, K, toluen 2/ izvedljivo

Uporaba plasti¢cnih  gradbenih | T Mg, VOC. NOs. K, Mg

materialov
Uporaba deklarirano varnih barv, | | VOC 1/zelo lahko
notranje opreme itd. izvedljivo

Tabela 12: Vloga nacrtovalcev, arhitektov pri zagotavljanju ustrezne kakovosti notranjega zraka v objektih $ol

4.3 Javnost
Prispevek starsev: predstavljajo vez med ucenci in ucitelji; lahko podarijo nekaj opreme ali pohistva; lahko med ucenci

ozavescajo o kakovosti zraka v notranjih prostorih.
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Prispevek skupnosti: Obicajno je skupnost vecja in bolj vkljuc¢ena v solo v manjsih krajih.

STARSI

Ukrep Izboljsave Stopnja izvedljivosti
Nadzor zdravstvenega  stanja 1/zelo lahko
otrok (astma, tezko dihanje, izvedljivo

tezave z o¢mi)

Anketa o zdravstvenem stanju

otrok (vprasalniki)

A% primeru identifikacije 1/zelo lahko
zdravstvenih teZzav o tem obvestiti izvedljivo

zaposlene v $oli

Tabela 13: Vloga starSev in javnosti pri zagotavljanju ustrezne kakovosti notranjega zraka v objektih sol

5. SKLEP. Soli KDK za zakljucek predlagamo nacrt izvedljivosti (prikazano v tabeli 14), ki zdruzuje ukrepe, od bolj do

manj izvedljivih, in deleznike, ki naj bi jih izvedli.

Zgoscen prikaz ukrepov iz omenjenega nacrta:

Ozavescanje in izobrazevanja.

Protokol za odpiranje oken (Odpiranje oken po cis¢enju; Prezracevanje v ¢asu, ko je onesnazenost zunanjega
zraka manj$a - ne v ¢asu povecanega prometa itd.) Odstranitev okraskov (npr. risbice, izdelki likovnega pouka) iz
udilnic.

Zmanjsanje uporabe barv, lakov, lepil, umetnih oblog pri likovnem pouku.

Uporaba naravnih ¢istil. Novi protokoli za ciscenje.

Redno spremljanje kakovosti notranjega zraka - IAQ.

Redni nadzor / pregledi vzdrzevanja.

Dodano mehansko prezracevanje.

Spremembe v zunanji ureditvi Sole (umestitev parkiris¢a stran od sole, v neposredni okolici $ole pa umestitev veé¢

zelenja (drevesa — hkrati sluzijo tudi za sencenje).
Umestitev fizicnih ovir med kuhinjo in ucilnicami. Umestitev drugih fizi¢nih ovir.

Celovita prenova notranje opreme: talne obloge, pohistvo itd. (pozornost pri njihovem odstranjevanju — preveriti

ali talne obloge vsebujejo azbest).

Sprememba zakonodaje.
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od sole

Sole

od sole

Sola | Kaj Zelimo Izboljsava Kdo lahko to naredi? Stopnja
izboljSati izvedljivo
Tehni¢na Procesna Ostalo (npr. Solsko osebje | Ostali ot
izboljsava izboljsava Zakonodaja) strokovnjaki
01 Zmanj$ati Zmanj$ati uporabo Ucitelji, vsi 1/zelo
koncentracijo: barv, lakov, lepil, zaposleni, lahko
umetnih talnih vodstvo Sole izvedljivo
Benzena oblog (umetniska
Formaldehida dekoraclja)
(formaldehid).
PMzs
Premestitev Premestitev Premestitev Strokovnjaki 2/
CO2 parkiris¢ stran parkiti$¢ stran od parkiris¢ stran izvedljivo

Ustrezno
prezracevanje -
mehansko
prezracevanje
(PM, benzen,
COy)

3/ tezko

izvedljivo

Uporaba naravnih

¢istil (formaldehid)

Odpiranje oken po
¢iscenju

(formaldehid)

Cistilke,

vodstvo Sole

1/zelo
lahko

izvedljivo

Pogostejse
prezracevanje
(O,
formaldehid)

Koncentracije
COZ na
podlagi

zakonodaje

Ucitelji (vsi
zaposleni v

soli)

1/zelo
lahko

izvedljivo

Ne odpirajte oken
(prezracevanje)
med urami, ko je
promet povecan
(velik) (PM,

benzen)

Ucitelji (vsi
zaposleni v

soli)

1/zelo
lahko

izvedljivo

Tabela 14: Studija izvedljivosti za izbrano osnovno Solo Karla Destovnika Kajuba
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FEASIBILITY PLAN FOR IMPROVEMENTS IN SCHOOLS — CASE STUDY 0S KAREL DESTOVNIK KAJUH

"Dr. Anja Jutrag , "*Dr. Andreja Kukec, "Mag. Simona Ursic, ' Nacionalni institnt za javno 3dravje, Ljubljana, Slovenija, *
Univerza v Ljubljant, Medicinska faknlteta, Katedra za javno dravje, Ljubljana, Slovenija

Keywords: feasibility plan, indoor air quality, school environment, action plans

ABSTRACT. As a case study we chose primary school in Ljubljana, Primary school Karel Destovnik Kajuh (KDK), which
is also involved in the project InAirQ) as a partner. The main aim of the research is to evaluate each action plan based on
the level of feasibility, cost and time. Two methods were used to prepare feasibility study: vurnelability assessment and field
study. Urban planning, architecture and interior design have a big influence on the indoor air quality. The monitoring
campaign was done in the winter season 2017/2018. We made measurements of the following parameters: air temperatute
and relative humidity, particles (PMzs), COz, aldehydes (formaldehyde), VOC (volatile organic compounds) (benzene),
NOg, radon. The indoor air quality was in the moderate category based on the indoor health index. To conclude, for the
observed school we propose following feasibility plan, which combines actions from more to less feasible, and the

stakeholders to be implemented.

