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1. UVOD

Ténxt veSkera lidsk&innost je doprovazena produkci odpadu. V posledigigth se
narist produkce odpadu stava celémwym problémem. Moznost 8vného pouziti a
recyklace odpaduipdstavuje zaklad éhového hospodatvi, které se stava jednou z
hlavnich priorit politiky EU. Evropsky parlamentdubnu 2018 na zakladdohody
s Radou EU podgid nové recykl&ni cile v ramci legislativy o odpadu a éilovém
hospodéstvi. Nova smirnice Evropského parlamentu a Rady EU 2018/851 madekch,
uklada clenskym statm zvySit do roku 2025 podil komunalniho odpad&engho
k opétovnému pouZiti a recyklaci nejm&€ma 55% hmotnosti, do roku 2030 zvysSit tento
podil nejmén na 60% hmotnosti a do roku 2035 neji@a 65% hmotnosti. DalSi nova
smeérnice Evropského parlamentu a Rady EU 2018/852atech a obalovych odpadech,
natizuje ¢lenskym stdtm do konce roku 2025 recyklovat alegp65 % hmotnosti
veskerych obalovych odpadz toho 50 % plagt 25 % deva, 70 % Zeleznych kéy50%
hliniku, 70 % skla a 75 % papiru a lepenky) a rdiglado konce roku 2030 recyklovat
nejmeért 70 % hmotnosti veSkerych obalovych odp#zltoho 55 % plagt 30 % deva, 80
% Zzeleznych ko, 60% hliniku, 75 % skla a 85 % papiru a lepenkiitisledku toho
bude nadale vyvijen stale vysSi tlak avani dotidovacich z&zeni odpadu, kde bude
zanestnavano stale vice lidi. Pobyt z&stnané v dofid’ovacich z&zenich pitom mize
byt spojen svySSim zdravotnim rizikem vyplyvajicirn expozice zagstnand
mikroorganisnim, jako jsou mikroskopické houby a bakterie, ktkodnizuji organické
zbytky ulpélé na odpadu (Pahren et Clark 1987).

Vzhledem k & této problematiky a dale zavaznosti potencialnidravotnich
dusledki dlouhodobé expoziceélovéka mikroskopickym houbam a jejich prodakt
(mykotoxiny, beta-1,3-D-glukany, ¢kavé organické latky) je tato diseftd prace
zametena pra¥ na problematiku kontaminace pracovniho gestitdotidovacich z&zeni
mikroskopickymi houbami.

Mikroskopické houby jsou schopny organicky substitatly na odpadu velmi rychle
kolonizovat a vytvéet velké mnozstvi rozmnozovacich struktur. Vlivengjgich faktofi
(rychlost vzduchu, vzdus$na vlhkost) a mechanickénimdace s odpadem dochazi
k uvolovani¢astic mikroskopickych hub (houbové fragmenty, sparychto zdroji do
vzduchu (Pasanen et al. 1991, Gorny et al. 200&)Irdné ¢astice hub se poté mohou stat

sourasti vzdusného bioaerosolu anebo mohou ulpivabmecipu vybaveni doid’ovaciho
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zaizeni ¢i na exponovanych ¢astech d&la zangstnand vcetré jejich odévu
(lvens et al. 1999, Park et al. 2011, Viegas et2@l4a). Bedchozi studie ukazaly, Ze
zanestnanci ddid’ovacich z#&zeni jsou exponovani vysokym koncentracitéstic
mikroskopickych hub v ovzdusi, které dosahuji hadab 16 KTJ (kolonie tvdicich
jednotek) na m vzduchu (nap Nersting et al. 1991, Wirtz et Breum 1997,
Park et al. 2011, Kozajda et al. 2015). To je wpo&ani s koncentracemi namenymi
vovzduSi domacnosti ¢i  kanceldskych budov az o 4 fady vice
(Gorny et Kryshska-Traczyk 1999, Klanova 2000, Pastuszka et @0R0

Mnoho studii opakovanprokazalo souvislost mezi vyskytem zdravotnichbong a
dlouhodobym pobytem zatstnané v pracovnim prosédi dotidovacich z#zeni
(Poulsen et al. 1995b, Marth et al. 1997, Douwesalet2003, Perez et al. 2006,
Chan et Leung 2011, Eker et al. 2012). JelikoZ jgan€stnanci exponovani soasre
biologickym, chemickym a fyzikalnim faktbm, neni dosud zcela objasn vliv
mikroskopickych hub na zdravotni stav zmtmand. Vzhledem k opakované detekci
vysokych koncentractastic mikroskopickych hub zahrnujici i potencélalergenni,
infekéni a toxinogenni druhy lzetr@dpokladat, Ze mikroskopické houby hraji v rozvoiji
zdravotnich probléf dilezitou roli. (Wirtz et Breum 1997, Kiviranta et. &999,
Tolvanen et Hanninen 2006, Lehtinen et al. 2018g%s et al. 2014a, Viegas et al. 2014Db).

Klicovym problémem # hodnoceni expozice zastnand dofidovacich z&zeni
mikroskopickym houbam jsou dosud veétsimé evropskych zemi chyfici expozéni
limity koncentrace¢astic mikroskopickych hub v pracovnim piesti. Gorny (2004) a
Walser et al. (2015) se shoduji, Ze hlavnimvatly chykEjicich limitd expozice jsou
krom¢ nedostatku studii zabyvajicich se “davkou” biobdgho cinitele a “odezvou”
lidského organismu naéni nejednotnost pouzivané metodiky pro &dla zpracovani
vzorka bioaerosolu a také dosud ckjibi komplexni zhodnoceni expozice zsimand

bioaerosolu.



2. CILE PRACE

Cilem této diserimi prace je vypracovat podklady, které budou pguaid stanoveni

limita koncentracgastic mikroskopickych hub v pracovnim ptesti vCeské republice a

také pro hodnoceni zdravotnich rizik vyplyvajicichpobytu zamsstnané v tomto

pracovnim prosedi. Prace je zafrena na analyzu kontaminace pracovniho pedst

dottidovacich z#&zeni vCeské republice mikroskopickymi houbami. Zfrprace jeteSen

v n¢kolika krocich. Prvnim krokem je vypracovat jedrminstandardni metodiku pro

odker a zpracovani vzotkmikroskopickych hub z ovzdusi pracovniho piredi zdizeni

pro nakladani s odpady. Na zaklatéto metodiky v ramci dalSich kridbkanalyzovat

kontaminaci pracovniho prdsti dotidovacich z&zeni mikroskopickymi houbami za

jejich sokasné identifikace. Dil kroky jsou feSeny v jednotlivych studiich v ramci

souboru praci nasledo¥n

Cerna K., Wittlingerova Z., Zimova M., Janovsky Z., 2016eMods of sampling
airborne fungi in working environments of wasteatreent facilities. International
Journal of Occupational Medicine and Environmehiahlth 29(3): 493-502.

Cil prace: Vypracovat jednotnou standardni metodiku pro éodd zpracovani
vzorki mikroskopickych hub z ovzduSi pracovniho predi zdizeni pro

nakladani s odpady.

Cerna K., Wittlingerova Z., Zimova M., Janovsky Z., 20IExposure to airborne
fungi during sorting of recyclable plastics in wasteatment facilities. Medycyna
Pracy 68(1): 1-9.

Cil prace: Podrobr analyzovat kontaminaci ovzduSi #dibvacich z#zeni
plastového odpadu mikroskopickymi houbami ulghu pracovni sgny v ramci 4

ro¢nich obdobi.

Cerna K., Wittlingerova Z., Zimova M., Janovsky Z., 201%&80nal exposure to
airborne fungi in paper sorting plant-Case studg¢aech Republic. In: SGEM2015
Conference Proceedings, Book 4. 15th Internatidvaltidisciplinary Scientific
GeoConference SGEM 2015, Albena, Bulgaria, Jun@4:87/55-762.

Cil prace: Zhodnotit kontaminaci pracovniho priesdi dotid’ovacich z&izeni

papiroveho odpadu mikroskopickymi houbami v ramaichich obdobi.



Cerna K., Wittlingerova Z., Zimova M. (2018/2019): Fungabntamination in
working environment of waste sorting facilities: rAview. Scientia Agriculturae
Bohemica.

Cil prace: Vytvorit uceleny pehled o kontaminaci dit'ovacich z#&zeni
mikroskopickymi houbami s tsdlazem na druhové zastoupeni hub zachycenych
v pracovnim progedi dotid'ovacich z#&zeni a s nimi potencian spojenymi

zdravotnimi problémy.



3. LITERARNI RESERSE

3.1.Mikroskopické houby v pracovnim prostredi dotrid’ovacich

zarizeni

Houby (Fungi) jsou heterotrofni organismy, kteréedido eukaryotni superskupiny
(soustavy) Opisthokonta (Hibbett et al. 2007). \&&iji se osmotrofnim Zfsobem
vyzivy, jako zdroj Zivin jsou schopny vyuZivat &omu Skalu substratu
(Domsch et al. 1980, Pitt and Hocking 1997). Hodbysvého okoli uvalji fadu latek,
mezi €z pati extracelularni polysacharidyékiavé organické latky, mykotoxiny a takeé
enzymy (Horner et al. 1995, Rylander 1998, Degeaal. 2003, Lehtinen et al. 2013).

Z divodu lepSiho pochopeni ,chovanéastic mikroskopickych hub v pracovnim
prostedi dotid'ovacich z&izeni je do literarnihoighledu zgazena i kapitola zaghena na

morfologii mikroskopickych hub.
3.1.1. Morfologie hub

Mikroskopické houby kolonizuji substrat (famrganické zbytky uklé na odpadu)
ve formg mycelia (soubor houbovych viaken neboli hyf), @i se mohou za &itych
podminek vytvéet rozmnozovaci struktury. i€vazna ¥tSina hub izolovanych
z pracovniho prostdi dofidovacich z#izeni pati do od@leni Ascomycota (houby
vieckovytrusé), pouzec¢holik zastupé do pododdleni Mucoromycotina (dve sowdast
odckleni Zygomycota, houby spdjivé) a jen ojedién byli v dotidovacich z#&zenich
zaznamenani  zastupci z a@tlhi Basidiomycota (houby  stopkovytrusné)
(Nersting et al. 1991, Wirtz et Breum 1997, Kivieet al. 1999, Reinthaler et al. 1999,
Tolvanen et al. 1999, Tolvanen 2001, Breza-Borudd22 Malta-Vacas et al. 2012,
Lehtinen et al. 2013, Viegas et al. 2014a, Vieghsle 2017). Vzhledem k velkym
morfologickym rozditm mezi €mito skupinami hub je nasledujici charakteristika
houbovych struktur za#hena pouze na houby z adehi Ascomycota a podod@ni
Mucoromycotina, které v pragdi dotid’ovacich z#&zeni gevladaji.

Z odcleni Ascomycota byly v déid’ovacich z#&zenich identifikovany fedevsim
nepohlaveé se rozmnoZzujici stadia hub (anamorfy).fitdhnost pohlavé se
rozmnoZzujicich stadii hub (teleomorf) byla okrajodetekovana pouze ve studii

Viegas et al. (2014a). Morfologie nepohlavniho @lpeniho stadia houby je velmi
5



odlisna, a proto ndzev anamorfy a teleomorfy tédeblp je ¢asto odliSny (binomicka
nomenklatura hub).

Anamorfni stadia hub na myceliu vyiefi konidiofory (specializovana houbovéa
vlakna nepohlavniho rozmnoZzZovani) nesouci konidiagebuiky, které davaji vznik
velkému mnozZstvi konidii (nepohlavnich rozmnoZoeghaiastic), které se po dozrani
uvoliuji do prostedi, viz Obr. la. Velké mnoZstvi nepohlavnich roahuvacichéastic
(sporangiospor) produkuji i houby piaf do pododdleni Mucoromycotina. Na myceliu
téchto hub se vytu&ji sporangiofory nesouci jediné sporangium (éay Utvar
nepohlavniho rozmnoZzovani), uvnitthoz vznikaji sporangiospory, které se po rozpadu
stény sporangia uvdblji do prostedi, viz Obr. 1b (Kalina et \t& 2005). Barva, tvar,
velikost, morfologie povrchu a dalSi specifické stteosti vySe zmiinych struktur jsou

zakladnimi charakteristikami nezbytnymi pro ideik&ti mikroskopickych hub.

konidie

\\\ o Sporanglospory
0 sporangium - ¢ & _—

| (3 N

konidiogennibunka | /»{?// Y jof
onidiog 2 / - I —— sporanglofor

komidiofor ~ o/
a) . b)

Obr. 1: RozmnoZovaci struktury vybranych mikroskopickychb h{pevzato z
Domsch et al. 1980, upraveno): a) Penicillium spdcéleni Ascomycota), b) Mucor sp.
(pododa@leni Mucoromycotina)

Nova kolonie mikroskopické houby vznika vyeénim pohlavnich i nepohlavnich
rozmnoZovacicltastic. Stej tak mohou dat vzniknout nové kolonii i fragmentyf Ii
tlomky houbovych struktur. Diky tomu jsou vSechwyjotfragmenty acastice obech
ozna&ovany jako ,kolonie tveici jednotky* (KTJ/CFU-Colony Forming Units)
mikroskopickych hub (Adan et Samson 2011), v teaké jako gastice mikroskopickych
hub*.



3.1.2. Uvoliovani ¢astic mikroskopickych hub do prostedi

Tvorba a nasledné uvalvani rozmnoZovacickastic (konidii) hub ze zdroje je
ovliviiovano rkolika faktory. Jednim z nejvyznargjgich faktoi je druh gitomné houby.

Gorny et al. (2001) ve sveé studii porovnavali wesani konidii mezi 3tznymi rody
vieckovytrusnych hubAspergillus, Penicillium, CladosporiymZ vysledki této studie
vyplynulo, Ze houby rodWAspergillusa Penicillium uvoliuji své konidie snadii, nez
houby rodu Cladosporium. Autori to vyswtluji tim, Ze houby roduAspergillus a
Penicillium vytvareji dlouhé tenké konidiofory nesouci dloutezce konidii (az 60-80
jednotlivych konidii wack), které vygnivaji do prostoru. PloSné spoje (septa) mezi
jednotlivymi konidiemi v &chto rettzcich jsou vzhledem ke kulovitému tvaru konidii
mensi, a tudiz snadinoddélitelné. Navic septa mezi konidiemi jsou réesha do 3 lamel,

z nichz progedni Zelatinuje a rozpousti se ve ¥o@Burnett 1976). Vlivem proughi
vzduchu niiZe tato lamela vysychat a tak se sridrozruSovat. Krond toho nejstarsi
konidie, a tudiZ i nejtefi vazby mezi konidiemi¢thto rodi hub, jsou na kondetzci
konidii, coz umo#uje jejich snad&Si uvokovani. Naproti tomu houby rodu
Cladosporiumse vyznauji kratkymi tlustymi konidiofory, na nichz vznikajen kratkeé
fetzce ¥tSich ovalnych konidii. Konidie tohoto rodu houlsnikaji az na kondetzai,
vazby mezi koncovymi konidiemi jsou proto peé&jdi (Gorny et al. 2001). Prosuli
vzduchu a vibrace substratu proto nemaji nanox@ni konidii tohoto rodu houby tak
velky vliv jako je tomu u rod Aspergillusa Penicillium. Uvolinovani konidii z kolonie
houby tedy ovliviuje tlou§’ka a délka konidiofdr, typ konidiogeneze, tvar vznikajicich
konidii a délkaetzcl konidii dané houby.

V dalSi studii Gorny et al. (2002) zjistili, ze $@in¢ s konidiemi jsou z kolonii hub
aerosolizovany i fragmenty hubidsti mycelia, ¢asti konidii, ¢asti rozmnozovacich
struktur, shluk sekundarnich metahbolitub). Vysledky této studie ukazaly, ze uwmlani
houbovych fragmeiit(0,3-2Qum) je az 320 kréat vySSi v porovnéani s mnozstvimidioma
je ovliviovano druhem houby, rychlosti vzduchu proudicim paerchem kolonie houby
a také strukturou a mechanickou manipulaci kontaw@nym materialem. itom velké
mnoZzstvi houbovych fragmens wWtSinovym zastoupenigastic <2,5um mize vyznama
prispét ke vzniku zdravotnich probléiru ¢lovéka (Schwartz et al. 1996, Levy et al. 2000,
Gorny et al. 2002).



Kromé druhu houby hraji vyznamnou ulohti prorb¢ a uvohovani konidii ze zdroje i
vngjSi faktory jako jsou teplota vzduchu, vlhkostni dptdnky v daném prosdi,
dostupnost kysliku, fftomnost organickych a anorganickych zdrdjivin, struktura
povrchu zivného substratu, elektrostatické a ioatoverakce, vibrace substratu a také
rychlost vzduchu proudiciho nad povrchem koloniedlr 1994, Goérny et al. 2001,
Gorny et al. 2002).

3.1.3. Druhové sloZeni spol&nstva hub v dofid’ovacich z&izenich
3.1.3.1. Kontaminace ovzdusi v dafovacich zéizenich

Mikroskopické houby v ovzduSi pracovniho ptedi dotidovacich z#&zeni jsou
smeésici hub, které vstupuji do #aeni z venkovniho pragdi a hub uvoknych ze
zdroja uvnitt zarizeni (Lacey 1981, Burge et al. 198&%pergillusspp. aPenicillium spp.
jsou negastji detekovanymi houbami v pracovnim pri@sti dotid'ovacich z&zeni. Jejich
procentualni zastoupeni ve vzorcich se vSak veiiskudizni. Viegas et al. (2014a)
v ovzduSi ddidovacich z&zeni detekovali tést vyhradre zastupce rodwAspergillus.
Obdobny vysledek vyplynul i z dalSi studie Viegas &. (2017). Ve studi
Lehtinen et al. (2013) pdib 93% vSech zachycenych identifikovanych hub ddur
Penicillium Obdobné procentudlni zastoupeni roBenicillium ve vzorcich (95%)
zaznamenali i Pinto et al. (2015). Té&nshodné procentualni zastoupenitrddgspergillus
(44%) a Penicillum (40%) v odebranych vzorcich bylo zfgb ve studii
Tolvanen et al. (1999). Obdobné vysledky ukazgjeidie Tolvanen (2001).

Krome téchto dvou rod hub byly z ovzdusi dtit’ovacich z&izeni izolovany i dalsi
rody hub, viz Tab. 1.



Tab. 1. Prehled mikroskopickych hub izolovanych ze wzorkduSi z pracovniho
prostedi dotidovacich z&zeni (Nersting et al. 1991, Wirtz et Breum 1997,
Kiviranta et al. 1999, Reinthaler et al. 1999, Taen et al. 1999, Tolvanen 2001,
Breza-Boruta 2012, Malta-Vacas et al. 2012, Lehtie¢ al. 2013, Viegas et al. 2014a,
Pinto et al. 2015, Viegas et al. 2017, Degois ef@ll7, Santos et al. 2018)

TAXONOMICKE

ZARAZENI ROD (druh)

Alternaria

Arthrinium (A. phaespermum

Aspergillus(A. candidus, A. flavus, A. fumigatus, A. niger,
A. ochraceups

Botrytis

Cladosporium

Epicoccun(E. nigrum

Fusarium

Geotrichum

Hemicarpenteles

Humicola

Chrysonilia( Ch. sitophila)

Monilia

Paecilomyces

Penicillium(P. crustosum, P. digitatum, P.chrysogenum,
P. lanosum, P. nalgiovense, P. notatum, P. rugutgs
P. variabilg

Sclerotinia(S. sclerotiorum

Stachybotrys chartarum

Trichoderma

Trichophyton

Ulocladium

Ascomycota

Hyalodendron

Basidiomycota Wallemia

Mucor

Mucoromycotina RhizopugR. oryzae, R. nigricafs




3.1.3.2. Povrchova kontaminace v @gatovacich zéizenich

Povrchovou kontaminaci viiitiho prostedi dotid’ovacich z#zeni a dale povrchu
pracovniho o&vu véetné exponovanychtasti €l zaméstnand se dosud zabyvalo jen velmi
malo studii (Park et al. 2011, Viegas et al. 2014a¢gas et al. (2014a) ve vzorcich
odebranych z povrchu vybaveni fldbvacich z#izeni a z oblieje zamistnand
identifikovali celkem 8iiznych druli mikroskopickych hub, viz Tab. 2. V analyzovanych
vzorcich byly nejetrgjSimi druhy Aspergillus niger (66,1%) A. flavus (14,2%) a
A. fumigatus(13,8%). Tyto druhy mikroskopickych hub byly sasré i negetnsjSimi
druhy zachycenymi ve vzorcich odebranych z ovzdé$ioZ pracovniho prasdi.
Zbyvajicich 5,9% zahrnovalo druhg. candidus A. terreus, Neosartorya fumigata,
Eurotium herbariuma Absidiasp. Ve studii Park et al. (2011) identifikace zaasmnych
mikroskopickych hub provedena nebyla.

Tab. 2: Prehled mikroskopickych hub izolovanych zdd@ a z povrchu vybaveni
pracovniho prosedi dotidovacich zéizeni (Viegas et al. 2014a)

TAXONOMICKE

Z ARAZENI ROD (druh)

Aspergillus (A. candidus, A. flavus, A. fumigatisniger,
A. terreus)

Eurotium (E. herbarium)

Neosartorya (N. fumigata)

Mucoromycotina | Absidia

Ascomycota

3.2.Vliv mikroskopickych hub na zdravotni stav zanmgstnanai

dotrid’ovacich z&izeni

Stale vice studii z poslednich let doklada soustskyskytu zdravotnich problémns
pobytem zaréstnané@ v pracovnim prosedi dotid'ovacich z&izeni (Poulsen et al. 1995b,
Marth et al. 1997, Douwes et al. 2003, Perez et2806, Chan et Leung 2011,
Eker et al. 2012, EI-Wahab et al. 2014). Navzdoelkému mnozstvi studii je z&e
obtizné spojit konkrétni zdravotni problém &itym cinitelem, neb6é zangstnanci
dottidovacich z#zeni jsou vystaveni soasnému spolusobeni biologickych,
chemickych a fyzikalnich ¢initeli. Z biologickych ¢initela jsou to pedevSim
mikroskopické houby, bakterie a viry (Wirtz et Breul997, Kiviranta et al. 1999
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Reinthaler et al. 1999, Tolvanen et al. 1999, Petrkal. 2011, Carducci et al. 2013
Lehtinen et al. 2013), z chemicky¢miteli zejména toxiny (endotoxiny, mykotoxiny) a
mikrobialni €kavé organické latky (MVOC - microbial volatile @nmgic compounds)
(Rahkonen 1992, Kiviranta et al. 1999, Degen ef@03, Tolvanen et Hanninen 2006,
Park et al. 2011, Lehtinen et al. 2013, Viegasl.e2@l4b). Z fyzikalnich faktdr mohou
byt zaméstnanci dadidovacich z#&zeni vystaveni zvySenému hluku, figadré
nevyhovujicim  sdtelnym  podminkam, vibracim a extrémnim  teplotam
(Poulsen et al. 1995a, Krajewski et al. 2002, Tiobraet Hanninen 2006).

Z ovzduSi i z povrchu vybaveni diefovacich z&zeni byly opakovah izolovany
mikroskopické houby, které mohou vyvolavat alergickeakce, infekceci mohou
produkovat mykotoxiny.

Mezi nejvyznamiySi pavodce alergickych reakci, Kkife byli ve vzorcich
z dotid'ovacich z#zeni nalezeni, p#t rody Alternaria, Aspergillus Cladosporium
Penicillium, Mucor a Rhizopus Tyto rody mikroskopickych hub se vyzugi rychlym
nepohlavnim reproddkim cyklem, diky #8muz jsou schopni za kratkou dobu
vyprodukovat obrovské mnozstvi konidii spor, které se snadno uita)i do prostedi
(Gravesen 1979). Prahové hodnoty pro vznik alefgigkakce vSak dosud nejsoteqe
znamy. Ri¢inou alergickych reakci jsou veétginé pripadi houbami produkované enzymy
(Quirce et al. 1992, Horner et al. 1995).

