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Salts removal from the surface of mural paintings: a literaturereview of the already used conservation
methods

NepiAnyn

Ta dahata amoteholv pia ammd Tig kupldTEpES @Bopéc TwWY Toloypapiv alhd kal Eva amd
Ta Suoemiiuta mMpoPfAnfuata Tou avTieTwTTilel o guvtnpnhg. Mia ceipd peBodwv Exel
EQOpUOTTEl yIO TNV avTIPETWIMON Tou @avopévou. O peBodol autég TEpAauBavouy T
ypron Owhutiv 1) ovnidpacTnpiwy o ouvduoopd pe SKipopoug QOpEi; EPapUoyTg
(xaprommoATd, yEheg kKAT.). To ouykekpigévo Tedio eival ouvexwg efshiocoopevo. Méoa amd
TN pehétn g oyenkns PiBhoypagiag, n TTuyaki autr epyadia kaheitan va ouvowicel
auTeg i peBGSoug, va TIg TTApoUCKATEl, Vd EVTOTTITE Toug mepiopigpols Toug Kal Ta TTedia
Wi PEAAOVTIKD EpEuva.
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NEPINAHWH

Ta dAata anotedolV évav amo TIG KUPLOTEPOUG apdyovteg ¢pBopdg Twv Tolyoypadlwy, ald Kot éva and
ta Suocemiluta mpoBARpATO TIOU OVTWMETWMIleL 0 ouvinentig. H moAumAokdTnNTa TOU HNXAVIGHOU
OXNUATIOHOU TWV OAGTWV OE GUVAPTNON HE TN CUVEXN UETAPOPA TOUG OTO ECWTEPIKO MlaC Tolyoypadliag,
KaBlotolV To PAlVOUEVO aKOUN Kal oHUEpa apKetd SUokolo va eénynBel amoAltwe, 6oov adopd t pdon
KoL Tn $Bopa mou autd emiPépel. QOTOO0O, KATL TETOLO, MPAKTIKA Sev €xel oTabel eunodlo 6oov adopd tnhv
adaipeon Touc. ESw Kol apKeTEC SEKAETIEC, OL CUVTNPNTEG PECO ATIO TOV CUVEXT TIELPAUATIOUO KAL TNV SOKLUN
OAOEvVa KOl TIEPLOCOTEPWY UALKWY Kol HECWV, £XOUV KaTadEpel va b pUOCOUV Kal Vo €5palwooUV pia oelpd
nEBOSWV yla TNV avtlpeTwrion tou ¢atvouévou. OL puéBodol autég mepthapBavouv tn xpron SAutwy 1
avtidpaotnpiwv os cuvduaopd pe Stadopouc dopeic ebapuoyng (xaptomoAto, yEAeG KATL.). TO OUYKEKPLUEVO
nedio eival ouvexwg e€eAlOOOUEVO KAl OGO N EMOTAUN HEAETA KOl OVOKOXAUTITEL OAOEVO KOl TIEPLOGOTEPQ
OTOLXElO Yyl TO HNXOVIOUO QVATITUENG Kal Spdong Twv oAATWY otnv Towoypodla, TOOO TIO EMUTUXNMEVES
puEBodol Ba avakaAumtovral ywo TV adaipeor Toug. Meoa amo tn PeAETn TNG oXeTIKNG BLBAoypadiac, autn n
TITUXLOKA €pyacia KaAsital va cuvopiosl autég Tig peBdSouc va TIG MAPOUCLACEL, VA EVIOTIOEL TOUG

TIEPLOPLOUOUC TOUC KoL Tal Ttedlal yia LEANOVTLKE €peuval.

NE€erg — kKAeldLd: aAata, Tolyoypadia, cuvtripnon, pébodot

ABSTRACT

Salts are one of the main causes of deterioration of wall paintings, but also one of the most intractable
problems that a conservator faces. The complexity of the formation mechanism of the salts in conjunction with
their transfer to the masonry with every mean of transport, make this phenomenon even today, very difficult
to explained absolutely, concerning the effect and the decay that causes. For several decades, the
conservators through continuous experimentation and testing of materials and methods, they have achieved
to apply and standardized a spectrum of methods for the treatment of this phenomenon. These methods
include the use of water or reactants combined with different carriers (pulp, gels, etc.). This specific field is
constantly evolving and as the scientists research and discover more and more data about the growth and
decay mechanisms of salts in wall paintings, more successful methods will discovered about salt removal and
treatment. Throughout the research of the literature review, this thesis is called to sum up these methods, to

present them and highlight their restrictions and the fields for future research.

Keywords: salts, wall painting, conservation, methods
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KEMDAAAIO 1: Elcaywyn

ENOTHTA 1.1: Zkomog Ko 0TOXOL TNG Epyaciag

Avaykalotnta eknovnong tneg epyacios

Ta dAata amoteAdolv £vav amd TOUG ONUAVILKOTEPOUC mapdyovteg $pOopAG TwWV UVNUELWY KAl TWV QVTLKELUEVWV
TOMTIOTIKAG  KAnpovopldg  (mx. ABwwv, KEPAULKWY, YUGALVWY  TEXVOUPYNUATWY Kol  €pywv  TEXVNG),
cuunepltAapBavouévwy Kol Twv Tooypadlwy. Ol Ttolyoypadieg amotedolv e€alpeTikd onpavikd Sesiypata thg
TIAYKOOULOC TTOAITLOTLKAG KAnPOVOULAG TTou N (6la n ¢uon toug (mopwdng Soun, Xpron 0PUKTWY UALKWY KOl TTApOyWywV
Toug, aueon emadn pe 10 Puotkd mepPBallov kAm) Tic kKablota Wiaitepa suntabeic otn dpdon Twv aAdtwy. Ta Ldla ta
GAaTa, O UNXOVIOMOG TPOOBOANG Wag totyoypadiag kot ol $pOOpEG MOU AUTA UIMOPOUV va TIPOKOAECOUV aAmoTeAOUV
ouvBeto Kat moAudLactato Galvopevo. Na autod To AOYo amacxoAncoav amo VwPLg oUVTNPNTES KoL EPEUVNTEG, TOCO OO0V
adopad TV Katavonon tou ¢davopévou, 600 Kal YLo TNV AVEUPEDN MeBOSWY aVTLUETWILONG To. EToL LEXPL OEPQ EXEL
SlepeuvnBel og peydho Babuo to patvopevo TG pocBoAns Twy Totyoypadlwy amod alata Kot €xel kablepwOel pLa oelpd

ueBOS WV yLa tnv adaipeor Toug.

ZKOMOG KaL OTOXOL TNG Epyaoiog

YKOTOG QUTAG TN MTUXLAKAG Epyaciag ivatl, péow tng HeAETNG TNG AN utdpyouaoag BLBAloypadlog, va mapouactlactolv
To UALKA Kat ot péBodol adaipeong aldtwy amd tn {wypadilkn emidpdAveLla Twv ToloypadLwv. STOXoL TnG epyaciag siva,
HEOW TNG MEAETNC TWV UALKWV Kal TAC Katavononcg tng Asttoupyiag toug va mpokUouv, ta media edpappoynig mou

VOTEPOUV N UTEPTEPOUV £vavTl OAAWV UALKWV Kal €V cuvexela, n amoteAeopatikotnta epappoync kabe pebodou.

MedoboAoyia kat avaAvon Soung tne¢ epyaociag

H epyacia elodyel Tov avayvwotn oto Gpavopevo Twv aAdtwy, tTng SpAcng TOUG Kol TWV EMUMTWOEWY TOUG OTNV
Tolyoypadia. TNV CUVEXELQ, YIVETAL MOPOUCLAcN TWV PBACLKWY KATNYOPLWV UALKWY TIOU amotelolv éva cUoThua
adaipeong aldtwv, tNg Asttoupyilag TOUG Kal Tou poAou Tou emtelolv oe autd. AkohoUBwG, meplypddetal n
OUVOUAOTLKN-OUVEPYQTIK XPAON TwvV UAKwV Tou ouvBétouv éva olotnua adaipeong aldtwv. H epyacia
OAOKANPWVETOL UE Ui KPLTIKA QIMOTLUNGN TWV UALKWV KoL TwV HEBOSwV KaBwg Kal pe pia avadopd otnv afloAdynon tTwv
OmoTEAEOUATWY piog peBodou. TéNog, yivetal mapdOeon TWV CUUTEPACUATWY KOL TIPORBANUATIOUWY TTOU TIPOKUTITOUV
péoa amo Th YeVIKOTEPN €peuva 6oov adopd to medio ¢ adaipeong oAdTwy.

MeBoboAoyikd, n epyacia oto cUVoAd tng Booiletal oe efétaon kol mapdOeon mMAnpodopLwV TNG HEXPL ONUEPa
BiBAoypadioag. Mvetal pia ta§vopnon Twv Anpodoplwyv mou adopolv to Galvopevo, Ta UALKA kat TG pebodoug, wote
n epyacia va anotelel éva odnyo meplypadng kabe katnyoplag UALkoU Tou Aappavel pépog o pia péBodo adaipeong
oAdtwy. O Tpomog S6UNoNG Twv MANPOGOPLWY AMOCKOTIEL TOCO 0T CUYKPLON METOEU UALKWY, OGO KAl OTNV KATOVONOoN

TOU pOAoU TNG KABE Katnyoplog CUCTATLKWY KoL TNG dnuoupylag Evog CUOTHUATOG.
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ENOTHTA 1.2: Towoypadia

Opiouog

Qc¢ tooypadia opiletal n {wypadikn madvw oe otabepd, akivnta B Sopnuéva umootnpiypota, 6w omnAata, oLkieg,
vool, tadol, dnudota kthpla, k.o Qépetat va ival to MaAALOTEPO €60 ELKAOTIKAG TEXVNG Kal Ekdpacng ou Slacwiletal
Kal avamapayetol HEXPL ofuepa, amd TG MPWTEC TPOIOTOPLKEG EYXAPOKTEG Kal €yxpwHeS Ppaxoypadieg éwg Kal Tn
onuepwv téxvn Ttou O8pouou kat ta ykpadit. (Mora, Mora, &Philippot, 1984) (Aaumpdmoudog, NtahoUka,
MNanaBavaciou, & Xat{nddkn, 1999)

Eik. 1.2.1: Atddopec popdég Tng Totyoypadiog ava Tov KOGHO KLl TOUG ALWVEG OTO TIEPACHA TWV XPOVWV

(1. http://www.mentalityl0.com/, 2.  https://dialogos.com.cy/, 3. https://enromiosini.gr/, 4. https://parathyro.politis.com.cy/, 5.
https://www.pemptousia.gr/, 6. https://gr.depositphotos.com/, 7. https://www.oaxaca.media/, 8. https://impermanent-art.tumblr.com/)

YAika Kot tTeyvoAoyia KATAOKEUNG

STpwpatoypadLkd pia tooypadia amoteAeital oo 10 UNOCTAPLYHA, TO UNOCTPpWHA Kol Tn {wypadikh emdavela.

Yrnootnpiypota towoypadlwy: H tolyomolia amotelel to cuvnBéotepo uTOOoTpLypa Hag towxoypadiag. Amoteleital

ouvnBOwg amod plo ABodopn, amotehoUpevn kKupiwg amd nwpoABoug (CaCOs), acBeotoAiBoug (CaCOs) R koL pdpuapo
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(CaC0s, MgCO0s). Qotdoo, umdpxouV Kol TOPASElYHATA KATAOKEUWY HE MALvBodopr, amd ortomAtviouc | wHOTALVOoug
(apylthomupttiking cvotacng UALKA PE Baolkég evwoelg ta Si0,, AlO,)). H otepéwon twv ABwv ywotav cuvnBwg ue
aoBeotokoviapa (pHelypa aoBéotn pe adpavr UAKA aoBeoToABLIKAG ) UpLTIKn G ouotaon ). Exouv evtomiotel BERata kat
Koviauata pe Bacn tnv apytlo oM@ kal tov yoyo (Ca,SO4:2H,0). (Mora, Mora, &Philippot, 1984) (Kwpovaiog &
MouAdkog, 2006) (MapaAoUkog, 2005).

