POLUTANTY

UCinky na sbirkove materialy
Metody monitorovani
Moznosti regulace a eliminace Ucinku



Co jsou polutanty

» Znecistujici 1atky jakéhokoli skupenstvi, které maiji v urcité koncentraci
degradacni vliv na material

* Polutanty — jakékoli latky znecistujici soustavu
* Emise — znecistujici latky vypousténé do ovzdusi (CO,, popilek,
NO,, SO)
* tuhé — prach, popilek, saze,
* kapalné a plynné — slouceniny S, C, oxidy dusiku, amoniak, slouceniny Cl a
Fajiné
* Imise — znecistujici latky rozptylené v zivotnim prostredi — v ptdé,
vodeé,... (tézkeé kovy, popel)



Proc jsou nebezpecCné?

* Synergicky efekt (s RV, T a svétlem) mechanismu poskozovani
* VysSi T = urychleni chemické reakce = intenzivnéjsi uvolnéni VOC
. Sylnelr,gicky'/ efekt SO; a NO, — pri vysokeé RH se zvysuje reaktivita SO s
celulézou

e Kumulativni a nereverzibilni zmény materialu

* Zmeény nejsou ihned - napf. u textilu Ci \oa iru dochazi k pomalému,
plostupnemu poskozeni struktury a naslednou zménu mechanickych
vlastnosti

e Zmirnéni vlivu polutantu:
* Komplexni zhodnoceni celkového prostredi
* Znalost skladby materiall a jejich interakce s okolim

* Podminky ulozeni by se vzdy mely podridit nejcitlivéjsSimu materialu



Rozdéleni polutantt

* Pevné a kapalné, rozptylené ve vzduchu — polétavy prach, aerosoly
* Plynné polutanty vnéjsi - SO,, NO,, O,, H,S, org. slouceniny siry

* Plynné polutanty vnitrni — CH;COOH, HCOOH, acetaldehyd,
formaldehyd, H,S, COS (karbonylsulfid), O,

e Zdroje:
* stavebni, tésnici, natérové hmoty,
* materialy samotnych mobiliart (drevéné skriné), obalové
materiadly (papir, plasty)
e Cistici prostredky i prostredky pouzité pro konzervaci
* predmety samotné



* Polutanty prenasené vzduchem - SO,, NO,, VOC, H,S, O,, NH;, pevne
castice (prach, pyl,...)

* Polutanty prenasené kontaktem — drevo, kysely papir a lepenka, lepidla
a lepici pasky, PU pény, plasty (PVC, pryz,...) kamen a cihly
kontaminované solemi, kovy (pri vysoké RH), organické materialy, Cistici
prostredky

* Vnitrni polutanty — latky obsazené v samotné hmoté predmetu
* Primarni — pUvodni soucasti, konzervacni prostredky
* Sekundarni — vznikaji béhem degradace

‘dis S ‘:y Sl
https://www.canada.ca/en/conservation-institute/sefHcas, PEov.emty S
conservation/guidelines-collections/paper-objects.html



V" & 4 °
Pevne castice
Prach, saze, pyl
* Vnéjsi zdroje — spalovani fosilnich paliv; antropogenni i prirodni ptvod

* Saze a dehtové latky; vétSinou kyselé (absorbuji SO,); mohou obsahovat stopy
kovu, ¢astice textilu, klze, stavebni hmoty

* Vnirni zdroje
* pristroje, osoby (navstévnici — hrubé castice); prachové Castice, textilni zbytky,
kousky kuze; cigaretovy kour

e Od 10™* um az po zrnka pisku,
 Pfipustna koncentrace <75 pum - m3

* Centra koroze a biologického napadeni - kumuluji vlhkost, vazou plyny, zivna puda



Velka variabilita slozeni a velikosti ¢astic

Znecisténi, abraze a mechanické poskozeni
povrchu,

Jemné castice mohou byt kyselé Ci alkalické

povahy, byvaji hygroskopické (navlhani)
(Maskov3, L., Smolik, J.: Prach v knihovné, FKR, Brno, 2013)

Navstévnici — vysokym zdroj prachu v ovzdusi
* Koncentrace prachovych ¢astic narusta
béhem navstévnich hodin, nejvyssi je pred

koncem navstévnich hodin. Nasledné klesa.

(Maskov3, L. et al. Prach v expozici a depozitari narodniho
muzea, FKR, Brno, 2018, 42-45)

Praskliny ve slonoviné vyplnéné prachem
https://www.canada.ca/en/conservation

institute/services/agents-

deterioration/pollutants.html



https://www.canada.ca/en/conservation-institute/services/agents-deterioration/pollutants.html
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https://www.canada.ca/en/conservation-institute/services/conservation-preservation-publications/technical-bulletins/mould-prevention-collection,
recovery.html?fbclid=IwAR2gVXWWH2W5zYGUG6SerVJyfi5sVSbO500WI1JgZ3iTgef3Vs3kVBrET9frk



https://www.canada.ca/en/conservation-institute/services/conservation-preservation-publications/technical-bulletins/mould-prevention-collection-recovery.html?fbclid=IwAR2qVxWWH2W5zYGU6SerVJyfj5sVSb05OOWIJqZ3iTgef3Vs3kVBrET9frk

Plynné polutanty
Oxidy siry SO, (predevsim SO,)

* Vnéjsi zdroje — spalovani fosilnich paliv; lokalni topenisté
» Skodlivost narlista s vy33i vihkosti — vznikd H,SO,
250,+0, > 250,
SO, +H, - H,S0,
* SO, se snadno sorbuji, napf. SO, se sorbuje na kapky H,O.
Vznikly aerosol H,SO, (kysely dést) pasobi velmi korozivné