NejcastjSimi  infekcemi  zfisobenymi  mikroskopickymi  houbami  jsou
dermatomykdzy (infeéni onemocwini kiZze, koZznich derivét a sliznic). Mezi fivodce
dermatomykdz, ki byli v prostedi dotidovacich z&zeni detekovani, pétzastupci rod
Alternaria (Robb et al. 2003, Pereiro et al. 2004spergillus (Gugnani 2000,
Ozcan et al. 2003 CladosporiumVieira et al. 2001,)Fusarium(Nucci et Anaissie 2007),
PaecilomycegHall et al. 2004) aJlocladium(Badenoch et al. 2006). U lidi s oslabenou
imunitou mize dale dojit k rozvoji Zivotu nebezjmgich mukormykoz, které mohou
zapicinit nekteri zastupci spdjivych hub réd Mucor, Rhizopus ¢i Absidia
(El-Herte et al. 2012).

Krome vysSiho rizika vzniku alergickych reakci a dermay&6z byla u zagstnand
dottidovacich z&zeni zjiStna také zvySend prevalence vyskytu toxického syndro
z organického prachu (ODTS — Organic Dust Toxic ddgme), ktery se e projevit
kaslem, sviranim na hrudi, dusnosti, i&zpaky podobnymi diipce (zimnice, hor&a,

bolesti sval a klouhi, Unava, bolest hlavy). Vedle toho jsou zaimanci vystaveni

11



vy8Simu riziku vzniku gastrointestinalnich {@m, karcinom Zaludku), dychacich
(chrapot, kaSel, z&h hornich cest dychacich) a muskuloskeletalnich blgrai
(onemocgini svali a klouhi) (Sigsgaard et al. 1994, Marth et al. 1997, Ragtital. 1997,
Ivens et al. 1999, Krajewski et al. 2002, Kozajda Szadkowska-Stazyk 2009,
Chan et Leung 2011, EI-Wahab et al. 2014). Ekedl.e2012) navic u 40% zastnané
rozsahlého Zdzeni pro nakladani s odpady zjistili vyskyt metad@ho syndromu, ktery
zahrnuje fadu projew jako je inzulinova rezistence a intolerance glykodiabetes
mellitus, obezita, akumulaceigniho tuku, dyslipidémie (porucha metabolizmutjula
hypertenze. Zagstnanci datidovacich z&zeni mohou byt dale vystaveni riziku akutnich
infek¢nich onemoceni v disledku inhalace bioaerosolu obsahujiciho itfékéastice

uvolnéné z odpadu (Alonso et al. 2015).
3.2.1. Mykotoxiny

DuleZitou vlastnosti &kterych druli hub je schopnost produkce mykotakin
Mykotoxiny jsou nizkomolekularni @Sinou do 700g/mol) organické skmniny, které
jsou produktem sekundarniho metabolizmu toxinoggmdiruti hub (Chetkowski 1991).
Vyzn&uji se vysokou odolnostiii negriznivym vrejSim faktofim (nag. vysokaci nizka
teplota), coz jim umailje setrvavat v pro&di jeS¢ dlouho poté, co byla toxinogenni
houba z prosedi eliminovana (Alborch et al. 2011). Z hlediskdského zdravi je dalSi
dulezitou vlastnosti mykotoxinjejich synergismus (Speijers et Speijers 2004).

Mezi potencial toxinogenni mikroskopické houby, které byly z mratiho prostedi
dottidovacich z#zeni izolovany, pai nékteré druhy roduAlternaria, Aspergillus,
Cladosporium, Eurotium, Fusarium, Neosartorya, HRiaacyces, Penicillium,
Stachybotrysa Trichoderma (Jarvis et al. 1998, Dijksterhuis et Samson 2007,
Brése et al. 2009, Marin et al. 2013).

Detekci mykotoxid v pracovnim progedi dotidovacich z#izeni ¢i v krvi
zamestnand@ dottidovacich z#&zeni se dosud zabyvalo jen ¢kolik studii
(Viegas et al. 2014b, Viegas et al. 2017, Viegaale2018). Degen et al. (2003) v krvi
zantstnand manipulujicich s odpadem  zjistili fippmnost  ochratoxinu A,
Viegas et al. (2014b) detekovali v krvi zé&stnané dotidovaciho z&zeni zvySené
koncentrace aflatoxinu B1l. DalSi vyskyt mykotakiochratoxinu A a enniatinu B v
pracovnim prosedi dotid'ovacich z&zeni byl zaznamenén ve studii Viegas et al. (2018)
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Ochratoxin A je itom mykotoxin, ktery v organismuipobi nefrotoxicky, poskozuje
jatra, zmsobuje enteritidu, imunosupresi, teratogenezi acikagenezi (ledvin)
(Smith et Moss 1985) a Aflatoxin B1 je povazovamegsilrejSi péirodni karcinogen, ktery
pusobi genotoxicky, cytotoxicky a hepatotoxicky (Odr et al. 1983,
Golli-Bennour et al. 2010). Vzhledem k detekci \iigSpaitu potenciald toxinogennich
druhi hub Ize v prosgedi dotid'ovacich z&izeni géekévat pitomnost i dalSich mykotoxin
(Viegas et al. 2017).

Kromé mykotoxini uvoluji houby do svého okoli dalsi latky, které mohegativre
pusobit na lidské zdravi. Vyznamnou skupintegstavuji ¢kavé organicke latky, které
mohou pispivat k podrédzehi ofi a dychacich cest (Korpi et al. 2009) a déle
beta-1,3-D-glukany (jedna ze slozek Btmych sén hub), z nichz &které mohou P
vniknuti do lidského organismu vyvolavat alergickeé jiné zastlivé reakce
(Yadomae 2000).

3.2.2. Prachovécéastice (PM)

Velky vyznam z hlediska zdravotnich rizik ma i expe zangstnand doffid’ovacich
zarizeni prachovyméasticim (PM - Particulate Matter). Hlavnimi sloZzkafPM jsou
piechodné kovy, ionty (sirany, dasany), organické sla@eniny, mineraly, reaktivni plyny
a materialy biologického fgwodu. Aerodynamicky mmeér téchto ¢astic se pohybuje
vrozmezi 0,1 - 2bm. Obec# plati, Ze¢im jsou prachov&astice mensi, tim hlog
prostupuji dychacim systémenilovéka a zarovie se zvySuje i jejich toxicita
(Valavanidis et al. 2008). Krointoho mohou prachovéastice fungovat jako nas
houbovych¢astic a jejich metabolitdo dychaciho systémtloveéka, ¢cimz zvySuji jejich

vyznam z hlediska lidského zdravi (Viegas et al.4¥).

3.3.Metody odbéru vzorka mikroskopickych hub z pracovniho

prostiedi dotfid’ovacich z&izeni

Hlavnim problémem ip porovnavani vysledk raznych studii zabyvajicich se
kontaminaci ddtd'ovacich z#&zeni mikroskopickymi houbami je nejednotnost ptaiZi
metodiky. K posouzeni kontaminace pracovniho peds$tje doportieno kombinovat
odker vzorki mikroskopickych hub z ovzduSi s adbém vzorki mikroskopickych hub

z povrchu (Viegas et al. 2014a)ieBto je odbr vzorki z povrchu provath pouze
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okrajow (Park et al. 2011, Viegas et al. 2014a). Hlavnimodem je omezeni odhu
vzorka z povrchu na jednu zakladni metodu, jejiz vyho@mdamize byt komplikovano
piitomnosti nezadouci kontaminace, a dale skwist, Ze zakladnim kritériem pro
hodnoceni zdravotnich rizik za&stinand je expozice progednictvim inhalacetastic
mikroskopickych hub (Marth et al. 1997, Ilvens et #4999, Krajewski et al. 2002,
Perez et al. 2006, Athanasiou et al. 2010).

3.3.1. Metody odbéru vzorka mikroskopickych hub z povrchu

K odkéru vzorki mikroskopickych hub z povrchu jsou obégouZzivany d¥ metody,
metoda stri a metoda otisk Vzhledem k tomu, Ze metoda ofisje vhodna pouze pro
nizky stupé& povrchové kontaminace, je v pracovnim piedt dotid’ovacich z&zeni
pouzivana vyhradnmetoda stri. Vyhodou této metody je moznost volby razmstirané
plochy a dale mozZnost stanoveni vyslednébdini vysévané suspenze za &mného
vybéru vhodného selektivniho kultivaiho média.

Ve studiich, kde je metodagi v pracovnim prosédi dotid’ovacich z#izeni pouzita,
nebyvaji vSechny zakladni informace o métodedeny. Auté Viegas et al. (2014a) ve
své studii uvagi pouze roznir stirané plochy (10 x 10éna dale kultivani médium, na
jako o0 pouzitém suplementu v kultirdm médiu uvedeny nejsou. Ve vysledcich jsou
navic zmigny pouze druhy zachycenych mikroskopickych hubgmru KTJ na jednotku
plochy. Park et al. (2011) ve své studii usjagouze plochu stiraného povrchu (3 x 3gm
Vysledky studie uvagji pouze pdet KTJ mikroskopickych hub na émstirané plochy bez
identifikace kultivovanych mikroskopickych hub.

3.3.2. Metody odbéru vzork @ mikroskopickych hub z ovzdusi

Metody, které se pouZzivaji pro agtbvzorka mikroskopickych hub z ovzdusi, jsou
zaloZzeny na 3 zakladnich principech zachwyastic (Eduard et Heederik 1998,
Klanova 2000):

» zachytcastic mikroskopickych hub na pevnou kultimépidu (impakini metoda)

» zachytcastic mikroskopickych hub na membranovy filtr (ndomembranovych

filtr &)

» zachytcastic mikroskopickych hub do kapaliny (impingerawétoda)
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Metody se od sebe mohou odliSovattindosti zachytu mikroorganisin
opakovatelnosti #feni a také moZznosti zachytu pouze Zivych nebo bkivyenrtvych
mikroorganisni sowasré. Pro odir vzorki mikroskopickych hub z ovzdusSi pracovniho
prostedi v dotid'ovacich z&izenich jsou népstji vyuzivany metody zaloZzené na zachytu
¢astic na pevnou kultiémi padu (Rahkonen 1992, Marchand et al. 1995,
1999, 1999, THolen et al. 1999,
Tolvanen et Hanninen 2006, Lehtinen et al. 2018tdRet al. 2015, Santos et al. 2018 aj.) a

na membranovy filtr (Wirtz et Breum 1997, Tolvaregral. 1999, Krajewski et al. 2002,

Kiviranta et al. Reinthaler et al.

Tolvanen et Hanninen 2006, Park et al. 201liappingerova metoda ma spiSe okrajové
vyuziti (Nersting et al. 1991, Sigsgaard et al.4)99

Jednotlivé metody se od sebe mohou odliSoaindsti zachytu mikroorganisim
dale opakovatelnosti ¢feni a také v moznosti zachytu pouze Zivych nebgchivi
mrtvych mikroorganismn sowasré. (Eduard et Heederik 1998). Tab. 3 uvadéhted
koncentraci¢astic mikroskopickych hub natfenych v ovzduSi pracovniho priesdi

dotfid’ovacich z&izeni v zavislosti na pouzitém typu vzorkovacihtizeni.

Tab. 3: Prehled nargenych koncentraci KTJ mikroskopickych hub v ovzgiaiovniho
prostedi dofidovacich z#éizeni v zavislosti na pouzitém typu vzorkovacihdzeai
(A — 6stupovy Andersefiv impaktor, F — filtrani vzorkovd, | — impinger, J — jednohlavy
impaktor)

Typ i
Literarni zdroj KTJ/ms3 vzorkovaciho Druh tFidéného

A odpadu

zarizeni

Nersting et al. (1991) |1,0x 1021,5x 10 A nespecifikovano
Nersting et al. (1991) 4,0 x 10-1,4 x 10 I nespecifikovano
Malmros et al. (1992) |3,5x 102-1,8 x 10 A nespecifikovano
Rahkonen (1992) 6,5x102-2,5x 10 A nespecifikovano
Sigsgaard et al. (1994) 5,2 x 103 (5,4 X)10 I papirovy odpad
Sigsgaard et al. (1994) | 1,4 x*18,1 x 10)* I nespecifikovano
Marchand et al. (1995) 8,0 x 10-7,2 x 103 A neievano
Waurtz et Breum (1997) | 9,6 x 102-2,3 x 10 F papir
Reinthaler et al. (1999) | 3,0 x 10—1,6 x 10 A nespecifikovano
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Literarni zdroj KTJ/m3 vzorlg\?ac’iho Druf(;(’;;;jdégého
zarizeni
Tolvanen et al. (1999) |3,6 x 10-1,4 x 10 F nespecifikovano
Tolvanen et al. (1999) |1,0 x 10-1,3x 10 A nespecifikovano
Tolvanen (2001) 3,3x 02,0 x 16 A nespecifikovano
Tolvanen (2001) 0-1,2 x 10 F nespecifikovano
Krajewski et al. (2002) |8,4 x 13-1,3 x 16 F nespecifikovano
Kozajda et al. (2009) 1,9 x 103-1,6 x 10 A nespecifikovano
Park et al. (2011) 2,4x10-1,1x 16 F nespecifikovano
Breza-Boruta (2012) 0-5,3 x40 J nespecifikovano
Lehtinen et al. (2013) [1,5x 103-2,9 x 10 A nespecifikovano
Kozajda et al. (2015) 1,9 x103-3,4 x'10 A nespecifikovano
Cerna et al. (2015) 2,6 x 18,9 x 10 J papir
Pinto et al. (2015) 1,5 x 1o J sklo
Cerna et al. (2016) 2,0x31a,7 x 16 F plasty
Cerna et al. (2016) 3,0x 1,4 x 1d J plasty
Cerné et al. (2017) 2,0x41a,8x 16 F plasty
Santos et al. (2018) 2,0 x'1@,8 x 16 J nespecifikovano

* Pramér hodnot (smrodatna odchylka)

Z Tab. 3 je patrné, Ze na@mené koncentrace mikroskopickych hub v ramci jedné
studie se v zavislosti na pouzitém typu vzorkovacilizeni mohou vyraznlisit (az o
1 fad). Resto byly ve vSech ffpadech zji&ny vysoké koncentrace hub v ovzdusi.
Podobnym hodnotdm koncentraci mikroskopickych huwaduSi pracovniho prdasdi
jsou vystaveni i zagstnanci jinych zézeni pro nakladani s odpady (hakompostarna,

skladka odpail spalovna odpagd ¢istirna odpadnich vod), viz Tab. 4.
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Tab. 4: Prehled nargenych koncentraci KTJ mikroskopickych hub v ovzpaiovniho
prostedi niznych tyg za‘izeni pro nakladani s odpady v zavislosti na péuzitypu
vzorkovaciho zézeni (A — 6stupvy Andersedv impaktor, B — Burkamiy vzorkovd,
F — filtracni vzorkovd, J — jednohlavy impaktor)

Literarni zdroj

Zarizeni pro nakladani
s odpady

KTJ/m3

Typ

vzorkovaciho

zarizeni
Rahkonen et al. (1990) skladka odpad 2,0 x 10'-3,0 x 10 A
Rahkonen (1992) spalovna odpadu 1,3x102-7,3x 10 A
Marchand et al. (1995) kompostarna 9,0 x 102x11,@3 A
Breum et al. (1997) gbodpadu 2,0 x10%-3,4 x 10 F
Reinthaler et al. (1999) kompostarna 5,0 x 10>-1,2 x 10 A
Reinthaler et al. (1999) ﬁgg‘fgz;ﬁ‘na 2,7 x 10°-1,5 x 10 A
Reinthaler et al. (1999) skladka odpad 5,0 x 102-5,0 x 103 A
Kiviranta et al. (1999) skladka odpad 7,0x102-2,7 x 10 A
Kiviranta et al. (1999) spalovna odpadu 1,6 x1(8 x 103 A
Kiviranta et al. (1999) <o odpadu 7,0 x 10'-2,3 x 10 A
Ivens et al. (1999) gbodpadu 3,0x103-1,9x 10 F
Lavoie et Dunkerley (2002) &bodpadu 2,0x 10%-9,1x 10 F
Krajewski et al. (2002) kompostarna 1,6 x 103-6,9 x 10 F
Krajewski et al. (2002) skladka odpad 3,0x102-1,1x 10 F
Krajewski et al. (2002) $b odpadu 6,2 x 103-1,3 x 10 F

Bauer et al. (2002)

¢istirna odpadnich vod

4,5x10-2,4x 10

Tolvanen et Hanninen
(2006)

bioreaktor

0-3,4 x 103

Tolvanen et Hanninen
(2006)

bioreaktor

0-6,0 x 103

Cyprowski et al. (2008)

¢istirna odpadnich vod

1,1 x10*-1,7x 10

Teixeira et al. (2013)

¢istirna odpadnich vod

3,7x102-1,4x 10
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3.3.2.1. Impakni metoda

Zakladnim principem impaki metody (,impaction method”) je zachytastic
mikroskopickych hub nasavanych z ovzdusSi na powetné kultivéni pady v Petriho
misce, ktera byva uloZzena v hlavici vzorkdegimpaktor). Petriho misky jsou po agalb
vzorki inkubovany v termostatu standagdnpti 25-27 °C po dobu 5-7 dni
(Kiviranta et a. 1999, Reinthaler et al. 1999, liedm et al. 2013, Viegas et al. 2014a). Za
Gcelem kultivace termofilnich drahhub (nap. Aspergillus fumigatysjsou Petriho misky
inkubovany pi  vysSich teplotich v rozmezi 37-40 °C po dobu 2éhi
(Reinthaler et al. 1999, Tolvanen et al. 1999).

Impakéni metoda se vyziaje vysokou rychlosti nasavaného vzduchu, ktendise
pohybovat v Sirokém rozg 20-200 I/min v zavislosti na pouzitém typu impak.
Vyhodou této metody je jednoduchéigrava impaktoru k pouziti bez geby dalSiho
zpracovavani vzork po odkru, dale kratkd doba odiu vzorki a pedevSim moZnost
podrobné identifikace zachycenych mikroskopickyakb ma kultivé&ni piadé. Naopak
omezeni této metody s§iwa v moznosti vzajemnehdgustani kolonii mikroskopickych
hub na Petriho misce. Z tohotdwbdu by n&l byt diraz @i pouZziti této metody kladen
piedevsim na celkovy objem nasavaného vzorku vzduthry ovlivni vyslednou hustotu
pokryti povrchu kultivéniho médiacasticemi mikroskopickych hub, a déle také nagyb
vhodného kultivéniho média, které fite eliminovat nezadouci doprovodnou mikrofloru
(Eduard et Heederik 1998). Specificky probléitedstavuji rychle rostouci druhy hub
z pododdleni Mucoromycotina (ndaprodu Mucor, Rhizopus Rhizomucoy, které povrch
kultivatniho média vetné pomalu rostoucich kolonii mikroskopickych hub vehychle
preristaji a tim znemaiji presny odeéet patu KTJ mikroskopickych hub v Petriho
misce. Impakni metoda navic poskytuje informace pouze o Ziwbt@gnych,
kultivovatelnych¢asticich mikroskopickych hub v ovzdusi.

Pfi hodnoceni kontaminace pracovniho predt dotidovacich z&izeni je nejastji
pouzivanym impaktorem 6stigpvy Andersedv  impaktor (Rahkonen 1992,
Marchand et al. 1995, Kiviranta et al. 1999, Raateh et al. 1999, Tolvanen et al. 1999,
Tolvanen et Hanninen 2006, Lehtinen et al. 2013poXbvnani s jinymi impaktory se
vyznauje vySSi dinnosti zachytu mikroskopickych hub z ovzdusi
(Buttner et Stetzenbach 1993, Mehta et al. 1998inBet Schillinger 2001).
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3.3.2.2. Metoda membranovych filtr

Podstatou metody membranovych fili{,membrane filters method") je zach§dstic
mikroskopickych hub na povrch membranoveého filkigry je umisin ve filtratni hlavici
vzorkovae. Hlavice je dale napojena tarpadlo, jez nasava vzorek vzduchu konstantni
rychlosti po stanovenyas. Oproti impakni meto@ je vzorek vzduchu nasavan nizkou
rychlosti vzduchu, ktera setde pohybovat v Uzkém rozmezi 1-5 I/min v zavislosi
pouzitéem typwerpadla. Odebrany vzoreglastic mikroskopickych hub zachyceny na filtru
muze byt dale zpracovan cestou kultimd nebo cestou nekultivai
(Eduard et Heederik 1998).

Pri kultivacnim zpracovani je vzore&astic mikroskopickych hub z membranového
filtru vymyvan do kapaliny, ktera je vysévana nabrgné kultivéni médium v Petriho
misce. Inkubace Petriho misek naslegmobiha za stejnych podminek, jako je uvedeno
vySe u impakni metody.

Nekultivatni cestou mize byt vzorek mikroskopickych hub zachycenych heufdale
zpracovan &kolika moznostmi, a to prasdnictvim piéitokové cytometrie, sitelné
mikroskopie, epifluorescéni mikroskopie nebo rastrovaci elektronové mikrges&o
(Eduard et Heederik 1998).

Zpracovani vzorku prosdnictvim epifluorescemi mikroskopie je saiasti metody
CAMNEA (Collection of Airborne Microorganisms on Kleopore filters, Estimation and
Analysis), kterd je podroknpopsana ve studii Palmgren et al. (1986). Tatoodzepati
mezi nejvyuziva&Si metody odbru a zpracovani vzotkmikroskopickych hub v ovzdusi
pracovniho progedi zdizeni pro nakladani s odpady (hapolvanen et al. 1999,
Tolvanen et Hanninen 2006, Lehtinen et al. 2013)lk& vyhoda této metody sfiga
v urceni celkového pgu Zivych i mrtvych ¢astic mikroskopickych hub ve vzorku
vzduchu, naopak jeji nevyhodou je fixace vzorkuer&t znemoiuje podrobsjsi
identifikaci zachycenych mikroskopickych hub (Edliaet Heederik 1998). £cthto
davodi je pi pouziti metody membranovych filir nékdy vyuzivana kombinace
zpracovani odebranych vzarknikroskopickych hub na filtru cestou kultsré a zarova
prostednictvim epifluoresce&mi mikroskopie, coZ umakbje podrobgjSi posouzeni
kontaminace ovzduSi pracovniho pitesi mikroskopickymi houbami (Flannigan 1997,

Tolvanen et al. 1999, Tolvanen et Hanninen 2006).
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3.3.2.3. Impingerova metoda

Principem impingerové metody (,impinger method“)rjasati vzorku vzduchui¢s
trysku do kapaliny, v niz nasleéirdochazi k zachycendastic mikroskopickych hub.
Nejcasgji vyuzivanou cestou zpracovani odebraného vzorku kjltivace. PouZiti
impingerové metody ip hodnoceni kontaminace ovzduSi pracovniho pedst
dotfidovacich z#zeni je spiSe okrajové a tykd seregevSim starSich studii
(Nersting et al. 1991, Sigsgaard et al. 1994). \d¢ghotéto metody je moznost Sirokého
nastaveni rychlosti nasavaného vzduchu (0,9-300in)/mLembke et al. 1981,
Nersting et al. 1991, Sigsgaard et al. 1994, Vieglaal. 2014a). Hlavni omezeni této
metody vyplyva z hydrofobnostéastic mikroskopickych hub (Wosten et al. 1993,
Eduard et Heederik 1998).

Viegas et al. (2014a) ve své studii pouzili impimy®u metodu v rAmci molekularni
analyzy spoléenstva mikroskopickych hub v ovzdusi pracovnihcspedi dotid’ovaciho
zarizeni. Prosednictvim molekularni analyzy bylo mozné identifitab Zivotaschopné,
nezivotaschopné a obti&nkultivovatelné ¢astice mikroskopickych hub ve vzorku.
V pracovnim prosedi dotidovacich z&zeni je vSak pouziti molekulanich metod
limitovano gitomnosti velkého mnoZstvi houbové DNA ve vzorkier& znemoiuje

detekci mén ¢etnych druli.