1 INTRODUCTION. As a case study we chose primary school in Ljubljana, Primary school Karel Destovnik Kajuh,
which is also involved in the project InAirQ as a partner. School was involved also in the monitoring campaign in the
winter petiod 2017/2018.
Feasibility plan has following elements:

e Vulnerability assessment

e  Field campaign

e Action plans

2 AIM. The main aim of the research is to evaluate each action plan based on the level of feasibility, defined in following

table:

Level of feasibility Cost Time
1 REALLY FEASIBLE Cheap, less than 10.000 EUR Could be done really fast - fess than one
year
2 FEASIBLE Between 10.000 and 50.000 EUR 1t takes around one-three years for
implementation
3 HARDLY FEASIBLE Really expensive, more than 50.000 A lot of time is needed for its
EUR implementation - zore than three years

Table 1: Levels of feasibility

3 METHODS. Two methods were used to prepare feasibility study: vurnelability assessment and field study.
3.1 Vurnelability assessment

Utrban planning, architecture and interior design have a big influence on the indoor air quality. Based on the analysis we

defined possible pollutants and feasible improvements.
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As a case study we chose primary school, which is located in the suburbs of Ljubljana, in the residential environment and
was built from brick and concrete in 1976. The school was partially renovated only twice and it has no mechanical

ventilation.

SCHoOOL
city center LJUBLJANA
Figure 1: Location of the school

BASIC INFO | STRENGTHS { | WEAKNESSES

, _ o ! light traffic || _age of the building
ADDRESS : Jak‘éeva‘ullca 42, L]ublj.ana ! -alotof greenery ‘' -hazard materials
LOCATION : residential area, near city center : - central or district heating i -air conditioning and me-
YEAR OF CONSTRUCTION | 1976 i -cleaning in the afternoon i | chanical ventilation only in
CONSTRUCTION MATERIAL | brick, concrete - natural ventilation before : some parts of the building
NUMBER OF STOREYS i1 i school day, in the morning i | -chemicals for cleaning
BUILDING AREA (m?) | 44752 | nodustyplaces i
TYPE OF HEATING SYSTEM central or district heating OPPORTUNITIES THREATS 77777777777777777777777
AIR CONDITIONING i in some parts of the building |- additional renovation | | -heating plant nearby
MECHANICAL VENTILATION 2 only in some parts: kitchen ! - mechanical ventilationinall | !

| parts of building P
RENOVATION ! 2006 - windows ‘

! 2008 - roof renovation

Figure 2: Basic characteristics of the school

3.1.1 Urban planning
School is located in residential area, neat the river Ljubljanica and close to a busy road. On the north there is bigger area
of production activities and energy infrastructure. The main industrial point source is heating plant, which has a big

influence on indoor air quality.

Location of school building: RESIDENTIAL AREA

industry
heating plant

RAILWAY STATION INDUSTRY

busy road
[ ]

SCHOOL . residential area

CITY CENTER - primary school
LJUBLJANA

- river

residential area

RECREATION AREA
greenery
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special areas (tourism, sport)
E_areas of production activities

E_areas of energy infrastructure

street
river

C_areas of central activities
Z_green areas

S_ housing areas

forest ~ lschooL
Figure 3: Location of school and use of the space in the surroundings (bigger and smaller scale)
The biggest outdoor pollutants are busy road, heating plant and parking lot. Unfortunately, it is not in our power to change
anything with busy road and heating plant, however we could have the influence on the patrking lots nearby (their

distibution).

1 heating plant
2 busy road
3 carpark

SELF ASSESSMENT

TRAFFIC DENSITY

4

[
GREENERY 7
DENSITY OF BUILDINGS N

Figure 4: Potential sources of indoor air pollution (outdoor sources)
School is located in the residential environment, where there is lack of parking spaces. With a new urban plan and traffic

strategy for the whole neighborhood we could reduce the number of cars nearby and increase the amount of greenery.

]

131



INDOOR AIR QUALITY IN SCHOOL ENVIRONMENT

Feasible improvements:
e  Change the location of parking lots - 2/feasible: municipality should change the traffic strategy for the whole
neighborhood

e Increase the number of trees in front of the school - 1/really feasible: small amount of money, it should be decided

by the municipality, could be done really fast.

3.1.2 Architecture

The school building was built from brick and concrete at the end of the 18th century (1976). It was renovated in 2006
(windows) and 2008 (roof renovation). Air conditioning and mechanical ventilation is only in some parts of the building:
kitchen.

The main source of indoor air pollutants is the kitchen (odor from the kitchen), which is located in the middle of the

building.

Figure 6: School building
Feasible improvements:

e Natural ventilation: Extraction of air (air outlet) from the kitchen (the smell of food) - 2/feasible — some physical
changes should be done (new walls/ doors) in order to separate kitchen from another school; 3/hatdly feasible —
to move kitchen on another location

e Mechanical ventilation: Plan for maintenance of HVAC system. The plan should include monitoring, inspecting
and cleaning HVAC components such as outside air intakes, outside air dampers, air filters, drain pans, heating
and cooling coils, the interior of air handling units, fan motors and belts, air humidification, controls and cooling
towers - 3/hardly feasible — placement of mechanical ventilation in all classrooms (really expensive)

e Flooring: Change of flooring with healthy building materials - 3/hatdly feasible — could be done only in summer,

as the building is quite old, when starting this renovation some other problems could appear

3.1.3 Interior design
In most of the classrooms we noticed heavy textile curtains, linoleum floor coverings, chalk boards, old furniture, a lot of
decoration (from art classes and other activities), storage of vatious accessoties such as various adhesives/ glues and in

some classes lots of greenery (plants).
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The main indoor pollutants are chemicals for cleaning, a lot of decorations and chalkboards. Also, school bags and all the

material pupils bring to school could be the potential source of indoor pollutants.