* Koroze
 vétsiny kovl — Fe, Ag, Cu a jeho slitiny
* Materialy s obsahem CaCO;,
 Devitrifikace alkalického skla
* Hydrolyza bilkovin (klze, vina), celuldzy (papir, rostlinna vlakna)

* Pfipustna koncentrace < 10 pm - m™3

ACID RAIN




institute

https://www.canada.ca/en/¢anservation-
institute/services/agents-deterioration/pollutants.html



https://www.canada.ca/en/conservation-institute/services/preventive-conservation/guidelines-collections/caring-plastics-rubbers.html
https://www.canada.ca/en/conservation-institute/services/preventive-conservation/guidelines-collections/photographic-materials.html
https://www.canada.ca/en/conservation-institute/services/preventive-conservation/guidelines-collections/metal-objects.html
https://blog.thepreservationlab.org/tag/red-rot
https://www.canada.ca/en/conservation-institute/services/agents-deterioration/pollutants.html

Sulfan H,S (sirovodik)

* Vnéjsi zdroje — prumysl, produkt tleni organickych
mateialu

* Vnitrni zdroje — rozkladem organickych sbirkovych
predmeétu, napr. viny a keratinovych vlaken, z barviv;
produkt mikroorganismu

* Koroze naptr.:

* Barevnych kovu — Ag (Cerny povlak Ag,S) a Cu (Cerny
povlak CuSO,)

e Z€ernani nékterych anorganickych pigmentu , napt.:
olovnaté béloby 2 PbCO; - Pb(OH),, sufiku Pb,0,

https://cool.culturalheritage.org/cool

aic/sg/bpg/annual/v04/bp04-04.html
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https://cool.culturalheritage.org/coolaic/sg/bpg/annual/v04/bp04-04.html

Amoniak NH,

* Vnéjsi zdroje — hnilobny produkt mikroorganismu, prumysl, hnojiva
* Vnitrni zdroje — hnojiva na kvétiny, rozkladny produkt mocoviny, Cistici prostredky

* Reaguje s H,S0, (vzniklé sorpci SO, )
2 NH, + H,S0, - (NH,),S0,
* (NH,),SO, — hygroskopicka sul

* Zpusobuje matnéni lak{

* Muze vznikat i NH,HSO, — témér cely silné kysely podil aerosolu v ovzdusi



Oxidy dusiku NO,

* Vnéjsi zdroje — spalovani fosilnich paliv (doprava, primyl), pfirodni jevy

Vnitrni zdroje — plynova kamna, varice, degradacni produkty nitroceluldzy

NO, reaguje se vzdusnou vlhkosti

2 NO, + H,0 = HNO, + HNO, g

HNO, zpusobuje
* Korozi kovu
* Hydrolyzu celulodzy, trisloCinénych usni
e Rouzpousti vapenaté materialy
* Nebezpecny predevsim pro fotomaterialy s zelatinovou vrstvou

3 4 5

Pfipustna koncentrace <5 um - m

https://www.canada.ca/en/conservation-institute/servicesypreventive-
conservation/guidelines-collections/metal-objects.html



https://www.canada.ca/en/conservation-institute/services/preventive-conservation/guidelines-collections/metal-objects.html

Ozon O,

* Vnéjsi zdroje — vznika reakci NO,, VOC a slunecniho zareni

hv
NO, > NO+0O

O0+0,—>0,

* Vnitini zdroje — rtutové vybojky, kopirovaci a skenovaci zafizeni, laserové tiskarny,
elektrické lapace hmyzu, elektrostatické vyboje
* Silné oxidacni Cinidlo
* Reaguje s dvojnymi vazbami C=C nenasycenych org. latek, zplsobuije jejich sitovani,
oxidaci (a) Ozone at 40 °C under 80 %RH  (b) Ozone at 80 °C under 20 %RH
e Katalyzuje korozi nékterych kov 5 B

IRubber lining

* Pfipustna koncentrace <10 um - m=3

’ . y
IFoamed rubber

https://www.sciencedirect.com/science/article/pii/S0141391017301891

F



https://www.sciencedirect.com/science/article/pii/S0141391017301891

Kyslik O,

* Prispiva k degradaci organickych i anorganickych materialt —
zpusobuje oxidaci

* |dealni prostredi — bezkyslikata atmosfera, O, < 0,5 %

* Absorbéry O,
* \lyplach vzduchotésného obalu inertnim plynem (N, Ar)



Chloridy CI-

e Zdroje

* V ovzdusi predevsim v primorskych oblastech

* U nas v ovzdusi predevsim v zimnim obdobi

* LiCl (obcasné vysousedlo), starsi druhy PVC, Cistici prostredky (Savo)
e Zpusobuje korozi kovu, predevsim Fe
* Pfipustna koncentrace <5 pm - m=

https://www.researchgate.net/publication/261360828 A new arrangement of

galvanic anodes for the repair of reinforced concrete structures/figures
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https://www.researchgate.net/publication/261360828_A_new_arrangement_of_galvanic_anodes_for_the_repair_of_reinforced_concrete_structures/figures

Tekavé organické latky VOC (volatile organic compounds)

Kyselina octova CH,COOH

e 7Zdroj

 tvrdé drevo (dubové), vinylacetatové natéry (latexy), filmové nosice (acetaty
celuldzy), drevotriska (acetatové a formaldehydové pryskyfrice), silikony, textilni
apretury

e ZpUsobuje

* rozklad vapenatych materialt CaCO, (mineraly, musle), historického skla a smaltd,
nékterych kovu (Pb, Zn, Cu, bronzy)

Acetaldehyd

e 7Zdroj
* natery, lepidla a tmely na bazi PVAc a z tvrdého dreva



Formaldehyd HCHO
e Zdroj
e drevotrisky pojené fenolformaldehydovymi a
melaminformaldehydovymi pryskyricemi, sbirkové predmeéty a
prostredky pro jejich drivejsi desinfekci

 Zpusobuje
e poskozeni skla, keramiky, kovu

 Karcinogen skupiny 1!