3.4.Expozice zandstnanai dotfid’ovacich zdizeni

mikroskopickym houbam

Ke kontaktu zamstnance sc¢ésticemi mikroskopickych hub dochézi pieshictvim
expozEnich cest, které vedou od zdroje (kontaminovanyadiifes transportni médium
az k mistu kontaktu s organismem. V zavislosti nigtmkontaktu organismu &stici
mohou byt zamgstnanci ¢asticim mikroskopickych hub exponovarermi expozinimi

cestami, a to cestou inhaid, gastrointestinalni a dermalni (Park et al. 2011
3.4.1. Inhalaéni expozice

Inhalani expozice je charakterizovana vdechovariastic mikroskopickych hub
z okolniho ovzduSi (dychaci zényloveéka. Jelikoz je inhatai expozice v pracovnim
prostedi dotidovacich z#zeni nejvyznam¥Si expozéni cestou, stava se ébeni

koncentrace ¢astic v ovzduSi neéasgji pouzivanou metodou k hodnoceni expozice
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zamestnand@ mikroskopickym houbam (Nersting et al. 1991, Malsrret al. 1992,
Rahkonen 1992, Sigsgaard et al. 1994, Marchand. €1985, Wurtz et Breum 1997,
Reinthaler et al. 1999, Tolvanen et al. 1999, Todra 2001, Krajewski et al. 2002,
Kozajda et al. 2009, Park et al. 2011, Breza-BorR2@d2, Lehtinen et al. 2013,
Kozajda et al. 2015Cerna et al. 2015Cerna et al. 2016Cerna et al. 2017,
Santos et al. 2018).

Jak vyplyva z Tab. 3 (viz kap. 3.3.2.), zsmtmanci datid'ovacich z#zeni jsou
vystaveni Sirokému rozpi koncentracicastic mikroskopickych hub v ovzdusi, které
dosahuje aZ k hodnotl,8 x 16 KTJ/m3. Dlouhodoba expozice vysokym koncentracim
mikroskopickych hub fitom miZe pro zaréstnance fedstavovat wité zdravotni riziko.

Expozice zarstnané casticim mikroskopickych hub iwe byt ovliviena mnoha
faktory, mezi &z pati (Malmros et al. 1992, Rahkonen 1992, Poulsenl.etl@95a,
Kiviranta et al. 1999, Viegas et al. 2014a, Vieghal. 2014b):

* rocni obdobi (ovliviuje mikroklimatické podminky)

* hromadni odpadu v ddidovacim zézeni (Fedevsim vihkého)

e systém ¥trani v dofidovacim zézeni

» frekvence a kvalita Uklidu pracovniho pri@sti

» agregaceéastic mikroskopickych hub v ovzdusi (rychlejSi sedlintace)

3.4.2. Gastrointestinalni expozice

Castice mikroskopickych hub, které z&tmaném ulpivaji na obléeni a na obdieji,
se mohou stat zdrojem gastrointestinalni expozieené et al. 1999, Park et al. 2011).
Otrenim kontaminovaného olskeni¢i ruky o rty (nap. pri otirani potu, Skrabani, smrkéni)
a nasledné oliznutitrtmize vést k ingesaiastic mikroskopickych hub. Park et al. (2011)
ve sveé studii zjistili, Ze za#stnaném dotidovacich z#&zeni na obtieji béhem jedné
pracovni sminy ulpi peimérne 1,6 x 1d KTJ mikroskopickych hub/cfa Pro porovnani
popel&im téZe studie na obkji pramérng ulpivalo 3,7 x 10 KTJ mikroskopickych
hub/cnf. Ze studie dale vyplynulo, Ze vysoké mnoZststic mikroskopickych hub se
béhem pracovniho vykonu zachyti i naiznych castech o&vu zangstnand
(rukavice - @ 65 x 10 KTJdenf, rukadv - @ 3,2 x 10 KTJenf,
ramena - @ 1,6 x 2&KTJ/cnt, kapesnik - @ 3,3 x 1&KTJ/cnf).
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3.4.3. Dermalni expozice

Sedimentacetastic mikroskopickych hub z ovzduSi na povréha tzangstnand,
piipadré otér exponované ke o kontaminovany zdroj, jeipodcem dermalni expozice
zanestnand@ mikroskopickym houbam. Ve vySe znn@ studii Park et al. (2011) bylo na
exponovanychtastech dla zangstnan@ sbirajicich odpad detekovano Zné& mnozstvi
sastic mikroskopickych hub (ob&j - @ 3,7 x 10 KTJ mikroskopickych hub/cfn hibet
ruky - @ 2,6 x 10KTJ/cnt, dlai ruky - @ 6,4 x 1OKTJI/cnf).

3.4.4. Limity pracovni expozice

K hodnoceni trowé mikrobiologické kontaminace pracovniho presli je nezbytné
porovnani namrenych hodnot s platnymi legislativnimitguipisy. V Ceské republice,
stejre jako ve tSiné evropskych zemi, nejsou dosud zavedeny prahovénaipd
koncentrace mikroskopickych hub v pracovnim premxtit

V ramci legislativy Ceské republiky je moZzné oriedtd porovnani nagtenych
koncentraci mikroskopickych hub v pracovnim piedt provést s hodnotou uvedenou ve
vyhlaSce¢. 6/2003 Sb., kterou se stanovi hygienické limihemickych, fyzikalnich a
biologickych ukazatdl pro vnitni prostedi pobytovych mistnostikterych staveb. V této
vyhlasce je uveden koncentrd limit vyskytu plisni v progedi ve vysi 500 KTJ/Mmza
podminky stanoveni koncentrace mikroorgariisnaktivnim nasavanim vzduchu
aeroskopem. Tato vyhlaska se vSak vztahuje pouzmigtové mistnosti stavebizzeni
pro vychovu a vz&lavani, vysokych skol, Skol fjpodé, staveb pro zotavovaci akce,
staveb zdravotnickych gaeni |€ebrg preventivni pée, Gstau socialni pée, ubytovacich
zaizeni, staveb pro obchod a staveb pro shrdioedni ¥tSiho p@tu osob (nap kulturni
zarizeni). Pracovni prosdi v této vyhlaSce zahrnuto neni.

Orienta&ni hodnoceni urovh kontaminace pracovniho présti mikroskopickymi
houbami je mozno dale prowiicha zaklad meznich hodnot, které byly navrzerigmymi
institucemi, organizacemdii vyzkumnymi pracovniky (nap AIHA (American Industrial
Hygiene Association), CEC (Commission of the Eussp€ommunities), IAQA (Indoor
Air Quality Association), WHO (World Health Orgaaizon), Clark 1985,
Erman et al. 1989, Krzysztofik 1992, Malmros et H92, Dutkiewicz et Motocznik
1993). Navrzené mezni hodnoty se pohybuji v Sirokérmzpiti hodnot
1,0 x 1 — 1,0 x 10 KTJ/n? pro nepimyslové pracovni progdi (a domacnosti) a
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< 1,0 x 16 — 1,0 x 16 KTJI/n? pro pfimyslové pracovni prosdi (Gorny 2004). Polsky
Vybor pro nejvyssi fpustné koncentrace a intenzity Skodlivych latekprecovisti uvadi
mezni hodnotu pro koncentraci mikroskopickych huiivzdusi pracovniho prdsti ve
vy&i 5,0 x 16 KTJ/m? (Skowrar et Gérny 2012). Gérny et Dutkiewicz (2002) ve stdii
v8ak upozatuji, Ze v gipac vyskytu patogennich drihmikroskopickych hub rize dojit
k rozvoji zdravotnich probléti pii nizSich koncentracich nez je navrZzena refenen

hodnota.
3.5.Preventivni a ochrann& opateni

Z divodu minimalizace zdravotnich rizik je z&stnaném i zangstnavateim
doporiovano gijmout fadu technickych i organizaich opateni, ktera pomohou omezit
kontaminaci pracovniho prdasti biologickym agens.

Z&kladnim opdaenim je dsledné pouzivani ochrannych pracovnich poek
(pracovni rukavice, rousky, pracovniéll a zvySena osobni hygien&hiem pracovni
doby i po jejim skogeni (dikladné myti rukou, sprchovani po skeni pracovni sy,
konzumace jidla a piti pouze v prostorech ktomuemnych (McCunney 1986,
Sigsgaard et al. 1990, Marchand et al. 1995, Kez&t Szadkowska-Stezyk 2009,
Viegas et al. 2014b). DalSim nezbytnym éeaim je pravidelnd vysma vzduchu uvnit
dottidovaciho z#&zeni a mokry Uklid pracovnich a spéalgch prostor vetrg
hygienickych z&zeni. V ramci prostorové organizaceitifiovaciho z&zeni by ndly byt
pracovni prostory oddeny od spolénych prostor a hygienickych daeni (Marchand et
al. 1995, Marth et al. 1997).

Zamestnanci by nili byt dale podrob# informovani o bezpaosti prace a zdravotnim
riziku, kterému jsou id vykonu prace vystaveni. Zarovéy zangstnanci ndli navstvovat
pravidelné |ékeské prohlidky a $ zjiSténi zdravotnich obtiZi by &i byt ihned gerazeni
na jinou pracovni pozici (Marchand et al. 1995, ikata et al. 1999,
Kozajda et Szadkowska-&tzyk 2009, Athanasiou et al. 2010, Viegas et al42).
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4. VLASTNI PRACE

Tato disertani prace ma charakter souboru praciédeckych studii, jejichZ vysledky
jsou prezentovany formouclanki ve deckych recenzovanychc¢asopisech
(viz Priloha 1-4). Dopiujici komenté k jednotlivym ¢lankim propojuje jednotlivé studie

v nasledujici kapitole.
STUDIE I

Cerna K., Wittlingerova Z., Zimova M., Janovsky Z., 2016: Metls of sampling airborne
fungi in working environments of waste treatmentilfaes. International Journal of

Occupational Medicine and Environmental Health 29433-502.
STUDIE II:

Cerna K., Wittlingerova Z., Zimova M., Janovsky Z., 201Fxposure to airborne fungi
during sorting of recyclable plastics in waste tment facilities.
Medycyna Pracy 68(1): 1-9.

STUDIE I

Cerna K., Wittlingerova Z., Zimova M., Janovsky Z., 201Seasonal exposure to airborne
fungi in paper sorting plant-Case study in Czeclpu®éc. In: SGEM2015 Conference

Proceedings, Book 4. 15th International Multidisicigry Scientific GeoConference

SGEM 2015, Albena, Bulgaria, June 18-24: 755-762.

STUDIE IV:

Cerna K., Wittlingerova Z., Zimova M. (2018/2019): Fungalntamination in working
environment of waste sorting facilities: A revieRiedano do redakce recenzovaného

védeckéhatasopisu Scientia Agriculturae Bohemica.
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5. KOMENTA RE K PUBLIKACIM

5.1.Studie |

Studie, které se problematikou kontaminace pratmvnprostedi zdizeni pro
nakladani s odpady zabyvaly, dokladaji, Ze se jexpéostedi se zvySenou koncentraci
mikroskopickych hub v ovzduSi, kterA seudze pohybovat v Sirokém rozmezi
10*-10° KTJI/nm?® vzduchu v zavislosti na pouZité metodice &dba nasledném zpracovani
vzorka (Rahkonen et al. 1990, Nersting et al. 1991, Mabret al. 1992, Rahkonen 1992,
Sigsgaard et al. 1994, Marchand et al. 1995, Bretral. 1997, Wirtz et Breum 1997,
Ivens et al. 1999, Kiviranta et al. 1999, Reinthadé al. 1999, Tolvanen et al. 1999,
Bauer et al. 2002, Krajewski et al. 2002, Lavoidbenkerley 2002, Heldal et al. 2003a,
Heldal et al. 2003b, Tolvanen et Hanninen 2006, r@ypki et al. 2008,
Kozajda et al. 2009, Park et al. 2011, Breza-BorR@d2, Lehtinen et al. 2013,
Teixeira et al. 2013, Kozajda et al. 2015 aj.).vPraejednotnost pouzité metodiky pro
odkér a zpracovani vzotk mikroskopickych hub z ovzduSi je hlavnim problémem
porovnavani vysledktéchto studii.

Studie | je zangiena na vybr a optimalizaci metody pro zavedeni jednotné stesha
metodiky odkru a zpracovani vzotk mikroskopickych hub z ovzduSi pracovniho
prostedi z&izeni pro nakladani s odpady. Ve studii jsme stainoskolik kritérii, ktera by
vybrana metoda &ha sphovat:

* metoda odéru a zpracovani vzotkby nela byt jednoducha a snadno proveditelna

» vybrané vzorkovaci z&eni by ndlo citlivé reagovat na velké vykyvy koncentraci

hub v ovzduSi &em pracovniho procesu (vytizenostidici linky, mira
kontaminace odpadu)

» vysledky ngreni by ngly byt konsistentni a opakovatelné (¢divé zdizeni by

mélo  zaznamenavat rozdily v koncentracich mikroskoib hub mezi
jednotlivymi provozy na zpracovani odpadu)

* metoda odéru vzorki by mela sphovat kritérium nizké Urovhprovoznich naklaid

Z divodu okrajového vyuZiti impingerové metody ve sichli zabyvajicich se
problematikou kontaminace pracovniho predt za&izeni pro nakladani s odpady
mikroskopickymi houbami jsme dstudie | zaradili pouze metodu imp&hki a metodu

membranovych filti.
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Porovnani obou metod jsme uskuriéi ve dvou dotidovacich z&zenich plastového
odpadu (A, B) \Ceské republice. V obou ¥aenich jsme nejprve provedli analyzu
pracovniho prosédi, na jejimz zakladjsme vybrali misto pro oab vzorki, kde jsme
piedpokladali nejvySSi expozici z&stnand bioaerosolu a prachu. Toto misto bylo u
dopravnikového péasu, kde z&stanci vytiduji plastovy odpad. Odb vzorki jsme
uskuténili v inhalatni zoré zangstnand, tj. ve vysce 150 cm nad zemi. Vzorky vzduchu
jsme odebirali vroce 2013 a 2014jgn 2013, leden 2014 a &en 2014). V kazdém
obdobi jsme &hem jedné pracovni smy olgma metodami vykonali celkem 10&meni
v hodinovych intervalech, prvni &reni jsme provedli kratceipd z&atkem pracovni
smény (8h pracovni sgma) a posledni 1 h po skiami pracovni sgmy. Zachycené
mikroskopické houby jsme inkubovali na@nych kultiv&nich médiich s 6 opakovanimi
od kazdého média. Na kazdé Petriho misce jsme msam@vali celkovy péet KTJ
mikroskopickych hub a zaroiigsme kolonie rozdili na morfotypy (morfologicky stejné
kolonie hub). Od kazdého morfotypu jsme pro dai&ntifikaci izolovali na kultivani
médium MEA jednu kolonii. Identifikace izolovanychorfotypi mikroskopickych hub je
dale gedmetem studie 1. Celkem bylo ve tadii | zpracovano 2880 vzoik(Petriho
misek).

V ramci impakni metody jsme k odiou vzorki mikroskopickych hub z ovzdusi
vybrali prenosny jednohlavy vzdusny aeroskop Samplair LA&S Laboratoire Inc.,
Francie), jehoz vyhodou je vysoka rychlost nasavaduchu, nizka vaha a také snadna
pouzitelnost bez nutnosti dalSiho zpracovani odsfota vzorkKi.  JelikoZ
vyhlaSka ¢. 6/2003 Sb. nizuje pouziti aeroskopu jako vzorkovacihofizani pro
stanoveni koncentrace plisni v ovzduSiiwilito prostedi, je vzdusny aeroskop jednim z
nejrozsfensjSich vzorkovacich zézeni v kometnich laborattich vCeské republice.
Kromé toho byl vzdusny aeroskop v pracovnim pifedt za&izeni pro nakladani s odpady
opakova® pouzit pro odbr vzorki jak mikroskopickych hub, tak i bakterii
(Breza-Boruta 2012, Malta-Vacas et al. 2012, Viegasal. 2014a, Pinto et al. 2015,
Santos et al. 2018).

Vzhledem k tomu, Zeippouziti vzduSného aeroskopu jséastice mikroskopickych
hub po celou dobu odlu snErovany (prostednictvim otvoi ve filtratni hlavici) na
nékolik bodi na povrchu kultivéniho média v Petriho misce,ttte vlivem hromaéhi
vyssSiho potu KTJ mikroskopickych hub v blizkém okoli dochazet vzajemnému

preristanici potlacovanému iistu a tim k nefesnému od#u patu KTJ mikroskopickych
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hub (Eduard et Heederick 1998). Ve vysoce kontaw@ném prosedi se proto i pouziti
tohoto typu vzorkov&e obect doporuiuje nastavit nejnizsi rychlost nasavani vzduchu a
nejkratSi nastavitelngas odiBru vzorki. V disledku optimalizace metody pro pouZiti
v pracovnim prosedi zdizeni pro nakladani s odpady jsme vzdusSny aeros&efavili na
pomaly rezim, fi némzZ naséval vzduch rychlosti 100 I/min (3 m/s). édigerpaného
vzorku vzduchu jsme nastavili na 50 |, tedy 30 $ydodkEru jednoho vzorku. Stejny
objem odebiranych vzoik vzduchu pro zachyt mikroskopickych hub z ovzdusi
dottidovacich z&izeni byl pouzit i ve studii Malta-Vacas et al. 120 a
Viegas et al. (2014a). \¢¢hto studiich byl vSak aeroskop nastaven na vygdilost
nasavani vzduchu (140l/min) s kratSi dobou ¢odlb Fi odbéru vzorki v pribéhu
optimalizace metody se nam jevila nizSi rychlossavani vhodgsi, nebd pii vysSich
rychlostech dochazelo vlivem s#giho proudni vzduchu ke vznikutidka v kultivacnim
médiu. Bhem inkubace poté dochazeloilegistani nize ulozenych KTJ mikroskopickych
hub, které byly obtizh pcitatelné, a zarowe nebylo mozné tyto kolonie izolovat pro
pozcEjSi determinaci.

Odeet patu KTJ mikroskopickych hub jsme provedli po 72hublace Petriho misek
v termostatu P teplog# 25+1 [IC. Po této dob inkubace byly jednotlivé kolonie
mikroskopickych hub jiz date viditelné a morfologicky odliSitelné, izolace hplokehla
bez kontaminace okolnimi koloniemi hub&Hgm optimalizace metodyiipodetech
pozcjSich nez 72h inkubace jiz dochazelo Kk viditelnénptenistani kolonii
mikroskopickych hub, které ztiZilorgsny odéet paitu zachycenych KTJ hub a zardve
izolaci jednotlivych kmet hub dikycasté kontaminaci okolnimi koloniemi hub.

V piipad¢ metody membranovych fifir jsme pouZili filtr&ni odkérové zdizeni
slozené z 37mm hlavice (37-mm Filter Holder, BGt.JnUSA) napojené naerpadlo
Leland Legacy Sample Pump (SKC Ltd., UK). Vyhodibtnaicniho odirového zéizeni je
moznost ngedni odebraného vzorku fip jeho nasledném zpracovani (vymyvani
mikroskopickych hub z filtru do kapaliny). ketkné suspenze je naviékdadns rozetena
po celém povrchu kultivaiho média v Petriho misce, coz umuoje prostorov odcdleny
rast jednotlivych kolonii hub. Nasledny am# celkového p&tu kolonii (KTJ) wetrg
izolace hub je tak snazSi geprEjSi (Martinez et al. 2004).

Vybrané vzorkovaci Z&eni je v komeamich laborattich k&Zn¢ pouzivano k réeni
koncentrace prachu v ovzduSi. V pracovnim peastza&izeni pro nakladani s odpady je

metoda membranovych filir velmi ¢asto pouzivanou metodu pro @dbvzorki
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mikroskopickych hub z ovzdusi (Wirtz et Breum 1990lvanen et al. 1999,
Krajewski et al. 2002, Heldal et al. 2003a, Tolvaret Hanninen 2006, Park et al. 2011
aj.). V ramci metody jsme do hlavice filtrsiho odlrového zéizeni pouzili pedsuseny
nitrocelul6zovy membranovy filtr Pragopor 4 (Pragema,Ceska republika) o pméru
35 mm s velikosti pdr 0,85 um. Velikost pot jsme zvolili tak, aby membranovy filtr
zachytil i jednotlivé houbové laly. Filtr jsme pinzetou vloZili do sterilniho draak
membranoveého filtru uvriit37mm hlavice vzorkovaciho daeni, kterou jsme ipojili
gumovou hadici k gitokovémucerpadlu kalibrovanému nattok 5 I/min. MenSi pkmer
membranovych filth oproti vzorkovaci hlavici ndam umoznil snaBi manipulaci f
vloZzeni a vyndani filtru z drzaku a zaraveamezil zvigni membranového filtruipjeho
vyndavani, coz by jinak mohlo @gobit uvolrni ¢astic mikroskopickych hub z filtru.
Membranovy filtr gitom plné pokryval plochu, kterou vzduch v hlavici prochazebjem
nasavaného vzorku vzduchu jsme na zakkddii Tolvanen (2001) a Durand et al. (2002)
stanovili na 120 |, tedy 24 minut oo 1 vzorku. Hlavici vzorkovaciho #aeni jsme fi
odkerech vzork nasngrovali Sikmo vzliiru. Fi nasngrovani hlavice rové vzhiru byla
acinnost zachytwastic mikroskopickych hub vzorkovacimizenim vyrazt nizsi. Po
uplynuti doby odbru jsme membranovy filtr z hlavice idaeni opatra pirenesli do sterilni
vzduchotsné polypropylenové nadoby, uteW a penesli do laborate k dalSimu
zpracovani. V laboratd jsme do polypropylenového kelimkurigali 10 ml sterilni
destilované vody sifdavkem 0,05 ml sntédla Tween 80. Uzdeny kelimek jsme
nasled@ po dobu 15 min prég¢pavali na iepace za delem uvolgni KTJ
mikroskopickych hub z filtru do kapaliny. Poté jsme vzniklé suspenze odebrali 0,2 ml
vzorku, ktery jsme pomoci skl&mé hokejky rozéeli po celém povrchu kultivaiho
média v Petriho misce. Nasladjsme Petriho misky inkubovali a zpracovavali shpdn
zpiasobem jako v fipadt impakéni metody.

Ve studii jsme kroré i€innosti odgrovych zaizeni testovali i &innost zachytutastic
mikroskopickych hub 4 tznymi kultivatnimi médii s pidavkem antibiotik. &mito
kultivacnimi médii byly sladovy agar (MEA — Malt Extract &g s gidavkem
chloramfenikolu, Sabouratd dextrozovy agar (SDA — Sabouraud Dextrose Agar)
s pfidavkem chloramfenikolu, DRB agarova baze (Dichlor&ose-Bengal agar)
s pfidavkem chloramfenikolu a YGC fipravené plotny (Yeast extract Glucose
Chloramphenicol agar). Ve studiich zabyvajicich zéehytem mikroskopickych hub

z ovzdusi z&zeni pro nakladani s odpady jsou kultivamédia MEA, SDA a DRBC
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béZné pouzivana (Rahkonen 1992, Marchand et al. 1995ntider et al. 1999,
Tolvanen 2001, Krajewski et al. 2002, Tolvanen éinkinen 2006, Park et al. 2011,
Lehtinen et al. 2013). Kultivdi médium YGC jsme do studie zahrnuli Z&2lém rozseni
poétu testovanych kultianich meédii, ktera jsou pouzivana k eédb vzorki
mikroskopickych hub z ovzdusi vhiiho prostedi (Borrego et al. 2012).

Z vysledk studie | vyplynulo, Ze poet zachycenych KTJ mikroskopickych hub ¥ m
vzduchu byl zavisly na typu pouzitého vzorkd®a na dob odbiru vzorku kEhem
pracovni sminy a na pouzitém typu kultigaiho média. VzdusSny aeroskop zachycoval
konsistentd nizSi koncentrace KTJ mikroskopickych hub ve semin s filtr&nim
odkérovym  zd&izenim. Filtr&ni odkErové z&izeni zachycovalo @ty KTJ
mikroskopickych hub v thvzduchu v rozmezi £0- 1¢ KTJ, zatimco vzdudny aeroskop
v rozpsti 107 — 10" KTJ mikroskopickych hub v fvzduchu. NiZ$i schopnost vzdusného
aeroskopu zachytit mikroskopické houby v porovnéninymi typy vzorkovéu byla
pozorovana i v jinych studiich (Buttner et Stetzamib 1993, Bellin et Schillinger 2001,
Yao et Mainelis 2006, Yao et Mainelis 2007). Nicthée ziskaného rozsahlého souboru
dat jsme nezjistili statisticky plkazné interakce mezi druhem vzorké®aa ostatnimi
prediktory (typ datidovaciho z&zeni, doba odisu vzorku hem pracovni samy,
kultivaéni médium), coZ naziaje, Ze oba vzorkove reagovaly stefncitlivé na kolisani
koncentraci mikroskopickych hub v ovzduSi vlgihu pracovni skny. Diky tomu by
mohl byt pro tyto dva vzorkova prospektiva zaveden kalibrani koeficient.