- kitchen is located in the middle of the building
- lead water pipes

- floor and desk cleaning with chemicals

- a lot of decoration

- odour

- chalkboards

: SELF ASSESSMENT 5
Figure 8: The main sources of indoor air pollution (indoor sources)
Feasible improvements:
e New protocols for cleaning - 1/really feasible — clean in the late afternoon, open windows after cleaning etc.;
3/hatdly feasible — moving kitchen on another location
e New cleaning agents for cleaning tables, flooring etc. - 1/really feasible — agreement with cleaning company, small
investment (new cleaning agents if necessary, first assessment of what is being used)
e  Remove the decorations (art products etc.) and heavy textile curtains - 1/really feasible — remove all curtains, art
products, check the plants (if there is dust on them) etc.
e Change of chalkboards with other approptiate boatds (with markers) - 1/really feasible — change chalkboard with

the boards for markers.

3.2 Field study

The field study was done in the winter season 2017/2018. We made measurements of the following parameters: air
temperature and relative humidity, particles (PM2.5), CO2, aldehydes (formaldehyde), VOC (volatile organic compounds)
(benzene), NO2, radon.

3.2.1 Monitoring campaign

The indoor air quality was in the moderate category based on the indoor health index. The main air pollutants were benzene,
formaldehyde, CO2 and particulate matter (PM2.5). The concentration of formaldehyde was 15,74 ug/m3 and CO2 1396

ppm. It should be noted that the outdoor value for the PM2.5 and benzene mass concentrations were also high (benzene
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indoor 3,11 pg/m3; outdoor 4,61 pg/m3; PM2.5 indoor 12 pg/m3; outdoor 19 pg/m3), thus the inappropriate indoor air

quality was mainly caused by the outdoor air pollution.

Furthermore, all the comfort parameters (temperature, relative humidity) were in the healthy range.

Feasible improvements:

e  Additional monitoring campaigns - 1/really feasible — new protocol for regular monitoring of IAQ

e  Technical and process improvements - *See the table 2 and 3.

Pollutant Action plan Level of feasibility
Benzene "Prevention" of the entry of benzene from the outside air 3/hardly feasible — move the
(location of parking lots, cigarette smoke, etc.: traffic, gas industry
stations, industries (coal, oil, natural gas, chemicals, steel)
2/feasible - Change location of
parking lots
During and after using products that are the source of 1/teally feasible — protocols for
benzene, the living areas are well ventilated (e.g. during using paints and other products
painting/ use of colours).
Avoid the possible source of benzene: building materials 1/teally feasible — prepare
and furniture, particleboard furniture and polymeric guidelines for renovation process
materials (vinyl, PVC and rubber floorings, as well as nylon
carpets and SBR-latex-backed carpets), remodelling and
decorating, plywood, fiberglass, flooring adhesives, paints,
wood panelling, caulking and paint remover.
Avoid the possible source of benzene: stored solvents and 1/teally feasible — prepate
various human activities: cleaning, painting, use of guidelines and protocols
consumer products, photocopying and printing, the storage
and use of solvents
Formaldehyde "Prevention" of the entry of formaldehyde from the 2/feasible
outside ait.
We select suitable, dedicated furniture and linings - we 1/teally feasible — prepare
equip the rooms with interior equipment that does not guidelines for interior design
contain formaldehyde or as little as possible. process and purchase of furniture
and other equipment
The rooms ate ventilated, in particular new, refurbished or | 1/really feasible — protocols for
equipped with new furniture. natural ventilation
3/hatdly feasible — mechanical
ventilation
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During and after the use of products that are source of

formaldehyde, the school environments are well ventilated.

1/teally feasible — protocols for

natural ventilation

3/hatdly feasible — mechanical

ventilation

Maintain the temperature and relative humidity of the
school environments at the lowest comfort levels
(formaldehyde concentrations increase with increasing

temperature and humidity).

1/teally feasible — monitoring T
and RH in classrooms, control T

and RH

Remove materials that contain formaldehyde: building

materials that emit formaldehyde, furniture and wooden

2/feasible — replacement of

elements that contain

products containing formaldehyde-based resins such as formaldehyde
particleboard, plywood and medium-density fibreboard;

insulating materials; textiles.

Remove do-it-yourself products such as paints, wallpapers, | 1/really feasible

glues, adhesives, varnishes and lacquers.

Use household cleaning products such as detergents,
disinfectants, softeners, carpet cleaners and shoe products

that doesn’t emit formaldehyde

1/teally feasible — protocols for

using cleaning products

Remove electronic equipment, including computers and

photocopiers

2/feasible — find appropriate
location for computers,
photocopiers, out of the

classrooms

CO2 specific frequency and type of natural ventilation (change 1/teally feasible — change of
of protocol) protocol
reduce the number of children in the class 2/feasible
add air quality sensors (CO2, T, RH) 1/teally feasible
PMy; limit the ventilation of the rooms during the increased 1/teally feasible — define protocols

traffic, and during the temperature inversion

reduce biomass heating

*not in this school, because there is

central heating system

change filters regulatly in mechanical ventilation

1/teally feasible — define protocols
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Radon specific frequency and type of natural ventilation (change 1/teally feasible — define protocols
of protocol)

Visible mould remove possible mould sources 1/teally feasible — maintenance
prevent watet ingress into the building (roof, construction), | 1/really feasible — maintenance
condensation
control humidity and temperature (humidity 43-67%, 1/teally feasible — define protocols
temperature between 18,5 and 25,5 C
remove potted plants with a large amount of soil (fungi can | 1/really feasible
pass from the soil of pot plants to air),
specific frequency and type of natural ventilation (change 1/teally feasible — define protocols
of protocol)

VOCs minimize the use of paints, varnishes, adhesives, artificial 1/teally feasible — define guidelines
floor coverings (plastics), wood glued panels
do not use air refreshers, scents, etc. 1/teally feasible — define guidelines
use more natural cleaners for cleaning 1/teally feasible — define guidelines
add mechanical ventilation 3/hardly feasible
specific frequency and type of natural ventilation (change 1/teally feasible — define protocols
of protocol)

Table 2: Action plans based on the field campaign (proposed becanse of the lack of results of monitoring campaign)

3.2.2 Observation

As part of the field campaign we also visited the school and prepared the list of elements that could have influence on

TAQ. Based on observation we prepared and evaluated action plans.