VOC

* Nejvyssi koncentrace — v uzavrenych
prostorach s nizkou cirkulaci vzduchu
(vitriny, depozitare, obaly)

* Koncentrace jednotlivych VOC v prostredi
* Aldehydy > CH,COOH > HCOOH

* Koncentrace aldehydu klesa v poradi

e Obal/vitrina/skrin > mistnost > budova >
vnejsi prostredi

https://www.canada.ca/en/conservation-

|nstltute/serwces/preventlve COﬂSGFV&tIOﬂ/EUIdElIneS

collections/metal-objects.html



https://www.canada.ca/en/conservation-institute/services/preventive-conservation/guidelines-collections/metal-objects.html
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objects.html



https://www.canada.ca/en/conservation-institute/services/preventive-conservation/guidelines-collections/metal-objects.html
https://www.canada.ca/en/conservation-institute/services/preventive-conservation/guidelines-collections/paper-objects.html
https://www.canada.ca/en/conservation-institute/services/agents-deterioration/pollutants.html
https://www.canada.ca/en/conservation-institute/services/preventive-conservation/guidelines-collections/photographic-materials.html

DalSi nebezpecné latky

Lidsky pot

* Obsahuje ionty (napf. CI-, Na*, Mg?*, K*), glukdzu,
mastné kyseliny, mocovinu, amoniak, vodu, mineraly
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https://www.canada.ca/en/conservation-
institute/services/preventive-

¢ R|Z|k0 prO kOvy, Sk|0 conservation/guidelines-collections/metal-
objects.html

Tékavé inhibitory koroze

* Uréeny pro ochranu materialt v uzavrenych
systémech

e Obsahuji sloucenin (napr. organické aminy), které
mohou mit negativni vliv napr. na barevné vrstvy https://www.canada.ca/en/conservation-

institute/services/preventive-
conservation/guidelines-collections/{extiles-
costumes.html



https://www.canada.ca/en/conservation-institute/services/preventive-conservation/guidelines-collections/metal-objects.html
https://www.canada.ca/en/conservation-institute/services/preventive-conservation/guidelines-collections/textiles-costumes.html

Tabulka ¢. 5.: Skupiny polutantl a jejich zdroje

Polutant

Oxidy dusiku (NO, NO,)

Venkovni zdroje

Doprava, prumysl, prirodni jevy

Metodika uchovavani predmétu kulturni povahy, TMB

Vnitrni zdroje

Plynova kamna, vafice, degradacni produkty nitrocelulozy
obsazené v lacich a lepidlech

Stavebni material, barviva, vulkanizovana guma, mikroorga-

Oxid siricity (SO,) Spalovani fosilnich paliv, pramysl -
Sulfan (H.S) Hnilobny produkt, (mikroorganismy), | Stavebni material, vina a vlakna obsahujici keratin, barviva,
< pramysl mikroorganismy
0z6n (0.) Dobrava. biirodni iev Zdroje svétla (UV), kopirovaci a skenovaci zafizeni (UV),
’ PRIV 150 elektrické lapace hmyzu, elektrostatické vyboje
Amoniak (NH,) Hnilobny produkt (mikroorganismy), | Cistici prostfedky, hnojiva na kvétiny, rozkladny produkt
Hydroxid amonny (NH,OH) | primysl, zemédélstvi (hnojiva) mocoviny (kanalizace)

Kyselina octova

Degradacni produkty aldehyd

Stavebni a konstruk¢ni material, tvrdé drevo (dub), natéry

CH,COOH
:( ; ;Iina mr)avenéi a ketont, priimysl, produkty kvaseni, | (vinylacetaty), filmové nosice (acetaty celuldzy), dievotfiska
[CyHCOOH) hmyz (acetatoveé a formaldehydové pryskyfice), silikony

fak keni ial (acetatové a formaldeh :
Acetaldehyd Zemédélstvi (pesticidy), prémys| Stavebvr.u a konstrukéni material (acetatové a formaldehydové

pryskyrice)

i cni material, laminaty (f Ideh :

Formaldehyd (HCHO) Spalovani alkoholu, praimys| Stavebni a konstrukéni material, laminaty (formaldehydové

pryskyrice), textilni barviva

Prachové a aerosolové
castice

Spalovaci motory, pramysl,
doprava, pyl, zemédélstvi

Navstévnici, interiér (omitka), nevhodna klimatizace a vétrani,
cigaretovy dym (dehet)
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Tabulka ¢. 6: Vybrané materialy a jejich interakce s polutanty