Mezi jednotlivymi n&tenimi v pabéhu pracovni skny byl zjiS€n statisticky
prikazny rozdil v pétu zachycenych KTJ mikroskopickych hub v ovzdusipkbehu
pracovni sminy jsme zaznamenali nejprve rostouci trend &ypozachycenych KTJ
mikroskopickych hub a po#{l jeho stagnace az mirny pokles. Tento trefejn® souvisel
s nafistem mnozstvi vytdéného odpadu od zatku snény a poté s klesajici intenzitou
tiéidiciho procesu ke konci €my, ktera souvisela s ¥grpanim zasob odpadiégraveného
k dottidéni. Rozdil v narienych koncentracich mohl by#st&né ovlivnén i kvalitou
praw tridéného odpadu (mnozstvim  mikroskopickych hub na odpad
(Wartz et Breum 1997) a také technologiitdtibvaciho procesu (n&poteweny dopravni
pas, @innost traciho systému, hromé&di vihkého odpadu v ditfovacim zéizeni,
organizace prace) (Kiviranta et al. 1999, Park let2811). Jednorazovy odb vzorku

mikroskopickych hub z ovzduSi dafovacich z#zeni odpadu tedy nethe mit
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dostaténou vypovidaci hodnotu o kontaminaci pracovnihospedi mikroskopickymi
houbami.

V piipact kultivaénich médii jsme nejvyssSi piy KTJ mikroskopickych hub odetli
Z kultivacniho média DRBC. Povrch kultigaich médii SDA, MEA a YGC bytasto
pokryt koloniemi hub z pododteni Mucoromycotina, které mohou omedzisst kolonii
jinych druhi hub a tim zabrénit ipsnému oddgu paitu KTJ hub na Petriho misce
(Dijksterhuis et Samson 2006). Navic houby z podlahd Mucoromycotina rostou a
vytvéreji rozmnozovaci struktury velice rychi@mz mohou ztizZit izolaci ostatnich diuh
hub. Bhem 72h inkubé&ni doby jsou tyto houby schopné zcela zaplnit rostetriho
misky a genist tak ostatni kolonie hub rostouci na médiu. Néwagnim médiu DRBC je
rast kolonii hub z pododdeni Mucoromycotina omezen, coZ umajge nist i ostatnim
druhim mikroskopickych hub (King et al. 1979). Obeédrefici, Ze na kultivanim médiu
DRBC rostou mikroskopické houby v kompad&ich koloniich a diky tomu je vzajemné
preristani kolonii omezené a jednotlivé kmeny (morfodyjsou lépe izolovatelné bez
piipadné kontaminace jinou kolonii houby. Rraviéchto divodi jsme kultiv&ni médium
DRBC navrhli pro pouziti v ramci standardni metgdigdbiru a zpracovani vzoik
mikroskopickych hub z ovzdusi pracovniho piedt zd&izeni pro nakladani s odpady.

Vysledky studie | ukéazaly, Zze ob testované metody mohou byt pouzity pro
monitoring koncentraci mikroskopickych hub v ovzide&izeni pro nakladani s odpady.
Vyhodou impakni metody za pouziti vzduSného aeroskopu je snatipdava zéizeni
k odkéru i naslednému zpracovani vzorkkKromé Petriho misek s kultivanim médiem
nevyZaduje tato metoda vedle vzork&wazadné jiné vybaveni a je tedy vhodna

k rychlému orientéenimu stanoveni koncentrace mikroskopickych hub zdagi. Naproti

viv s

Vi s

koncentraci mikroskopickych hub v ovzduSi, coZz unujeg dikladné posouzeni
kontaminace pracovniho présti mikroskopickymi houbami. Z tohotouwbdu ji
doporiujeme pro zavedeni jednotné standardni metodikyradlzorki mikroskopickych
hub z ovzdusi pracovniho prosti z&izeni pro nakladani s odpady.

Na zaklad téchto vysledk jsme metodu membranovych filtrvybrali pro odr
vzorki mikroskopickych hub z ovzduSi v ramsiudie II, jejimZ cilem bylo podrokin
analyzovat kontaminaci pracovniho piesti dotid’ovacich z#&zeni mikroskopickymi

houbami za saiasné identifikace n&gtreéjSich druli hub. Impakni metodu za pouziti
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vzduSného aeroskopu jsme pouzili z&elédm orienténiho porovnani koncentraci
mikroskopickych hub v déiidovacim z#&izeni papirového odpadu vramci 4¢mich
obdobi vestudii lll .

5.2.Studie I

Z hlediska hodnoceni zdravotnich rizik zZgtman@ ma zasadni vyznam posouzeni
expozice zarstnand biologickym agens za séasné identifikace zachycenydastic
(Viegas et al. 2012).

Cilemstudie Il bylo podrobg analyzovat kontaminaci ovzdusi pracovniho premtt2
dotfid’ovacich z#izeni plastového odpadu mikroskopickymi houbamirdbghu celé
pracovni sminy v ramci 4 rénich obdobi. K odéru a zpracovani vzotkbyla na zaklag
vysledki studie | pouzita metoda membranovych filtr Studie 1l zahrnuje kror
nameérenych koncentraafastic mikroskopickych hub i vysledky identifikacaiovanych
morfotypa mikroskopickych hub. Odip vzorki jsme provedli dle schématu uvedeného ve
studii | doplréného o odbr vzorki v srpnu 2014. Celkem jsme pro tuto studii zpratova
1920 vzorki (Petriho misek).

Naméiené koncentracéastic mikroskopickych hub v ovzduSi pracovniho tread
dottidovacich z#&zeni plastového odpadu vstudii Il byly vicemég srovnatelné
s hodnotami uvashymi z jinych dotidovacich z#izeni (nap. Nersting et al. 1991,
Wirtz et Breum 1997, Reinthaler et al. 1999, Tobraet al. 1999, Krajewski et al. 2002,
Kozajda et al. 2009, Lehtinen et al. 2013).

Z vysledki hierarchické analyzy rozptylu i nangienych ¢astic mikroskopickych
hub vyplynulo, Ze koncentra@gstic mikroskopickych hub v ovzdusi obouiddbvacich
zarizeni zavisela na hodinodkéru vzorki vramci pracovni sgmy a dale na typu
kultivaéniho média, coz potvrzuje vysledky #¥efdchozistudie I. Znovu byl potvrzen
nejprve rostouci trend v ptu zachycenych KTJ mikroskopickych hub odcétau
pracovni smny, ktery po 6-7 hodindch prace dosahl maximalnfesdnot pdétu
zachycenycltastic.

Syntézou vysledk studie | a studie 1l (a také vysledk odbiru vzorki
mikroskopickych hub impaki metodou v srpnu 2014, nepublikovano) jsme madele
vytvoienym v ramci analyzy ANOVA vygenerovaligpaitavaci koeficient 7.966 (95%
interval spolehlivosti 7.548-8.408), kterym je mézpdaty zachycenychc¢astic KTJ

mikroskopickych hub v 1fvzduchu mezi vzdusnym aeroskopem a fifafan odiErovym
31



zaizenim pepcaitdvat. Tento koeficient jsme vSak vzhledem k &ami studie 1l na
odker vzorka pouze prosednictvim metody membranovych filtnepublikovali.

Stejre jako v pgedchozistudii | jsme i vtétostudii Il nejvysSi poéty castic
mikroskopickych hub odetli z kultivainiho média DRBCPiekvapivw nebyl prokazan
statisticky ptikazny rozdil naenych koncentraci mikroskopickych hub v ovzduSiimez
2 dotid’ovacimi z@izenimi. Ritom vnititnim uspdadanim se tato diéd’ovaci za@izeni
znané odliSovala. V dadid’ovacim zézeni A dochazelo k diit’ovani plastového odpadu
V uzavené mistnosti, do niz vjizddopravnikovy pas s odpadem. Nevwggny odpad byl
nasledg dopravnikovym pasem odvazen ven z mistnosti déekost umisténych v hale,

v niz dochazelo k dit’ovani a naslednému lisovani papiru. Naopak fidiovacim
zarizeni B byl dopravnikovy péas, wja dochazelo k vyidovani plastového odpadu,
umistén v hale nedaleko (cca 20m) dopravnikového pasudatidovani papirového
odpadu. Dve&e haly byly navic celokmé oteweny do venkovniho prostoru. Peav
z davodu rozdilného prostorového uggdani datidovacich z&zeni se nagtené teploty i
relativni vzdusna vihkostthem roku u obou z&eni liSily (vizstudie ).

Ve studii Il jsme dale porovnavali koncentrace hub &@mé v fiznych r@&nich
obdobich. Nejvyssi koncentracgastic mikroskopickych hub jsme na&fili v lété
(9,1 x 16 — 9,0 x 16 KTJI/nT), poté na jee (2,1 x 16— 1,8 x 16 KTJI/n) a na podzim
(2,0 x 16 — 4,2 x 16 KTJ/n?) a nejnizsi vzim (2,7 x 16 — 2,9 x 16 KTI/n?).
Rahkonen (1992) v dbittovacim zé&zeni komunalniho odpadu néfh nejvysSi
koncentraceastic mikroskopickych hub v ovzdusi na podzim a&pw jde a v Ié¢ (odbsr
vzorki v zimé proveden nebyl), konkrétni koncentrace hub &emé v jednotlivych
obdobich vSak autor ve studii neuvadi. Ve studivdioen et al. (2001) bylo provedeno
meieni koncentracetastic mikroskopickych hub v pracovnim piesti dotid’ovacich
zarizeni vramci 4 msial (Cervenec, z4, leden, srpen). BlizSi informace o koncentraci
namérena koncentracéastic byla narérena v lednu. V dalSi studii Lehtinen et al. (2013)
provedli odkr vzorki mikroskopickych hub v déid’ovacich z&zenich odpadu dhem
4 ratnich obdobi. Ani v této studii nejsou uvedeny karigce pro konkrétni tsmi obdobi.
Namgiené koncentrac&astic mikroskopickych hub jsou prezentovany pow® jrozgti
poétu naméfenych c¢astic mikroskopickych hub v ovzduSi. Breza-Boruta01@R)

v pracovnim prosgedi dotidovacich z&zeni ngtila koncentraci hub v ovzdusi kazdy

mesic od dubna do prosince téhoz roku. Vysledk§temi ukazaly, Ze mezi &sici
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konkrétniho roeniho obdobi dochazelo k velkym vylkdm nangtenych koncentraci
mikroskopickych hub. Nejniz&i koncentraci hub ak#onangfila v dubnu (1924 KTJ/f)
a nasleda vcervenci (3600 KTJ/R), nejvyssi koncentraci hub nafia v fijnu
(53433 KTJ/m), poté v z& (31310 KTJ/m) a déle v prosinci (15460 KTJHn Rozdily
v nanéienych pétech KTJ mikroskopickych hub v ovzduSi fidbvacich z&zeni odpadu
v ramci fiznych r@&nich obdobi mohou poukazovat na odliSné mikroklick&t podminky
v pribéhu roku, nebt teplota a relativni vihkost patmezi vyznamné faktory ovliwujici
rast mikroskopickych hub (Breza-Boruta 2012, Viegaale2014a).

Dominantni skupinu hub, které jsme z odebranychkizolovali, predstavoval rod
Penicillium (75,1% ze vSech kultivovanych hub). DalSimi ¢asgji detekovanymi
houbami ve vzorcich byly rodgspergillus(11,3%),Acremonium(3,1%), Paecilomyces
(2,6%), Cladosporium (1,9%), Rhizopus (1,1%), Mucor (1,0%), Absidia (0,5%),
Trichoderma(0,4%), Alternaria (0,1%) aFusarium (0,1%). Tyto rody mikroskopickych
hub byly zjisény i v dalSich studiich =z prasdi dotidovacich z#zeni
(Nersting et al. 1991, Wirtz et Breum 1997, Kivieet al. 1999, Reinthaler et al. 1999,
Tolvanen et al. 1999, Tolvanen 2001, Breza-Borutd22 Malta-Vacas et al. 2012,
Lehtinen et al. 2013, Viegas et al. 2014a, Viegasle2017), kde vizném poniru
pieviadaly rodyPenicillium a Aspergillus K vysokému zastoupeni hub roBenicilliuma
Aspergillus v dotid’ovacich z&izenich nize ugitym dilem gFispét ubikvitni rozsteni
téchto hub a s nim spojena schopnost kolonizace &wmlspektra substratu, dale rychla
produkce velkého mnoZstvi rozmnozovaaiébtic a jejich snadné uvavani s naslednou
disperzi (Burnett 1976, Pitt 1994) Rod Aspergillus pfitom dominuje pedevSim
v teplejSich oblastech, zatimco houby roBenicillium spiSe v chladfSim klimatu
mirného pasu (Pitt 1994).

Analyza identifikovaného houbového sptmastva vestudii Il prokazala vliv réniho
obdobi na druhové slozeni mikroskopickych hub vdo& dokid’'ovacich z&zeni odpadu.
Druhové sloZzeni houbového spi#estva mohlo byt ovliwno jak mikroskopickymi
houbami, které se uvolnily z odpadu, tak i houbamenkovniho prosedi, které mohou
do vnitniho prostedi pronikat otetenymi dvémi a okny. Krond toho, mikroskopické
houby nachazejici se ve venkovnim pfedt mohou kolonizovat nahromany odpad ped
vytiidénim a stavat se tak s@sti spoléenstva hub uvdbijiciho se z odpadu. Z ¥8iho
ovzdusi jsou népstji izolovanymi houbami rodyenicillium, Aspergillus, Cladosporium

a Alternaria (Larsen et Gravesen 1991, Medrela-Kuder 2003, Da An al. 2006).
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Rody Penicillium a Aspergillusdominovaly vestudii Il ve vSech rénich obdobich.
DalSimi celko¥¢ nejpaetrgjSimi houbami byly rody Acremonium, Paecilomyces,
Cladosporiuma Rhizopus Tyto rody hub vSak dominovaly pouze v ramci jedezony.
Rody Acremonium, Paecilomycesa Cladosporium dominovaly v Ié¢, zatimco rod
Rhizopuss zimé. Stejné sezonni vzorce kolisani koncentraci feficillium, Aspergillus
a Cladosporium ve venkovnim progedi pozorovali v dlouhodobé studi
Larsen a Gravesen (1991).

Bylo prekvapivé, Ze se ve vzorcich vzduchu odebranychm¢ ai v [€é€ vyskytovaly
piedevsim specifické druhy hub, které se ve vzorottdbranych v jiném gmim obdobi
vyskytovaly jen okrajo¥. V zimé¢ to byly houby Rhizopus sp P. chrysogenum
Penicillium sp. 1, Penicillium sp. 5 Penicillium sp. 6 a v lét Paecilomycessp.,
Cladosporium cladosporioides I., Penicilliumsp. 7,Penicilliumsp. 8,Penicilliumsp. 11.
Druhové sloZeni mikroskopickych hub ve vzorcichlwdaych na jge a na podzim takto
specifické nebylo. Je mozné, Zeditou roli i vtomto gipact mohou hrat specifické
mikroklimatické podminky.

V ramci vSech rénich obdobi jsme v obou dafovacich z&zenich plastového
odpadu zaznamenaltippmnost potenciathtoxinogennich drun hub A. niger, A. flavus,
A. fumigatusa P. chrysogenunDruh A. nigerbyl dokonce druhou n&gstji detekovanou
houbou ve vzorcich, coZz poukazuje na mozna zdravizika spojena s pobytem v tomto
pracovnim prosedi. Ritomnost &chto potencialé toxinogennich drulh vSak neni
prekvapiva, nebo tito zéstupci mikroskopickych hub byli v difovacich z#&zenich
odpadu zaznamenani jiz wguchozich studiich (Reinthaler et al. 1991,
Wirtz et Breum 1997, Breza-Boruta 2012, Viegasl.eR@l4a). Potenciatntoxinogenni
druhy hub Ize povazovat za rapé indikatory mykotoxid v prostedi
(Viegas et al. 2017). Dosud byla v pracovnim peatit dotidovacich z&zeni potvrzena
piitomnost jen #kolika mykotoximi (aflatoxin B1, ochratoxin A, enniatin B), nicn€n
vzhledem k detekci vysSiho §a potencidld toxinogennich drulh hub Ize vtomto
prostedi aekavat pitomnost i dalSich mykotoxin (Viegas et al. 2014b,
Viegas et al. 2017, Viegas et al. 2018).

Ve studii Il jsme déle zjistili vy3Si koncentraceiknoskopickych hub (z rodu
Alternaria, Aspergillus Cladosporium FusariumandPenicillium), které mohou vyvolavat
alergické reakce, iffpadre kozni infekce ¢i otomykdézy (Horner et al. 1995,

Fischer et Dott 2003, Ozcan et al. 2003). Dosudtejd jen malo informaci o klinicky
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vyznamnych koncentracich mikroskopickych hub veddudke vzniku alergické reakce.
Bagni et al. (1977) ve své studii uefid Ze jiz koncentrace 1 x 10CFU/n? rodu
Alternaria a 3 x 18 CFU/n? rodu Cladosporiumvedly k alergické reakci. Vetudii Il
byly tyto koncentrace dkolikanasobs prekraieny ve vSech kmich obdobich v obou
dotfid’ovacich z#izenich plastového odpadu.

Vzhledem k vysoké koncentraci mikroskopickych hkigré mohou zfisobovatradu
zdravotnich probléy jsme v zagru studie navrhli ochranna a preventivni épat, ktera
by mohla pomoci snizit expozici z&stnand zaizeni pro nakladani s odpady
biologickym agens a tim omezila zdravotni rizikairai spojena. Zagstnanci by nili byt
podrobré informovani 0 moZzném zdravotnim riziku plynoucinvykonu prace a také o
preventivnich metodach, které bylimv prabéhu pracovni skny dodrzovat (pouzivani
ochrannych poricek, dikladnd osobni hygiena, zakaz konzumace jidla a mati
pracovisti). Krong toho by néli zaméstnanci absolvovat kazdati Iékaské prohlidky.
Nezbytnym opdenim v pracovnim prosdi by n¢la byt ¢astd vymna vzduchu na
pracovisti, dale denni mokry uklid praco¥igminimalizace prasnosti) a v ramciiizaeni
striktn¢ odcElit pracovni prostory od zbytku #aeni (spoléenské prostory, hygienicka

zaizeni).
5.3. Studie llI

Souwéasti dotidovacich z&zeni odpadu, kde jsme prowfid odbéry vzorka
mikroskopickych hub v ramcstudie | a studie Il, byly i dofidovaci linky papiru.
Nabizela se nam tedy otazka, jak se liSi konceamtraigroskopickych hub v ovzdusfip
dottidovani plastového odpadu od koncentrace mikroskgpickhub v ovzduSi ip
dottidovani papirového odpadu. Za@&elem orienténiho porovnani &chto koncentraci
jsme vestudii Il k odkEru vzorki mikroskopickych hub z ovzduSi diafovaci linky
papirového odpadu pouzili impak metodu za pouziti vzduSného aeroskopu. Vzorky
mikroskopickych hub jsme odebirali vipehu roku 2014 dvakrat v ramci kazdého
rocniho obdobi (leden, Kten, srpenfijen). BEhem kazdé pracovni smy jsme provedli
2 meieni, dopoledne (10h) a odpoledne (14h¢hd@n kazdého #feni jsme odebrali
10 vzorki. V rdmci celé studie jsme odebrali celkem 160 ki@anikroskopickych hub.
Odbkér vzorki vzduSnym aeroskopem jsme uskui@ podle postupu uvedeného ve

studii |.
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Z vysledki studie Il vyplynulo, Ze v odpolednich hodinach v ramci kapdacovni
smeny byly nangteny prokazatekh vySSi koncentraceiastic mikroskopickych hub
v porovnani s odisem vzorki v dopolednich hodinach. Tento trend platil prochéea
ro¢ni obdobi. Stejny nést koncentrace mikroskopickych hub wipthu pracovni sgny
jsme zaznamenali i v dod’ovacich z#zenich plastového odpadu wudii | a ve
studii 1l. | vtomto pgipad Ize pedpokladat, Ze fEinou rostouci koncentrace
mikroskopickych hub v ovzdusi byl rigst mnozstvi vytidéného odpadu a s nim spojené
nariistajici mnozstvi ¢astic mikroskopickych hub uuvaljicich se do progdi
(Wartz et Breum 1997).

Celkow nejvyssi koncentrace KTJ mikroskopickych hub (degoe i odpoledne)
jsme nangrili viéts (1,0 x 1d - 3,8 x 10 KTJ/n?), nasleda na jde
(4,9 x 16 — 1,1 x 16 KTI/nT) a v zime (3,6 x 10 — 5,2 x 16 KTJI/nT) a nejnizsi pety
¢astic mikroskopickych hub jsme v dopolednich i dddaich hodinach nagili na
podzim (2,6 x 1® — 50 x 18 KTJ/n?). Vliv ro¢niho obdobi na koncentraci
mikroskopickych hub v ovzduSi byl statistickyipazny. Je zajimave, Ze v te&ttudii llI
jsme nejnizsi koncentrag&stic mikroskopickych hub natfili na podzim, zatimco ve
studii Il v zimg. Je mozné, ze krommikroklimatickych podminek budou mit na
koncentraci¢astic mikroskopickych hub v ovzdusi vliv i jiné faky, vtomto pipac
pravdEpodobrt i druh ¥idéného odpadu.

Kontaminace pracovniho prostli dotidovaci linky papiru v ramci tétestudie Il
byla viceméd srovnatelnd s kontaminaci pracovniho peEdit zaznamenanou
v predchozich studiich provedenych v ididbvacich z#&zenich papirového odpadu
(Sigsgaard et al. 1994, Wirtz et Breum 1997). \(aistWirtz et Breum (1997) byly
namtieny koncentrace vro# 9,6 x 16 - 2,3 x 10 KTJ/m® za poditi metody
membénowych filtrd, vpripad studie Sigsgaard et al. (1994) byla pfedhictvim
impingerové metody zjisha pimérna koncentrace 5,2 x 10 KTJ/n?. VyuZitim
kalibratniho koeficientu 7,966 ziskaného syntézou vydlestldie | astudie Il (a odigru
vzorki provedenych v srpnu 2014 imgak metodou) jsme vygdtali, Ze koncentrace
¢astic namsiené progednictvim metody membranovych filtrby se v tétostudii Il
pravdspodobré pohybovaly v rozmezi 2,1 x 16 3,1 x 16 KTI/m®, coz by dosahovalo
maximalnich hodnot natfenych ve studii Wirtz et Breum (1997).

Pfi dotfidovani papiru (za pouziti impaki metody i za pouziti kalibéaiho
koeficientu) jsme zjistili koncentrace mikroskopyck hub fadow vicemé® shodné
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s hodnotami uvedenymi \&udii | astudii Il. NejnizSi hodnoty, které jsme nafili tésns
nantienymi v tétostudii Ill v dopolednich hodinach (10h), vzhledem k vyvojouém
trendu koncentraci, porovnavat.