Elements that could have influence on TAQ Action plan &
Level of feasibility
BASIC The school is about 40 years old. All windows in 3/hardly feasible - Comprehensive
CHARACTERISTICS | school were changed in 2007/08, all are plastic. Most | tenovation of the entire building
of the floor surfaces are original, in some places the
. . . 2/feasible — partial renovations:
floor coverings were replaced. Furniture is also much
.. . . ) furniture, flooring
more original. General renovation was carried out in
the area where the pupils of the first triad are
located.
EQUIPMENT Art decorations on glass windows (large surface 1/feasible — remove art decorations
windows are covered with pictures/other art from windows
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products - the question: is the space enough

illuminated; what is the quality of the colours for

glass?).
TEMPERATURE In two classrooms on the eastern part of the 2/feasible — plant new trees near
CONDITIONS building, in an area which is not covered by these classrooms
surrounding objects or trees, there are extremely
high temperatures in summers (over 30°C, even
33°C).
CLEANING MODE | Cleaning is performed before or after lectures, in the | 1/really feasible — new cleaning
afternoon or in the gym in the evening. protocols
Annually general cleaning is carried out during the
summer holidays (according to the cleaning plan).
Cleaning products are ordered by the public
procurement system,; the cleaning staff have to
attend training on the use of cleaners.
The personnel who clean the school are part of the
collective.
VENTILATION It is carried out by teachers, and in some cases, 1/teally feasible — protocols for
pupils are also in charge. natural ventilation, pupils’
involvement
It is important topic in school, supported by all staff.
2/feasible — regular monitoring of T,
All rooms are naturally ventilated in the morning, RH, CO2
further individually according to the interest of the
teacher and, if necessaty, depending on the activities
that are carried out in the classroom.
ART SUPPLIES Each student has his own colours, in the first triad in | 1/teally feasible — requirements for
the drawers in the classroom. colours and other art material;
storage out of the classroom
POTTED PLANTS Potted plants are allowed, their presence depends on | 1/teally feasible — new protocols
the teachet's interest.
PETS There are no pets in the school.

There is a small aquarium in the corridor where

there were no fish at the time of the visit.

Tableb 3: Elements that conld have influence on LAQ (observation method) and proposed action plans
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Specific observations (self-assessment on IAQ in different rooms)

Action plan &

Level of feasibility

GENERAL

a lower TAQ at the office entrance (smell from nearby

toilet facilities and distribution kitchen)

3/hardly feasible — physical
intervention (new walls/ distribution

of rooms/ mechanical ventilation)

a lower TAQ in the corridor of the first triad (smell of
softer and damp clothes and shoes - because of the

watdrobes in the corridors)

2/feasible — move of wardrobe to

another location

a lower IAQ in the corridor in the central part of the
school (smell of food, cooking - the vicinity of the

dining room and distribution kitchen).

3/hardly feasible — physical
intervention (new walls/ distribution

of rooms/ mechanical ventilation)

CLASSROOM 1

(in the warm part of
the year the
temperature
measured is the

highest)

inadequate shading (only internal shades)

3/hardly feasible — new shading

systems

Art decorations on glass windows (large surface
windows are covered with pictures/other art products
- the question: is the space enough illuminated; what

is the quality of the colours for glass?).

1/feasible — remove art decorations

from windows

a lot of potted plants - some moulds on the ground

1/feasible — remove inadequate

potted plants

in the area of the washbasin, the cleaner is within the

reach of children

1/feasible — move cleaner on the
higher position or in the save place

(not in the reach of children)

waste bins do not have a lid

1/feasible — add lid to waste bins

the smell of the food (unprotected sandwiches on the
plates — they bring them in the classroom before the

snack break)

1/feasible — protocols/requirements

for the snacks

CLASSROOM 2

(in the warm part of
the year the
temperature
measured is the

highest)

inadequate shade (internal shades only)

3/hardly feasible — new shading

systems

paintings on glass windows

1/feasible — remove art decorations

from windows

the smell of the food (unprotected sandwiches on the
plates — they bring them in the classroom before the

snack break)

1/feasible — protocols/requirements

for the snacks
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CLASSROOM 3 inadequate shade (fabric curtains, transparent and 3/hardly feasible — new shading
cotton curtains) systems
waste bins do not have a lid 1/feasible — add lid to waste bins
in the area of the washbasin, cleaning equipment is 1/feasible — move cleaning
within the reach of children (broom, garbage dump) equipment in the closed spaces (not
in the reach of children)
SMALL GYM Odour 3/hardly feasible — mechanical
ventilation
BIG GYM Nothing special /
WARDROBES IN Odour 3/hatdly feasible — mechanical
THE BASEMENT ventilation
Other observations Action plan &
Level of feasibility
PREPARING AND | When preparing a snack that has been waiting for the | 1/feasible — protocols/requirements
DISTRIBUTING youngest since the morning in the classroom, it for the snacks
SNACKS should be prepared in such a way that no subsequent
food contamination is possible (the food on the tray
must be protected - for example, covered with foil).
At the same time, the film will at least partially
prevent the spread of the odour of food in the
classroom.
Food storage time should also be taken into account
in order to ensure the safety of foodstuffs at room
temperature.
FIRE The hydrants are locked and there are no keys in the 1/feasible — add key
EXTINGUISHERS | key store windows. The hydrants must be equipped
IN THE with keys immediately.
CORRIDORS
BRIGHTNESS Effective shading is achieved by placing the shades on | 3/hardly feasible — new shading
AND SHADING the outer parts of the windows. systems
OF ROOMS
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At the same time we can contribute a bit to reducing
the temperature (direct influence of sunlight) in the

classroom in the spring and summer part of the year.