Material

Kovy obecné

Polutant

Chloridy, SO,,H,S, NH, 0zdn, organicke kyseliny,
aldehydy

Metodika uchovavani predmétut kulturni povahy, TMB

Druh poskozeni

Koroze, matnéni povrchu

Méd 50,,H,S, NH,, 0zoén, chloridy, organickeé kyseliny | Koroze, ztrata lesku

Stribro H,S, sirany, chloridy Koroze, ztrata lesku, cernani povrchu

Olovo H,S, organickeé kyseliny, aldehydy Koroze

Zelezo Sirany, chloridy, SO,, H.S, 0zén Koroze

Hlinik Chloridy, NH, Koroze

Bt H,S, NO,, 0z6n f;z;l;in;gzr;;ll;\;vé vrstvy, sulfidizace — hnédnuti,
Papir SO, kyselé prostfedi, ozon Hydrolyza, kiehnuti, zména barevnosti - Zloutnuti

Pigmenty a barevné vrstvy

SO,, H,S, alkalické prachové castice

Zmeéna barevnosti, tmavnuti

Usen

SOZ, 0zon

Kfehnuti, tzv. cerveny rozpad

Keramika, sklo

HCHO, kyselé polutanty, prachové castice,

Praskani, matnéni, abraze

Textil

vodorozpustné soli

SO,, NO,, kyselé polutanty, ozon

Naruseni vlakna, snizeni pevnosti, skvrny a barevné
zmeny

Mineralogickeé sbirky

Kyselé polutanty, vodorozpustné soli

Vykvéty na vapenatych materiadlech a jejich
rozpousténi, praskani

23



Korozni plsobeni riznych materidlt na Pb a Ag (4 tydny,
100% RH, 60 °C) (Mourey 1981)

Dub Zerstvy 5 19 Bavina 2 1 Acetat celulozy 0 2

Vina 2 0 Nitroceluldzovy 0 0
Dub po 10 1 7

lak

letech

Kaucuk 2 - PE 0 0
Buk 1 6

Usen 2 - PAD 0 0
Jasan 1 8

Pergamen | 2 - PVACc 0 2
Mahagon 0 1 PMMA 0 0
Modfin 2 9
Olse 1 8
Teak 2 17
Drevotfriska 2 51

24



Tabulka &. 7: Doporucené limitni koncentrace polutantt

Pracovni Pobytove Doporuéeni pro ukladani | Doporuceni pro | Doporuceni pro muzea
Polutant prostredi mistnostic archivnich a knihovnich | muzea a galerie® | a galerie pro dlouhodobou
PEL? [mg.m?] | [pg.m™] dokumenti®[pg.m?] [pg.m?3] ochranuf[pg.m?]
Oxidy dusiku (NO,) 2 100 9-19 4-19 0.1
Oxid sificity (SO,) 1,5 — 14-26 1-5 0,1
Sirovodik (H,S) 7 — — <0,1 0,01
0Ozoén (03) 0,1 100 20-40 1-10 0,1
Kyselina mravenci
(CHCOOH) ? Gie i
Kyselina octova
(CH,COOH) 25 <25 <10 100
Formaldehyd
(HCHO) 0,5 60 <6 <0,1-6 -
Acetaldehyd
(CH,CHO) 50 — — 2-36
Amoniak (NH.) 14 200 — — -
: Frakce prachu® | Frakce prachu*
Prachove e o
el PM, -40 PM,, - 150 Prachoveé Castice vcetne - Frakce prachu®
~ - et LR 3 T 3
Eastice PMQ_SA3 25 PMZ_S_3 80 spor plisni® - 50 pg.m PM, .- 1az10 pg.m
Hg-M Mg.m

Metodika uchovavani predméti kulturni povahy, TMB
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Monitoring polutantu

Jednodussi laboratorni zkousky Narocnéjsi analytické metody

 Jednoduché korozni zkousky * Stacionarni stanice CHMU, Zdravotni Gstav

e Testovaci prouzky * Mobilni stanice — HORIBA

* Difuzni trubicky https://www.horiba.com/cz/publications/readout/article

e Pasivni dozimetry /organic—polIuta,nt-fnonitor—f)pse,\—150—127/

+  Testovaci kupony * Instrumenetalni analytické metody —
chemiluminiscence, GC-MS, HPLC, gravimetrie,

Smyslové pozorovani — Cich, zrak ICP-M5

e Zpusob odbéru vzorkd
e Adsorpce a absorpce plynnych polutantl na pevné i gelové médium
* Primy odbér plynu, kapaliny, pevnych castic
e Aktivni — odbér vzduchu pres pumpu
* Pasivni — umisténi sorbentu do prostoru, sorpce latek na zakladé prirozené difuze


https://www.horiba.com/cz/publications/readout/article/organic-pollutant-monitor-opsa-150-127/

Oddyho test na pritomnost polutantt

e Testovani riznych materialu A > | sealed container
* Materialy pro vitriny, obaly, ulozny mobiliar,...
* Detekce —VOC, HCl, H,S
* Podminky zkousky
* Vzduchotésné uzavrena nadoba
 100% RV
« 60°C
* Po dobu 28 dnu

Metal coupons

Sample

Distilled water

https://id.wikipedia.org/wiki/Berkas:0ddy-test-color.jpg
* http://www.conservation-wiki.com/w/index.php?title=0ddy Test Protocols&oldid=4830

H,S VOC (CH;COOH) HCI
Ag cerna X zaSednuti
Cu zelena meédeénka Sedo-Cerna
Pb cerna bila Sedocerna
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http://www.conservation-wiki.com/w/index.php?title=Oddy_Test_Protocols&oldid=4830
https://id.wikipedia.org/wiki/Berkas:Oddy-test-color.jpg