Yrnootpwuota tolyoypadiwy: To UMOCTpWHA Hlag Tolyoypadiag amoteAeitol and MOANAMAG CTPWUATO KOVIAUATWY HE

KOKKOUETPLKA Slafabduion. Edapudletal mavw otnv tolomolia Kal mponyeitatl tou {wypadilkol oTtpwuatod. To koviaua
Snuoupyeital pe avaulen cuvSeTIKAG Koviag Kat adpavwv VAkwy. H cuvnBéotepn cuvSEeTIKA Kovia Twv MapadooLaKwY
KOVLOUATWYV TwV TolyoypadLwyv eivat n ubpacBetog (Ca(OH), To omoio petd tnv avBpakomoinar Tou KoL thv aviibpaon He
1o CO; tn¢ atpdéodapac petatpénetatl oe CaCOs). Kat maAl BEBala CUVOVTWVTOL KOIL KOVIGUOTO E CUVSETLKA Kovia Thv
apytho kot tov yopo. Ta adpavr) UMk amotelolvtal cuviBwe amd appo (motauiola ) vtaupapiola) pe Baon to CaCOs
oMa kot to SiO; kot BEPala pmopsl va TepLEXouv Kol TOAAEG AAAEG 0puKTAG GUOEWCG TMPOOoUiEelg, aAAd Kal omo
pappapookovn (CaCOs). Mevikd, TO TPWTO CTPWLO KOVLAKATOC Elval XOVEpOKKOKO, EVW Ta 0kOAouBa oTpwpata elval Mo
AEMTOKOKKA Kot piva £wg Kol To TeAeutaio, oto omolo evamotiBetal to {wypadikd otpwpa. (Mora, Mora, & Philippot,

1984) (MaualoUkog, 2005) (Winfield, 1968) (Kwpovaiog & MouAdkoc, 2006)

Zwypadikn enmipavela TolxoypadbLwyv: Untdpxouv U0 BacLKEG TEXVIKEG {wypadlKAG, N TEXVIKA Tou Fresco(vwmoypadia)

KOl N TEXVLKA Tou Secco(§npoypadia).

e Fresco(vwroypadia): Etupoloyikad, to fresco avadépetal og KaOe {wypadLkr mou ekteAeital g GPECKO KOVIAUO EVW
glval akopo vwrd, PE TETOLO TPOTIO OMOU OL XPWOTLKEG OTEPEWVOVTAL armd TNV evavOpdkwon tou acBéotn Tou
TIEPLEXETAL OTO KOVIiOUO UTIOOTPWHOTOC. OL XPpWOTIKEG QVOULYVUOVTOL UE VEPO Kal edpopuolovial Ue TLVEAO OTNV
EMLPAVELN TOU UTIOOTPWHOTOC. Otav To TeEAEUTAlO OTPWLO OPXLIEL VO OTEYVWVEL, TO KOPESHEVO SLaAUpa udpotelSiou
TOU aoPeoTiOU METAVAOTEVUEL IPOG TNV emipaveLa, Omou avtdpd pe to Slogeidlo Tou avBpaka otov aépa yla va

oxnuatiosl Stofeidlo tou aoBeotiou, kKaBWG To vepd e€atpiletal:

Ca(OH); + CO; > CaCOs + H,0

Kotd tn Sldpkela autAg ¢ avtidpaong, oL XpWOTLKEC deopelovtal amd TNV KpuotdAlwaon tou emidavelakol
oavOpakikoU acBeotiou, TO OMOI0 TG OTEPEWVEL GOV VO, yivovTal £vo ovartdomaoTo KOUUGETL TOU UTtooTpwHaTtoc. H
evavOpakwon AauBavel xwpo amo tv emidAVELX TIPOC TA UECA KAl HETA QMO €va OPLOPEVO XPOVIKO SlacTnpa
oxnuartilel pia emudavelokn kpovota n onoia emBpadUvel TNV avtidpacn MPog To ECWTEPLKS. AVTL TNG AVARELENG ME

KaBapd VEPO, OL XPWOTLKEG ITOPOUV VA avapelxBoUv Kal He aoBEoTOVEpO.

e  Secco(énpoypadia): YO autd Tov O0po opadomoiouvral 0Aeg ol popdec Lwypadlkng Tou ektelouvtal o Enpo
UTIOCTPWA, OTIOU OL XPWOTIKEG edapuolovtal pe Tn Ponbela evog cuVOETIKOU péoou. Ta KUPlwG CUVEETIKA TIOU
Xpnotlpomolouvral oTig tolyoypadieg elval To auyo, n kaleivn, ot {wlkég KOAAEG Kal OpLOHEVA GUOLKA KOUUE. AKOUQ,
WG OUVOETLKA €xouv xpnolpomotnBei ta Enpatvopeva élata (Avéhato, mamapouvélato) Kat to kepi. (Mora, Mora, &

Philippot, 1984)
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Kovidpota uTtooTpWHATOS

AoBeotokoviapa(CaCO3+ SiOz ) pe TBaveg

Tpoopi&elg Ca,S042H,0

; ; 4 I\ e[

Koviopo UTIOOTNPIYHATOG — - Al

[ i

AaoBeotokoviapa(CaCOs + SiO;) pe Bavég %_, ‘ :

mpoopi&elg Ca,S042H,0 HE
A J K

MnAokoviapa(Sio,AlO,) o
|

AiBol vtootnpiypatog
AiBodopri(CaCOs, MgCOs)

MABo6ouN(SiO2,AlO;)

Kot ouvduaopdg autwv

Eik. 1.2.2: Tumukn otpwpatoypodia tolyoypadiog

MadoAoyia twv tooypapLwyv

H towyoypadia, wg pHépog evdg pvnueiou ou épxetal o aueon enadn pe To TMeEPPBAAOV Kal Tov AvOpwTo, €XEL WG
anotéAeopa pio moAumapayoviikr maboAoyia n omoia oXeTileTal pe TA UALKA KOL TNV TEXVLK KATOOKEUNG, TLG
nepLBAANOVTLIKEG OUVONRKEG, KABWG Kal T Xprion Kot Aeltoupyia Tnc.

OL kuplOTEpOL TTopdyoviec dBopdc piag tooypadiag sival:

e H Bepuokpaocia
e Huypaocia
e  Bloloyikol mapAyovteg
o Mikpoopyaviouol
o  Xhwpida
e O avBpwrivog mapayovTag
o BavSaAlopog
o Xphon
o EmepPadoelg ouvtipnong/emiokevEG/mpooBnKeg
e Ol pUOLKEG KATAOTPODES
o ZelOMOG
o Mupkayld
o NAnuuupa
e OLowpatdiakol pumot
OL ¢Bopéc mou mpokahoUvtal ce o Totyoypadia, wG OMOTEAECUO HEHOVWUEVNG 1 cuvbuaoTikng Spaong Twv
QVWTEPWY TTAPAYOVIWVY Elval:
e AnwAeL0 UTTOOTNPlyUATOC
e ATMOKOANGN UTIOCTPWHATOG QIO TO UTIOCTAPLYUA

e AnoocdBpwon UTOCTPWHATOG
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e  AnwAela {wypodLkol oTPWHOTOC

e AmoAémion {wypadlkol OTPWHATOG

e  Kovioptomoinon XpwoTikwy

e AwBntikn aMoiwaon

e  EfavOnoelg Kal kpoUOTEG OAGTWY

Ta dAata elval pio amo TG onpavitkotepeg ¢pBopég Twy Tolyoypaduwy. H mapouoia Toug pumopet va o8nynoeL o OAeG TLG

mbavég dBopég mou mepLypadnKav MapANAVW.

ENOTHTA 1.3:Baotkr) xnueia Twv oAdtwv

Ewcaywyn

Q¢ alag opiletal pia xnuikn évwon mou oxnuatiletol and tnv aviidpacn eoudetépwonc evog ofEwe ue pia Baon. Ta
ahata €ival LOVTIKEG eVWOELG, SNAadr evwoelg HeTafl aviovtwv(apvnTtikd GopTLoPEVWY ATOUWY I Ouadag atouwyv) Kot
KATLOVTWV(OETIKA POPTIOUEVWY ATOUWY 1 OUASAC OTOUWY), WOTE N XNKULKA €VWon TIOU TIPOKUTITEL VA €lval NAEKTPLKA
oubétepn.

Ta dlata yapoktnpilovtol amd KpuoTaAAlkr Sopr, dnAadr éva auotnpd SLOTETOYUEVO OXNUOTIONO Moplwv. H
KPUOTOAALKA SO KAl O L.oXUPOG LOVTLKOG 6e0u0¢ KaBopllouv TIg elSLKECG LOLOTNTEG TwV aAdTtwv. OL Lovtikol kpUoTaAloL
TwV oAdtwv Teivouv va elvat okAnpol kal eUBpaucotol e€altiag TwWV LOXUPWVY LOVIIKWY SECUWV HETa aToV KpUOTAAAO.
ErumAéov, ta dhata €xouv uPnAd onpeia Bpacpou kat THEEWG, yLati amalTeltol apKeTH EVEPYELA WOTE VA SLOCTIAGTOUV oL
Seopol kat va alayBel n katdotaon ¢ UANG Touc.

OL Stadikaoieg {wtikAG onuaciog oe 6Ao to mepBarlov(édadog, opyaviouol, agpag, vepod, KATT) amoltouy TV mopousia
oAdtwv otn popdn LOVTIWV. Ita GUOLKA CUCTAMOTA, TO GAQTA KATavaAwvovTtal 1 anmoppodouvtal anod toug {wvtavoug
opyavLopoUG yla avamtugn kat Statrpnon, éxovtag SOULKEG AELTOUPYLEG Kat AeLToupyieg pUBULONG Tou pH, TNG OCUWTLKAG

TEONG KO TWV BLOXNMLKWV AVTLO pACEWV.

AlaAvtotnta

H StoAutdtnta sival pia ToAU onpavtikn BLotnTa twv ahdtwv, kabwe kabopilel v eukolia SLdAuong evog GAatog Kol
apo tn duvatdtnta petadopdg TOU LECW TNG UYpAcLag, AAAA KoL CUVOEETAL AUECA HE TG CUVONKEC KPUOTAAWGN G TOU.
Q¢ Stohutotnta pag ovolag, opiletal n péylotn Suvartr MOCOTNTA TNG OUCLOC TIOU UIMOPEL yLa oplopévn Bepuokpaocia
va SlaAuBel og oplopévn moootnTa StaAutn. ZuvnOng SLaAUTNG lval to vepod. Zuvnbwg, n Stahutotnta ekdppaletal wg Ta
YPOUUAPLO TOU GAATOG TTou urtopoLV va SltaAuBolv og 100 ypappdpla vepol. Ta dAata prnopouv va StaluBouv oto vepd
1 @AAoug moAkoUG SLaAUTEG Snpoupywvtag nAektpoAutika StaAvpata, dnAadrn Siiotavtal ota aviovta Kal KATovia
Toug. H evépyela MAEYUOTOG KOl OL GUVEKTIKEG SUVAUELG METAEU QUTWVY TWV LOvTwv kabopilouv tn SlaAutotnto.
TadhataavaloyapeTndLlalutotntatoucotovepodLakpivovtaloeeudilalutakatduadidiuta. Emopévwg, OAa ta dhata ival
o kamolo Babuod oucieg SLaAUTEG oTo vepd. Ta LOVILKA SlaAUpato TTOU TMPOKUMTouv amd Th StdAucn Twv aAdTwvy,

petadépovral LECW TNG PONE TN uypaaiac.
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gLSLIOALTO SuaoSldALTA

Ammonium All salts e
Group-I metals (A few exceptions)
Ammonium ((NH,),CO3)
Carbonates Sodium (Na,CO5) All others
Potassium (K,CO,)
. Lead (l1) (PbCl,)
Chlorid All t
e RSP, Silver (AgCl)
Lead (I1) (PbSO,)
Sulfates All except Barium (BaSOy)
Calcium (CaS0,)
Nitrates All nitrates None

Eik. 1.3.1: ALoAUTOTNTA TWV CAATWVY

(https://psiberg.com/)

ENOTHTA 1.4: Ta dAata otnyv tolyoypadia

MpoéAeuon KalL UETAPOPL TWV LOVTWV

Ye pla towoypadia n mpoéleuon Twv oAdTWV UMOpPEL va sival eite g§wyevig, cite evéoyevig. Tooo otn Soun HLog
tooypadiag 6co Kal oto TMEPBANOV UTTAPXOUV XNIKEG EVWOELG TIOU amoTeAOUV GAata Kot emopévwg Sltodbovtal oto
vepd. Ta dhata petadEpovtal péow TN uypaciag og StaAlpata Wvtwy. Onotadnnote popdn kukhodo piag thg uypaciog
CUVETIAyETAL KOl TN peTadopd WOVTwV aAdtwy. H uypacia elval évag amod Toug onUavtltkdtepoug mapayovies ¢opdg Twv
TooypadLwV Kol Umopel va TANREEL €éva pvnpelo pe TTOAAQITAOUG TPOTIOUG, OTIWG:

e Tpuyxoeldng avappixnon amd to €5adog

e Méow Tou atpoodalplkol agpa

e Ano ta udatwdn petewpa(Bpoxn, XLovt, XaAadl, K.a.)