Table 4: Observations based on the field study and proposed action plans

4 RESULTS AND DISCUSSSION. Based on the field campaign (measurements of indoor air quality in chosen schools,

interviews with the representatives of the primary school) we propose some action plans that have been evaluated in terms

of the three-level feasibility scale (1-very feasible, 2-feasible, 3-difficult feasible).

However, since different stakeholders, from government representatives to the profession and the public, are involved in

the design, maintenance and use of school buildings, different measures are also proposed below depending on the different

stakeholders / interested public that could be implemented. The latter is shown in detail in Table 6 and in sections 4.1, 4.2

and 4.3.
Action plan Level of feasibility
Technical Natural ventilation: 3/hatdly feasible — kitchen is
improvements located in the centre of schools,
Extraction of air (air outlet) from the kitchen (the smell of physical batriers ate hard to be
food). implemented, need for
comprehensive reconstruction of
the building
Mechanical ventilation: 1/teally feasible — define protocols
Plan for maintenance of HVAC system. The plan should 3/hardly feasible — installation of
include monitoring, inspecting and cleaning HVAC HVAC system in the classrooms
components such as outside air intakes, outside air and other parts of the building
dampers, air filters, drain pans, heating and cooling coils,
the interior of air handling units, fan motors and belts, air
humidification, controls and cooling towers.
Flooring: 3/hardly feasible — need for
comprehensive reconstruction of
Change of flooring with healthy building materials the building
Process Operational improvements: 1/teally feasible — define protocols
improvements modifying the mode of some activities that can affect the

quality of the indoor environment (e.g., increasing air
exchange rate, limiting the number of people in the room,

changing the cleaning period).

Systemic improvements:
Regular measures that will lead to the removal of the
source (e.g., replacement of floor coverings, prohibition of

using some detergents).

1/teally feasible — define protocols
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Cleanliness of the rooms:

Select cleaning methods that are effective for the given
need.

Buy products with the least adverse impact on human
health.

It is important that the housekeeping staff are trained on
how your housekeeping procedures and products may
affect IAQ.

Preparation of written procedutes, list of equipment and
products that could be used in the building and purchasing
safer products.

The use of more natural cleaners, avoid using colours,

paints

1/teally feasible — define protocols

and guidelines

Maintenance (cleanliness, quality) of the roof, gutters,
drainage:

Regular inspection of the rooms and quick action and
remediation in case of leakage of water and accumulation

of moisture in the premises

1/teally feasible — define protocols

and guidelines

Art classes/ use of specific materials for lectures:
After activities using adhesives, glues, paints, etc. (art

lessons) ventilate the classroom well

1/teally feasible — define protocols

and guidelines

Other

improvements

Legislations: 3/hatdly feasible — new laws/
Establishing the law regulations - monitoring parameters regulations

(CO2, T, RH), regulations for schools (number of pupils in

classroom according to its size).

Awareness raising: 1/really feasible

Improve knowledge about the importance of indoor air
pollution (ventilation, materials, behavioural, etc) —

different actions for different groups of people.

Table 5: Action plans

In the design, maintenance and use of school building are involved different people, from government to profession and

public. Following are proposed different actions that could be done by different stakeholders.

GOVERNMENT PROFESSION PUBLIC (=users)
AUTHORITIES: EMPLOYEES: PARENTS (indirect impact)
- Ministry for education, science and - management PUPILS (direct impact)

sport

- Ministry of health

- Ministry of the Environment and
Spatial Planning

NATIONAL INSTITUTIONS:

- teaching staff

- technical/ support staff (janitor,
cleaners)

DESIGNERS:

- architects

COMMUNITY
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- National institute of Public Health

- Slovenian Environment Agency

- Universities (Medical faculty, Faculty
of health science, Faculty of Civil and
Geodetic Engineering, Faculty of
Architecture)

MUNICIPALITIES:

- Municipality of Ljubljana

- civil and geodetic engineers

- mechanical engineers

- urban planners

- contractors

HEALTH CARE WORKERS
(part of Healthy school iniciative)
PUBLIC HEALTH
PROFESIONALS

- public health experts

- pediatrics

- environmental health engineers

Table 6: Different people from government to profession and public that are involved in the design, maintenance and use of school building

4.1 Government

Government: responsible for new laws/ regulations; municipalities are owners of the buildings and decide on money issues.

employees (not near classrooms)

Action Improvement Level of feasibility
Time plan of holistic building 1/really feasible
renovation

Providing parking spots for 1 CO 2/ feasible

new flooring

Roof replacement, thermal

insulation, replacing windows,

| energy consumption

2/ feasible

GOVERNMENT

maintenance.

Regular inspections/

maintenance: Public buildings that
were built 30-50 years ago are
mostly in poor condition due to

irregular internal and external

2/ feasible

Comprehensive reconstruction of
building: Ensure regular
reconstruction of public buildings
from the municipal budget and
European budget (schools, health

centres, kindergartens etc.).