Referencni kovové kupodny

Kupony po expozici VOC z preklizky




Beilsteinliv test na pritomnost Cl- v plastech

* Reakce Cl~ s Cu v plameni
* Je-li pritomen Cl~ zbarvi se plamen modro-zelené

https://www.youtube.com/watch?v=f
iR4g3A V5k
https://www.youtube.com/watch?v=
PgVLjWXIfi4
https://www.youtube.com/watch?v=
NtN-3sbwl7/g
https://www.youtube.com/watch?v=
4BHvUxQMPzU

(-

Negative Positive

https://chem.libretexts.org/Bookshelves/Organic Chemistry/Book%3A Organic Chemistry Lab Fechniques (
Nichols)/06%3A Miscellaneous Techniques/6.03%3A Chemical Tests/6.3.0D%3A 6.3D%3A Individual Tests



https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Book%3A_Organic_Chemistry_Lab_Techniques_(Nichols)/06%3A_Miscellaneous_Techniques/6.03%3A_Chemical_Tests/6.3.0D%3A_6.3D%3A_Individual_Tests
https://www.youtube.com/watch?v=fiR4q3A_V5k
https://www.youtube.com/watch?v=PgVLjWXlfj4
https://www.youtube.com/watch?v=NtN-3s6wJ7g
https://www.youtube.com/watch?v=4BHvUxQMPzU

Jodidovo-jodicnanovy test
* Detekce tékavych kyselin (octova, mravenci)

* Jodidovo-jodicnanovy roztok reaguje v kyselém prostredi (tekave kyselina) za vzniku
vod afel?mentarmho jodu. Jod se detekuje Skrobem, ktery zbarvi roztok
modrofialové

5M+107+6H" - 3 H,0+3l,

Chromotropovy test
* Detekce aldehydu (formaldehyd)

* Aldehydy reaguji s reagencnim roztokem (k. chromotropova v koncentrované k. sirove)
za vzniku fialovo modrého zbarveni.

Provedeni

» Testovaci roztok je ulozen nad testovanym materialem
* Tékavost lIze zvysit zahfivanim na 60 °C

* Cca do 30 min zmeéna barvy



Azidovy test
* Detekce siry

* Ag a Cu pfedmeéty reaguji se slouceninami siry (H,S, COS) - matnéni a
ztrata lesku

2 NaN; +1, - 3 N, (g) + 2 Nal (aq)

* Negativni reakce = neni-li pozorovan unik bublinek — material
neobsahuje slouceniny S



Duikaz nitrocelulozy

* Nitroskupina reaguje s difenylaminem za vzniku
modrého zbarveni

Méreni pH materiall

* Hodnota pH je dulezita predevsim z hlediska
dlouhodobého ulozeni
* pH fixa (pH testing pen) — pouze orientacni kyselé-zasadité
* pH papirky — rizna citlivost; lze i pH plynnych polutantu
ovlhcenym pH papirkem
* pH elektroda — nejpresnéjsi; ponorna (vyluh), dotykova

(povrch) —

7,

7
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A-D strips/Danchek acid detectiopn test strips
* VOC

e Expozice 1 den az 3 tydny

e Zbarveni skaly = stupen agresivity

* Vhodné napr. pro acetatove filmy

Kein Geruch - Level 0
Frischer Film

pH 6,0

Kein Geruch - Level 0
H 5,
PSS Beginnende Zersetzung

Kein Geruch - Level 1
Zersetzung nimmt zu

pH 5,0

~  Leichter Geruch - Level 1
. Zersetzung nimmt weiter zu

Leichter Geruch - Level 2

pH4,6

Autokatalytischer Punkt
Ha4 Starkerer Geruch - Level 3
pH 4, Kopieren empfohlen
pH 4,2 Starker Geruch - Level 3

Kopie anfertigen
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Detekcni trubicky (Gastec)

e Sklenéné detekcni trubicky s tiSténou stupnici — primy odecet koncentrace sledované

latky

e Okamzité kvantitativni stanoveni

oo 4

Napr. formaldehyd, aceton, ozon, CO, NH,, HCl a jiné
https://www.chromservis.eu/kat/1064-detekcni-trubicky?lang=CZ

G
~
G
Model GV-100

@® High quality glass tube

@ Calibration scale (in ppm, mg/m3, mg/L or % depending

on the substance to be measured and its
concentration).

Printed in an ink that permits high legibility against the
colour change layer.

The scale is determined for each production lot that has
passed Gastec's exacting qualification tests.

Standard number of pump strokes (n).
The number of pump strokes required to collect the
standard volume of sample air for this tube.

Quality control number (QC No.). Gastec's quality
assurance number is printed on every Gastec detector
tube. Detector tubes of the same production lot have
the same QC No. When a QC No. is registered, sample
tubes with that QC No. will be kept and monitored
periodically to verify the quality.

@ Distinct Layer of colour change

® Reliable detecting reagents that comply with the
Gastec's strigent quality standards (regarding the
length of colour change layer, the clearness of
demarcation, and the tone and brightness of colour
change).

@ Chemical formula of the substance to be measured.
An abbreviation is used for a long formula.

® Detector tube number. The numeral represents the
kind of substance the tube can measure, and the
letter specifies the level of concentrations the tube
can determine. For Example, H, M and L respectively
indicate high, middle, and low level concentrations.
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https://www.chromservis.eu/kat/1064-detekcni-trubicky?lang=CZ
https://www.gastec.co.jp/en/product/detector_tube/summary/

Pasivni dozimetry
» Stanoveni koncentrace jednotlivych polutantu

* Slozené z membrany, ktera selektivné
absorbuje polutanty, napr. SO,, NO,, HCOOH,
CH;COOH,...