Tato studie ukézala, Ze zastnanci dafidujici papirovy odpad jsou vystaveni
obdobnym koncentracintéstic mikroskopickych hub v ovzduSi jako zZgtmanci

dotfid’ujici plastovy odpad.
5.4.Studie IV

Jednim z klfovych kroki vedoucich ke stanoveni hygienickych liimiexpozice
zanestnand zaizeni pro nakladani s odpady mikroskopickym houbérmaarové ke
zhodnoceni zdravotnich rizik vyplyvajicich z pobywutomto pracovnim prosdi je
vytvorit podrobny pehled o kontaminaci pracovniho pi@sti mikroskopickymi houbami
s dirazem na jejich druhové slozeni (Eduard 2009, \Gegaal. 2014a, Walser et al. 2015).
Ackoliv jiz bylo z prostedi zdizeni pro nakladani s odpady publikovano mnohoiistud
dosud chybi studie, kterd by shrnula dosavadni gikgno mikroskopickych houbéach
vyskytujicich se v pracovnim prostli dotid’ovacich z&izeni.

Cilem studie IV bylo vytvait uceleny pehled o kontaminaci pracovniho pr@sti
dotfid’ovacich z&zeni mikroskopickymi houbami. Ve studii byl kladdiraz na druhové
zastoupeni hub identifikovanych v pracovnim piexit dotidovacich z&zeni a s nimi
potencial®d spojenymi zdravotnimi komplikacemi. Na 2Zévstudie je uveden souhrn
preventivnich a ochrannych opai dopordenych k omezeni kontaminace pracovniho
prostedi biologickym agens a tim i k minimalizaci zdrinioh rizik zanstnand.

Castice mikroskopickych hub, které se uwmgl ze svého zdroje, se mohou stat
souasti vzdusného bioaerosolu anebo mohou sedimentowativat se @p sowasti
povrchové kontaminace vybavetii exponovanychéasti €l zamgstnan@ véetne jejich
odévu. Zamestnanci tak mohou bytasticim mikroskopickych hub vystaventemni
expozEénimi cestami, a to inhalai, gastrointestinalni a dermalni (Park et al. 2034likoz
je inhalace nejvyznangjsi expozéni cestou, stava seéteni koncentracéastic v ovzdusi
negasgji pouzivanou metodou k hodnoceni expozice &inmand mikroskopickym
houbam (Nersting et al. 1991, Malmros et al. 19®&hkonen 1992, Sigsgaard et al. 1994,
Marchand et al. 1995, Wiirtz et Breum 1997, Reimthat al. 1999, Tolvanen et al. 1999,

Tolvanen 2001, Krajewski et al. 2002, Kozajda et 2009, Park et al. 2011,
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Breza-Boruta 2012, Lehtinen et al. 2013, Kozajdaakt 2015, Cerna et al. 2015,
Cerné et al. 2018ernéa et al. 2017).

Ackoliv byla koncentrace mikroskopickych hub v ovzdubtidovacich z&zeni
meéiena v mnoha studiich, pouze &kterych z nich byly zachycené KTJ mikroskopickych
hub také identifikovany (Nersting et al. 1991, Wigt Breum 1997, Reinthaler et al. 1999,
Tolvanen et al. 1999, Lehtinen et al. 20€8sna et al. 2016 erna et al. 2017). Ve studii
Viegas et al. (2014a) je dokonce uveden pouzetvigdentifikovanych mikroskopickych
hub bez hodnot nattenych koncentraci. Nicmérstudie Viegas et al. (2014a) uvadi jako
jediné i druhové spektrum hub izolovanych z povrelybaveni ddid’ovacich z&zeni
(také bez kvantifikace). Park et al. (2011) naptothu ve své studii uvéfd, krome¢
koncentrace mikroskopickych hub v ovzdusi, ¢gtdKTJ mikroskopickych hub zji&ych
na odvu a exponovanychtastech dla zangstnandé. Studie vSak neni doplna o
identifikaci zachycenycliastic hub. Obecnse d&ici, Ze studie zabyvajici se povrchovou
kontaminaci uvnitdoftidovacich z#izeni jsou spiSe vyjiniaé.

Ackoliv by bylo mozné na zaklgdkoncentrace mikroskopickych hub a jejich
druhovém sloZzeni odhadnoutigmdné zdravotni iledky expozice, informaci o vztahu
~davky" konkrétni mikroskopické houby a ,odezvy‘ nai je dosud velmi malo
(Eduard 2009, Walser et al. 2015). Eduard (2009%wée rozsahlé studii uvadi prahovou
hodnotu LOEL (Lowest Observed Adverse Effect Levyalp expoziciclovéka miznym
druhim mikroskopickych hub ve vysi OKTJ/m’. Tato hodnota vSak nezohtege
souwasnou expozici i dalSim slozkam bioaerosolu. K¢aaiho, zamistnanci datd’ovacich
zaizeni jsou exponovani séasnému spolusobeni jak biologickych, tak i chemickych a
fyzikalnich ¢initela. Praw opomenuti mozného synergickéhtispbeni &chto cinitela je
hlavnim omezenim mnoha dostupnych studii zabyehijiicse zdravotnimi problémy
zanestnand zaizeni pro nakladani s odpady (nabarth et al. 1997, Rapiti et al. 1997,
Chan et Leung 2011, Eker et al. 2012).

DalSim metodickym problémengkterych studii je jejiclkasova omezenostfimiz je
opomijen nejen zdravotni stav z&mand pred nastupem do zastnani
(nap. Rapiti et al. 1997, Ivens et al. 1999, Heldahle2003a), ale také doba, ktera uplyne
od nastupu zadsstnance do za#stnani a prvniho vyskytu symptdm
(nag. Ivens et al. 1999, Krajewski et al. 2002, Athama%t al. 2010, Heldal et al. 2003a).
Vyskyt prvnich symptorin onemocgini u zanstnané dotid’ovacich z#&zeni odpadu
piitom maze byt velmicasny. Z vysledk studie Malmros et al. (1992) vyplyva, Ze prvni
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symptomy se u za¥stnan@ mohou objevovat jiz v prvnich ¢geicich vykonu zagstnani.
V prabéhu trvani zminné studie (1986-1988) bylo oneménh z povolani potvrzeno u
9 z 15 zamsstnand. Mimoto, ve studiich byva takésto upozatha identifikace rérenych
biologickych¢initela. Dale se studie liSi i zatfenim na konkrétni biologické, chemické
fyzikdalni cinitele.

Malmros et al. (1992) ve své studii hodnotili zdvni stav zamstnand za
sowasného rareni expozice prachu, mikroskopickym houbam, baiktea endotoxiaim.
Béhem prvniho roku provozu bylo u 53 % zmmand diagnostikovano bronchialni
astma. Koncentrace mikroskopickych hub v ovzdustidiovacich zE&zeni se fitom
pohybovala okolo 1,0 x 2KTJ/n?.

V dalSi studii Sigsgaard et al. (1994) byli zetmanci &kolika za&izeni pro nakladani
s odpady (ddtd'ovaci z&izeni, kompostarna,iitirna smsného domovniho odpadu)
podrobeni dotaznikovému i l&lskému Séeni za sotasného rfeni koncentrace prachu,
mikroorganisni (bakterie, mikroskopické houby) a endotakin ovzduSi pracovniho
prostedi. Vysledky studie ukazaly, Ze zéstnanci &chto zdizeni maji vysSi prevalenci
vyskytu sliznénich a koznich onemoéni a dale toxického syndromu z organického
prachu (ODTS) (kaSel, svirani na hrudi, duSnosiznaky podobné d¢ipce jako je
zimnice, horéka, bolesti svdl a klouhi, Unava, bolest hlavy) a gastrointestinalnich
problémi. Namgtené koncentrace hub v ovzduSi pracovniho pedstse pohybovala
v rozmezi 5,2 x 10- 6,7 x 10 KTJ/n?.

Z rozsahlé retrospektivni studie Rapiti et al. (@P%Yyplynulo, Ze zawstnanci
pracujici ve dvou z&enich na recyklaci a spalovani odpadu po dobgi def 10 let jsou
vystaveni zvySenému riziku vzniku rakoviny Zaludkwporovnani s&nou populaci.
Naproti tomu byla u zasstnand@ zaizeni v porovnani sdinou populaci zjigha snizena
prevalence vyskytu rakoviny plic. Prajygbdobnou ficinou je chronicka expozice
zanestnand bakterialnim endotoxiim, které v plicich vyvolavaji zétlivé reakce, f
nichz se zvySuje sekrece latek s lytickyginkem na nadorové iy (Ribi et al. 1983).
Je tedy mozné, Ze z@sinanci z#&izeni pro nakladani s odpady jsou pfedhictvim
chronické expozice endotoxXim chrarni pied vznikem rakoviny plic (Rylander 1990).
Tuto teorii podporuje také skut@ost, Ze v rdmci retrospektivni studie bylo ve stahé
populaci 77% kkaka s pfimérnou spatebou zhruba 20 cigaret za den.

Ve studii Marth et al. (1997) byli zafstnanci gkolika dotid’ovacich z#&zeni a

kompostaren podrobeniikladné Iék#ské prohlidce za séasného vypléni rozsahlého
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dotazniku. Z vysledk studie vyplynulo, Ze podminky ¥ahto zdizenich u zagstnané
zvySuiji riziko vyskytu chrapotu (38% z&stnand), kasle (35%), infekci dychaciho Ustroji
(23%), pajmu (18%), onemoaini svati a klouhi (13%) a zaétu spojivek (12%). Kroré
toho byla u 15 % za#stnand zjiSttna zvySena hladina cukru v krvi. Pro zZetmance s
diabetem je pracovni prdeti pro nakladani s odpady zviagevhodné, protoze préaw
nich bylo prokdzano vyraznvyssi riziko vyskytu nevolnosti, fjimu, ekzému, zaiu
spojivek a kozniho podraZdi v porovnani s ostatnimi z&stnanci.

Ve studii Krajewski et al. (2002) byl préstnictvim dotazniku hodnocen zdravotni
stav zamistnan@ n¢kolika zaizeni pro naklddani s odpady (@dovaci zaizeni,
kompostarna, zé&eni pro peklad odpadu) a popéta Sowasré byla nméfena expozice
téchto zandstnand@ prachu, bakteriim, endotoxim a mikroskopickym houbam.koliv
koncentrace mikroskopickych hub v ovzduSi dosal@mwgisokych hodnot (dbit’ovaci
zaizeni: 8,4 x 10az 1,4 x 18 KTI/m®, kompostarna: 1.6 x $0- 6.9 x 10 KTI/n?,
piekladist odpadu: 5,4 x I0- 2,6 x 10KTJ/n, popeldi: 6,2 x 1G — 1,32 x 1O KTJ/n7),
vétSina zamistnan@ povazovala sy zdravotni stav za dobry az velmi dobry. Pouze
20% z dotazovanych osob &p nekterym z chronickych onemoéni kardiovaskularniho,
pohybového nebo traviciho Ustroji.

Souvislost mezi expozici zastnand bioaerosolu a vyskytem dychacich obtizi déle
potvrzuje studie Heldal et al. (2003a), kde byl i@ckn zdravotni stav z&stnané
kompostaren za soasného réeni koncentrace bakterii, endotaxirmikroskopickych
hub ap (1 — 3)-glukari v pracovnim prosédi. Z analyzy vysledkvyplynula souvislost
mezi expozici zagstnand@ spordm mikroskopickych hub A (1 — 3)-glukarim a
vyskytem zagtu hornich cest dychacich. Koncentrace mikroskogmickhub v ovzdusi se
piitom pohybovala v Sirokém ro#p 0 — 2,0 x 10 KTJI/nt. V obdobné studii
Heldal et al. (2003b), ktera se z&fta na zamdstnance separujici organicky domovni
odpad, vSak souvislost mezi expozici zaman@ mikroskopickym houbdm a vyskytem
dychacich probléin prokazana nebyla. Koncentrace mikroskopickych fauyzdusi se
pfitom pohybovala ve shodném rozmezi 0 — 2,0 %KIDI/nT.

U zanmestnand dvou dotid’ovacich z&izeni byl ve studii Kozajda et Szadkowska-
Staaczyk (2009) na zaklad dotaznikového S@ni zjiSen vyskyt akutnich iznaki
onemocgni hornich cest dychacich (64% respontlgndéle kaSel (33%), paroxysmalni
(zachvatovitd) dusnost a/nebo hvizdavy dech (1966hi problemy (36%), kozni

onemockni (14%) a alergickd onemaam (23% vetre 11% s diagnostikovanou alergii
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pied zahdjenim pracovniho pdm v dotidovacim zé&ézeni). Také tato studie poukazuje
na nepiznivé &inky bioaeroslu na zdravi zastnand.

Chan et Leung (2011) u za&stnand vybranych ddidovacich z#zeni zjistili
zvySeny vyskyt muskuloskeletalnich probliémzejména ramen (58% za&stnand),
zad (50%), krku (33%) a kolen (29%).

Studie Eker et al. (2012) potvrdila u vice nez 4g86estnané rozsahlého zdzeni
pro nakladani s odpady (z celkovéhaitpo619 osob) vyskyt metabolického syndromu,
ktery zahrnuje soubor kardiovaskularnich rizikovyfelktori, mezi &z pati inzulinova
rezistence a intolerance glukézy, diabetes mellintsezita, akumulaceiiBniho tuku,
syndromu byl fitom potvrzen u zagstnan@ pracujicich v kanceté zarizeni po dobu
kratSi 10 let. VysSSi podil zatstnan@ se zvysSenou hladinou glukézy v krvi byl z§isti
zanestnand zaizeni pro nakladani s odpady k metabolickému syndro

Z vySe uvedenéhorehledu studii zabyvajicich se zdravotnimi probléagestnané
dotfid’ovacich z#&zeni a jinych z&ézeni pro nakladani s odpady je patrne€, Ze porayiat
studie mezi sebou a vyvodit z nich konkrétnié&gje velmi obtizné. Studie se od sebe
odliSuji nejen metodikou odhu a zpracovanim vzoik ale také souborem dfenych
¢initela, dale zgisobem ziskavani informaci o zdravotnim stavu &amand, pastem
studovanych osob, délkou trvani studie atd.

Z divodu minimalizace zdravotnich rizik je z&stnaném i zangstnavateim
doporwovano gijmout fadu technickych i organizaich opateni, ktera pomohou omezit
kontaminaci pracovniho prdsti biologickym agens. Tato opani se tykaji nejen
zvySené osobni hygieny zastnané, ale také provozu a viitiho uspeéadani
dottidovacich z#&zeni.

Studie IV dokladad zn&ou metodickou odliSnost mezi studiemi zabyvajicsei
zdravotnimi problémy za#stnand dotiid’ovacich z&zeni a jinych z&zeni pro nakladani
s odpady. Vzhledem ktomu je velmi obtizné objasnit mikroskopickych hub na
zdravotni stav za#stnan@ doffidovacich z#&zeni. Da se jen tpdpokladat, Ze
mikroskopické houby, vzhledem k vysoké koncentrgmtencial®d alergennich a
toxinogennich druln v tomto pracovnim prostdi, hraji v rozvoji zdravotnich problém

zamestnand dalezitou roli.
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6. SOUHRN

Narist mnoZzstvi vyprodukovaného odpadu se stava catmsum problémem.
Politika evropské unie reaguje na tento trend zjgiuai se naroky na agpovné vyuziti a
recyklaci odpadl vramci strategie ahového hospodatvi, které pedstavuje cyklus,
vnémz se produkt na konci své Zivotnosti stava zdrojeérdisledku rostoucich
poZadavk na recyklaci odpadje vyvijen stale vyssi tlak na jejickidéni, sk&r a nasledné
dotfidovani. S tim souvisi i rostouci pozadavek ri@axani dalSich doitd’ovacich
zaizeni, kde bude zafatnavano stale vice lidi.

Odpad pivazeny do &chto zdizeni gitom byva zdrojem mikrobialni kontaminace,
ktera se p dotiidovani uvohuje do ovzdusSi. Zadstnanci ddid’ovacich z#&zeni jsou tak
exponovani zvysené koncentraci mikroorgariissnovzdusSi. Z hlediska zdravotnich rizik
piedstavuji vyznamnou skupinu mikroorganisrmikroskopické houby, mezi které pat
mnoho alergennich, infékich a toxinogennich drih Hodnoceni kontaminace
pracovniho progedi dotidovacich z#&zeni mikroskopickymi houbami se stava
nezbytnym vzhledem Kk n#stu studii, které potvrzuji souvislost mezi pobytem
zamestnand@ v pracovnim prosedi dotidovacich z#zeni a vyskytem zdravotnich
problémi. Ackoliv je kontaminaci pracovniho praéeti dotidovacich z#zeni
mikroskopickymi houbami v mnoha statechénevana pozornost jiziadu let,

v Ceské republice nebyla tato problematika dosud goertesena.

Hodnoceni expozice zastnand dotiidovacich z&zeni mikroskopickym houbam je
dulezitym podkladem pro zavedeni dosud ahjigich limita pro vyskyt mikroskopickych
hub v pracovnim prosdi v Ceské republice a takéipposuzovani zdravotniho rizika
vyplyvajiciho z pobytu v tomto pracovnim presti. Vyzkumné projekty zakené na
hodnoceni mikrobialni kontaminace pracovniho pemtjsou dale nezbytné pieseni
ochrannych a preventivnich opexti, kter& pomohou omezit kontaminaci pracovniho
prostedi biologickym agens a tim i minimalizovat zdraniaizika zandstnand@. Prvnim a
zcela nezbytnym krokem vedoucim ke zhodnoceni egpazanéstnan@ dotiid’ovacich
zaizeni mikroskopickym houbam je zavedeni jednotranddrdni metodiky odbu a
zpracovani vzork mikroskopickych hub z ovzduSi pracovniho predt, kterd umozni
ziskané vysledky mezi sebou porovnavat.

Studie | se zabyva porovnanim dvou metod, metodylon&novych filti a impakni

metody, pro zavedeni jednotné standardni metodikixra a zpracovani vzoitk
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mikroskopickych hub z ovzduSi pracovniho predt zdizeni pro nakladani s odpady.
Z vysledka studie vyplynulo, Ze ab metody vykazuji stejnou citlivost naémici se
koncentracgiastic v ovzdusi. Metodou membranovych filtsyly nangfeny koncentrace
mikroskopickych hub v rozmezi 46- 16 KTJ/m® vzduchu, zatimco impaki metodou
byly nangteny koncentrace v ro#p 107 — 10f KTJ/m® vzduchu. Vzhledem k vysoké
acinnosti zachytwastic mikroskopickych hub z ovzdusi je metoda meémbvych filti
dopori&ena pro zavedeni jednotné standardni metodikyeradl zpracovani vzotk
mikroskopickych hub z ovzduSi pracovniho predt zdizeni pro nakladani s odpady.
Impalkéni metoda za pouziti vzduSného aeroskopu je vzhieklaizSi @innosti zachytu
¢astic mikroskopickych hub vhodna pro origmi méieni kontaminace pracovniho
prostedi. NejvhodgyjSim kultivatnim médiem pro zachyt a kultivaci mikroskopickyalbh
z pracovniho progdi je kultiv&ni médium DRBC.

Studie Il je dosud jedinou studii, kter&4 poskytogelrobny pehled vyvoje koncentraci
¢astic mikroskopickych hub v pracovnim piesti dotidovacich z&zeni v ptibéhu celé
pracovni smny a zarové ve vSech rénich obdobich spolu s identifikaci zachycenych
KTJ mikroskopickych hub. Vysledky této studie ulgzae zangstnanci datid'ovacich
zarizeni plastového odpadu jsou po celou pracovréingnv ramci vSech gmich obdobi
vystaveni vysokym koncentracigéstic mikroskopickych hub, mezi nimiz jsou z velké
casti zastoupeny i potenciélnalergenni, toxinogenni a patogenni druhy hub @mrod
Alternaria, Aspergillus Cladosporium Fusariumand Penicillium NejvySsSi koncentrace
hub byly gitom nangteny v1ét (9,1 x 16 — 9,0 x 18 KTJ/nT), nasledd na jde
(2,1 x 16 — 1,8 x 16 KTJ/n?) a na podzim (2,0 x £0- 4,2 x 16 KTJ/n) a nejnizsi
v zimé (2,7 x 16 — 2,9 x 18 KTJ/n?). Od za&atku pracovni simy dochazelo k néstu
poétu zachycenychiastic mikroskopickych hub, ktery v odpolednich madih dosahl
sveho maxima. Na#iené koncentrace hub jsou stejako jejich druhové zastoupeni
srovnatelné s vysledkyg@dchozich studii z prasdi dotid’ovacich z&zeni odpadu.

Ve studii Il byla analyzovdna kontaminace practeniprostedi dotidovaciho
zarizeni papirového odpadu mikroskopickymi houbami.éievii byla provagha
v dopolednich a odpolednich hodinach 2 pracovniolinsv ramci 4 rdénich obdobi.
Vysledky ukazaly, Ze v jpbéhu pracovni sgny dochézi k ndiistu koncentrac&astic
mikroskopickych hub v ovzduS§i. NejvysSi koncentr&stic hub v ovzduSi byly natieny
v 1éts (1,0 x 10 — 3,8 x 18 KTJI/nT), poté na jee (4,9 x 16— 1,1 x 18 KTI/nT) a v zimE
(3,6 x 16 — 5,2 x 16 KTJ/n?) a nejnizsi na podzim (2,6 x 16- 5,0 x 16 KTJ/nT).
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Expozice zamstnand byla viceméd srovnatelna s expozici zastnand@ jinych
dotfidovacich z#zeni papirového odpadu. Studie ébppotvrdila, Ze zawrstnanci
dotfidovacich z#izeni odpadu jsou vystaveni zvySenym koncentraci@stic
mikroskopickych hub v ovzdusi, coZz nabada k zavegeeventivnich opaeni, ktera by
pomohla minimalizovat zdravotni rizika spojena sytem v tomto pracovnim prdeti.
Studie IV poskytuje fehled dosavadnich poznatko kontaminaci pracovniho
prostedi dotid'ovacich z#&zeni mikroskopickymi houbami. Studie je z#Bna na
kvantifikaci a identifikaci mikroskopickych hub dag izolovanych z pracovniho proéedi
dottidovacich z#izeni. Na zékla&l druhového zastoupeni hub jsou jmenovany zdravotni
problémy, které mohou s vyskytergclito mikroskopickych hub souviset. Vzhledem
k castému vyskytu zdravotnich problénzantstnand jsou ve studii shrnuta ochranna
opateni vyplyvajici zi#znych studii zabyvajicich se problematikou mikréiia
kontaminace dotdovacich z#&zeni. Ve studii jsou zahrnuty vysledky ziskané

z predchozich studii I, Il a 111
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7. SUMMARY

In recent years, municipal solid waste productias been growing worldwide. The
European Union policy responds to this trend withréasing demands for reuse and
recycling of waste within the framework of the diar economy in which the product at
the end of its lifetime becomes a source. Thuggetigan ever-increasing pressure on pre
sorting, collection and subsequent sorting of mipaicwaste. This is related to the
requirement to set up additional waste sortinglifeas, where more and more people will
be employed.

Waste in sorting facilities is usually contaminatgdmany microorganisms which are
released into working environment during the sgrfmocess. Thus, the facility employees
may be exposed to an increased concentration lobraie microorganisms. An important
group of microorganisms is constituted by microscdpngi including many allergenic,
infectious and toxigenic species that pose potestisous health risks. Evaluation of air
contamination by microscopic fungi in working emnment of waste sorting facilities
becomes necessary due to an increase in the nwhbgrdies describing the relationship
between working activity in waste sorting facilgiand the occurrence of health problems.
Although fungal contamination of working environnh@mwaste sorting facilities has been
paid attention to in many countries for a long tinme the Czech Republic it has been
neglected so far.

The evaluation of occupational exposure to micrpgcdungi in waste sorting
facilities is essential for the establishment oésinold limit value for the concentration of
airborne fungi in such working environments in tbeech Republic as well as assessing
the health risk resulting from the working activity waste sorting facilities. Research
dealing with the problems of microbiological contaation in working environment is
also necessary for a proposal of protective andgmtéere measures to help reduce
microbiological contamination and thereby minimitee health risk to employees.
The first step towards assessing the occupatiox@abseire to microscopic fungi is the
implementation of a uniform standard method fob@ine fungi sampling that will ensure
both their quantification and exact identification.