3/hatdly feasible

Table 7: The role of public authorities in ensuring adequate indoor air quality in school facilities
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Management board: they have authority to make decisions, define protocols, invest in smaller technical improvements.
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Action

Improvement

Level of feasibility

Establishment of IAQ team

The feeling of belonging of school
staff, regular checking of school
building, improvements

preparation

1/teally feasible

Awareness raising actions about

General awareness about IAQ

1/teally feasible

TAQ in schools

Efficient and regular ventilation of
MANAGEMENT | ¢fces with photocopier machine
BOARD

103

1/teally feasible

facilities and kitchen

Classroom distribution 1 CO2, benzene 2/feasible
Appropriate number of pupils in

each classroom (avoid

overcrowding)

Adequate ventilation of sanitary | mould and moisture 2/feasible

Use of the basement for the

learning process only exceptionally

| PM, benzene, toluene, Na, Cl,

ethanol

1/teally feasible

Table 8: The role of school management in ensuring adequate indoor air quality in school facilities

Teachers: they are bond between parents and children, their role is to educate both of them (raise awareness on the

importance of IAQ).

Action

Improvement

Level of feasibility

Organized food distribution in

| unpleasant odour and appearance

1/teally feasible

TEACHERS

building

Mensa, not in the classrooms of pests

Natural ventilation every 45 1 CO2 1/really feasible
minutes (opening windows and

doors)

Prohibited smoking near the school | | NO, CO 1/really feasible

Avoiding hanging different

elements near windows

1 level of air condition and

frequency of fresh air supply

1/teally feasible
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The presence of plants in | formaldehyde, benzene, 1/teally feasible
classrooms, properly maintained trichlorethylene, carbon monoxide,
carbon dioxide

Using tables with markers 1 PO4 | benzene 1/really feasible

Using tables with caulk 1 Cl, benzene | F 1/really feasible
Table 9: The role of teachers in ensuring adequate indoor air quality in school facilities
Maintenance staff: they could prevent bad IAQ with regular inspections.

Action Improvement Level of feasibility

MAINTAINANCE
STAFF

Periodic checking/inspection of

A quick solution, removing

1/teally feasible

the school building moulds and moisture odours
Installation of air dehumidifier in | relative humidity and 2/feasible
basement preventing the appearance of
moulds
Installation of doormats on the | amount of outdoor pollutants 1/really feasible
school entrance
Daily natural ventilation of all 1 fresh ait supply and control of | 1/really feasible
classrooms in the morning before | pollutants that accumulate in the
lessons room at night
Expert control of pests Knowledge of lures, marked 1/really feasible
places for placing lures, education
of pupils in school about the
danger of handling lures
Adequate temperature (20 - 22 °C) | | the appearance of mould and 1/teally feasible
and relative humidity (30-50%) in | moisture — the installation of
the room measuring devices (involving kids
in measurement procedures)
Regular control / inspection and | particulate matters 1/really feasible

replacement of filters in

mechanical ventilation systems

Table 10: The role of maintenance staff in ensuring adequate indoor air quality in school facilities

Cleaning staff: they have their rules, all cleaning materials are set; when they clean the classroom, they open the window;

they need to attend the trainings about cleaning materials, elements.
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Action Improvement Level of feasibility

Regular removal of waste from the | unpleasant odour and appeatance | 1/really feasible

classrooms of pests

Review of all technical data on all 1 VOC, CI2, NH3 1/really feasible
used chemicals and, where
appropriate, replacement

(appropriate concentration, use of

materials)

CLEANING

STAFF Frequency of cleaning |Na, CI, NO3, benzene 1/really feasible
Education about the importance of | Improvement of cleaning process 1/really feasible

effective cleaning

Removal of air fresheners and | phthalates, VOC 1/really feasible

fragrances from all school premises

Use of safe cleaning products | ammonia, chlorine, VOC 1/really feasible

Table 11: Role of cleaning staff in ensuring adequate indoor air quality in school buildings

Designers: they have a big influence in the planning stage when they can educate investors and future users about the

importance of indoor air quality.

Action Improvement Level of feasibility

Good construction management 2/ feasible

(time plans etc.)

Insulation of external wall and 2/ feasible

PROFESSIONALS | PiPes

Use of wood | PM, K, toluene 2/ feasible

Use of plastic building materials T Mg, VOC. NO3. K, Mg

Use of declared safe colors, 1 VOC 1/really feasible

interior decoration, etc.

Table 12: The role of planners and architects in ensuring adequate indoor air quality in school buildings

4.3 Public
Parent contribution: represent the bond between students and teachers; they can donate some equipment or furniture; they
can raise awareness on indoor air quality among their pupils.

Community contribution: in general, the community is bigger and more involved in the school in smaller towns.
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PARENTS

what improvement Level of feasibility

Surveillance of health status of 1/really feasible
children (asthma, severe breathing,

problems with eyes)

health status of children survey

(questionnaires)

in case of health problem 1/really feasible
identification informing the

employees of the school

Table 13: Role of patrents and the public in ensuring adequate indoor air quality in school facilities

5 CONCLUSION. To conclude, for the chosen school we propose following feasibility plan, which combines actions

from more to less feasible, and the stakeholders to be implemented (Table 14). An overview of the action plans in the

feasibility plan:

Awareness raising and capacity building trainings.

Protocol for opening the windows: Opening windows after cleaning; Ventilation at times when ambient air

pollution is lower - not during increased traffic, etc.

Removing decorations in classrooms (eg drawings, art products)

Reduction of the use of paints, varnishes, adhesives, artificial floor coverings for art classes.
Use of natural cleaners. New protocols for cleaning.

Regular monitoring of IAQ.

Regular control/inspections of maintenance.

Adding mechanical ventilation.

Changes in the external arrangement of the school: placement of a patking lot away from the school, and

placement of more greenery in the vicinity of the school (trees — they also serve for shading).
Installation of physical barriers between the kitchen and the classrooms. Placement of other physical barriers.

Comprehensive renovation of interior design: flooring, furniture, etc. (care when removing them - check if the

flooring contains asbestos).