* V\yvhodnoceni pouze na specializovaném
pracovisti

https://www.chromservis.eu/kat/84-pasivni-dozimetry?lang=CZ

http://www.chemicke-listy.cz/docs/full/1998 10 784-788.pdf
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Nefelometry
* Méreni obsahu pevnych polutantu v prostredi

* Koncentrace prachovych castic se stanovuje na zakladé méreni
rozptylu zareni, ke kterému dojde pri interakci laserového paprsku s
nasavanymi prachovymi casticemi

* Lze stanovit
* Vapenec
* Popilek
* Obecné prach ve vzduchu

Shown with Optional Boot

https://www.labicom.cz/produkty/odbery-vzorku/zivotni-pracovni-
prostredi/ovzdusi/mereni-v-terenu/mereni-prasnosti 36



https://www.labicom.cz/produkty/odbery-vzorku/zivotni-pracovni-prostredi/ovzdusi/mereni-v-terenu/mereni-prasnosti

Testovaci kupony Purafil

* Pasivni monitoring

e Sklenéné pasky potazené Ag a Cu

* Sledovani prostredi 30 — 60 dn

* Polutanty vytvori na povrchu vrstvu koroznich produktt

* Exponované kupony se vyhodnoti ve specializované laboratori

Clanek: korozni monitorng v rukach restaurator(
http://www.technopark-
kralupy.cz/files/uzel/0025602/MzIwNFLwzi8tysxROHDMLHLOLy
rSUfD299UEAA.pdf?redirected

https://www.purafil.com/wp-
content/uploads/2014/12/PurafilLit CCC.pdf



http://www.technopark-kralupy.cz/files/uzel/0025602/MzIwNFLwzi8tysxR0HDMLHLOLyrSUfD299UEAA.pdf?redirected
https://www.purafil.com/wp-content/uploads/2014/12/PurafilLit_CCC.pdf

Klasifikace korozivity prostredi pristrojem
OnGuard

e Aktivni monitoring
* Méri okamzité hodnoty korozivity prostredi
* V\yvhodnoceni v PC

* VVlystupem je zavislost T, RH, koroze Ag a Cu
na case

* https://www.purafil.com/products/monitori
ng/active-monitoring/onguard-smart/

* https://www.purafil.com/products/monitori
ng/active-monitoring/onguard-lite/



https://www.purafil.com/products/monitoring/active-monitoring/onguard-smart/
https://www.purafil.com/products/monitoring/active-monitoring/onguard-lite/

Systémy ke sledovani rozdilné koncentrace vné a uvnitr budovy

* Contam 2.4 ., | e ~E
* Software k modelovdni vnitfniho prostredi Fi | b “ b s - I
budov, véetrani a koncentraci skodlivin ) o | = wr | v e
 https://vetrani.tzb-info.cz/vnitrni- 2 —r
prostredi/6423-program-contam-2-4 e ¢
* Analyza proudéni vzduchu, vétrani, e [T Drse
koncentrace skodlivin, kvalita vnitrniho T e
vzduchu, multizénova analyza, regulace T mm”f“
 IMPACT

* Modelovani vnitrni koncentrace skodlivin
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Optimalizace podminek prostredi pro dlouhodobé
uchovavani

 Eliminace vnéjsich zdroju

» Zamezeni infiltrace vnéjsich skodlivin

 Eliminace vnitrnich zdroju

Ochranné obaly a sorpcCni materialy

Regulace ostatnich parametru
prostredi

Pravidelny monitoring stavu

Snizeni ¢asu vystaveni predmétu
nevhodnym podminkam



Ochrana pred polutanty

Ochrana pred pevnymi polutanty
* Prachotésné vitriny
e Uzavrené skriné a obaly

e Filtrace vzduchu



Ochrana pred plynnymi polutanty

* Cirkulace a filtrace vzduchu — uhlikoveé filtry, selektivni polymerni
sorbenty, molekulova sita

* Vhodné materialy ulozného mobiliare

e Bariérové materialy (Al)
https://lIfa.eu/films-and-pouches/barrier-films.html

* Vhodna materialova skladba uvnitr vitriny
* Pravidelna revize stavu
* \Volba stavebnich materiall

https://www.canada.ca/en/conservation-institute/services/agents-deterioration/pollutants/video-commercial-

paints.html
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Cisténi vzduchu

Suché filtry
 Vlakna, pénové materialy a
sorbenty
e Odfiltruji 95-97 % prachovych
castic

Vodni filtry
* Prachové i plynné castice
* Pravidelna vymeéna vody

* Odfiltruji 95-97 % SO,, slabe
alkalické roztoky (pH 8,6-9) jsou
témer 100%

* | jako zvlhCovace

43
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https://www.condair.co.uk/mobile-humidifiers/defensor-ph28-mobile-humidifier

Cisténi vzduchu ve vitrinach
* Klasickeé filtry s aktivnim uhlim a impregnaci
* Filtry ze sytetickych a sklenénych vlaken

* APC filtr — obsahuje aktivni uhli, zajistuje recirkulaci, vyména filtru po
12 meésicich

* Filtracni jednotka s Corrosion Intercept pénou — vymeéna filtru cca po

o mesieien i
|a:|||||||||||||||||
VAIMNZIIN
NTZN 7%
|;||||||||||||||||||
KN/ Alllln‘l |

/

https://www.purafil. com/produom/chemlcal

https://llfa.eu/conservation/pollutant-protection.html?p=2 filtration/filtration/purafilter/



https://llfa.eu/conservation/pollutant-protection.html?p=2
https://www.purafil.com/products/chemical-filtration/filtration/purafilter/

Systémy schopné kontrolovat klima
a polutanty ve vitrinach i prostoru

HVAC systém — Heat, Ventilation and Air Conditioning system

https://www.sehner.de/eng/

https://www.igair.com/whole-house-air-purifiers/perfectlf



https://www.sehner.de/eng/
https://www.iqair.com/whole-house-air-purifiers/perfect16

Guidelines on efficient pollution control in heritage buildings

Table 4. Summary of pollution control measures, with advantages and disadvantages.