OL motkidoL TpdmoL €Ll0PONC TNG LYPACLOg O éva pvnueio, kablotolv TV mapouacia tg otn Soun pag tolyoypoadiag

BéBaun.

Etk. 1.4.1: O uSpoAoyLkog KUKAOG TNG LeTadOpAG TWV CAATWY

(https://www.netsolwater.com/)
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SNUAVTIKO T0o00Td uypaciag sloépyetal otov Ttoixo amd to umédadog, HECW TOoUu (GALVOUEVOU TNG TPLYOELWSOUG
avappixnong tng vypaoiag. (gik. 1.4.2) Me to (610 dpavopevo, yivetal el0o80g uypaciog Kal ot Mvnuela OTou €lval
XTwopéva oto VoG Tou udpodopou opilovra (mapabaldoaoia, maparmotauLa, mapoAipvia,  oe Baitotonoug). (ewk. 1.4.4,
1.4.5) H eloodog ¢ vypaociag eival o aueon kabwg to unedadog €xel MANPOTNTA o€ uvypacia. Emiong, Apvaiovra
véata AOyw aoToXLOG TNG TTEPLUETPLKNAG KAlong Tou e8dadoug, ald kal opppra bdata ou otalouv amd Tn oTéyn Hetaly
Tou €86Aadoug Kal Tou Tolyou, eloépyovral Ye To 160 patvopevo amo tn Baon tng toomoliac. (ewk. 1.4.3, 1.4.6)

Y& pvnueia mou untdpxel $pBopd i actoxia SOUKWY UAKWVY oTn OKET /oTéyn, cuvnBwWC oTtacpeva KEpapidia f TIAAKEG,
napotnpeital xpovia mapoyr vypaciag pEcw Bpoxng Kat xtoviou. (ewk. 1.4.7)

Jta pvnuelo mou PBplokovral site mapabaldoola, site oe kovilvy amootacn amod ) Bdlacoa n Kupla MPoEAsucn
vypaociog sival Kupiwe pHéow Twv agpolupdtwy TG Bdlaocoag, pe to pawvdpevo tng alarovépwong. Ta dlota thg
Bdhaooag (kupiwg NaCl) urmopolv Kot PETODEPOVTAL OE KOVILVEG OTTOOTAOELG HECW TWV AEPOAUUATWY UE TO PaLvOpEVO
¢ alatovépwonc. (ek. 1.4.8, 1.4.9)

OL enepPaoelg ouvtRpnong sivat €vag mapayovtag o omolog HeTadEPEL Uypaoia Kat LOVTA O€ pia Tolxoypadia, aAAd Kal
gvepyornolel péow Twv enepfdacewv ta A6N undpxovra. OL eEMEUPACELS OTEPEWONG HE XPNON AOPBECTOKOVIOUATWY Kol
TOLEVTOKOVLOUATWY, OAA Kol oL emepPACELG KOOAPLOUOU TIOU ELOAYOUV KAl SLATNPOUV APKETH TOCOTNTA UYPACLAG,
€KTOG amo ) petadopd ETUMAEOV LOVTWY, 08NyoUV o€ IepalTEPw SLAAUGN Kal KPUOTAAAWGN TwV 6N UTTAPXOVTWV LOVTWV

ot ula toyoypadia. (eik. 1.4.10, 1.4.11)

Roof leak

Defective
guttering . <~ . ‘

Defective
pointing

Defective
drainage

Higher griound
level = /

Rising Ground moisture
Damp

Eik. 1.4.3: Baolkég popdEg eloddou vypaoiag

(TimHutton, https://www.buildingconservation.com/)
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The common denominator of
masonry and ground:
a pore-like capillary system

living space

}evaporation zone

capillary head

porous
masonry

rising ground moisture

missing or damaged
horizontal sealing

Magnification of
capillary systems
in masonry and

in the ground

absorbent ground

| ground moisture penetrating the masonry | ] =

Eik. 1.4.2: Tpyyoeldng avappixnon vypaoiag

(https://www.aquapol.co.za/)

Ewk. 1.4.4: Napamnotdpia nepintwon Ewk. 1.4.5: NoapaBoldooia mepintwon

(https://gr.depositphotos.com/) (https://www.shutterstock.com/)

{
epopudn
OTEPOVEITIKO Vg it
VAKOL ¢ 7 . ' ! epapOYA BTEYCVWTIKOY
VAIKOU

Eik. 1.4.6: Yypooia ano mepLUETPLKA VEPA Ewk. 1.4.7: Eloob0¢ uypaoiog amno tnv oTeyn Kot avamtuén
BloAoyikwy mapayovTwy mou TNV eNBERalwvouv
(PavlosThomaidis, (2019), https://www.linkedin.com/) (https://argolikivivliothiki.gr/, https://stock.adobe.com/)
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Ice clouds

Mixed phase
clouds

Wave
breaking

Bubble
bursting

Bubble
entrainment

Eik. 1.4.8: Anpoupyio agpoAUPATWY HECW TWV KUUATWY Eik. 1.4.9: Qawvdpevo alatoviédwong

(Anne Manning, (2015),https://source.colostate.edu/) (Wilson, (2015), https://www.ohiolink.edu/)

Etk. 1.4.10: Alox€teuon otepewTikol evépatog og totyomotia  Eik. 1.4.11: E€avOnoelg Adyw otepéwong pe Portland

(L. Baltazar et al., (2019), https://www.researchgate.net/) (http://dripdropstop.com.au/)
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To aviovta mou evromilovtal atnv tolyoypadia eivar ta avOpakikd(COs™), ta Beukd(SO,™), ta xAwpLovxa(Cl), ta

vITpLkA(NOs™) kot ta ofaikd(C,04), evw ta Katlovra sival autd tou vatpiou(Na*), tou kaAiou(K*), tou payvnoiou(Mg?*)

KOl TOU appwviou(NH,Y).

Carbonates Calcite CaCo, Boussingaultite (NH, ) Mg(50 ). «6H,0
Dolomite CaMg(CO,), Syngenite E.Ca(50,).» H.O
Magnesite MgCO, Gorgeyite K Ca(30) «HO
Nesquehenite MgCO, = 3HO Aphthitalite K Ma(50,),

Lanstordite MgCOSHO Ettringite Ca, AL(SO,)(OH), * 26H.0
Hydro b Mg [OH{CTO,).]. = 4H, O . .

yrmmagnestie s[OHCO,)] = 4H, Thaumasite Ca,Si(OH), (CO)S0,) = 12ZH,0
Natron MNa CO, = 10H,O
Thermonatrite Na, CO, = HO

. . Chlonides Bischofite MgCl, = 6H,0
Mahcolite MaHCO, . o
Trona Na,H{CO,), » 2H,0 Antarcticite CaCl, « 6H.O
Kalicinite KHCO, Tachyhydrite CaMg.CL, » 12ZH,O

Halite NaCl

Sulfates Gypsum CaS0, = 2H.0 Sylvite Kl
Bassanite CaS0 = 1/2H,O
Epsomite MgS0, = TH.O Nitrates Nitrocalcite Caf{NOLy, = 4H,0
Hexahydrite MgSO, - 6H.0 Nitromagnesite Mg(NO,), » 6H,0
Kieserniie MgS0, = H O Nitralite NaNO,

Darapskite MNa (SO, NO ) = H.O

. . Niter KN,
Mirabilite Ma, S50, = I0H.O
Thenardite Na,S0, Ammonium Nitrate NH.NO,
Arcanite K,50,
Bloedite NaMg(S0,), = 4H,0 Oxalates Whewellite Ca(C 0} » HO
Picromerite K. Mg(50,). * 6H.0 Weddellite Ca(C.0)=2H O

Eiwk. 1.4.12: Ta Baolkd GAata mou evromni{ovtal 0Toug Tolxoug

(A. Arnold, K. Zehnder, (1991))

Mpaktikd, oAol oL Toixol mepléxouv avOpakika(COs™) katl mbavov Beukd(SO,7) Lovta, Aoyw Twv UALKwV TG AtBoSopng,
TWV CUVOETIKWV KOVLWV Kal Twv Sladopwyv adpavwv TwV KOVIOMATWY. AKOUA, TA KOVLAUOTO TIOU TIEPLEXOUV AUUO
Baldoong kat oL AlBoL mou PBplokovrav oe Boldoola cuotApata(my. KoyxUAlatng, Yopuitg, K.a), €Xouv UeyaAn
TEPLEKTLKOTNTA o€ XAwplouyxa Lovta (Cl7). Emopévwe, n vypacia mou elgépyetal Stallel ta dN umdpyovTa LOVTA TG
Tolormoliag, odnywvtag o€ KpUOTANWON Toug oth Soun A Thv emddvela thg tooypadia.(sik. 1.4.13)

Jta pvnueia mou Bpiokovtal eviog PeyaAOUTIOAEWV I KOVTA O€ Blopnxavikr meploxt, Suvartatl vo uttdpxouv Belkd(SO,7)
Kat vitptkd(NO3™) ovta  otov Ttoiyo AMyw Ttwv agépuwv pUMwv mou emkdBovial otnv emddvela, £wg otou Ba
petadepBoUV 0TO ECWTEPLKO TOU UVNUEIOU PEOW UETEWPWV USATWY N PeTadEépovtal aneubeiag péow tTou palvopévou
g 6§wvng Bpoxns. (eik. 1.4.14, 1.3.15)

AKOMQ, oTnv UmalBpo Kal eL8LKOTEPA OE TIEPLOXEG E AYPOTLKA QvAmTuén, yilvetal amoppddnon Twv AUTAOUATWY Kol
Sladpopwv mpoidvtwv anooclvOeong £uPLag UANG oto £€6adog kat petadopd dpwodoptkwv(PO,™), Kat vitptkwv(NOs)

LOVTWVY, HECW TOou USpodOpoU opllovta o€ pvnuela.

Eik. 1.4.13: EvSewktikn mopeia petadopd evboyevwv aldTwV HECW TWV SOULKWY UALKWY KAL TWV KOVIAUATWY

(1. https://commons.wikimedia.org/ 2. http://www.patrisnews.com/ 3. https://ventum.lv/ 4. https://www.mojmojster.net/ )
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Eik. 1.4.14: ETuka®noelg pUmwv Kal Kauoaepiwy Ewk. 1.4.15: Metadopd OVTWV amo BLOUNXaVLKN TtEPLOXN

(https://el.wikipedia.org/, https://www.lifo.gr/) (http://www.allrefer.com/)

Mnxaviouog oxnuatiouou

'OM\a Ta LovTa Twv oAdTwY petadépovtat atn Sour TnG Tolxoypadiag pEcw TG vypaciag oe udatika StoAUpata. Otav n
vypaoia efatpiletal, auéavetal n ocuykévipwaon tou StaAlpoatog. Otav to SLAAuUa PTACEL O UTIEPKOPECUO, TOTE Ta
LOvVTa evwvovtal oxnuatifovrag KpuotdAAoug aAdtwy. Etol, oxnuatilovral kpumtoe€avOnoelg i e€avOroelg KpUoTAAAWY
OAGTWY, OVOAOYWCE TNG TEPLOXAG KPUOTAAAWGNG TOUG, KATW R avw tng {wypadLkng emidavelag, avtiotolyo.