Change of legislations.
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windows
(ventilation) during
the hours when
traffic is increased
(heavy) (PM,

benzene)

employees of

the school)

What do we Improvements Who can do it? Level of
want to feasibility
5 Technical Process Other (law, School Outdoor
improve
improvements etc.) personnel expert
Improvements
Lower the Reducing use of Teachers, all 1/really feasible
concentrations paints, varnishes, employees,
of adhesives, artificial Head
floor coverings (art (leadership) of
Benzene decoration) school
Formaldehyde (formaldehyde).
PM2,5 Dislocation of Dislocation of Dislocation of Experts 2/ feasible
parking lot parking lot parking lot
CcO2
Balanced 3/ hardly
ventilation and feasible
positive pressure —
mechanical
ventilation (PM,
benzene, CO2)
Use of natural Cleaners, head 1/really feasible
cleaners (leadership) of
(formaldehyde) school
Opening the
windows after
cleaning
(formaldehyde)
More frequent Concentration | Teachers (All 1/really feasible
ventilation (CO2, s of CO2 employees of
formaldehyde) based on law the school)
Do not open the Teachers (All 1/really feasible

Table 14: Feasibility study for selected Primary School KDK

6 LITERATURE.

e Interreg project Transnational Adaption Actions for Integrated Indoor Air Quality Management (InAirQ)) —

https:/ /www.interreg-central.eu/Content.Node/InAirQ/InAirQ).html
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e  Svetovna zdravstvena organizacija (SZ0). WHO Expert Consultation: Available evidence for the future update
of the WHO Global Air Quality Guidelines (AQGs). Meeting report Bonn, Germany 29 September-1 October
2015.

e  Svetovna zdravstvena organizacija. WHO guidelines for indoor air quality: selected pollutants. Kopenhagen: Urad

Svetovne zdravstvene organizacije za Evropo, 2010.
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ZAKLJUCEK

Projekt InAirQ je bil izveden v sklopu projekta Interreg »Transnational Adaption Actions for Integrated Indoor Air Quality
Management (InAirQ)«. Rezultati projekta so plod interdisciplinarnega sodelovanja med devetimi projektnimi partnetji iz
petih drzav. Zahvala gre celotni mednarodni ekipi, vsem, ki so sodelovali na projektu krajsne ali dalj$e ¢asovno obdobje,
vsem predavateljem na forumih kakovosti okolja in izobrazevanjih, dvanajstim osnovnim $olam, ki so aktivno sodelovale
pti izvajanju meritev kakovosti notranjega zraka, Mrezi zdravih $ol, ki nas je ves ¢as projekta podpirala ter vsem sodelavcem
na Nacionalnem institutu za javno zdravje, ki so bili aktivno vkljuceni v projekt. Mestni ob¢ini Ljubljana za posredovanje
podatkov o ljubljanskih OS. Vsem ravnateljem, star§em in otrokom, ki so aktivno sodelovali v projektu.

CONCLUSION

InAirQ project was conducted within the project Interreg »Transnational Adaption Actions for Integrated Indoor Air
Quality Management (InAirQ)«. The results of the project are the result of interdisciplinary collaboration between nine
project partners from five countries. Thank you goes to the entire international team, to all the participants in the project
no matter if for a shorter or longer period of time, to all the lecturers at the Environmental Quality and Education Forums,
to all of the 12 elementary schools that actively participated in the implementation of the indoor air quality measurements,
to a network of a healthy schools who supported us through the whole project, and to all colleagues at the National Institute
of Public Health who were actively involved in the project. Thank you also to City of Ljubljana for providing information
on primary schools in Ljubljana, and to all the school principals, parents and children who actively participated in the
project.
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Ob koncu bi vas radi povabili k obisku prispevkov na temo zraka na spletni strani NIJZ.

o ZUNANJI ZRAK - ONESNAZENOST Z DELCI PM

Prispevek Povisane ravni delcev PM, v zraku - priporo€ila za prebivalce
Dostopno na: bttps:/ [ www.nijz.sif st/ povisane-ravni-delcev-pm10-v-zraku-priporocila-za-prebivalce

Infografika Vplivi okolja na zdravje - onesnaZen zunanji zrak DELCI PM

* Dojencki in otroci

« Starejsi ljudje

* Ljudje z boleznimi srca in Zilja

* Ljudje z boleznimi dihal
(astma, KOPB)

+ Sladkorni bolniki

A/bolemi srca
/ in3ilja
bolezni
dihal s L
presnovne
drugi uginki: T
prezgodnji porod,
nizkaporodnateZa..

el

Kaj lahko sami storimo za
zasicito svojega zdravja?

« Upostevajmo Priporocila za ravnanje prebivalcev

ob povisanih koncentracijah delcev PM10 gledena
stopnjo onesnazenosti zraka (www.nijz.si):

= Bivanje na prostem omejimo na ¢as, ko jeonesnaZenost
zraka v dnevu najniZja. lzogibajmo se bliZini prometnic,
izberimo park ali gozd. Ne izvajajmo napornejsih fizicnih
aktivnosti, omejimo se na sprehod.

* Bivalne prostore uginkovito prezra&imo, koje
onesnaZenost zraka v dnevu najnizja.

* Bodimo pozorni na simptome in znake, kot so kadelj
ali pomanjkanje sape. Toso opozorila, da je trebafizicne
napore zmanjsati.

* Kroniéni pljuéni (astma, KOPB) in sréni bolniki najredno
Jjemljejo predpisano terapijo, pri roki pa naj imajo tudi
zdravila za hitro lajSanje napadov oziroma poslab3anj.
Pospesen sréni utrip, pomanjkanje sape ali neobicajna
utrujenost lahko napovedujejo resno poslab3anje
osnovne bolezni. V takih primerih naj hitro poiscejo
zdravnisko pomoc.