Measure

Advantages

Disadvantages

Reduce air infiltration

~ seal doors and windows

~ introduce draft lobbies

— place objects in enclosures such
as display cases and cupboards

Relatively easy and cheap to seal
doors. windows and cracks in the
building fabric from outside. and
introduce internal doors. which are
kept closed. Passive. low
maintenance solution. Suitable for
air conditioned and naturally
ventilated buildings.

Not suitable if the ventilation rate
necessary to achieve effective
control of outdoor pollutants
proves to be less than that required
for human occupancy or the
dispersal of internally-generated
pollution. New internal doors may
disrupt movement through the
building and may then be propped
open.

Appropriate location of air inlets

— with air conditioning and
mechanical ventilation, site inlets
away [rom busy roads, car parks,
and loading bays.

— in naturally ventilated
buildings. try to seal windows/
doors on busy roadside against air
infiltration

Low cost. low maintenance
solution. Can be applied to both
naturally ventilated and air
conditioned buildings.

May prevent cross-ventilation in
nalurall\ ventilated buildings.
With existing air conditioning and
mechanical ventilation sy stems. it
may be difficult to modm inlet
locations.

Intelligent control of ventilation
— automatic CO2 sensor or timer
control of ventilation
— Occupant control of natural
ventilation

Ventilation kept to minimum
necessary for comfortable human
occupancy. Can lead to good
energy savings.

Guidelines on efficient pollution control in heritage buildings

When human occupancy is high.
more pollution is brought in to the
building. May be ineffective il
installed in a leaky building. Needs
effective commissioning. regular
checking and calibration.
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Increase surface area
Store or display in smaller
rooms
— Change building layout to
include more smaller rooms or add
screens ete.

Passive. low maintenance solution,

Change in room plan could be
difficult and expensive

Introduction of many small rooms
instead of larger open spaces may
be inconvenient for display
purposes and space use efliciency.

Introduce more absorbent
surface finishes

Passive. low maintenance solution.
Can be made to work with cxisting
building layout. Brick and plabtcr
commonly used as indoor surfaces.
Other wall coverings. such as
carbon-impregnated cloth can be
introduced relatively cheaply. This
approach could be designed in to
new buildings.

Materials needed may not fit in
with gallery design and “look".
Changing existing wall surfaces in
historic buildings may be difficult
or unacceptable.

Portable filtration unit

Highly effective for small spaces
such as temporary exhibition
galleries. storerooms.

Equipment must be physically
present in the gallery or storeroom:
check size and noisc in operation

Local gallery filtration

Cost-effective way of providing air
conditioning and filtration for the
most vulnerable objects in a
collection. May be easier to install
in an older building than a full
system. Less capital. maintenance

and energy costs than a full system.

Requires objects of same type to be
displayed/stored together — may not
be best context in which to display
them. Conditioned gallery will
need to be zoned ofT from the rest
of the building.

Full air conditioning with carbon
filtration

[f correctly installed and
maintained, enables close control
of all zones in a building.

Very expensive in terms of capital,
maintenance and energy costs.

Guidelines on efficient pollution control in heritage buildings
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Latky aktivneé zachycuijici polutanty
e Aktivni uhli

* Molekulova sita

 Alkalické pufry

* Produkty obsahuijici tyto latky

* http://www.silcarbon.eu/tschechisch/produkty/molekulova-
sita/index.html

e http://www.conservationresources.com/Main/section 21/section21

23.htm
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Aktivni uhli
 Fyzikalni adsorpce
* Nevazou NO,

Aktivni uhli z kokosovych skorapek Impregnované aktivni uhli

* Fyzikalni sorpce * Chemisorpce

* Rychlejsi sorpce  Pomalejsi sorpce

* Pridlouhodobé aplikaci se za * Vhodné na dlouhodobé aplikace
zvysené RH uvolnuji polutanty — — pevnéjsi chemicka vazba —
nezbytna pribéind vymeéna polutanty se neuvolnuji

https://www.resorbent.cz/aktivni-uhli



https://www.resorbent.cz/aktivni-uhli

Textilie z aktivniho uhli

e Zachyt polutantl i mikroorganismu
* Vhodné na baleni

* Moznost alkalické rezervy

- "

- T VT
e —— \ 1 .
!"' : , /-

N ] A

l‘ '

https://lIfa.eu/activated-carbon-cloth.html

https://www.ekofiltr.cz/kategorie/uhlikove-filtry
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Molekulova sita = zeolity

e Krystalické aluminosilikaty nebo aluminofosfaty s mikroporézni
strukturou

K zachyceni polutantu, které se nevazou na aktivni uhli

Nelze v prostredi s vysokou RV a v kontaktu s nekterymi
kyselinami, regenerace vysusenim pri 200—300 °C

. /7 O . ’ . ’ http: . -
Velikost port je definovana — selektivni absorpce pufwwime.

molekulove-sito-neni-alternativa

MicroChamber Emulsion
http://www.conservationresources.com/Main/section 21/section21 23.htm