YTapxel Opwe pia oxéon PeTafl Twv oANaywv TNG OXETLKAC UYPAOLOG TOU XWPOU Kal ThG SLAAuonG Kol KpuoT GAAWGeNG
TWV aldTwv oTLC Toloypadiec. KabBe dhac kpuotolwvetal otav o meplBAAAOVTOC XWPOG ayyifel €va OUYKEKPLUEVO
TIOCOOTO OXETLKAG UYpaociag kal o pia ouykekpLpévn Beppokpacia. H uypaocia otnv omnola kpuotaAAwvetal éva dAag o
pia ouykekpLuévn Bepuokpacio opiletal wg oxetikn vypaoia toopportiag (RHeq). Evag dAag Ba kpuotahhwBel otav n
OXETLKA uypaoia Tou Xwpou(RH) yivel xapnAotepn amoé tn oxetikn uypaciag tooppomiag (RHeq) tou dAatog otn

OUYKEKpPLUEVN Oepokpacia.
—_— eq

Elk. 1.4.16: SuvOnrkn KpUOTAAAWGONCS AAATOG
(A. Arnold, K. Zehnder, (1989))

Onwg mapatnpeital otov mapakdtw mivaka, umdapyxouv dAata(Na,COs-10H,0, Na,SO4-10H,0, KNOs, K,SO,) ta omoia
€XOUV TO00 UPNAEG OXETIKEG UYPACLEG LOOPPOTILOG, OTIOU OUTOLTELTAL pia TTOAA HEYAAN UETABOAN TWV KALUATOAOYLKWY
ouvOnkwv og BaBoc xpovou wote va SltahuBolv, KaBwg n oxeTLkr uypacia tou xwpou Ba eival ocuvexwg xaunAotepn oe
OXETIKA otabepég ouvOnkeg. Amo tnv AAAn, umdpxouv dhata (CaCly'6H,0, MgCly-6H,0) pe TOAU XOUNAEG OXETLKEG
Uypaoieg Loopportiag, Ta omoia eivat SUokoAo va kpuotaAAwBoUuv, epdoov oL TEPLBOAOVTLKEG CUVONRKeG eV eMITPEPOUV
pio peydhn pelwaon g oxXeTIKAG uypacia Tou xwpou. OAGKANPOG O UNXAVLOUOE OXNUOTIOMOU TWV AAATWY amo tThv avodo
™G uypaoiag, £wg Kal TNV KPUoTAMwon, elvon pia mepimiokn Sladikacia eUMAOKNAG BEPUOKPACLAKWY KOl UYPACLOKWY
petapoAwyv mou kabopilouv mola GAata, o€ ToLa TePLoX Kal o€ Tio eVpog Ba kpuoTalwBouv, aAld kol os molo Badud

Ba BAGPouV pia tooypadia.
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Salt 0°C 5°C 10 °C 15 °C 20°C 25°C 30°C

CaCl,*» 6H,0 41 377 337 308 286 @ 224
MgCl, * 6H,0 337 336 35 333 3.1 328 324
K,CO,+2H,0 431 431 431 432 432 432 432
Ca(NO,),*4HO 59 596 565 54 536 505 468
Mg(NO,),* 6HO 604 589 574 559 544 529 514
NH,NO, 61.8

NaNo, 786 775 765 754 743 71
NaCl 75.5 75.7 75.7 75.6 75.5 75.3 75.1
Na,SO, 82 828 843
KClI 88.6 R7.7 86.8 85.9 85.1 843 83.6
MgSO, « 7TH,0 86.9 90.1 88.3 88
Na,COq 10H,0 9.5 979 882 832
Na,S0, * 10H,0 952 936 g4 879
KNO, 963 963 9 954 946 936 = 923
K,SO, 988 985 982 979 976 973 97

Eik. 1.4.17: IXeTKEG UYPACLEG LOOPPOTILAG OAATWY VLA SLADOPETIKEG OEPLOKPATLES, TTIOU €XOUV EVIOTILOTEL O€ TOlXOUG
(Gmelin (1966), Greenspan (1977) and Wylie (1965))

Y€ OPKETEC TEPLMTWOELC, OL Toloypadieg Séxovral peyalltepn aroiwon £wg Kot mANPN anwAesla otn BAcn Toug Kat
000 1o Uog auvgdavetal, tooo n $Bopd e€aocbevei. KaBwg umdpyouv euvoikég ouvORKeG, yivetal dvodog Ttou vepol amod to
untedadog kal akoAouBel e€atuLon Tou, KATa TNV omoia cupPaivel pia YwpotagLkn KAAoUATwon, Twv dtadpopwyv aAdtwyv
ota Stadopa UYPn g Toxoypadiag. ApxLkd, yivovtal urtépkopa oto SLGAupa Ta GAata He Tt XaunAotepn SltaAutotnta,
OTIOU CUOCWPEVOVTOL KAl KPUOTAAWVOVTOL XAUNAOTEPQ, e AMOTEAECHA Vo TtpoKaAEiTaL peyalltepn $pBopa, evw autd
ME TN HeyaAuTepn SlaAutdtnta cuvexilouv avoSLKA OTOV TolXo, €wG 0Tou To SLaAupa ¢ptacel oto Babuod SLaAutoTnTAg
TOUG Kal KpUOTOAAWBOOUV Kol auTtd, KATw N mavw amo tnv {wypadikn emdavela. To ¢alvopeVO TAPOUCLALETAL OTO
okOAouBo oxedlaypoppa Twv {WVWV XwPoTaglkn KAaopdtwong aldtwy. OL katwTtepeg {wveg A kol B mapouactdlouv t
peyoAltepn ¢Bopad, pe amwAeleg {wypadlkol CTPWHUATOC KOL AMWAELEG UTTOOTPWHATOG, avtiotoxa. H C mapouactdlel
KpuotaMwon StoAutwv aAdtwv otnv emdavela Kal KATW amd auth, evw otn D ta 1ovta mMapouévouv akoUo oTo
Stdhupa koBwg Sev mAnpolvral akopa ol cuvlnkeg KpuotdMwor ¢ touc.(Arnold&Zehnder, 1984)(Arnold&Zehnder,
1987)(Arnold&Zehnder, 1991)

Qotooo, To palvopevo auto dev amotelel kavova, KaBw o apKeTA pvnueia mapouotalovral anwAeleg ota PnAd, wg
OQUITOTEAECLOL CUVEXOUC Kol OTOXEUOMEVNC TAPOXNG uypaociag, and mnyég mou oxetilovtal pe ¢Bopég 1 actoxieg otnv

Tolyomolia, Tn oTEyn Kol ta mopddupa.
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Eik. 1.4.18: Zwvec xwpotallkn¢ KAaopdatwong ahdtwy Etk. 1.4.19: Qaivopevo tpyoeldou avappixnong

(Arnold&Zehnder, 1991)

Mnxaviouog @dopdcg

(Benaventeetal., 2001)

H ¢Bopd o€ pia toxoypadia cupPaivel Adyw NG KpUuoTAAAWONG TwV aAdTtwv. Ot KpUoTAAoL avarmtiooovTal £iTe péoa

O€ MOPOUG, eite mavw otnv {wypadikn enidpaveira.

Katd tnv KpuoTAMwOor] Toug Héoa ag TOPOUG, e T Hopdn Kpuntoe€avBnoewy, Ta GAATA AOKOUV UNXOVLKEG TILECELG OTA

Toywpata, kKabwe n popdoAoyia Toug ardalel kat To PEyeBog auéavetatl, mpokalwvtag GOopEC 0To UMOGCTPWUA Kal TN

{wypadikn emidavela. Otav 10 dpatvopevo Aapadavel xwpa oe eptBEANovta Pe GUXVEG HETOPBOAEC TWV TIEPBAAAOVTIKWY

ouvOnkwv, cupPaivel 0 KUKAOG TNG KpuoTtdAwong, n mo smlAua Stadikaoia ywa pia towxoypadia. Ta dAlata

KpuotoAMwvovtal kat StoAvovtal, e aufopeiwon g Ogppokpaciag kol tng uypaociog kat kabwg n dadikaoia

KpuotaMwong (mieon - Sidomaon) cupPaivel avd TOKTA XpPOVIKA
Staotripara, n $Bopd otnv toxoypadia eival cuveXnc.

Ta dAata Katd TNV KPUoTAAMwOT Toug oth {wypadikr enidavela, Ue
™ Hopdr €€avOnNoEwvV KAl KPOUOTWV, TPOKOAOUV aLoOntikn
oMoiwon, KAAUTITOVTOG TO TEPLEXOUEVO TwV Toloypadlwyv Kol
QIOKPUTITOVTOC TNV AVAYVWOLUOTNTA TwV TOPACTACEWY amd To
Beatr). EmumAéov, n Spdon toug umopsl va eival €upecn UECW TOU
avBpwrivou mapayovta, Kabwe pia evdexopevn eméufaocn Stdhuong
Kal adaipeong Toug pumopei va 0bnynosL o HeEPLKN | OMKA amwAeLa

auBevtikol VALKOU.

Etk. 1.4.20: Movtého avamtuéng kat emidpacng Twv SLAAUTWV OAATWY O€ TIOPOUG KAl KOLAOTNTEG TOU TOolXOU

(Arnold&Zehnder, 1989)
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Eik. 1.4.21: Avamrtuén kpuntoe€avOnoswv SLaAuTtwy oAdTwy, Petafl Eik. 1.4.22: Aemtopépela
UTIOOTPWHATOG KOL XPWOTLKAC. ApXN UNXaviopou §pdaonc.

(Arnold&Zehnder, 1991)

To (610 dAag pmopel va yapaktnpiletal and Siadopetiky popdoAoyia kKpuoTAAwY avaloya HUe T ouVONKeG, ite yla
TAPASElya ooV KpoUOTO LOOUETPLKWV KOKKwVY, elte cav Belovoeldelg¢ xvoudwtég e€avbnoelg. H popdoloyia twv
KpUOTAMwWV KaBopiletal and oplouévoug mMAPAyovTeG OTIWG TO KPUGTOALKO TIAEYUA, O UTEPKOPECKOG, N cUVOEeoN, TO
oxNua Kkat n pory tou &laAlparo¢ ToOU Opédel TOUG avamtuooouevoug  KpuotdMoug.  (Charola&Blauer,
2015)(Arnold&Zehnder, 1991) Ot Arnold kat Zehnder, meplypddouv ta otddia tou punyaviopol ¢Bopdg avadepopevol
0Th CUCYETION TNG OXETLKAG uypaciag pe Tn popdoloyia Twv KPUOTAANWY TG0 oTNV enmtdAveLag pLag Tolxoypadiag 6co

KaL 0To E0WTEPLKO TG Soung te. (Arnold&Zehnder, 1991):

1. Ta dhata €xouv Tn popdr VoG UTEPKOPOU LOVTLKOU SLOAULATOG

2. To vepd tou SlaAbpatog apxilel va efatuiletal kol ol kpuotaAlol avamtuooovral, aAAdlouv popdoloyLlka Kat
£PXOVTOL OE GUVOXTI] LE TOUC YELTOVIKOUG KPUOTAAAOUG.

3. 'Ooco tayUtepa mpoxwpasl n €ATULoN, TOOO Tilo ypriyopa avamntuooovtal kad uog ol kpuotaAlot, kabwg Bpedovrat
UOVO aro TN uypaocia mou £xeL anopeivel otn Bdon Toug.

4. Koabwg xdvetal omolodnmote ixvog uypaciag, ol kpUotahhot apxilouv va AapBdavouy Tig TeAKESG TOUG MopPdEG.

‘EtoL, n popdoAoyia Twv KpuoTdMwV aldtwy oe pia Tolyoypadia, mapéxel mAnPodopleg yLa TG CUVBRAKES UTIO TLG OTtolEC
KpuoTOAMWONKE aUTO To dAag. Av n KpuotdAhwon ocupPel otav n emibdvela eivatl vypn kot elval SLaBEoLun apKeth
moootnTa VEPOU WOTE autol va «Bpadolvyy, tote Ba avamtuxbBolv peydhol kpUuotahhot. Oco AlyoTepo vePO, UTIAPXEL
Slabéolpo otov Toixo, T000 pIKkpOTEPOU peyEBouc kpuatalot Ba oxnuatiovral. Mia amdtoun peiwon tou SLoBéotpou
vepol 06nyel 0g OXNUATIOUO KPOUOTWV LVWOWY KPUCTAAAWY, VW oL KOAWVOELSNG kpUoTalol avanticoovtal KABeta

otnv emidavelo Kal pokpLd oo auth. (Charola&Blauer, 2015)

23



solution

wet dry

Eik. 1.4.23: 2Ta61a KpUOTAAAWGON G AAdTWY

(Arnold&Zehnder, 1991)

W

Eik. 1.4.24: BeAOVOELSGUELOOUETPLKOUG(KUBOUG) Ewk. 1.4.25: E€avONnoeLg pepoVopEVWY BeAovoElS WV
kpuotaAAol NaCl KOl LOOUETPLKWY KpuoTaAwv NaCl

g~5079 < 3KV S i RE 8D, R O okdiOrn W34 /
Eik. 1.4.26:Xvoudwtég e€avOnoelg kpuotdMwvNaCl Ewk. 1.4.27: Aemttopépela xvoudwtwv eEavOrnoswv
ano xahopoug BehovoelSeig kpuotaAhoug

(Arnold&Zehnder, 1991)
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2883 5KV
Eik. 1.4.28: E€avOr ol mpLopaTikwy KpuotdMwv MgCOs Etk. 1.4.29: Aemttopépela e€avOnoswyv o€ popdn
o€ popdn kpoloTOG KpouoTag

(Arnold&Zehnder, 1991)

H mapoucia kot n §pdon twv aAdtwv ot tolyoypadieg elval éva mepimloko {ATNUA TOU OKOpa Sev €xeL yivel
Katavonto oto cUvolo tou. Ta dAata emnpedalovral amd OAPKETOUG TMOPAYOVTIEC, WOTE va Snuloupyeltal £vog
TIAOUPOALOUOG SladopeTikwy TUTIWY, eldwv e€avOrnoswy Kol SLOAUTOTNTAC AUTWY OTNV £Ktacn piag emudavelag. Itnv
TIPOYHOTLKOTATO, TO cUoTAUOTA OAGTWY amoteAolvtal ard mepimAoka PElyHATO LOVIWY OAATWY KAl Ol TLHEG yLa TWV
OXETLKWV Uypaclwy LooppoTiiag Sev elval autég mou LoxUouv Bewpntikd yla To KAOe GAag PEPOVWUEVA, OANG elval
T(POCEYYLOTIKEG. EMOUEVWG, OL TIPAYHATIKEG TLUEG EEAYOVTAL EUTIELPLKA e Edappoyr LEBOSwV adaipeonc.