» Redno spremljajmo obvestila in napovedi ARSO o

kakovosti zraka (www.arso.gov.si) in ravnajmo skladno

2 napotki glede na aktualno raven onesnaZenosti.

* Doprinesimo k zmanjsanju izpustov v domacem
okolju —to lahko storimo tako pri ogrevanju objekta
v katerem Zivimo kot pri nacinu transporta!

NIJZ =

Dostopno na: https:/ [ www.nijz.sif sites/ www.nijz.si/ files/ uploaded/ plakat_pm10_za_splet_1.pdf

o ZUNANJI ZRAK - ONESNAZENOST Z 0ZONOM

Prispevek PoviSane koncentracije troposferskega ozona - priporocila za prebivalce
Dostopno na: bitps:/ [ www.nijz.sif st/ povisane-koncentracije-troposferskega-ozona-priporocila-za-prebivalce

Infografika Vplivi okolja na zdravje - onesnaZen zunanji zrak 0ZON
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VPLIVI OKOLJA RANLJIVE SKUPINE Kaj lahko sami storimo za
NA ZDRAVJE

zascito svojega zdravja?

* Otroci.
—_————————— * Starejsi ljudje. . o )
ONESN AiEN « Ljudje z astmo, kroniéno obstruktivno Spl_o§na priporotila, ki veljajo_za vroce, jasne, sonéne
pliuéno boleznijo (KOPB) in bolniki z dni, predvsem od meseca maja do vkljuéno septembra
ZUNAN]JI ZRAK drugimi kroniénimi pljuénimi boleznimi. | ©ziroma ob povisanih koncentracijah ozona, so:
* Ljudje z boleznimi srca.
* Visi, ki so fiziéno aktivni na prostem * Prostore zracimo v jutranjih urah in delu dopoldneva.

PRIZEMNI OZON R s

* Popoldne se zadrZujemo v zaprtih prostorih, kjer so
* Nekateri bolj ob&utljivi zdravi posamezniki.

koncentracije ozona niZje. Koncentracije ozona so v
dnevu obiéajno najvisje med 12. in 16. uro, na
Primorskem in Obali pa med 12. in 18. uro.
VPLIVI AVJE
* |zogibamo se fizi€nim aktivnostim na prostem (tudi v
hribih so poleti koncentracije ozona visoke). Aktivnosti na

prostem izvajamo v jutranjih urah, ko so koncentracije
ozona praviloma nizje.

" drazenjeotiin | *Od meseca maja do septembra redno spremljamo
dihalnih poti napovedi in obvestila ARSO v zvezi z onesnaZenostjo

zunanjega zraka z ozonom.
/ '\boani srca

bolezni in Zilja
dihal

* Pri nacrtovanju dnevnih aktivnosti na prostem (e
zlasti Ee nacrtujemo intenzivnejio fizi¢no aktivnost)
upoitevamo dnevne napovedi maksimalnih urnih
koncentracij ozona in redno spremljamo urne ravni
ozona ter preverimo indeks kakovosti zunanjega zraka
na spletnih straneh ARSO.

Priporoéila veljajo za celotno populacijo, predvsem pa

za ranljive skupine prebivalcev.
VIRI ONESNAZEVANJA
NIJZ ==

Dostopno na: https:/ [ www.nijz.sif sites/ www.nijz.si/ files/ nploaded) prizemni_ozon_-_plakat_splet.pdf

o NOTRANJIZRAK - ONESNAZENOST

Prispevek Notranji zrak - priporocila za prebivalce
Dostopno na: https:/ [ www.nijz.sif st/ notranji-zrak-priporocila-ga-prebivalee

Infografika Vplivi okolja na zdravje - onesnaZen notranji zrak

_ Kaj lahko sami storimo za

zaséito svojega zdravja?

Ukrepi so usmerjeni v zmanjsanje sprodtanja onesnazeval
in zagotavljanje ucinkovitega prezracevanja:

Slaba kakovost notranjega zraka $kodljivo
vpliva na vse ljudi, Se zlasti na:

« Zenske in otroke.

* Starejse.

« Osebe z boleznimi dihal (npr. astmo, KOPB...).| ¢V zaprtih prostorih ne kadimo.

* Osebe z boleznimi srca in Zilja. * Poskrbimo, da so na$ dom in sluzbeni prostori dobro
* Druge kroniéne bolnike, ki preZivijo vecino prezrateni.
&asa v zaprtih prostorih. * Redno vzdriujmo plinske naprave.

* Pri rabi premoga, lesa ali odprtega ognji3¢a upodtevajmo
navodila za pravilno kurjenje in poskrbimo za redno
vzdrievanje in ¢icenje dimnikov.

* V bivalne prostore vgradimo alarmne naprave za dim in
javijalnike ogljikovega
* Uporabljajmo okolju in zdravju prijazne gradbene

materiale ter pohidtvo.

* Po uporabi detergentov, ¢istil in drugih pripomockov, ki
spro3¢ajo kemikalije v zrak, vedno prezraimo prostore.

* VzdrZujmo ustrezno vlainost v prostorih.

* Redno vzdriujmo vlaZilnike zraka, v skladu z navedili
proizvajalca.

* Preverimo prisotnost radona v prostorih, zlasti na obmocéjih z
visoko stopnjo sevanja.
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Takojinji odziv
« obeutek nelagodja
« znatilni ) ji i

« sindrom bolnih stavb (angl. #sick building syndromea)
odloZeni odgovor, tveganje za nastanek:

« astme in drugih alergij

« kroniéne obstruktivne pljuéne bolezni (KOPB)

« pljunega raka
« prizadetosti drugih organov cziroma delov telesa

AR NIJZ s
Dostopno na: bitps:/ [ www.nijz.sif sites/ www.nijz.sif files/ uploaded/ notranji_zrak_za_splet.pdf
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