The results ofStudy | show that the membrane filters method seems tddaniost
suitable method for the implementation of a unif@tandard methodology of collecting
and processing samples of airborne fungi for higtdgtaminated working environment.
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This method is characterized by the high efficieatgapturing airborne fungi and also by
the high repeatability of measurements. The impaatiethod using single head impaction
air sampler is suitable only for fast indicativetetenination of the concentration of
airborne fungi due to lower efficiency of airborfumgi capturing. However, this method is
characterized by easy preparation of the sampliegcd as well as the subsequent
processing of the samples. The membrane filter$odemeasured the concentration of
airborne fungi in the range of 46 1 CFU/ n? while the impaction method measured the
concentration of airborne fungi in the range of 010" CFU/ n¥. The culture medium
DRBC seems to be the most suitable culture medarmdpturing and cultivating airborne
fungi from the working environment.

Study Il is the first study dealing with a detailed develgomof airborne fungi
concentrations during a working shift in differesgasons of the year in waste sorting
facilities together with the identification of tliaptured airborne fungi. The results of this
study showed that the facility employees are exgpdsehigh concentrations of airborne
fungi during work shifts in all seasons. In additionost of the captured fungi were among
the potentially allergenic, infectious and toxigerspecies of the generalternaria,
Aspergillus Cladosporium Fusarium and Penicillium. The highest concentrations of
airborne fungi were measured in summer (9.1 ¥1®.0 x 18 CFU/n?), followed by
spring (2.1 x 18— 1.8 x 16 CFU/nT) and autumn (2.0 x £6- 4.2 x 16 CFU/n?), and the
lowest in winter (2.7 x 10— 2.9 x 16 CFU/n?). The lowest concentrations of airborne
fungi were found at the beginning of a work shafidwed by a quick increase reaching a
plateau after 6-7h of sorting. The measured conagoms of airborne fungi in the study as
well as their species composition were comparabline results of previous studies from
the examined waste sorting facilities.

In Study Il , contamination of working environment by airbornendu in paper
sorting plant was studied in four seasons. Sangdlesrborne fungi were collected in the
workers” breathing zone twice per the work shifti@a.m. and 2 p.m.) and twice per each
season. The results showed an increase in the moaiiens of airborne fungal particles
during the work shifts. The highest concentratiofsairborne fungi were measured in
summer (1.0 x 10- 3.8 x 18 CFU/nT), followed by spring (4.9 x £0- 1.1 x 16 CFU/nT)
and winter (3.6 x 10 — 52 x 16 CFU/n?), and the lowest in autumn
(2.6 x 16 — 5.0 x 18 CFU/n?). The measured concentrations of airborne fungiénstudy

were comparable to the results of previous stulleea the paper waste sorting facilities.
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The study reaffirmed that employees of waste spriatilities are exposed to a higher
concentration of airborne fungi. These results arage the introduction of preventive
measures to help minimize the health risks assatiatth working activities in waste
sorting facilities.

Study IV summarizes the existing knowledge about fungatazoimation of working
environment in waste sorting facilities. Particukmphasis is placed on the species
composition of the fungal community inside wasteisg facilities. Based on the fungal
species composition, health problems potentiallgtee to the occurrence of these fungal
species were encapsulated. Given the frequent recme of employeésealth problems,
an overview of preventive and protective measuresgmted in various studies dealing
with microbial contamination of waste sorting fées was included. This study contains

findings resulting fronStudy I, Study Il andStudy IlI .
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Abstract

Objectives: The objective of the present studywas to evaluate and compare the eficiency of a filter based sampling method
and a high volume sampling method for sampling airborne culturable fung present in waste sorting facilities. Material and
Methods: Membrane flters method was compared with surdface air systems method. The selected sampling methods were
modified and tested in 2 plastic waste sorting facilities. Results: The total aumber of coleny-forming nnits ( CFU)/m® of air-
bome fungi was dependent on the type of sampling device, on the time of sampling, which was carried out every hour from
the beginning of the work shift, and on the type of cultrvation medium (p < 0.001). Detected concentrations of airborne
fungi ranged 2% 10°-1.7%10° CFU/m® when nsing the membrane filters (MF) method, and 3% 10°-6.4 % 10¢ CFU/m® when
using the surface air system (SAS) method. Conclusions: Both methods showed comparable sensitivity to the fluctuations
of the concentrations of airborns fung] during the work shifts. The SAS method is adequate for a fast indicative determi-
nation of concentration of airborne funzi. The MF method is suitable for thorough assessment of working environment
contamination by airborne fungi. Therefore we recommend the MF method for the implementation of a uniform standard
methodology of aitborne fung sampling in working environments of waste treatment facilities.

Eey words:
Airborne fungi, Waste sorting facility, Filter based bioaerosol sampling, Surface air system method, Working environment,
Flastics

INTRODUCTION collecting containers is accumulated and subsequently
In recent years, municipal solid waste production has handled in waste sorting facilities.

been growing worldwide. Because of its excessive produc- Municipal solid waste is usnally contaminated by many
tion, there has been an increasing pressure on recycling,  microorganisms [1]. Fungi constitute an essential part

especially of plastic waste. Municipal solid waste from  of the solid waste. They are capable of overgrowing
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the organic residues adhering to the waste and can pro-
duce a large number of reproductive particles. During
the waste handling, the particles of fungi can be released
into the working environment and become a part of bio-
aerosol [2]. The facility employees may be exposed to
the bioaerosol primarily through inhalation [3]. High con-
centration of the bioaerosol in the working environment
may cavse a number of health problems [4,5].

Studies dealing with the problems of contamination of work-
ing environments in waste treatment facilities show that
the facilities are environments with increased concentra-
tions of airborne fungi. The concentrations may vary within
a wide range depending on the sampling site, sampling
method and processing of samples: 7x10°-7.2x 10° colony-
forming uaits (CFU Y [3], 4.7 10°-2.9% 10° CFU/u’ [6],
27x1P-1.6x16° CFUm® [7), 0-22x10° CFU/m [8],
09x10°-23x10° CFU/m® [9], 03x10°-1.3x10° CFU/m’
[10], 1.3x10°-7.3x 10" CFU/m? [11]. The most commonly
vsed sampling methods of airborne fungi in working envi-
ronments of waste treatment facilities utilize the following
sampling devices: Andersen sampler [3,6-8,12] and filter
holder with a flow pump [2,6,8-10].

Although the European standards for measuring bioaero-
sol have been already established (BS-EN 13008:2001 [13],
BS-EN 14042:2003 [14]), a uniform methodology for mon-
itoring and evaluating airborne fungi in working environ-
ments of waste treatment facilities has not been vet imple-
mented. In most European countries, binding legal limits
have not been established either. The most important task
in the establishment of this methodology is to determine
a suitable sampling method.

The sampling method to be used for the intended vniform
methodology should meet the following criteria: the sam-
pling method must respond to the characteristics of
the sorting process (e.g., the workload of the sorting line,
the quality of the waste) sensitively enongh; the results
of measurement must be consistent and repeatable, ie.,
the sampling method must be repeatable in the detection

LOMER 2016:25(3)

of differences (due to different technology of sorting pro-
cess) between various waste treatment facilities. Finally,
the sampling method must meet the criterion of low op-
eration coss.

In this study, we vsed 2 methods of airborne fungi sam-
pling, the surface air system (SAS) method and the mem-
brane filters (MF) method, which could meet the criteria
specified above.

The SAS method uses a portable (battery-powered) high
flow sampler. The advantages of portable microbial samplers
include their light weight, ease of use, and high sampling flow
rates without the need for post-collection processing [15].
The portable SAS sampler is able to enumerate airborne
microorganisms with the relative overall efficiency of 0.7;
however, this relative overall efficiency was determined at
a relatively low concentration of cultivable airborne microor-
ganisms [16]. Moreover, the efficiency of any air sampler will
vary depending on the device used and the nature of the sam-
pled aerosol [15,17]. The SAS method was nsed for sampling
of aitborne fungi m many studies [e.g., 18,19].

The MF method is considered to be suitable for us-
ing a personal sampler for collection in the breathing
zone [20]. The trapping efficiency of membrane filters may
vary between 62-99% [21]. However, bicefficiency of filter
samplers depends on the microbial species, type of mem-
brane filter, sampling time and relative humidity [21,22].
The MF sampling method is more accurate in highly con-
taminated environments [11].

Many types of cultivation media are used for detecting of
airborne fungi in working environments of waste treat-
ment facilities, most commonly the MEA (malt extract
agar) [6-8,10,11], SDA (Sabouraud dextrose agar) [2,3]
or DRBC (dichloran rose-Bengal chloramphenicol) [8].
Cultivation medium YGC (veast extract glucose chlor-
amphenicol) was used for the determination of airborne
fungi in another indoor environment [23]. In this study, we
directly compare the properties of these 4 media in terms
of their utility for cultivation of airborne fungi.
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The aim of this study is to compare the results of the detec-
tion of airborne fungi by the SAS method with the results
of the detection by the MF method. Based on the com-
parison of the results, the best method for the implemen-
tation of a uniform standard methodology for sampling
and processing of samples of airborne fungi in the work-
ing environment of waste treatment facilities has been
chosen. The comparison of the 2 methods was carried out
in 2 waste sorting facilities during 3 different seasons and
at various times of work shifts.

MATERIAL AND METHODS

Sampling procedure

The study was conducted in 2 plastic waste sorting facili-
ties in the Czech Republic. The analysis of the working
environment was carried out in both facilities. Based on
the analysis, a sampling place with the highest expected
exposure of the employees to bioaerosol and dust was se-
lected. The sampling place was next to the conveyor belt
where the employees sort plastic waste. Samples were col-
lected about 1.5 m above the ground.

In both facilities, the samples were collected in 2013
and 2014 (October 2013, January 2014, May 2014). During

each sampling season, 10 measurements were performed
at hourly intervals within 1| work shift, the 1st before
the beginning of the work shift and the last one hour after
the end of the work shift. The samples of airborne fungi
obtained by the SAS and MF methods were cultivated on
Petri dishes containing 4 different types of cultivation me-
dia, with 6 repetitions of each medinm. At each sampling
time (i.e., each hour), the temperature and relative air hu-
midity were recorded (see Table 1 for descriptive statistics

of the ambient conditions during measurements).

Sampling devices

Two sampling devices were selected for the sampling
of airborne fungi. Single head impaction air sampler
Sampl'air Lite (AES Laboratoire Inc., France) which is
a part of the SAS method, and a 37-mm Filter Holder
(BGI Inc., USA) connected with a portable constant-flow
Leland Legacy Sample Pump (SKC Ltd., UK), which is
a part of the MF method.

Impaction air sampler
Air samples were collected onto Petri dishes (90 mm),
each containing 25 ml of cultivation medium (see below)

Table 1. Descriptive statistics of the ambient conditions during the measurements

Temperature Relative air humidity
Season and sorting facility ['C] [%]
M SE M SE

Antumn

A 8.6 0.3 78.5 2.0

B 170 0.4 719 L6
Spring

A 12.0 0.2 76.1 0.8

B 196 0.6 395 13
Winter

A 6.7 0.2 69.9 L5

B 14.7 0.3 60.3 1.1
M - mean; SE - standard error.

1JOMEK 2016:29(3)
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placed in the head of the sampling device. The sampler
was set at the lowest adjustable flow rate of 100 Vmin (im-
paction speed of 3 m/s) and the shortest sampling period
of 30 5. The amount of air sampled was 50 1. After the sam-
pling, Petri dishes were incubated at 25+1°C for 72 h. Af-
ter incubation, colonies were counted and fungal counts
were recalculated as the number of colony-forming
units (CFU ).

Filter holder with a flow pump

Pre-dried nitrocellulose membrane fillers PRAGOP-
OR 4 (Pragochema, Czech Republic) with the pore size
of 0.85 ym and the diameter of 35 mm were placed and
sealed in a pre-sterilized filter holder. The filter holder was
connected by rubber tubing to the flow pump calibrated to
ensure the flow rate of 5 Umin. The amounts of air sam-
pled were 120 1[24] thus, the sampling period per 1 sample
was 24 min. After the sampling period, the filter was placed
into the sterile airtight polypropylene container, closed and
brought to the laboratory for analysis. The extraction of
the fungi was performed as follows: 10 ml of sterile distilled
water containing 0.05 ml of Tween 80 was added to the fil-
ter into the container. The closed container was being sub-
sequently shaken for 15 min using a shaker. After the ex-
traction, 0.2 ml of fluid was sucked off with a glass pipette
and plated out on the cultivation medium in Petri dishes.
After incubation, the dishes were evaluated by the proce-
dure identical to that applied in the SAS method.

The temperature and air humidity were determined using
a Testo 175 H1 Data Logger (Testo AG, Germany).

Cultivation media

Four types of cultivation media with added antibiotics
were used for the collection of airborne fungi: malt extract
agar (Oxoid Ltd., UK) with the addition 100 mg/ of chlor-
amphenicol supplement (Oxoid Ltd., UK); Sabouraud
dextrose agar (Oxoid Ltd., UK) with the addition 100 mg/]
of chloramphenicol supplement (Oxoid Ltd., UK); DRBC
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agar base (Ozoid Ltd.,, UK) with the addition 100 mg/l
of chloramphenicol supplement (Oxoid Ltd., UK});
and YGC-medium ready-poured plate (Oxoid Lid., UK).
The cultivation media MEA, DRBC and SDA were pre-

pared according to the manufacturer’s instructions.

Statistical analysis

The data were analyzed by means of hierarchical ANO-
VA due to the splitplot structure of the dataset
with 6 levels (see Crawley (2007) [25] or Scheiner and
Gurevitch (1993) [26] for more detailed discussion of
similar designs). The regression diagnostic plots from
preliminary analysis suggested violation of the assump-
tion of homogeneity of variance. Taking the logarithms
of the response variable (abundance of CFU of airborne
fungi) improved the model so that it satisfied the assump-
tion. The fested predictors were: waste sorting facility,
sampling device, sampling time, cultivation mediom and
all their interactions. Season of the year delimited blocks
in the analysis (ie., the highest hierarchical level of vari-
ance). All computations were performed using R 3.0.1
(R Core Development Team) statistical environment
(base installation) [27].

RESULTS

In total, 2880 samples were collected. The detected con-
centrations of airborne fungi were dependent on the type
of sampling device, on the time of sampling, which was
carried out every hour from the beginning of the work
shift, and on the type of cultivation medivm (all p < 0.001)
(Table 2),

Large proportion of variability in the detected concentra-
tions of airborne fungi was explained by variability be-
tween the sampling devices (39.9% of the total variability)
and variability among the times of measurements {38% of
the total variability) { Table 3).

The particular differences in descriptive statistics between

the levels of predictors are listed in Table 4.
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Table 2. Hierarchical ANOVA of log-number of colony-forming units (CFU) of airborne fungi reported for individual split-plot levels

Predictor df Expiaima[i;ariation‘ Sum of squares p

Variation among seasons
residual variation 2 100.0 913.2

Variation among factories within season
factory identity 1 426 2199 ns.
residual variation 2 574 2939

Variation among sanplers within factory
and season
sampler type 1 96.1 27353 < 0.001
factory % sampler 1 0.0 02 1s.
residual variation 4 39 1121

Variation among hours within sampler
type, factory and season
hour of sampling 9 36.0 9783 < 0.001
factory % hour 9 8.0 7.7 ns.
sampler x hour 9 24 63.2 s,
factory x sampler x hour 9 25 66.7 ns.
residual variation 72 311 1389.1

Variation among media within hour,
sampler type, factory and season
medum 3 .9 201 < 0.001
factory x medium 3 L6 13 s
sampler X medinm 3 L1 L0 1s.
hour x medivm 27 54 49 ns.
factory % sampler x medmm 3 0.7 0.7 ns.
factory % hour % medium 27 58 53 s
sampler % hour x medium 17 50 46 as.
factory x sampler % hour ¥ medivm % 4l 38 ns,
residual variation M0 544 499

Vatiation among dishes within medium,
hour, sampler type, factory and season
residual variation 2400 100.0 582

4 — degroeof Frosdons; 5.2 it statitcaliysiguificast.

*Refers to variation within the given hierarchical level,

1JOMEH 2016;29(3)
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Table 3. Proportions of total variation i response (log-number of colony-forming units (CFU) of airborne fungi) explained by each

hierarchical level
Level of variation - ci:f%lta]va.tiatim
Among seasons 12.8
Among factories withm season 12
Among samplers within factory and season 399
Among hours within sampler type, factory and season 380
Among mediums within hour, sampler type. factory and season L3
Among dishes within medivm, hour, sampler type, factory and season 0.8
Table 4, Descriptive statistics of airborne fungi with respect to considered predictors
Airborae fongi
Predictor [CFUnr’]
M SD back-transformed M 95% CI
Season
sprinig 124 852 211190 35193 31 508-39 309
autumn 36 660 67489 13 863 12 641-15 208
winter 20627 37043 9154 §455-9909
Sorting facility
A 34 46 38382 12493 11 559-13 502
B 86847 181 805 21710 1992823 650
Sampler
filter holder 9934 10342 6215 5 901-6 545
air sampler 111359 180 568 43642 40 43647 102
Medium
DREC 67070 148 565 15984 16913-21 309
YGC 391l 132208 15542 1379417510
MEA 60 306 137170 16 110 14 330-18 111
SDA 35978 131679 15476 1376317 402

DREC - dichloran rose-Bengal chloramphenicol; YGC - veast extract glucose chloramphenicol: MEA — malt extract agar; SDA — Sabouraud dex-

trose agar.

SD —standard deviation; back-transformed M — mean on the logarithmie scale (the scale of measnrements, where approximation by normal distribu-
tion and thus data analysis are possible ), which was back-transformed to the original scale; 95% CI-953% conhdence interval of the back-transformed
mean (please note the asymmetry of confidence intervals on the original scale, which corresponds to the skewness of the response variable).

Other abbreviations as in Table 1 and 2,

LJOMER 2016:23(3)
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CFU - colony-forming units.

Fig. 1. Concentrations of airborne fungi depending on the type
of sampling method

Although the dependence of the detected concentra-
tions of airborne fungi on the type of cultivation medium
was statistically significant (p < 0.001) (Table 2), vari-
ability explained by the type of the used medium was
negligible when compared to the total (1.3%) (Table 3).
The highest numbers of detected CFU of airborne fungi
within all measurements were detected on DRBC culti-
vation medium compared to the other cultivation media
(SDA, MEA, YGC).

The effect of the type of the waste sorting facility was
not significant (Table 2). Variability between waste sort-
ing facilities explained only 7.2% of the total variability
(Table 3).

The SAS method detected more consistently lower con-
centrations of airborne fungi compared to the MF meth-
od. The concentrations ranged 2x10°-1.7x 10 CFU/m?
when vsing the MF method, and 3x 10°-6.4x10* CFU/m®
when using the SAS method (Figure 1).

In terms of the comparison of the 2 sampling methods, it
is essential that we found no interaction between the type
of sampling device and the other predictors (waste sorting

facility, sampling time, cultivation medinm) (Table 2).
Both sampling devices responded equally sensitively to
the sampling time and the type of cultivation medium.

DISCUSSION

Statistically significant differences in the detected concen-
trations of airborne fungi were found to occur between
the measurements during the work shift. Variability in
the concentrations of airborne fungi during the work shift
could be caused by the quality of sorted waste (contamina-
tion by fungi) [9] and the technology of the sorting process
(e.g., the open conveyor belt, efficiency of the ventilation
system, accumulation of wet waste in sorting facility, or-
ganization of work) [2,12]. At the beginning of the work
shift, an increasing trend in the concentration of airborne
fungi was observed; later on it was constant and then
slightly decreased. This trend appeared to be related to
the increasing amount of sorted waste from the beginning
of the work shift and then decreasing intensity of sorting
process towards the end of the work shift associated with
the depletion of waste supply for sorting.

As far as cultivation media are concerned, higher num-
bers of CFU of fungi were detected on DRBC cultivation
medium. The surface of the culttvation media SDA, MEA
and YGC was often covered by Mucorales fungi that could
limit the growth of other fungal species [28] and thus pre-
vent the accurate reading of CFU number of fungi. On
the surface of the cultivation medivm DRBC, Mucora-
les fungi growth was restricted [29] and thus the growth
of other fungal species was not limited. For this reason,
it seems advisable to detect CFU of airborne fungi from
working environments on DRBC cultivation medinm.

The results of detected concenirations of airborne
fungi show a significant difference between the SAS
and the MF method in the detection of airborne fungi.
The MF method detected consistently higher concentra-
tions of airborne fungi in comparison to the SAS method.
The lower ability of SAS sampler to enumerate airborne

1JOMEK 2016;29(3)
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fungi in comparison to other types of air samplers was
also observed in other studies [15,16,30,31]. On the other
hand, both sampling methods responded equally sensi-
tively to the fluctuation of airborne fungi concentrations,
since otherwise significant interactions of sampler type
with other predictors would be detected on such an ex-
tensive dataset. This also suggests that a calibration co-
efficient could be prospectively introduced, which would
relate the quantitative measurements of the 2 sampling
methods to each other.

Using the MF method, airborne fungi were collected onto
the membrane filter from which the particles of the fungi
were released mnto the water. Part of this fluid was spread
over the entire surface of the cultivation medivm in Pe-
tri dish, which allowed CFU of fungi to grow uniformly
and to be easily countable [32]. On the other hand, when
using the SAS method, the airborne fungi were collected
directly on the surface of the cultivation medium in Pe-
tri dish. Throughout the sampling, CFU of airborne fungi
tended to accummlate at several points on the surface of
the cultivation medium. The accumulation of more CFU
of fungi at the several points on the surface of the cultiva-
tion medium could lead to mutual overgrowing or growth
restriction of CFU of fungi and thus to inaccurate count-
ing of their number [33]. Therefore, it is necessary to use
short times and lower flow rates for sampling of airborne
fungi when high volume samplers are used in highly con-
taminated environments. In ovr study, the amount of air
sampled was 50 1. This volume of air samples was chosen
since higher volumes resulted in overloading.

The results of our measurements show that both sampling
methods can be used for monitoring the concentration of
airborne fungi in the working environment of waste treat-
ment facilities. The advantage of the SAS method is an
easy preparation of the sampling device as well as the sub-
sequent processing of the samples [15]. Apart from Petri
dishes with cultivation media, the SAS method does not
require any other equipment; therefore this method is

LIOMER 2016;25(3)

suitable for fast indicative determination of the concen-
tration of airborne fungi. The MF method is more time-
consuming regarding the preparation of the sampling de-
vice, collection and subsequent processing of samples [32].
The results of sampling show that the MF method pro-
vides better information on the concentration of airborne
fungi. The MF method is more suitable for a thorough
assessment of the contamination of the working environ-
ment by airborne fungi in comparison to the SAS meth-
od. Therefore, we recommend using the MF method in
the context of the vnified methodology for the sampling
of airborne fungi from working environments of waste
treatment facilities.

CONCLUSIONS

The surface air system method proved to be fully compara-
ble with the membrane filters method. Despite the overall
lower absolute concentration of airborne fungi detected
by the surface air system method, both sampling methods
respond consistently and reliably to the examined factors
affecting the concentration of airborne fungi. Therefore
they are suitable for airborne fungi monitoring in waste
treatment facilities. The surface air system method is suit-
able for fast indicative determination of the concentration
of airborne fungi. However, in the context of the unified
methodology for the sampling of airborne fungi from
working environments of waste treatment facilities, we
recommend using the membrane filters method.
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ABSTRACT

Background: In working environment of waste treatment facilities, employees are exposed to high concentrations of airborne
microorganisms. Fungi constitute an essential part of them. This study aims at evaluating the diurnal variation in concentra-
tions and species composition of the fungal contamination in 2 plastic waste sorting facilities in ditferent seasons. Material and
Methods: Air samples from the 2 sorting facilities were collected through the membrane filters method on 4 different types of
cultivation media. Isolated fungi were classified to genera or species by using a light microscopy. Results: Overall, the highest
concentrations of airborne fungi were recorded in summer (9.1x10°-9.0x10° colony-forming units (CFU)/m?), while the lowest
ones in winter (2.7x10°-2.9x10° CFU/m’). The concentration increased from the beginning of the work shift and reached a plateau
after 6-7 h of the sorting. The most frequently isolated airborne fungi were those of the genera Penicillium and Aspergillus. The
turnover of fungal species between seasons was relatively high as well as changes in the number of detected species, but potentially
toxigenic and allergenic fungi were detected in both facilities during all seasons. Conclusions: Generally, high concentrations of
airborne fungi were detected in the working environment of plastic waste sorting facilities. which raises the question of health
risk taken by the employees. Based on our results, the use of protective equipment by employees is recommended and preven-
tive measures should be introduced into the working environment of waste sorting facilities to reduce health risk for employees.
Med Pr 2017;68(1):1-9
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INTRODUCTION

In many working environments of waste management,
employees are exposed over long periods to high con-
centrations of airborne microorganisms. Many studies
by different authors have recently pointed out health
risks associated with such environments [1-3]. Waste
sorting facilities represent one such working environ-
ment since waste in sorting facilities is frequently con-
taminated by organic residues that serve as a nutrient
substrate to numerous microorganisms. Fungi make
up an important part of these microorganisms and

multitude of their mycelial fragments and other dis-
persal particles may be released during waste handling
into the working environment [4].