Alddopa UALKA €xouv xpnoLpomolnBel yia tn StdAuon kat Ty adaipeon Twv aAdTwy amno Toxoypadleg, Ta omoia cuxva
XPNOLUOTIOLOUVTAL TAUTOXPOVA, WOTE VA AEITOUPYOUV OUVEPYOTLKA, CUVOETOVTAG £va GUOTNHO UALKWV. ZTO EMOUEVA
kebalala Ba mapouclactolV ta BAcKA UALKA TTOU Xpnotpomololvtal oth dtadikacia tng adaipeons Twv aAdtwy. Ta
UALKG Ta€lvopouvral og U0 PeYAAeG Katnyopleg, Toug popeig kal Ta aviidpaotipla. MpLv ¢ mapouciacn Twv Gopéwv

Kal Twv avildpactnpiwv Ba mponynOel n avadopd oto poAo Tou vepol atnv OAn Stadikaaoia.

KEMDAAAIO 2: To vepO otnv adaipecn tTwv aAGTwV

To vepo (H,>0) eival éva UALKO TTou cuvavtdatal og OAeg TI¢ pebddoug adaipeong SltaAlutwy aAdtwy amod tolxoypadieg.
H péviun mapoucia tou vepol otig uebddouc, odeiletal otnv ek GUOEWG OXECN TIOU UTIAPXEL AVALECO OE QUTO Kal Ta
dhata. Auth n oxéon petafl AMwv, mepthapBavel T ditth Asttoupyia Tou vepol wg SLaAlTng Katl petadopEag oAdTwyY
TouToxpova. 3to akoAouBo kedpdalato, meplypddovtol auteC ol SU0 EVVoLeC TOU VEPOU TOU TO KaBLotoUv BaGLKO UAKO

adaipeong aAdTwv Kat éva anapaitnto cuotatikd oe kaBe pébodo.

ENOTHTA 2.1: To vepo w¢ StaAltng

Ta dhata wg ouoieg eival nAektpoAuteg, SnAadn dtaAlovtal oto vepd Kat SLioTavtol oTa LOVTIA KAl 0To KOTLOVTO Ao Ta
omoia amotehouvtat. Emopévwg, ota udatikd StaAlpata Twv aAdTwy TepLtéxovral eEAeUBEPA KLVOUEVA LOVTO TTOU €XOUV
TiPo€NBeL amd tn SLdAucn Tou AATOG OTo VEPO.

H otadlakr amwAslo TOU veEPOU amd €va LOVILKO SLAAUMQ, 0Onyel O UTEPKOPECUO TOU SLAAUMATOG KOl OTNV
KPUOTAAwWON Twv oAdTwv otnv toloypadia. AvtiBeta, n mpdoAnyn vepou amoé ta Kpuotalwpéva dlata odnyel otnv

enavadLdAucr) toug kal th Snuoupyia Lovitkol SLaAUPATOC. AUTOG 0 KUKAOG CUVEXWY KPUOTAAMWOEWV-SLaAUCEWY TIOU
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oupPaivel og peydln kAipaka ota puolkd cuothpato, AopBavel xwpo otn mopwdn dopn Kat otnv emidpdavela Twv
toyoypadLwyv. OL LBLOTNTEG AUTEG KOBLOTOUV TO VEPO WG TO Baotkd LUALKG SLdAuong, petadopdcs, oA kal adaipeong
oAdtwv and toyoypadieg. Etol, oL meplocotepeg pEBodol adaipeong aldtwv Baocilovtal otn StoAutiky dpdon Tou
vepou.

MoAAQ amd ta UALKA Kalt TLG peBddoug mou edpapudlovtal yLa tnv adaipeon aAdtwyv, otoxevouv atnv unofondnon tng
SlaAutikng Spacng tou vepoU. MNa va emteuxBel autn n BeAtiwon, To vepd avapelyvOETAL HE UALKA TIOU €MnpeAlouv
OPLOUEVA XAPAKTNPLOTLKA TOU, OTwE N avénon Tou XpOvou eEATULONG, h TTOPAMOV oTnV KABetn emidpdavela Tou toiyou,
K.Q., WOTE VO UMOPECEL va SLaAUoEeL, aAG Kal va adoLpECEL AMOTEAECUATIKOTEPA Ta GAatTa. Ta UALKA auTd ovoudlovral
dopeig kaL amoteAoUV OUCLAOTIKA TO PECO UE TO OTol0 petadEépetal to vepd, aAMnAerdpd pe Ta dAata Kal TEAOG Ta
adatpei and tnv tooypadia. EMopévwg, To vepd «eloayetaly os POPELS, WOTE VoL AELTOUPYHOEL CUVEPYATLKA pall Toug,
Snuoupywvtog eva clotnpa adaipeong aldtwy.

JUUTEPOOUATLKA, N Asttoupyia Twv peBodwv Baociletal 0to BacLkod TOUG UALKO TO VEPO Kal ELOLKOTEPA 0T SLAAUTLKN TOU
6paon Katd Twv oAATWY. TUXVA, TO UTIOAOLTTA UALKA U LLETEXOUV O€ €va oUOTNA BEATLWVOVTOG TA ETLUEPOUG oTAdLA )

TNV YEVIKOTEPN AELTOUpYLa TTOU emLTEAEL TO VEPO OTNV adalpecn TwWV OAATWV.

ENOTHTA 2.2: To vepd w¢ dopag avidpaotnpiwv

Onwg meplypadnke Kal otnv eloaywyn, kabe Aalag KpuoTtaAhwvetal o€ SLadopeTikég ouvBnkeg Bepuokpaciag kat
OXETLKNG uypaoiag. Avtiotolya Kat yta tTh SLdAuon LoXUoUV OPLOKEVEG TIUEG, OTIOU BAocel autwyv opiletal éva GAag wg
guSlaAuto 1 SucSlaluto. Onwg daivetal Kol ard ToV MAPOKATW TVOKA, N SLAAUTOTNTA TWV aAdTWV TIou epdavilovral
oTLG Toloypadieg motkiAel. Yrdpxouv dlata ta omola, elval 16co eudildluta wote StaAlovral Adyw TwV SLAKUUAVOEWV
Twv nepBarloviikwy cuvBnkwv, aAAd uTtdpXouV Kol dAata Ta ormola ival toeo SuaSLAAUTA, WOTE TO VEPO Ao LOVO TOU

va 1nv eival tkavo va ta SlaAloel, o éva eUAOYO XPOVLKO SLAGTNHO Kol UTIO GUCLOAOYLKEG CUVONKEC.

AAag AwaAutotnta (g/1, 25°C)
AoBeotitng CaCO; 0,013

royocg Ca;S04:2H,0 2-2,5

OeuKo kAALo K504 120

Oevapditng NaSO, 281

AAitng NaCl 359

NitpLko kaAo KNO; 380

Nitpikd Natpio NaNOs 912

Elkova 2.2.1: Nivakag SLoAUTOTNTAG 0PLOUEVWY OAGTWY TTOU CUVAVTWVTAL OTLC ToLXoypadleg

H Umapén kaL n avaykn yia adaipeon Twv SuadLAAUTWY aAdtwy, 06yNoE TOUg cuVTNPENTEG oTo va avtiAndBolv toug
TiepLopLopolG mou €0ete n amAn xprion tou vepoU yla TNV adaipeon toug Kot otnv mpooBrkn aviidpactnpiwv ota
cuoThuata adaipeong aAdtwy yLa va urtofonBricouv Kat va BEATLWOOUV OKOUN TIEPLOCOTEPO TN Sladikaoia.

Mlag Kal Ta TIEPLOCOTEPA QMO OQUTA Ta avtdpacthpla eival USOTOSLOAUTA, O KATaAANAOTEPOG ¢opéag Twv
avtdpaotnpiwy, §ev Ba umopovaoe va elvat dAo¢ amd To vepd. Ta avildpaoTipLla AVARELYVUOVTOL E TO VEPO Kal

yivovtaw pépog tng Asttoupyiag tou, mailovrag BonOntikod f Katl Keveplkd poAo. H Asttoupyia tou vepou oe éva cloTnua
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mapopevel otadepn, eite Stahbovrag to (Slo dAata, site petadépovtog avibpaotrpla yia th SLldhuon toug. Autog o
SLTTOC YapaktApag tou vepol w¢ SLaAUTNG aAdtwyv Kot ¢popéag avildpaotnpiwy, ocuvioTd €va povodikd cuveuacouo,
KABLOTWVTOG TO AVAVTLKATAOTATO UALKO oTLG LEBOSoUC péXpL onepa.

Na SLEUKPLVLOTEL OTL 0TO MAQLOLO QUTA G TNG Epyaciag, n €évvola Tou ««dpopéary adopd UALKAE TIou AeltoupyolV we Gopeig

TOU VEPOU KOL TWV AOLTWV avtidpactnpilwyv Kot OxL Thv pHetadopLki AELTOUpYLa TOU VEPOU.

KEDAAAIO 3: Qopeic cuotnuatwv adaipeong aAdtwv

ENOTHTA 3.1: Elcaywyn

O ¢dopéag eival to petadoptkd PEco Twv ocuoTnuatwy adaipeong adatwy. O oKomog TG Xpriong dopéwv otig uebddoug
adaipeong alatwy eivat:
e Metadopd Kal SLaTipnaon Tou CUCTAUATOC 0TNV KABETN emLdavela g Tolyoypadiag.
e AUEnon Tou XpOVOU TTAPAMOVHG KOL AMOTPOTH TG EEATILONG TOU VEPOU
e YrmoBondnon tng 0Ang dtadikaciog tng dtdhuong Kat adaipeon twv aAdtwv and thv tolyoypadia.
OL 800 peydAeg oS EC UALKWY TIOU XpnotpomolovvTal we ¢popeic cuotnuatwy adaipeong ahdtwv gival ot oATol kat ot
VEAEG. 3To KedpdAalo mou akoAouBel yivetal pia mapouoiacn Twv BAcLkwv UNKWY TTou SnUoupyolV TIOATOUC Kol YENEG

KOL pLa teplypadr Tou nXOaVLIoHoU AELToupyLaG TOUG.

3.1.1: Tevika oTolela

OL dopeig petadopd¢ TwV CUCTNUATWY KABAPLoUOU SnULoupyoUVTaAL E TNV OVAUELEN eVOG I TTEPLOCOTEPWY CTEPEWV
UALKWV, UE TO VEPO, TA OTolol OVOATOVTOL TIUKVWTLKA N TINKTIKA péca. H duokoAla Slatripnong Twv cucTnUATWY
adaipeong aAdtwy otig KABeTeg emidAVeELEG, KABWG KAl N Un eAeyxOuevn dpdon toug, o8Hynoe TOUG CUVINPNTEG otV
avaykn dnuoupyiac dopfwv. Ta UALKA §ev pmopovcav va otafolv Kal va avtldpdcouv amoteAeopatikd Stahbovtag ta
aAata Kot TG AoLmég emkaBnoetg, Kabwe eite To LypO avtidpactrplo Aoyw TG BapltnTag €pee Ypryopa PO TO KATW
npokaAwvtag ¢pBopd OTIG AcUVTNPNTESG EMLGAVELEG KAl ATALTWVTOC TTOMATAEG edappoyEg, eite e€atpilovtav apéowc. H
AOon 866nkKe pYe TNV ELOOYWYN TWV cuCTNUATWY o€ Popelc.