Molekula Pramér (A) Molekula Pramér (A) Molekula Pramér (A)
Helium 2,0 Dusik 3,0 Ethylakohol 4,4
Acetylen 2,4 Amoniak 3,6 Propan 4.9
Vodik 2,4 Sirovodik 3,6 n-Butan 4,9
Voda 2,8 Argon 3,8 Propylen 5,0 X
Kyslik 2,8 Methan 4,0 Cyklohexan 6,1
Oxid uhelnaty 2,8 Ethylen 4,2 Benzen 6,8
Oxid uhlicity 2,8 Ethan 4,4 o-Xylen 7,4
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http://www.conservationresources.com/Main/section_21/section21_23.htm
https://www.p-lab.cz/katalog/molekulova-sita_3805p
http://www.jmp-glas.cz/aktuality/levne-molekulove-sito-neni-alternativa

Absorbéry kysliku

e Zpomaleni koroze kovu, preventivni konzervace materialu citlivych na
kyslik

* Ageless Oxygen:

* RP Systém:
* ATCO

DoNTENT pimseE
ICAL &

https://Ilfa.eu/conservation/oxygen-free-packaging/oxygen-absorber-indicator.html http://ageless.mgc-a.com/

52


http://ageless.mgc-a.com/
https://llfa.eu/conservation/oxygen-free-packaging/oxygen-absorber-indicator.html

Indikatory kysliku
* Ageless-eye oxygen indicator
https://www.mgc.co.jp/eng/products/sc/ageless-eye.html

. .F'rIIIC . . .Eﬂlﬂ.
Oxygen free package

{0.19% or less) en is present {0.5% or mora)

en free oxygen is
2-3 hours after oxygen level has reached Oxygen-ree(25°C) present

fi

about & minutes after contact with oxygen (25°C)

Ohygen fres Dxygan is
packags presant

* Oxy-eye oxygen indicator
https://lIfa.eu/oxy-eye-oxygen-indicator.html

— ;taﬁ §T — = '; )
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https://www.mgc.co.jp/eng/products/sc/ageless-eye.html
https://llfa.eu/oxy-eye-oxygen-indicator.html

Specialni obaly k ochrané kovti
* Pacific” Silvercloth — textilie s koloidnim Ag — k ochrané Ag a Cu predmétu

Without Pacific Silvercloth Wiﬂ;| Pacific Silvercloth

»
o ' -
"
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* Folie a obaly s inhibitory koroze

https://www.branopac-antalis.cz/ochrana-proti-korozi

 Bariérova folie — bariérové baleni proti klimatickym vlivim, dlouhodobé
ulozeni 1
* Marvelseal 360

* Al folie k nazehleni na drevotriskové desky
* https://www.youtube.com/watch?v=C2u7MiOp7ijl

https://llfa.eu/conservation/polIutant-protecﬁon.html



https://www.youtube.com/watch?v=C2u7MiOp7jI
https://www.branopac-antalis.cz/ochrana-proti-korozi
https://llfa.eu/conservation/pollutant-protection.html

Bariéroveé folie

e Corrosion Intercept — reaktivni ¢astice Cu v PE folii
* Cu reaguje s H,S, SO,, O;, Cl slou¢eninami i org. kyselinami

e Chrani pred atmosférickou korozi, vhodny pro Cu, Ag,
mosaz, Fe, nezelezné kovy, fotografie, filmy, textilie, datova

média, obrazy

C%O&" Chemistry

STRETCH FILM

Protected
Metal
Part

Neutralized
Corrosive
Gas

o }CORROSION
c i )
Orl'llsGlgg WS i STRETCH FILM

https://interceptjewelrycare.com/pages/how-it-works-and-why-its-better

https://Ilfa.eu/conservation/pollutant-protection.html
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* Nebélena bavina
Dalsi obalové materialy * Nekysely papir
* Tyvek (HDPE) * Alkalicka lepenka
- Melinex (PES) * Umeélohmotné uzaviratelné krabice
_ (PP, PET, PAD, PMMA)
* Mirelon (PE) * Nepouzivat nitraty a acetaty
 Kartonplast (PP) celuldzy

e Nanotextilie ??

https://mck.technicalmuseum.cz/wp- ° Vakuové ba|em'
content/uploads/2017/11/vhodnost materialu 3.pdf

https://eshop.ceiba.cz/ http://www.mirelon.com/ http://www.fillpack. cz/obalove materlalv/kartonplast



https://mck.technicalmuseum.cz/wp-content/uploads/2017/11/vhodnost_materialu_3.pdf
https://eshop.ceiba.cz/
http://www.fillpack.cz/obalove-materialy/kartonplast
http://www.mirelon.com/

Limity a legislativa
* Neexistuje zavazna legislativa
 \/ychazi ze zakonU o ochranné zdravi

* CSN ISO 11 799 - PoZadavky na ukladani archivnich a knihovnich
dokumentu

» Udava maximalni pfipustné hodnoty
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https://mck.technicalmuseum.cz/wp-content/uploads/2017/11/vhodnost materialu 3.pdf

Zavérecné prace studentl

* B. Kulhava — Materialy pouzivané v muzejnich podminkdach z hlediska korozni odolnosti kov( (2007)
https://is.muni.cz/auth/th/svpyk/cel Bc.pdf

* L. Foret — Rizeni mikroklimatickych podminek béhem uloZeni a vystavovani kovovych aretfakt(i (2012)
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» K. JaneSova — Klasifikace korozni agresivity atmosféry brnénské aglomerace (2019)
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