In waste sorting facilities, high concentrations of air-
borne fungi were found varying within a wide range of
values depending on the sampling site, sampling meth-
od and processing of samples (1.9x10°-1.6x10° colony-
forming units (CFU)/m’) [5], 0.8-2.4x10* CFU/m* [4],
6.5x10%-2.5x10* CFU/m® [6], 0.3-1.6x10° CFU/m® [7],
7.8x10°-2.3x10° CFU/m’ [8], 1.5%10°-2.9x10° CFU/m* [9]).
Generally, the high amounts of airborne fungi particles
inhaled by employees in sorting facilities may result in

Funding: grant Ne. 4222013123163 entitled "Fungal contamination in working environment of selected waste sorting facilities” by Grant
Agency of the Faculty of Environmental Sciences, Czech University of Life Sciences Prague. Project manager: Kristyna Cernd, M.Sc.
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different health problems such as respiratory diseases
(upper airway inflammation, cough, dyspnea, whist-
ling breath, allergic diseases) [10,11] and gastrointesti-
nal problems (diarrhea) [12].

When evaluating the employees’ exposure to micro-
scopic fungi, it is also necessary not only to determine
airborne fungi concentrations but also to identify their
species composition since their harmfulness to hum-
ans varies [13]. Fungal species composition in air sam-
ples was described only in several studies with genera
Penicillium and Aspergillus often dominating other-
wise very broad spectra of detected species [8,9,13-15].
These genera contain species able to produce myco-
toxins and pose a direct health risk to employees [16].
Even less is known about how fungal concentrations
and species composition vary depending on environ-
mental conditions, such as a seasonal variation and
time since the start of the work shift. This study aims
at evaluating the airborne fungi contamination levels
in 2 waste sorting facilities during the working shift
in different seasons of the year. Further, we put em-
phasis on the identification of common and potential-
ly toxigenic species.

MATERIAL AND METHODS

Sampling sites, sampling design

and sample processing

Sampling of airborne fungi was carried out in 2 plastic
waste sorting facilities in the Czech Republic. The sam-
ples were taken in the breathing zone (approximately
at the height of 1.5 m) near to the conveyor belt where
employees sort plastic waste. The samples were collect-
ed during 2013 and 2014 (October 2013, January 2014,
May 2014, and August 2014). In each sampling season,
samples of airborne fungi were collected within one
work shift. During each work shift (duration 8 h), there
were performed 10 measurements, the first one before
the beginning of the work shift, then every hour during
the shift and the last one an hour after the end of the
shift. In total, 1920 samples were taken.

During each measurement, air was sampled by
means of a 37-mm Filter Holder (BGI Inc., USA) con-
nected with a portable constant-flow Leland Legacy
Sample Pump (SKC Ltd., UK). The pump was calibra-
ted to the flow rate of 5 I/min. The sampling period
per 1 sample was 24 min. Thus, the amount of sampled
air was 120 . Sampling and subsequent processing of
samples were performed according to methods descri-
bed by Cernd et al. [17].

Four types of cultivation media with added anti-
biotics were used for the collection and detection of
a broader spectrum of airborne fungi from sampled
air: dichloran rose-Bengal chloramphenicol (DRBC),
yeast glucose chloramphenicol (YGC), Sabouraud
dextrose agar (SDA) supplemented with chloram-
phenicol (100 mg/l) and malt extract agar (MEA)
(Oxoid Ltd., UK) supplemented with chlorampheni-
col (100 mg/fl). Petri dishes were incubated at 25+1°C
for 72 h. After the incubation, colonies of fungi were
counted and recalculated as the number of CFU/m’.
All cultivation media were replicated on 6 plates per
sample.

Fungal species identification

Colony-forming units of the fungi from the plates were
divided into morphotypes. Representative colonies of
each morphotype were selected for the identification.
These colonies were concurrently cultivated on 3 culti-
vation media MEA, Czapek Dox Agar (CZA) and Cza-
pek Yeast Extract Agar (CYA) (HiMedia Laboratoires
Pvt. Ltd., India) at 25+1°C for 7 days. Then the fungi
were classified to genera or species by using a light mi-
croscopy. Identification of fungi was achieved through
macro- and microscopic characteristics as described
by Ellis and Hesseltine [18], Pitt and Hocking [19] and
de Hoog et al. [20].

Statistical analysis
The data on the concentration of airborne fungi was
analyzed by means of hierarchical ANOVA due to the
split-plot structure of the dataset with 4 levels. For the fi-
nal analysis purposes, the response variable, abundance
of CFU/m" was log-transformed in order to meet the as-
sumption of homogeneity of variance (increasing vari-
ance with fitted mean was detected from regression di-
agnostic graphs of the preliminary analysis). The tested
predictors were; season, waste sorting facility, sampling
time (both linear and quadratic terms of the consid-
ered relationship), cultivation medium and all their in-
teractions. We did not consider interactions of other
factors with season since there were only 2 sampling
occasions per season. All computations were under-
taken in R 3.0.1 (R Core Development Team, Austria)
statistical environment under the base installation [21].
The species composition of the detected fungi was
analyzed by means of the canonical correspondence
analysis (CCA). The dependent variables, ie., the
numbers of the CFU for each fungal species, were log-
transformed prior to the analysis since the dataset was
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largely dominated by a few common species, while
a multitude of relatively infrequent species was pres-
ent as well. We tested for differences in fungal species
composition among the sampling seasons using the
permutation tests with 4999 permutations. A proper
number of replicates for testing the effect of sampling
season is 8 (2 sorting facilities x 4 sampling seasons),
which was achieved by applying the hierarchical design
with 8 whole plots containing 80 split-plots each and
allowing to permute only the whole-plots (see Leps and
Smilauer [22] for further argumentation). All multivar-
iate analyses were undertaken in Canoco 5.04 (Micro-
computer Power Inc., USA) [23].

RESULTS

Concentrations of airborne fungi

There was a marginally significant trend of summer and
spring samples yielding the highest CFU concentrations
(Table 1, Figure 1). The concentrations of airborne fun-
gi ranged 2.1x10°-1.8x10° CFU/m’ in spring, 9.1x10°-
9.0x10° CFU/m’ in summer, 2.0x10°-4.2x10° CFU/m’
in autumn and 2.7x10°-2.9x10° CFU/m’ in winter. Con-
trary to our expectations, the differences in airborne
fungi concentrations among the 2 facilities were not of
particular importance (Table 2).

2000000
1000000 4
500000 -

FUime]

o

200 000 - i
100 000 - . i i
50,000 . ; |

Aidome fungi concaniration [

20000 - ; :
10000 - i _F !
5000 -

2000 - 3
1000 -
500

A0

— 6w S o

T T
Spring SEmmAr autumn winiar

O Evesquartile rangs Saason

- madizn

ange
o -oufiers. i.e, obzerasions frther from the bax $an 1. 5-tmes interquartile range
CFU - colony-forming units.

Fig. 1. Airborne fungi concentration in the studied plastic waste
sorting facilities in the Czech Republic, 2013-2014, by season

The results of the split-plot ANOVA indicated that
the hour of sampling (both linear and quadratic term)
and the type of cultivation medium were the only driv-
ers of the detected CFU concentrations (Table 2). The

Table 1. Airborne fungi in the studied plastic waste sorting facilities in the Czech Republic, 2013-2014, by season

Airborne fungi
Season [CFU/m?]
and waste sorting fadlity
M sD back-transformed M 95% C1

Spring

A LIx10P aax 10 9410 B.7x100-1.0x L0F

B 35x10F ERES LI LEx1F 1.3x1P-1L.9x 10°
Summer

A 34x10P 26x10° 2310 2.0x10°-2.6% 10°

B 24x10° LIx10% L5x10°F 1.3x10F 1.7 10
Autumn

A 24x10 L4x10" Léx10 LIx10'-1.9x 10"

B LOx 1P 2.6x10* 6.3x10¢ S.6x100-7.2x 100
Winter

A 5.0x10% 6.2x10% 2.5x100 2 2x10-2 9x 10*

B 23x10% Lex1D* Lex10 1.7= 100 - 2.0 L0

CFU - colony-forming units, M — mean, 50 - standard deviation, back-transformed M — mean on the logarithmic scale {the scale of measurements, where approximation
by normal distribution and data analysis is passible), which was back-transformed to the original scale, 95% CI - 95% confidence interval of the back-transformed mean
(the asymmetry of confidence intervals on the original scale corresponds to the skewness of the response variable).
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initial increase and later stagnation of the CFU concen-  On the other hand, effects of the cultivation medium
tration during the progressing working shift (Figure 2)  were completely marginal given the amount of variation
explained together 20.8% of the total variation (Table 2). it explained. The highest numbers of the detected CFU
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e
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CFU - colony-forming units.
Fig. 2, Airborne fungi concentration in the studied plastic waste sorting facilities in the Czech Republic, 2013-2014,
by time elapsed since the work shift start

Table 2. Hierarchical ANOVA of log-number of celony-forming units (CFU) of airborne fungi in the studied plastic waste sorting
facilities in the Czech Republic, 2013-2014

Explained
Predictor df variation® Sum of squares P
[%]

Variation among seasons and factories
sedson 3 354 15479 088
factory identity 1 0.9 399 IS,
residual variation 3 5.9 259.9

Variation among hours within sampler type, factory and season
hour of sampling (linear) 1 13.1 574.0 < 0001
hour of sampling (quadratic) 1 77 3358 < 0001
factory x hour (linear) 1 07 285 LS.
factory « hour (quadratic) 1 0.6 26.1 LR
residual variation 68 338 1476.3

Variation among mediums within hour, sampler type, factory and season
medium 3 0l 63 < (L001
factory » medium 3 0.0 04 ILS.
hour (linear) x medium 3 0o 09 LS.
hour {(guadratic) x medinm 3 0.0 02 LS.
factory » hour (linear) » medium 3 0.0 0.4 LS.
factory » hour (quadratic) x medium 3 0.0 0.1 ILS.
residual variation 22 0.9 375

Variation among dishes within medium, hour, sampler type, factory and season
residual variation 1 600 0.8 344

df - degrees of freedom, ns. - not statistically significant.
" Amount of total variation {ie ; at all hisrarchical levels) explained.
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of airborne fungi within all measurements were detected
on the DRBC cultivation medium as compared to the
other cultivation media (SDA, MEA and YGC).

Species composition of fungi

cultivated from samples

The exploration of the multivariate data on the fun-
gal species composition indicated that the effect of the
season on the species composition of fungi cultivated
from samples may only be expected. The canonical cor-
respondence analysis indicated that the season identity
explained 11.4% of the variance in the species composi-
tion of fungi (p = 0.010) (Figure 3).

The dominating airborne fungi detected in this
study belonged to the genus Penicillium (75.1% of all
cultivated fungi) but there was a turnover of particu-
lar species among seasons. The next most frequently
detected genera were in the decreasing order: Aspergil-
Tus (11.3%), Acremonium (3.1%), Paccilomyces (2.6%),
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AbsGl - Absidin glauca, ActSp — Acremonium sp., AItSp — Altermaria sp., AspFl -
Aspergillas flaves, AspFum — Aspergillus fumigatus, AspNi - Aspergillus niger, Asp-
Spl-4 - Aspergillus sp. 1-4, CldCld - Cladosporium cladosporioides s.1., CidHer -
Cladasporium herbarum s.1, FusSp — Fusariunmr sp., MucSp — Mucor sp., PaeclSp -
Paecilomyces sp., PenChr - Penicillium chrysagemum, Penlt — Penicillium italicum,
PenSpi - Penicillium spinmulosum, PenSpl-11 - Penicilliunr sp. 1-11, PenWer - Penicil-
lizem verrucesum, RhiSp — Rhizopussp, StMycD - dark sterile mycelinm, StMycH -
hyaline sterile mycelium, TriSp - Trichoderma sp., others - unidentified fungi.

* First and second canonical axes explain 5.1% and 4.6% of variation respecti-
vely and account for 85.3% of the total 11.4% of variation explained by sampling
season,

Flg. 3. Canonical correspondence analysis (CCA) of fungi
species composition (log-transformed counts of colony-forming
units (CFU)) in the studied plastic waste sorting facilities in the
Czech Republic, 2013-2014"

Cladosporium (1.9%), Rhizopus (1.1%}), Mucor (1.0%),
Absidia (0.5%), Trichoderma (0.4%), Alternaria (0.1%)
and Fusarium (0.1%). The highest diversity of fungal
species was observed in the samples taken in autumn.
The presence of potentially toxigenic fungi Aspergillus
niger. A. flavus, A. fumigatus and Penicillium chrysoge-
num was recorded in all seasons in both facilities.

Winter and summer samples were specific by unique
abundant fungi species (winter — Rhizopus sp., P. chrys-
ogenum, Penicillium sp. 1, Penicillium sp. 5, Penicil-
lium sp. 6; summer — Paecilomyces sp., Cladosporium
cladosporioides s. 1., Penicillium sp. 7, Penicillium sp. 8,
Penicillium sp. 11), while autumn and spring samples
hardly contained these species (Figure 4).
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Abbreviations as in Figure 3.
“ The pie charts depict proportions of detected CFUs of a given fungal species
ima given seasom.

Fig. 4. Canonical correspondence analysis (CCA) of composition
of fungi species occurring in more than 5% of samples

in the studied plastic waste sorting facilities in the Czech
Republic, 2013-2014"

DISCUSSION

Concentrations of airborne fungi

Our results indicate that the seasonal and diurnal vari-
ations in concentrations of airborne fungi need to be
taken into account when assessing the load rate of em-
ployees in the waste sorting facilities. Their importance
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is comparable to other drivers of load rates of employ-
ees such as the sorting technology (the open conveyor
belt, ventilation system, accumulation of waste in the
plant, frequency and quality of cleaning) [7,14] and the
quality of the input material (i.e., its contamination by
microscopic fungi) [8].

The overall measured exposure of employees to
airborne fungi was more or less comparable to that
reported in studies from similar waste treatment fa-
cilities [4,6-9,14,15,24]. Nevertheless, comparing the
results of these studies is complicated due to the differ-
ent sampling methods, sample processing applied and
other sources of variation (see Cernd et al. [17], Eduarda
and Heederik [25] for discussion of the problem). How-
ever, the concentrations of airborne fungi in this study
were clearly higher (2-4 orders of magnitude) to those
found in other indoor environments [26-29]. It points
to the potential health risk for employees.

There was a trend of highest concentrations of air-
borne fungi being measured in summer and spring,
while the lowest ones are reported to occur in winter.
On the contrary, Rahkonen [6] measured the highest
concentration of airborne fungi in autumn and then
in spring and summer. Differences in the measured
concentrations may point to the varying microclima-
te conditions (temperature, relative air humidity) in-
side the sorting facilities during the year [30]. Higher
temperature and air humidity may cause an increased
microbial activity and thus a higher concentration of
airborne fungi [31]. However, release of fungal particles
into ambient air also depends on fungal genus as well
as air velocity [32].

The diurnal variation in the airborne fungi concen-
trations showed a quite expectable pattern, i.e., gradu-
al increase since the start of the working shift, which
reaches a plateau after ca 6-7 h of working, however
notable is the difference of the order of magnitude
between the lowest and highest predicted values. The
observed trend could be associated with the increas-
ing amount of sorted waste during the work shift and
depletion of its supply for sorting towards the end of
the work shift.

Species composition

of fungi cultivated from samples

The species composition of airborne fungi cultivated
from samples was similar to that referred in studies
from similar facilities [8,9,13,14,24], where the domi-
nating species were from the genera Penicillium and As-
pergillus with their proportions varying among studies.

In our study, the dominating fungi were those of the ge-
nus Penicillium (75.1%) followed by Aspergillus (11.3%).
Lehtinen et al. (2013) [9] reported the identification of
the genus Penicillium in 93% of all the cultivated fungi.
On the other hand, Viegas et al. (2014) [13] predomi-
nantly identified the genus Aspergillus, the genus Peni-
cillium was not determined. Tolvanen et al. (1999) [24]
determined the genus Aspergillus in 40% and the genus
Penicillium in 44% of all the cultivated fungi.

In our study, species composition of airborne fungi
in waste sorting facilities changed during the year (Fig-
ure 3). The species composition may be influenced by
microscopic fungi from waste as well as airborne fungi
from the outside environment, that penetrate thro-
ugh doors and windows. The most frequently isolated
fungi from outside environment are those of the gene-
ra Penicillium, Aspergillus, Cladosporium and Alterna-
rig [33-35]. Genera Penicillium and Aspergillus domi-
nated in this study in all seasons. On the other hand,
the next most frequently detected genera Acremonium,
Paecilomyces, Cladosporium, Rhizopus predominated
only in one season (Figure 4). Larsen and Gravesen [33]
recorded the same seasonal patterns of genera Penicil-
lium, Aspergillus and Cladosporium in the long-term
study which was conducted in an outdoor environment.

In both waste sorting facilities, the potentially my-
cotoxins-producing fungi A. niger, A. fumigatus, A. fla-
vus and P. chrysogenum were detected in all seasons
and A. niger was even the second most frequently iso-
lated fungal species in all samples. These fungal spe-
cies were also detected in air samples from waste sort-
ing facilities in several other studies [7,8,13]. However,
only a limited number of studies focus on employees’
exposure to mycotoxins in waste sorting facilities.
Viegas et al. (2015) [36] found high aflatoxin Bl val-
ues (produced by A. flavus) in blood samples collected
from employees of waste sorting facility. This myco-
toxin is considered by different International Agencies
as a genotoxic and potent hepatocarcinogen. Moreover,
other mycotoxins are probably present in the working
environment of waste sorting facilities and this aspect
should be taken into consideration due to their pos-
sible synergistic reactions [37]. However, fungi are still
used as an indirect indicator of mycotoxins’ presence in
working environments [38].

Some fungi detected in our study belong to the gen-
era Alternaria, Aspergillus, Cladosporium, Fusarium and
Penicillium is assumed to elicit allergic inflammato-
ry reactions and different human infections [27,39,40].
However, there is a little information on clinically sig-
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nificant concentrations of these airborne fungi nec-
essary to cause health problems. Bagni et al. [41] re-
ported that 1x10° CFU/m® of the genus Alfernaria
and 3x10* CFU/m® of the genus Cladosporium led to
allergic reactions. These concentrations were exceeded
in our study in both facilities in all seasons.

Several studies showed a relationship between the
working activities in waste management and the pres-
ence of various health problems in employees, such
as respiratory diseases [1,2,10], gastrointestinal prob-
lems [1,2] and metabolic syndrome [3]. However, a di-
rect link to fungi cannot be drawn since employees in
waste management are exposed besides to fungi also to
dust, bacteria and other metabolites [6,9,14,15]. Never-
theless, this aspect should be taken into consideration
for the risk assessment process due to possible synergis-
tic effects on human health.

Based upon our results, we recommend the use of
the protective equipment (thick rubber gloves, respira-
tory mask, working clothes) by employees and the in-
troduction of preventive measures in working environ-
ment of waste sorting facilities. We especially recom-
mend to raise employees’ awareness of health risks that
they may be exposed to and to disseminate information
about preventive methods applicable during the work.
Furthermore, adequate ventilation system in the work-
ing environment should be installed, frequency and
quality of the wet cleaning phase should be increased
and regular and detailed medical examinations of em-
ployees should be introduced. These recommendations
could lead to minimizing of risks to employees’ health
in waste sorting facilities.

CONCLUSIONS

We performed a general evaluation of the occupational
exposure of workers employed in the plastic sorting
plant to airborne fungi during the work shift in four
seasons of the year. Overall, high concentrations of air-
borne fungi and the presence of potentially toxigenic
fungal species in the work environment were detected
in all measurements with some of the harmful taxa
(e.g., Aspergillus niger) being among the most frequent-
ly species. A trend of higher airborne fungi concentra-
tions was found in summer and spring when compared
to autumn and winter. The lowest airborne fungi con-
centrations were found at the beginning of the work
shift followed by the quick increase reaching a plateau
(sometimes followed by a slight decrease towards the
end of the shift). This study shows that the sorting plant

is the working environment with increased concentra-
tions of airborne fungi and corresponding preventive
measures need to be taken in order to decrease the em-
ployees’” exposure to harmful agents.
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ABSTRACT

The aim of this study was to evaluate the occupational exposure of workers employed in
the paper sorting plant to airborne fungi in four seasons. Surface Air System method was
used for the sampling of airborne fungi. Airborne fungi samples were collected in the
workers” breathing zone twice per work shift (10a.m. and 2p.m.) and twice per each
season. Overall, high concentrations of airborne fungi in the work environment were
detected. Higher numbers of CFU (colony forming units) of airborne fungi per cubic
meter were measured at Zp.m. than at 10a.m. during each work shift. The highest
concentration of CFU of airborne fungi were measured in the summer (1.00 - 3.88 x104
CFU/m3), and then in the spring (0.49 - 1.15 x104 CFU/m3). The lowest numbers of
CFU of airborne fungi were measured in autumn (0.26 - 0.50 x104 CFU/m3). In
comparison to other studies, paper sorting plant represents working environment with
increased concentrations of airborne fungi.

Keywords: airborne fungi, occupational exposure, waste sorting plant

INTRODUCTION

Because of the increasing waste production worldwide, waste management has become
an important issue in today’s society [1]. Municipal solid waste in waste sorting plants is
usually contaminated by many microorganisms. Among the important parts of
contaminants are included microscopic fungi. Microscopic fungi are capable of utilize the
organic resides adhering to the waste as nutrition sources and can produce a high
number of reproductive particles.

During the waste handling, the particles of microscopic fungi can be released into the
working environment and become a part of bioaerosol. The employees of a waste
sorting plant are exposed to the bivaerosol throughout the work shift.
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Previous studies dealing with the problems of contamination of working environments
show that the employees of waste treatment facilities are exposed to increased
concentrations of airborne fungi which can vary within a wide range, 7,8 x10% - 2,3 x10°
CFU/m?[2], 1,5 x10% -2,9 x105 CFU/m? [3], 6,5 x10%2- 2,5 x10* CFU/m? [4], depending on
sampling site, sampling method and processing of samples. Moreover, high
concentration of airborne fungi can cause numerous health problems, most commonly
respiratory diseases, allergies, gastrointestinal problems, and eye and skin irritation [5 -
8].

Occupational exposure of workers to airborne fungi in a waste sorting plant has not
been dealt with in the Czech Republic yet. This study aims at the evaluation of the
occupational exposure of employees to airborne fungi in a paper sorting plant within
four seasons of the year.

MATERIALS AND METHODS

The study was performed in a paper sorting plant in the Czech Republic. Samples of
airborne fungi were collected in the employees’ breathing zone (1.5 m above the
ground) next to the conveyor belt where the employees sort paper waste. The samples
were taken in 2014 (January, May, August, October]), twice per each season. During each
work shift, two measurements were performed, at 10a.m. (half of the work shift) and
2p.m. (end of the work shift), with ten repetitions.