H xprion Twv dpopéwv mpoodépel ta e€ng mAeovektpata otig Stadikacieg adaipeons SLaAuTwY aAdTwv:

e EmBpadlvouv tnv e£ATULON TOU CUGTALOTOG, AUEAvovTag MAPAAANAQ TO XpOVO €Madr TOU LE TNV EMLPAVELQ.

e Efaodalilouv tnv eAeyxoOuevn ameAeuBEpwaon TwV GUCTNUATWY GTOV TolXO.

e Alaodoalifouv v akepalotnta ™G wypadtkic emdavelag, dlatnpwvtag thv vyph ¢don otn dopr Toug KoL oTnv

TiepLloxn MPoG epappoyn.

Qotooo, yla va eival ebapuodoipog éva dopéag oe pia toyoypadia Ba mpémel va mAnpol ta akoAouba yevika
XOPOKTNPLOTLKA:

e  Ta UALKA oUVBECHG TOU Va NV EMNPEAlOUV TN XNHLKA Kat duaotki clotacn Tou auBevtikol {wypadLkol oTPWHATOG

e To wdeg kaL n udn Tou va £XOUV MPOCAPLOCTEL 0TNV Katdotacn dlatipnong tng emdavelag eEacdaiifovrag tnv

eldylotn Suvath anwAesta auBeviikol UALKOU Katd v adaipeon Tou

e To mayog Tou va euvoel TV aodain emadr kal Slatrpnon Tou GUCTAUATOC 0TNV KABETN emidavela
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e H Aewroupyia tou va pnv odnyet o aviiotpoda amo ta emBupntd amoteAéopata, dnAadn thv avadiavoun n
enavepudavion Twv aAdTwv
310 KedpdAalo mou akoAouBel, mapouaotdletal évag Peyalog apltBuog uAtkwy Snploupyiog dopéwv, 6mou BACEL TwWV

LOLOTTWV KOL TWV TTAEOVEKTNLATWY TOUGC, XpnoLHomotouvTal otnv adaipeon aAdTtwv amnod Tolxoypadieg.

3.1.2: Apxn Aettoupylag

H Aettoupyia twv ¢opéwv Paociletal oe SVo BepeAwdng apyég, mou KaBopilouv ToV TPOTIO WE TOoV OTol0 TO cUCTHUA
vepou-dopéa-avtidpaotnplwv Ba dpacel wote va emteuxBel Staluon kot adaipeon Twv oAdtwyv. Ot Vo apxEg slval n
Sidyuon kat n oploviia petodopd.

OL Pel, Sawdy kat Voronina (2010) kat ot Verges - Belmin kau Siedel (2005), mou meptypadouv tnv apxn Aewroupyiag tng
Sldyuong kal tng oplovtiag petadopds, avadépovral otn xpron moAtwyv. Qotdco, oL BaolkEG apxEG Asttoupylag mou

Slatumwvouv pmopolv va BewpnBouv €ykupeg yla 6AOUC TOUG TUTIOUG GOpPEWV.

Médoébo1 nov Baoilovrat otn diayuon (diffusion)

H &uayuon opiletal wg n kivnon Twv poplwv plag ouciag amo pa meploxy UPNAOGTEPNG CUYKEVTPWONG CE LA TIEPLOXNA
XapNAOTeEPNG cUYKEVIpWONG. Elval amotéheopa Twy KVNTIKWV LSLOTATWY TwV Hoplwv TG EKACTOTE ouociag, ta omola
LETAKLVOUVTAL TIPOG TN XAUNAGTEPN CUYKEVTPpWON, wote va eflowbel n Stadopd petaf Twv SU0 CUYKEVIPWOEWVY. EToL,
yla kamolo Staotnpa ta popLa Ba ival opoldpopda Stavepnpuéva Kal n HeTaKivnon amo KeL Kat Emelta 6o mpoxwpad He
otabepd pubud. O dpoc «Slaxuon» mpoépxetol amd tn Aatwvikn Aé€n diffundere, mou onuaivel «va e€armAwOei>>.

Kotd tnv adaipson aldtwv and toyoypadieg pe Bdon tnv apxn g Stdxuong, ELodystal otnv tolxoypadia vepod, Héow
Tou ¢opéa. Metafl Tou ¢dopéa kol Twv oAdTwv TNG toloypadiog, dnuoupyeiton Stadopd cuykévtpwong n omnoia
obnyet o€ petakivnon Twv LOVTWV amnod tnv tolyoypadia oto popéa.

Evw elval mwBavr) n oAokAnpwtik adaipeon tTwv oAdtwv amd éva €pyo He tn pEBodo g SLdyuong, yevika eival pia
apyn Sadikacia. Mo va enonevotel n dtadikaocia adaipeong xpnoLUOTIOWVTAC Eva GpopEa, amalteital pia ypnyopotepn

Sladikaoia Loviikn g petadopdc. (Verges-Belmin & Siedel, 2005) (Pel, Sawdy, & Voronina, 2010)

Méd06bo1 nov Baoilovral otnv opilovtia pstaopa (advection)

O 6po¢g optlovria petadopd avadépetal otn peTtadopd poplwv Hlag ouciag pe €va KivoUpevo péco. Eva Kahod
napadetypa opllovriag petadopdg sivat n petadopd pUTIWV € €va TTOTAUL: N POr Tou vepoU peTodEpEL TG akabapaoieg
Katavtn. Autod prmopel eniong va Adfel xwpa o€ éva Topwdeg UALKS, 6mou StaAupéva Lovta prnopolv va petadpepbolv
HEOW TN PONG TNG Lypaciag. Q¢ ek ToUTOU, av UTTAPXEL pia por uypaciag amod thv tolyoypadia mpog tov popéa, TOTE
umnopet va yivel adaipeon twv SLOAUPEVWY OAATWV HEOW TNG opllovTLag LeTadopdac.

H pon tng uypaoiag pe Baon tnv oploviia petadopd kabopiletal og peydho Badbpo amnod to peyebog twv mopwy, Kabwg
n vypacia Ba kwwnBel amod toug peyaAUTEPOUG TTOPOUC TMPOG TOUG HMLKPOTEPOUG MECW TOU TPLXOELS0UC daLvVOUEVOU.
Emopévwg, yla va givat Aettoupyikn pia pébodog adaipeong ahdtwv nmou Baciletal otnv apyn tng opllovtiag LeTadopdg,
Ba mpémnel 0o popéag va SLaBETEL MOPOUC ULKPOTEPOUG ammd autoug tng towxoypadiag. (Pel, Sawdy, & Voronina, 2010)
H oplldvtia petadopd sival yevikd mio ypryopn amd tn Sidyuon, emopévwg kal ol péBodol adaipeong aAdtwyv mou

Bacifovral otnv opllovila petadopd UMOpoUV va elval KAl QUTEG TILO YPHYOPEG.
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H 8paon tou opéa: Uypavon tng Tolyoypapios Kol apaipeon cAdTwv

Y€ YEVIKEC YPOUUEG N adaipeon ahdatwy nepthapBavel Vo Brpota. Xto mpwto Brua, To vepo Slelcduel amd to dopéa
oto mopwdeg UALKO Kat SLaAUeL To GAaG. XTo SeUTEPO, TaA LOVTA OAATWV pEeTadEpovTal amod Tov Tolxo oto popéa, eite
péow SLaxuong, elte péow tNG oplloviiag petadopds. Elval palov mpotipodtepo av to eutepo Bripa Baociletal otnv
opLiovria petadopd kabwg eival ypnyopotepn amo tn diaxuon. Qotdoo, yLa va TMETUXEL aUTo, oL Stadlkacieg Lypavong
Kal adaipeong amattolv telelwg SladopeTikeg LOLOTNTEG Popéa. 2T Stadikacia tng Uypavong, o dopag Ba mpEmel va

£XEL MOPOUG UEYAAUTEPOUG AMO AUTOUG TG Tolyoypadliag, £ToL wote n uvypaocia va petakvnBel ano tov popéa mpog thv

Tooypadia.
Wetting phase
f ‘. [X> f \ éwo«r
ﬁ n ;‘ "‘ pores
} ’ | |
substrate poultice substrate poultlce
Drying phase
advection

A

Ay ~
:‘! \ "/ \ C"'y\
|| = s

| | reservoir |
’ ‘ | | | pores |

—_—t

substrate poultice substrate poultice

pore size _
Eik. 3.1.2.2: IXNUATLKNA aQvamapdotoon TwV CUVSUACTLKWY QIMALTHOEWY O€ EVO POpPEA LE pia KaTtavopn LeyEBoug mopwv
KATAAANAN padl kat yla tnv uypavon Kat yia tnv adaipeon ahdtwv pe opl{oviia petadopd.

(Pel, Sawdy, & Voronina, 2010)

ATO TV GA\N OpwWG, 0 Popéag XpeLdleTal va €XEL KOL ULKPOTEPOUC TOPOUC amd £KEivoUC TNG Toloypadiag, waote n
vypaoia va eniotpéPel miow otov dopea Kal va AABeL xwpa n adaipecn aldtwv péow tng opllovilag petadopadc. Qg ek
TouToU, av 0 dopEag mpoopiletal va £xel To SLMAG okomd ThS Uypavong Kot the adaipeong aldtwy pali, Ba mpénel va
SlaB£tel peydloug MOPOUG ToU va pUmopolv va §pacouv cav Se€aleveg yla tnv Uypavan Tng Tolyoypadiag Kal pkpoug
mopou¢ yla va dtachaiicouv 0T n opllovria petadopd amod tov toixo oto popéa Ba cupPel. ITnv MPatn, To palvopeva

T™Nn¢ dlaxuonc kat tng optlovtiag petadopdg Spouv mapdAnAa kol cuxva avtaywviotikad. (Pel, Sawdy, & Voronina, 2010)
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: Substrate ,
Poultice Poultice

/ Diffusion Diffusion

Ewk. 3.1.2.3: H ouunepldopd tTwv $opéwv WG TPOG TNV AELTOUPYLO TOU HEYEOOUC TWV OPWV TOUC CUYKPLTIKA WE TO
péyeBog Twv moOpwV Tou Toiyou

(Delgado, Guimaraes, de Freitas, Antepara, Koli, & Cerny, Salt Damage and Rising Damp Treatment in Building Structures, 2016)

Apaipeon aAdtwyv ue didyvon

MAgovekTApaTa:
e  Otav umdpyel eEmapkng dLabéotpog xpovoc, auth n néBodog pmopet va €xel 100% amoTeEAECUATIKOTATA.
e H péBodog Asttoupyel avefaptnta and to péyeBog Tou mMOpou. JUVENWG, o (8log dopag umopel va Souléel oto

nopwdeg KAOe Toilxou Kal kaBe popéa.

Melovektipata:

e Apyn HEB0BOG: yevika, xpetaletal BSOUASEG | LAVEG yLa VA ElVOL QITOTEAECUATLKE.

o O dopéag MPEMEL VOL OVOVEWVETAL OUXVA TIPOKELLEVOU Va cuveyilel va adalpel dAata.

o [pénel va Statnpeital kan emadn HeTagy Tou Popéa Kal Tou Tolyou Katd th Stdpkela epappoyng Tng uebddou.

e To épyo Ba mpEmel va MAPAPEVEL AMOAUTWES KOPECUEVO UE VEPO yLa TIOAU HeydAn xpovikn mepiodo. Q¢ ek TouTou,
aUTO Umopet va odnyrnoel og emumAéov aAlolwon Tou £pyou, TNG SLOYKWONG TWV OPYAVLKWY CUGTATLKWY, TNG XNHULKAG
UETABOANAG TWV XPWOTLKWV KAl CUVSETIKWY PEowV, BlompooBolr, kabwg kat AMeg udatooxetlopeves dLadlkaolieg
$Oopdc.

e Katd 1o TtéAOG NG edapuoync To €pyo €lval UypO KOl TIPEMEL VO OTEYVWOEL, UE OTMOTEAECUO VO SLATPEXETAL O

KLvOUVOG KOTA TNV SLAPKELO TOU OTEYVWUOTOG KABE evamopévwy ahag va petadepBel miow otnv emudavela.

Apaipeon aAdtwy pe opL{ovtia UETAPOPL

MAgovektApaTa:
e [pnyopn péBodog, SnAadn n xpovikn mepiodog adaipeong sivat otov Babpd wpwv r NUEPWV.
e  Elodyetal Alydtepn vypaocia oto €pyo.

e H emudavela tou Tolyou sival oteyvi HETA TN dLadikaoia

Melovektruata:
e H péBodog Baoiletal oto peyebog tou mopou, dnAadn Ba SouAéPel PoOvo AV 0 PopEG TEPLEXEL Uial ONHAVTLKN
TOOOTNTA TIOPWV TIOU €lval UKPOTEPOL Ao EKEIVOUG TOU TOLXOU, EMOUEVWG O HOPENG TIPEMEL VA TIPOCOPUOCTEL va

TOLPLAEEL OTO UALKO yLO TO OTIOLo TtpooplleTal va XpnotLomoLnO«L.
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Anawteital kaAn emadn HeTagL Tou GpopEa KoL TOU Toixou.

Aoyw NG duong g oplldvtiag petadopds, ta alata Ba adaipeBouv HOvo amd TNV MEPLOXN TNG EMLPAVELAG TOU
tolxou.

JuvnBwg umapyel evamopeivaca uypaocia oto Pabog péoa oTov Tolxo Kal €tol UMopel va cupPel mepaltépw
petadopd GAatog Kal uypaciag otnv emipavela.

Kotda tn &udpkela t¢ adaipeonc n auvfavopevn cucowpeuon oAdtwv Ba emnpedcel to Pabud €npavong
XoUNAwvovtag TV migon atpwyv Tou StoAbpatog GAatog péoa otov GpopEa Kol £TOL UELWVOVTOE TO TOCOOTO TNG
anwAeLag vypaciag amo €atuion. Q¢ ANMOTEAECUO LELWVETOL TO TOC0OTO opLloviLag PeTtadopdc.

Me Tnv auénon Twv CUCCWHATWHATWY CAATWY 0TO PopPEQ, MPOAYETAL EMLONG TO TOCOOTO TNG oroBodildyuong amod
o Popéa otov Toixo. Q¢ €k ToUTOU, £lval amapaitntn véa epappoyr dopéa, o xpOvog Tng omolag Ba mpéneL va
kaBoplotel pe Sokipég, dnhadn dev umopel va adebel o dopéag atov Toixo pEXPL Kal ol SU0 va eival amoAlTwg

oteyvol.

Tpomomnoinon twv LSLoTATWVY TWV POPEWV KATA TNV EQapuoyn

KaBe mepimtwon tooypadiag mapouaotdlel Slopopdla 6cov adopd Ta SOULKA XOPAKTNPLOTIKA KAl TNV KOTAoTAGCH

SlLatnpnong NG, OmaLTWVTAC €L6LK HETOXELPLON. TUXVA XPELAETAL, Ol CUVTNPNTEC VO TPOTIOTOOUV TIG LBLOTNTEG TWV

dopwv, waote autol va rpocoppolovtal 660 0 Suvatdv KOAUTEPA YIVETAL OTNV EKACTOTE emidaveLa. Mo va emntteuyOel

oUTO propoULV va yivouv ot akodouBec puBuioelg:

3tn olotaon tou popéa

o PUBULON TWV CUYKEVTPWOEWY TWV TINKTLKWVY UALKWV
o Zuvbuaouog SLadopwv UALKWY

3TNV epappoyn Tou popéa

o PUBuLon tou dyoug Tou ETBENATOG

o Kd&Auyn tou embépartoc pe pepppavn

o PUBuwon tg Bepuokpaciag tou peiypatog

OL avwTépw pubpuioelg amookomoUV 6TV TpOmonoinon Twv akoAouBwv BLoTATWV:

I€Ewdec

Yor

PuBuéc aneleuBépwang vypng daong
BaBbuog Sieioduong vypng dpaong
PuBuoc e€ationg

Emopévwg, ebOCOV oL cUVTNPNTEG £XOUV TIAAPN EMiYVWON TWV UALKWY KoL TNG KOTAOTAONG S1atpnong mou €Xouv va

OVTLUETWTTLOOUV, TPOTIOTOLWVTAG KATOAANAWG TLG LBLOTNTEG Tou PopEa, UTOoPOoUV va SNULOUPYNOOUV EVO AMOTEAEC LATLKO

Kat mapdMnAa aodarég cvotnua adaipeong ahdtwy.

Suvoyn

'O\eg oL p€Bodol adaipeong ahdtwv Bacilouv tnv Asttoupyia Twv Gopewv Toug oTL¢ U0 Mapamavw opxXEG AElToupylag.

OL neplocdtepol dopeig OUwC, 6oov adopd TN CUVTHPNCN TWV ToloypadLWY, yla LeyoAUTepn acdAEAela TOu £pyou Kol

g€olkovounaon xpovou, Asttoupyouv Bacilopevol otnv opllovila petadopd.
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Yrdpxouv kot popeic, 6TIOU UTAp)EL N SuvaTOTNTA VA EVTAEOUV 0TO GUOTNUO TOUG KOL VA AELTOUPYHOOUV Kol HE TLIE SUo
apx€G, Aappavovtag OpwG TO00 TO TAEOVEKTHATA 000 Kal Ta PELOVEKTAATA Kol Twv dUo apxwv. Qotdoo, oL uebodotl
nou Bacilovrat otn Sidyxuon kahd Ba eival va edpapudlovral pe ovveon og {wypadlkd €pya, AOyw TNG MOPAROVHG TOU
QVTLKELUEVOU O UYpPO TEPLBAMOV yLa peydAdo Sidotnua. Emopévwg, otnv cuvtripnon tolxoypadlwv eivalr pailov
aodaréotepeg ol pEBodoL Twv MoATwyv Tou Bacifovtat otnv opllovtia petadopa.
2TIG akOAouBeg evotnteg Ba yivel pia mapouociacn twv Suo Baokwv katnyoplwv $opéwv peTadopd¢ CUCTNUATWY

adaipeong aAdTwY, TWV TOATWV Kal TwV YEAWV.

®OPEIZ ZYZTHMATON
APAIPEZHZ ANATON

/\

MOATOI [EAEL

N N

KYTTAPINIKA | | OPYKTEZ KYTTAPINIKO!
MPOIONTA ||  APTIAOI aogpes | | ATARFVAS

Ewk. 3.1.1: O Baoikég katnyoplieg popéwv ocuoTnuatwy adaipeons aldtwy amo tolxoypadieg mou mapouctalovral otLg

ETIOUEVEC EVOTNTEG KAL TOL UALKA TIOU TLG OTTOTEAOUV

ENOTHTA 3.2: MNoAtol

Ewoaywyn

O 0poc TOATOC £XeL TIG PLlEC TOU OTOV TOHEQ TNG LOTPLKNG, OTOU avadEpeTal oTtnV €Ppappoyn €VOC OKEUACUOTOC
K0BapLoUoU OTO CWHA TIPOKELUEVOU va Bepameloel pia poAuvon. Evag oATO¢ Tumikd amoteAsital and §0o UAKA, Eva
TINKTLKO USPODINO ECO KaL TO VEPO Kol dnpioupyeital pe avapelgn avtwy. H adaipeon aldtwy pe moAtoug BewpnTika
elvat amAn Siadikaocia, kaOwg yivetal pe edappoyn evog uypol moAtwdoug UALKOU otnv emupavela Tou XpnleL
eMEUPaAONG. To UALKO PEVEL 0TV emLdAveLa KATolo Staotnua kal €netta adatpeital. Exouv Sie€ayBel extevels £peuveg
Yl TO UNXAVIOUO HEeTadOPAC TwV AAATWY TPOG TOV TTOATO KaTA TN SLApKeLa TNG eMEUBAONC Kol £XEL TOVIOTEL N onpaocia
™¢ pUOUIONG TNG Katavoung HeyéBoug mopwv tou moAtol. Mapd tnv amoAutn Katavonon tng dtadlkaolag, umapyouv
OKOUO APKETA TpoPAruata mou oxetilovral pe tn uéBodo, cuykekpluéva 6oov adopd TIG o svaioBnteg Katl ¢iveg

ETLPAVELEC, OTIWE AUTEC TWV ToLxoypadLwv. (Bartholdy, KlenzLarsen, &Brajer, 2021)
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Baolkég katnyopisc UAILKwWV

To UALKA Snuoupyiag moAtwy yla adaipeon ohdtwy, Bacifovtal kupiwg o€ SU0 SLAPOPETIKEG OUASEG UALKWV:
e  Kuttaplvika mpoiévta
e OpukTEC dpytiol

H oUotaon evog dopéa pmopet va mepthapfavel UALKA Kot amo g U0 autég opddeg. (Verges-Belmin&Siedel, 2005)

Kuttopuwvikd mpoiovta OpuUKTES apyLhot

Mepo

Moktoc

Eik. 3.2.1: Tumukr cUOTAON TWV MOATWV

Epapuoyn

levika, n pebodoloyia epappoynic evog moAtol eival oxeTikd amAr: o uypog MOATOG epapudletal otnv erdaveLla Omou
MéveL ekel yla kamola Xpoviky mepiobo kal €melta adatpeital. Eva evOLAUECO OTPWUO LAMWVIKOU XOPTLOU N
xaptofaupoka pnopet va edpappootel petad Tou TolXou Kal Tou MOATOU, WOTE VA AMOTPEPEL TUXOV UTIOAELLLOTA VO
T(POOKOAA oLV 0ThV emdavela Kata tnv adaipeon. Mpémnetl va S00el €161k ppovtida otnv Stemadr petagd moAtol Kai
UTIOCTPWHUOTOG. AV 0 TIOATOG QMOOoTIATAL altd TO UTIOOTPWHA, SLOKOTITETAL YEVIKOTEPA N OToLa OAANAemidpaon petagy
auToU Kalt TngG tolxoypadiag.

H edbappoyr twv moAtwv Sev mpénel va eivat oAU pkpn¢ KALpakag. Mia {wvn KAmoLwyv §eKAS WV EKATOOTWY YUpW amod
pula mapatnpAoilun ocucowpeuon aAdtwv Ba Tpémel va koAUTtetal amd moAtol¢. Ye Siadopetiky mepimtwon pia
petadopd aAATWV OE YELTOVIKEG TEPLOXEC UTTOpPEL va
AGBeL xwpo.

Evw mpotipdtat n Sia XEpOg edapuoyn  yla
tooypadieg kat AMa épya téxvng(yAumtd), umdpyet
KaL N UNXovik - epappoyr  pE  pnxoavhpota
KOVIOMATWY HE  Pekaopd TOu TOATOU, Omou
XPNOLUOTIOLEITOL  yla TNV QVILUETWILON  KUuplwg
MeyoAUTEpWY N avayAudwv 1 lwypadplopévwy
toyyomouwyv. (Sawdy, Lubelli, Voronina, &Pel,

2010)(Pel, Sawdy, &Voronina, 2010)

Elk. 3.2.2: Tumikd otadia eboppoyng TwV MOATWY

(Baglioni, Chelazzi, &Giorgi, 2015)
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Eik. 3.2.3: Edappoyr MPOCTATEUTIKOU OTPWHATOG XOPTOMBAUB KA 1} LATIWVLKOU XOpTLOU

Eik. 3.2.4: Edappoyn apytAtkol oAtou

(https://www.insider.com/)

rerpyoess

Elk. 3.2.5: pnxavikn edpappoyr moAtol pe PeKAoUO Elk. 3.2.6: xelpomointn epappoyr) Tou oATou
(Pater, 2021) (Escisi&CaglarEryurt, 2019)
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3.2.1: KuTttoplvikd mpoiovra

Ewoaywyn

Ol moAtol kuttapivng eival oL o cuxva xpnotpomololevol otig Stadikacieg adaipeong ahdtwv. H kuttapivn gival n
mo Stadedopévn opyavik évwaon otn ¢uaon, amoTeAwvVTAG To KUPLO SOUIKO CUOTATIKO TWV TOWUATWY TwV GUTIKWY
KUTTApwv. Ovopadletol aALwg KEAOUASGTN Kal 0 XNULKOG TG TUTtoC gival (CsH1o0s)n. Ta KUTTAPLVLKA TtpoidvTa o okOVN
Xpnotuomnolovvral wg dopeic uetadopdg cuotnudtwy kabaplopol yla tolxoypadieg and ta téAn tou 1950, mpwta otnv
AyyAia kal €merta oTig UTOAOLTEG eUpWIAikéG Xwpes. (Redman, 1999) Itnv eupltepn Katnyopia mMoAtwv pe Baon tnv
KuTTapivn pmopouv va cupneptAndBouv moAtol and UALKA OTiwG To BapBAKL, TO OTUTIOXAPTO KAl PUOLKA Ol KUTTOPLVLKEG
lveg o€ okdvn, OmMou elval Kal To Mo cuvnBeg. Ta KUTTAPLVIKA Tipoidvta o okovn amoteholvtol and PLAEG (veg kat
epdavilovral 0To yuuvd LATtL cav Agukn xvoudwtr) okovn. Artotehouvtal ard kabapr udpdodilin kuttapivn, n omola Sev
SlaAUetal oto vepo kal lval abLAAUTN 0TouG TEPLOOOTEPOUC SLaAUTEG. OL KUTTAPLVLIKEG LVEC TTpoEpyovTal amo to VA0 Kat
AapBavovral péoca anod Stadopeg duaLkoxnkéG Sladlkacieg Onwe To Gheopa, TNV e€aywyn Alyvivng kat tn Aevkavon.