Single head impaction air sampler (AES Laboratoire Sampl'air, Combourg-France) which
is a part of the Surface Air System method was used for the sampling of airborne fungi.
Particles of airborne fungi were impacted onto Petri dishes containing 25 ml of
cultivation medium DRBC (Dichloran Rose Bengal Chloramphenicol; DRBC Agar Base
with Chloramphenicol Supplement, OX0ID) placed in the head of the sampling device.
This sampler operated at the flow rate of 100 I min-L The amount of air sampled was 50
I, thus 0.5-min sampling period of one sample. After the sampling, Petri dishes were
incubated at 25°C for 72 hours. Fungal counts were determined as the number of CFU
per cubic meter of air. At each sampling time the temperature and relative air humidity
were recorded.

The data were analyzed by means of hierarchical ANOVA due to the split-plot structure
of the dataset with 3 levels. For the final analysis, the response variable, abundance of
CFU per cubic meter was log-transformed in order to meet the assumption of
homogeneity of variance (increasing variance with fitted mean was detected from
regression diagnostic graphs of a preliminary analysis). The tested predictor was time of
sampling. All computations were undertaken in R 3.0.1 statistical environment under
hase installation [9].

RESULTS

The total number of CFU of airborne fungi per cubic meter was dependent on the
sampling time during the work shift and on the season (p<0,001). The variability of
measured numbers of CFU between the seasons represented 73,6% of total variability
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and variability of measured numbers of CFU between the morning and afternoon
sampling within the work shift represented 25,5% of the total variability. The variability
between repetitions within each sampling time was negligible (0,9% of the total
variability) (Figure 1).

Among
measurements
within hours and
days; 0.9%

Among hours within
days: 25.5%

Figure 1. Proportions of total variation in response (log-number of CFU of airborne
fungi) explained by each hierarchical level.

The temperature and relative air humidity measured during each sampling time are
summarized in Table 2.

Table 2. Descriptive statistics of the ambient conditions during the measurements; SE
denotes standard error of the mean.

cpma temperature (°C) relative air humidity (%)
Mean SE Mean SE

spring 12,54 0,21 76,24 0,96

summer 18,38 0,45 77,91 1,23

autumn 9,62 0,26 74,32 0,78

winter 6,53 0,31 67,38 1,35

Numbers of CFU of airborne fungi per cubic meter measured in the afternoon were
higher than in the morning. The highest concentration of CFU of airborne fungi were
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measured in summer, and then in spring. The lowest numbers of CFU of airborne fungi
per cubic meter were measured in autumn (Figure 2).

AR — O half of the workshift
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~ 1000 —
o
=
E=
s —
% 500 - —
[y }
£
&
O
- o _
o = — i~
200 | e
== 5
100 —
I T | I
Spring Summer Autumn Winter

Figure 2. Number of detected CFU of airborne fungi depending on the sampling time
and on the seasons. Please note the logarithmic scale of the y-axis.

Detected concentrations ranged from 10,04 x10? to 38,80 x103 CFU of airborne fungi per
cubic meter in summer, 4,96 x103 to 11,58 x103 CFU of airborne fungi per cubic meter in
spring, 3,62 x103 to 5,20 x103 CFU of airborne fungi per cubic meter in winter and 2,64
x10°% to 5,08 x10° CFU of airborne fungi per cubic meter in autumn. The ranges of
detected CFU of airborne fungi per cubic meter depending on the time of sampling
during the work shift in the four seasons are shown in Table 1.

Table 1. Exposure to airborne fungi when sorting recyclable paper in different seasons.
The results are responded as ranges in 10° CFU/m-,

season 10 a.m. 2 p.m,
spring 496-5.72 10.52 - 11.58
summer 10.04 - 10.62 31.60 - 38.80
autumn 2.64-3.36 4.38 - 5.08
winter 3.62-4.16 294-520
758
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DISCUSSION

Statistically significant differences in the numbers of detected CFU of airborne fungi
were found out between two measurements during each work shift. An increasing trend
in the number of detected CFU of airborne fungi was observed. Similar trend is also
presented in other study dealing with bioaerosol in waste treatment facilities [10]. This
trend could be caused by gradual release CFU of microscopic fungi from waste to the
environment,

Also between the measurements in different seasons, there were found statistically
significant differences in the numbers of detected CFU of airborne fungi. In our case, the
highest numbers of CFU were detected in summer and then in spring, lowest numbers of
detected CFU were found in autumn. The different numbers of detected CFU may be
related to the temperature and relative humidity, as well as the quality of input material
[2, 4, 11]. Rahkonen [4] showed higher concentrations of airborne fungi in autumn than
in spring and summer. In this study, the highest relative humidity was in autumn. But in
our study, the highest relative humidity was in summer (table 2). However, it can be
expected that the changes of concentrations of airborne fungi during the year are
affected by many other factors.

The overall exposure to airborne fungi was more or less comparable to that reported in
the studies from similar plants [2, 9, 12]. However, direct comparisons between studies
are complicated by the fact that different techniques of sampling and enumeration were
used. And also quality of sorted waste (contamination by microscopic fungi) [2] and
different technology of the sorting process in tested facilities may be relevant. Park et al.
[11] summarized the numerous parameters which may influence exposure of employees
to bioaerosol, these included type of waste, season of the year, type of collection unit of
the household and organization of work.

Nevertheless, in comparison to other work environment [13, 14], the paper sorting plant
represents a working environment with increased concentrations of airborne fungi.

Based on the results of our study, we recommend the using of preventive equipment
(preventive gloves, breathing mask or respirator) and introduce of preventive measures
mentioned in study Marchand et al. [10] and Marth et al. [15], especially the thorough
initial check-up of employees, the regular annual medical check-ups, provision of
information to employees about the health risk to which they are exposed and about
preventive methods they should apply during work shift, institution of mandatory
showers at the end of each work shift, institution of daily cleaning of resting and shower
rooms.
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CONCLUSION

We performed a general evaluation of occupational exposure of workers employed in
the paper sorting plant to airborne fungi during the work shift in four seasons of the
year. Overall high concentrations of airborne fungi in the work environment were
detected. The highest concentrations of airborne fungi were measured in summer and
then in spring, while the lowest concentrations were measured in autumn. In the
afternoon, the numbers of CFU of airborne fungi per cubic meter were higher than in the
morning. This study showed that the paper sorting plant is a working environment with
increased concentrations of airborne fungi. We recommend the using of preventive
equipment and introduce of preventive measures to minimize the health risk of
employees.
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ABSTRACT

Employees of waste sorting facilities can be exdose long-term effects of high
concentrations of airborne fungi. In recent yeansiny studies showed a relationship
between the working activity in waste sorting faéies and the occurrence of health
problems, especially respiratory and gastrointakfamoblems. Due to repeated detections
of potentially allergenic, infectious and toxigeriimgi species in waste sorting plants, it
can be assumed that microscopic fungi play an itaporole in the development of health
problems. In terms of minimizing health risks,stnecessary to take a number of technical
and organizational measures to reduce the contéioninaf the working environment by

biological agents.

INTRODUCTION

In recent years, waste production has grown woddwiDue to the excessive
production of waste, there is an increasing pressur its recycling. In April 2018, the
European Parliament, in agreement with the Eurofi&amcil, supported new recycling
targets under the legislation on waste and thaileireconomy. The new Directive (EU)
2018/851 orders the Members States to increas@ribortion of the municipal waste
designated for reuse and recycling to a minimurb5% of weight by 2025, to increase
this proportion to at least 60% of weight by 2080d to 65% of weight by 2035. Thus,
waste treatment will take a higher importance.

Waste in waste sorting plants is very often conteat@d with organic residues that
serve as a nutrient substrate for the growth ofynmaicroorganisms (Pahren et al., 1987),

including an important group of microscopic funiylicroscopic fungi are heterotrophic
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organisms which are able to use as a nutrient ibshot only the organic residues
adhering to the waste but also the surface of thet'p equipment such as wood, gypsum
boards, plywood, chipboard, cellulose, wallpapexfitts made of natural fibres, and also
insulation (Raper et Fennell, 1977; Pasanen el@82; Karunasena et al., 2000). Owing
to the external factors (air velocity, air humidignd mechanical handling of waste, the
microscopic fungi particles from these sourcesrateased into the air (Pasanen et al.,
1991), where they become part of bioaerosol orfaether sediment and become surface
contamination of the equipment again, or they dargdo exposed parts of the workers'
bodies as well as their clothing (lvens et al., 2 %ark et al., 2011; Viegas et al., 2014a).

In the waste sorting facilities high concentratiofisirborne fungi were repeatedly
measured—up to 4 orders of magnitude higher thasetimeasured in office buildings or
households' interiors (Goérny, Kryska-Traczyk, 1999; Klanova, 2000; Pastuszka et al.,
2000). The relationship between the occurrencesafth problems and high concentrations
of airborne fungi has not been clarified yet; hoamrvt is assumed that microscopic fungi
play an important role in this case. This is alsggested by Ivens et al. (1999), who
document a connection between the exposure of ganm&n to microscopic fungi and the
development of gastrointestinal problems.

The aim of this paper is to summarize the existimpwledge about fungal
contamination of working environment in waste sagtfacilities. Particular emphasis is
placed on the species composition of the fungalmsanity inside waste sorting facilities
as well as on the health problems associated vatiugational exposure to microscopic

fungi.

FUNGAL COMPOSITION

In general, indoor fungi include a mixture of thakat have entered from outdoors
(Lacey, 1981; Burge et al., 1982) and those frodoam sourcesAspergillusspp. and
Penicillium spp. are usually considered the major groups dbadn fungi (Gorny,
Dutkiewicz, 2002). These fungal genera were thetnposvalent fungi isolated from
working environment of waste sorting facilities tdtowever, the percentage represented
by each genus varied between the studies.

Viegas et al. (2014a) detected in the air samptes fvaste sorting facilities almost
exclusively species ofspergillusgenus, whereas in Lehtinen et al. (2013) 93% bf al

identified species of the captured fungi were dtutstd by the genuBenicillium Pinto et
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al. (2015) detected the genRsnicilliumin 95% of all captured fungi. Similar percentages
of generaAspergillus (44%) andPenicillium (40%) were detected in the samples by
Tolvanen et al. (1999). Apart from the fungi of theneraAspergillus(A. candidus, A.
flavus, A. fumigatus, A. niger, A. ochraceaadPenicillium (P. crustosum, P. digitatum,
P. chrysogenum, P. lanosum, P. naligovense, P. pi@um, P. variablgs other fungal
genera were isolated from the air of the wasteirgpriacilities: Alternaria, Botrytis,
Cladosporium, Fusarium, Geotrichum, Hemicarpenteléismicola, Chrysonilia, Monilia,
Paecilomyces, Trichoderma, Trichophyton, Ulocladiurdyalodendron, Wallemia,
Absidia, Mucor, RhizopufNersting et al., 1991; Wirtz, Breum, 1997; Kiwita et al.,
1999; Reinthaler et al., 1999; Tolvanen et al.,29%htinen et al., 2013; Viegas et al.,
2014a; Pinto et al., 201berna et al., 2017; Degois et al., 2017; Santos,e2Gi.8).

So far, surface contamination of indoor environmaniaste sorting facilities has
been dealt with by only a few studies (Park et20111; Viegas et al., 2014a). Viegas et al.
(2014a) identified eight different species of magopic fungi in the samples taken from
the surface of the waste sorting facility equipmant faces of the employees. In the
analysed samples, the most frequent species irtlsigergillus nigen66.1%),A. flavus
(14.2%) andA. fumigatus(13.8%). These species of microscopic fungi werth@ same
time the most numerous species captured in the lsangken from the air in the same
working environment. The remaining 5.9% includ®dcandidus, A. terreus, Neosartorya
fumigatg Eurotium herbariumandAbsidiaspp. The identification of captured microscopic

fungi was not performed in the study by Park e{2011).
EXPOSURE LEVELS

Employees of waste sorting facilities can be exgaseparticles of microscopic
fungi by three ways: inhalation, gastrointestinadl @ermal ways of exposure (Park et al.,
2011). Inhalation is the easiest to measure anéftbre also the most frequently rated type
of exposure. Tab. 2 shows an overview of the canagons of airborne fungi particles

measured in working environment of the waste sgracilities.

Tab. 2: An overview of measured concentrations CFU (Col&myming Unit)/n? of
airborne fungi in working environment of waste suagtfacilities depending on the used
sampling device (A — 6-stage Andersen impactor, membrane filter sampler, | —
impinger, S — single head impaction air sampler)
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Type of sampling

Type of sorted waste

Literary source CFU/m3 device

Nersting et al. (1991) |1.0x102-15x10 |A unspecified
Nersting et al. (1991) |4.0x102-1.4x10 |l unspecified
Malmros et al. (1992) [35x102-1.8x10 |A unspecified
Rahkonen (1992) 65x102-25x10 |A unspecified
Sigsgaard et al. (1994) 5.2 x 103 (5.4 Y10 || paper
Sigsgaard et al. (1994) 1.4 x*18.1 x 1d)* |l unspecified
Marchand et al. (1995)| 8.0 x 102 - 7.2 x 103 A unspecified
Wiirtz et Breum (1997) 9.6 x 102-2.3x 10 |F paper
Reinthaler et al. (1999)3.0x 10 -1.6x16  |A unspecified
Tolvanen et al. (1999) [3.6 x 10:-1.4x 10 |F unspecified
Tolvanen etal. (1999) [1.0x10-1.3x106 |A unspecified
Tolvanen (2001) 33xfe20x16 |A unspecified
Tolvanen (2001) 0-1.2x140 F unspecified
Krajewski et al. (2002)|8.4x 10 -1.3x16  |F unspecified
Kozajda et al. (2009) |1.9x10-1.6x10 |A unspecified
Park et al. (2011) 24x10-11x10 |F unspecified
Breza-Boruta (2012) 0-5.3x%0 S unspecified
Lehtinen et al. (2013) |1.5x102-2.9x10 |A unspecified
Kozajda et al. (2015) | 1.9x103-3.4x10 |A unspecified
Cerné et al. (2015) 26x1639x18 |S paper
Pinto et al. (2015) 1.5 x 10 S glass
Cerna et al. (2016) 2x101.7x16 F plastics
Cerna et al. (2016) 3x106.4x10 S plastics
Cerna et al. (2017) 20x31018x16 |F plastics
Santos et al. (2018) 20x1028x10 |S unspecified

* Mean (SD)
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Despite the various methods of sampling airbornagifuit is obvious that the
employees of the waste sorting facilities are egdo® a wide range of airborne fungi
concentrations, reaching up to 1.8 ¥ TFU/m3. The employees of other types of waste
treatment facilities (e.g. composting plant, lahdfivaste incineration plant, sewage
treatment plant) are exposed to similar concewmatof airborne fungi (Rahkonen, 1992;
Marchand et al., 1995; Ivens et al., 1999; Kivieart al., 1999; Reinthaler et al., 1999;
Krajewski et al., 2002; Tolvanen, Hanninen, 2006ix€ira et al., 2013).

The potential health risks to employees of wastirgp facilities result mainly
from their long-term exposure to high concentragioh microscopic fungi particles. Ivens
et al. (2011) found out that during one workday t&a®llectors inhaled approximately 1,2
x 10° - 1,8 x 10 (2 2,8 x 16) CFU of airborne fungi at a concentration of 10 — 4,9 x
10° CFU/nT. On the basis of the obtained results, they cdeatthree-level classification
of the employees' weekly inhalation exposure tbaime fungi:

« Low exposure level (1 x £0 1 x 10 CFU of microscopic fungi)
« Medium exposure level (1 x 16 1x 1d CFU of microscopic fungi)
« High exposure level (>1 x 1@FU of microscopic fungi)

Microscopic fungi particles that cling to clothimgnd faces of the employees can
become a source of gastrointestinal exposure. &agk (2011) found out in their study
that an average of 1.6 x LCFU of microscopic fungi/cadhered to the faces of the
employees of the waste sorting facility during evak shift. In comparison, an average of
3.7 x 16 CFU of microscopic fungi/ciadhered on the faces of the waste collector. The
study also showed that during work shift a largeoamt of particles of microscopic fungi
can cling to various parts of the employees' chwhftrousers - @ 4.2 x 1@FU/cnf,
gloves @ 6.5 x T0CFU/cnf, sleeve g 3.2 x POCFU/cnf, shoulders — g 1.6 x 10
CFU/cnt, handkerchief — g 3.3 x 1CFU/cnf).

The sedimentation of airborne fungi particles a@ tbuches of exposed skin of
employees on a contaminated waste are the sourttee afermal exposure. As stated by
Park et al. (2011), a significant amount of paescbf microscopic fungi was detected on
the exposed parts of the garbage collectors' bdfiies - @ 3.7 x TOCFU/cnf, back of the
hand - @ 2.6 x T0CFU/cnf, palm — @ 6,4 x T0CFU/cnf).
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HEALTH RISKS OF OCCUPATIONAL EXPOSURE

In recent years, an increasing number of studie® lgiven evidence of the relationship
between the working activity in waste sorting faéies and the occurrence of health
problems (Marth et al., 1997; Chan et Leung, 2@KEr et al., 2012). In spite of the large
number of studies, it is very difficult to link gexific health problem with a particular
factor, since the employees of waste sorting faesliare exposed to the simultaneous
interaction of biological agents (microscopic fungiacteria, viruses) (Wurtz, Breum,
1997; Kiviranta et al., 1999; Reinthaler et al.999Tolvanen et al., 1999; Park et al.,
2011; Carducci et al., 2013; Lehtinen et al., 20XBemical agents (microbial volatile
organic compounds, endotoxins, mycotoxins) (Rahkpri®92; Kiviranta et al., 1999;
Degen et al., 2003; Tolvanen, Hanninen, 2006; Rar&l., 2011; Lehtinen et al., 2013;
Viegas et al., 2014b) and physical factors (naissatisfactory light conditions, vibrations,
extreme temperatures) (Krajewski et al., 2002; anén, Hanninen, 2006). Neglecting the
synergistic effects of these factors representa@mtimitation of many available studies
(e.g. Marth et al., 1997; Athanasiou et al., 20C@an, Leung, 2011; Eker et al., 2012).
Another methodological problem of some studiesha their authors neglected not only
the health condition of the employees before emgethe job (e.g. Ivens et al., 1999;
Heldal et al., 2003), but also the time elapsirafran employee's entry into the job and
the first occurrence of the symptoms (e.g. Iveral.etl999; Krajewski et al., 2002; Heldal
et al., 2003; Athanasiou et al., 2010). Additiopaltome authors even omitted the
identification of the measured biological factoBut in fact, allergenic, infectious and
toxigenic fungal species may also be present antoegnicroorganisms occurring in the
environment of waste sorting facilities (Wirtz, Bne, 1997; Kiviranta et al., 1999;
Tolvanen, Hanninen, 2006; Lehtinen et al., 2013egds et al., 2014a; Viegas et al.,
2014b).

The most important genera causing allergic reastisolated from the environment
of waste sorting facilities arAlternaria, Aspergillus, Cladosporium, Penicilliurivjucor
and Rhizopus These genera of microscopic fungi are chara&eériazy a fast asexual
reproduction cycle giving them the ability to quickroduce a huge amount of conidia or
spores, which are easily released into the enviemr{Gravesen, 1979). Threshold values
for allergic reaction are not known exactly; howe\Bagni et al. (1977) state in their study
that an allergic reaction of humans can occur engitesence of only 100 particles (conidia)
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of the genud\lternariain m® of air, or 3000 particles (conidia) of the geriadosporium

in m® of air.

The most common infectious disease caused by noigpas fungi is dermatomycosis (an
infectious disease of the skin, skin derivativesl amucous membranes). The potential
originators of this disease can be microscopic ifaighe generadlternaria (Robb et al.,
2003) Aspergillus(Ozcan et al., 2003)Cladosporium(Vieira et al., 2001) Fusarium
(Nucci, Anaissie 2007RaecilomycegHall et al., 2004) antlocladium(Badenoch et al.,
2006). Most of these genera were repeatedly detantevorking environment of waste
sorting facilities (Nersting et al., 1991; WirtzyeBm, 1997; Kiviranta et al., 1999;
Reinthaler et al., 1999; Tolvanen et al., 1999;tire#m et al., 2013; Viegas et al., 2014a).

In addition to an increased risk of allergic reai and dermatomycosis, the
employees of waste sorting facilities were morespsble to organic dust toxic syndrome
(cough, chest tightness, dyspnea, flu-like symptsowh as fever, muscle and joint pain,
fatigue, headache) and a higher risk of gastraini@s (diarrhoea, stomach cancer),
respiratory (hoarseness, cough, upper respiratacy inflammation) and musculoskeletal
problems (musculoskeletal and joint disorders) $§&ard et al., 1994; Marth et al., 1997;
Ivens et al., 1999; Krajewski et al., 2002; Kozaj@aadkowska-St&zyk, 2009; Chan,
Leung, 2011). Furthermore, Eker et al. (2012) foond that 40% of the employees in a
large-scale waste treatment facility suffered fromatabolic syndrome (insulin resistance
and glucose intolerance, diabetes mellitus, obes#ipdominal fat accumulation,
dyslipidemia and hypertension). Employees of wastéing facilities are further exposed
to the risk of acute infectious diseases due taalatton of bioaerosols containing
infectious patrticles released from waste (Alonsale2015).

An important feature of some fungal species is pheduction of mycotoxins.
Mycotoxins are the product of secondary metabob$noxigenic fungal species that have
adverse effects on humans (Chetkowski, 1991). Thesgmce of several mycotoxins has
been detected in the environment of waste sortuegities. Degen et al. (2003) detected
the presence of ochratoxin A in the blood of thek&os handling waste, and Viegas et al.
(2014b) detected aflatoxin B1 in the blood of a teasorting facility employees.
Occupational exposure to ochratoxin A and enni&im the working environment of
waste sorting plant was also reported (Viegas.eR@ll8). The most significant toxigenic
microscopic fungi that have been isolated fromwloeking environment of waste sorting

facilities include the following gener&lternaria, AspergillusCladosporium, Eurotium,
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Fusarium, Neosartorya, Paecilomyces, PenicilliumtacBybotrys a Trichoderma
(Chetkowski, 1991; Brase et al., 2009; Marin et abD13; Jarvis et al., 1998). Thus,

exposure to other mycotoxins could be expected.

PREVENTIVE AND PROTECTIVE MEASURES

To minimize health risks, both the employees ang@leyers are encouraged to take
a number of technical and organizational measuré&elp reduce the contamination of the
working environment by biological agents. The basmommendation is the consistent use
of protective working tools (thick rubber glovesspiratory mask, working clothes) and
increased personal hygiene during and after worlshdgt (Sigsgaard et al.,, 1990;
Marchand et al., 1995; Kozajda, Szadkowskax&tgk, 2009; Viegas et al., 2014b).
Another necessary measure is regular air exchamgdei the waste sorting facility and
thorough daily cleaning of workspaces (Marchanalgt1995; Marth et al., 1997). The
employees should be also informed about the ocmnzdtsafety and health risks they are
exposed to during work. At the same time, they khdiave regular medical check-ups,
and in case of health problems they should be inmetedgl transferred to another position
(Marchand et al., 1995; Kiviranta et al., 1999; Kpla, Szadkowska-Stezyk, 2009;
Athanasiou et al., 2010; Viegas et al., 2014b)alyn within the spatial layout of waste
sorting facilities, the workspaces should be sépdrrom common spaces and sanitary
facilities (Marchand et al., 1995; Marth et al.9T%.

CONCLUSION

In recent years, several studies have illustratesl relationship between the
working activities in waste sorting facilities artkde occurrence of health problems in
employees. Despite the large number of studies, very difficult to connect a specific
health problem with a particular agent as the eggde of waste sorting facilities are
exposed to the simultaneous interaction of biolalgichemical and physical agents. On
account of high concentrations of fungi repeateakyasured in the air of some waste
sorting plants and due to the identification ofigexic, allergenic and infectious species,
microscopic fungi probably play a important roletims respect. In order to thoroughly
assess the influence of high concentrations ofaaapic fungi on the health condition of

the employees, it is necessary to implement a tmifmethod for sampling microscopic
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fungi that will ensure both their quantificationdaaxact identification. At the same time,
future studies should consider the employees' inealdition as well as other factors that
can affect employees in the work environment. LUast not least, a crucial step in
decreasing the health risks to the employees inenssting facilities is the compliance
with the proposed preventive and protective measasewell as the implementation of

occupational exposure limits.
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