(Redman,1999)

Timber,
thinned wood

Cellulose fibers / Poultice
powder cellulose

Eik. 3.2.1.1: Mpo£€A€UON KUTTOPLVIKWY TIPOIOVIWY

OH
OH
- Q HO o1
HO O o)
OH
OH

= —n

Elk. 3.2.1.2: To pudplo tng Kuttapivng

(https://www.britannica.com/)
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Eik. 3.2.1.3: Edapuoyn xaptomnoAtol oe tolyoypodia Etk. 3.2.1.4: Adaipeon tou xaptomoAtou amo tolxoypadia

(https://courtauld.ac.uk/)

Po@nNTIKEG LKAVOTNTES

OL SLapOPETIKEG TAEELG KUTTAPLVIKWY VWV daivetal va £ouv SLadopeTLKEG pOodNTIKEG LKAVOTNTEG, e TNV KABe pia va
umopel va amoppodd kot va ameleuBepwvel Stadopetiky moootnta uypoUl. OL ToAtol pe Pdon tnv KuTtapivn
epdavilovral va €ouv ouykekplpéva uPnAn udpoamoppodnTLkA LKOVOTNTA, TEPLEXOVTAS TAvw amo 4,5 dopég to Enpo
TOUG BAPOG OE VEPO EVW OKOUO TIAPAUEVOUV EPYATLUOL SiYwg va Xavouv TV Kahfp cuvoyn. Elval xapaktnpLotikod otL ol
KUTTapLVLkol ToAtol KaBwg Tpooeyyilouv TO HEYLOTO TEPLEXOUEVO amoppOPNonG TOUC OE VEPO, TAPOUEVOUV
TiPoGKOAANEVOL OTNV eTLdAVEL TNG TolXoypadiog Kal Sev kotakpn Uvilovtal and v entPAVELD TOU TOiXoU, aVTLOETWG
napovotalouv pia afloonueiwtn ocuvoxn UYPAG KATAoTaong. XAapLg TG e€ALPETKEG POPNTIKEG TOUG LKAVOTNTEG, EVAC
KUTTOPLVLKOG TIOATOG, maxoug 1 cm kot meplexdpevou Bapoug 1:4,5 &npol UAWKOU oe vepO, pmopsl Suvntikd va
aneAeuBepwoel otnv tooypadia 10 Altpa vepol avd TETPAYWVIKO HETPO, TO omoio elval oxedov tpelg GopEG n
MoooOTNTA TIoU OmeAeUBepwveTAL QMO €va MAPOHUOLO0 TOXU TIOATO OpuKTwv apyiAwv Tou €xeL uypavBel oto BEATLoTO

TieEpLEXOEVO TOU o€ vepd. (Vergés-Belmin, Heritage, &Bourges, 2011)

MEyeSf0¢ KUTTaPIVIKWV VWV KAl 0 pOAOG TOU

TNV MPAagn, oL ouvtnpntég ouvnbilouv va avaplyvuouv SLadopeTIkoU MAKOUG KUTTOPLVLKEG LVEG, TIPOKELUEVOU va
TPOTIOTOL|OOUV TG LOLOTNTEG €PYaoLUOTNTAC TOou KABe moAtol. Bdoel tng PipAloypadiag umdpxouv apKETA
TapaSelypata cuUVTAyWY IOV EVOWUOTWVOUV §U0 TAEELG KUTTApLVIKWY vwv. (Vergés-Belmin, Heritage, &Bourges, 2011)
MoMa& Stadopetikd mpoidvta Bpiokovral oto gunoplo, n dtadopd PeTafly Twv omolwv adopd To PECO HNKOC TG Lvag.
‘HéN amd to 1999 otnv AyyAla Atav SnuodAEG avd ToUG GUVTNPNTEG ToLXOoYPADLWV O TTIOATOC HE pelypata vwv 700 pmkat
300um. (Redman, 1999) OL TPELG TILO KOLVWGE XPNOLUOTIOLOU LEVEG KUTTAPLVLKEG (VEC Elval AUTEC Pe urkog 700um, 200um

Kall 300um, woTtooo eival Stabéotpa oto eumoplo Kat AAa pnkn wwv. (Vergés-Belmin, Heritage, &Bourges, 2011)
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Eik. 3.2.1.5:'lveg pkoug 700 um Etk. 3.2.1.6: lveg prjkoug 200 um Etk. 3.2.1.7:lveg unkoug 300 um

(https://www.kremer-pigmente.com/)

Eik. 3.2.1.8: Atadikaoia Snuoupyiag moAtou a) Kuttapiviky okovn b) mpocBrkn vepol kat avapeln Twv VWV c) oAtol

(Mahonar&Santhanam, 2021)

PUSuLoN 1810TATWV TOU MOATOU UE EAEYYO TOU MAXOUG

H ouppikvwon katd 1o oTéyvwpa twv TMoAtwv, elval éva yvwplpo dowvopevo mou cuxvad odnyel oe mpofArqupata
QnoOoTAcNG TOU MOATOU Katd tn Stdpkela tng Stadikaciag oto nedio. Qotoco, amodelxBnke Ot elval Bavo va petwbet n
oUPPLKVWON TWV KUTTAPLWVIKWY TIOATWY, MELWVOVIAG TO TAXOG TOUG Kau/fj auédvovtag tn OXETLKA Uuypaoio Tou
neplBAAAOVTOG KATA TNV PACH TOU OTEYVWHATOG. AKOUQ, EXEL TAPATNPENOEL EUMELPIKA, OTL UE MELWON TOU TAXOUG TOU
ToAToU Snuloupywvtag pelypata StadopeTikwy poioviwy, Unopet va pelwbel n avadlavour) twv aAdtwv oto Babog tng
toyormoliag, kabwg Ba eival Alyotepo vepod Slabéoipo oto umootpwia. ETol, pmopel va emiteuyxBel €vag peyahUtepog
BaBuocg adaipsong oAdtwv pe xprion Aemtotepou mMoAtol, KaBwg Alydtepo vepd ELOAYETOL OTOV TOXO Kol O TIOATOC

Suokohotepa Ba amoomactel kotd tnv Stadikacia. (Redman, 1999)

MAgovekthuara - Melovektiuata

O Abdyoc ¢ ouxvng €Pappoyng TWV TIOATWY KUTTOPLVNG EYKELTAL OTO MAEOVEKTAMATA Tou. H amoAdTnTd tng KAVEL
mbavr) thv edappoyn Tng o evaiobnteg eruddveleg. EmumpooBETwe, o XELPLOUOC Kal N adaipean yivovtal eUkoAa Xwpig
va Hévouv uToAsippata otnv totyoypadia. To oudétepo pH, n vPnAn udpoamoppodNTKOTATA, N MAACTLKOTNTA KAl N
ouVOX UIopPOoULV va Tapatefolv wg AAa MAEoVEKTAATA. XAPLG OTNV Mapoucia TWV KUTTAPLVIKWY VWV, N UTEPBOALKN
TIEPLEKTLKOTNTA O€ VEPO OEV EMNPEALEL TN CUVOXN TOU TIOATOU, OTIWG O€ TEPUMTWOELG GAAWV UALKWYV. OL ToATol pmopouv

va edappolovral emavolapfavopeva péxpt va adatpebouv ta embu punta alata.
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A6 v AA\N, TTapouoLalouV Kol OPLOUEVA PELOVEKTAUATO OTWCE, N TIEPLOTACLAKA AVATTTUEN ULKPOPYOVIOUWY (HoUxAa)
KaL n Tdon yia avadlavoun twv emdavelakwyv oAatwy Babutepa otov toixo. OL moAtol mepléxouv OAU vePO, TO omoio
aneAeuBepwvetal eUKOAA OTO €pyo, 0SnNywvtog o€ pia toxela kot Babld eLoxwpnon Tou LETWToU uypactiag, epocov n
Tooypadia mapouctalel peyahn amoppodntkdTNTA. AUTH N CUUTEPLDOPA SUVNTIKA UIopEel va cuvteAéoel otn SLdhuon
KOl OVOKOTAVO LN TwV aAATwV TG emudavelag Babutepa oTo UMGoTpW Ha TG Tolxoypadiag. TEAOC, oL KuttapLvikoi moAtol
QTALTOUV TIEPLOCOTEPO XPOVO TPOETOLUACLOG amd Toug apylAlkouc. (Delgado, Guimardes, deFreitas, Antepara, Koci,

&Cerny, 2016)

3.2.2: OpUKTEG apyLhotL
Ewoaywyn

Mia okOpa peydAn opdda UALKWY TOU XpnoLpgorololvtal yio thv adaipeon oAdtwy, 0mou pall HE Ta KUTTOPLVLKA
nipoldvta arnotedoVv Baotkd UALKG cUVBEoNG TWV MOATWY, Eival oL 0pUKTEG dpytAoL. Ta apylAlkd opuKTd amoTteAoUV PLEPOG
™G opadag Twv GuALOTIUPLTLKWY 0pUKTWYV. DUAAOTIUPLTLKA EVOL TA OPUKTA TIOU T HOPLA TOUG elval Slatetaypéva oe
dUMa kat anotelolvtal ard eVOAOCOOUEVA TIUPLTLKA TETPAESPLKA Kot apyLlAlkd oktaedpikd otpwpata. O GAoLoGg Tng
¢ amoteAeital katd KUPLO Adyo amod apyLAOTIUPLTIKA OpUKTA. H Baotkf SOMLKN HOVASA TWV apyLAOTIUPLTIKWY 0OPUKTWV
elval to teTpaedpLkig Soung LopLo mupLtiou — oguyovou (SiO).

H mpotipnon toug ota pelypata moAtwy odelletal otig oAU KAaAEG LKAVOTNTEG amoppodNTKOTNTOG KAl EPYACLUOTNTAC.
O povtpopltAovitng, 0 KOOAMVNG, O MMEVTIOVITNG, O OemOMBOC KoL O aTtamouAy(tng elvol oL TO EUPEWS
XPNOLUOTIOLOUHEVEG APYLAOL OTOV TOUEQ TNG cuvTAPNOoNG He TLg SUo Teheutaieg va eival oL o eupéwg dtadedopéveg otn
Xpron toug oe moAtol¢ adaipeong aAdtwy. Tuxvd, MOAAA Uelypata apylALKWY TIOATWY cuVSUATIOVTOL LE KUTTOPLVLKA
mpolovta waote va AdBouV Ta TTAEOVEKTAUATA TOUG, YLO TN UEYLOTN emitevén adaipeong ahdtwv. (Delgado, Guimaries, de
Freitas, Antepara, Koci, & Cerny, Salt Damage and Rising Damp Treatment in Building Structures, 2016)

Ta apytAlkd UALKG UmopoUv val yivouv MAQOTIKA, SnAadn £pyaoiua, TAVW OO €Va CUYKEKPLUEVO TIEPLEXOEVO VEPOU
TIoU ovopdletal MAAOTIKO 0plo. Oco To MePLeXOUEVO VEPO AUEAVETAL, TO UALKO TIOPAUEVEL TTAAOTIKO PEXPL va GTACEL Eva
Babuod katw and tov omoio cupnepidépetal oav Adorn. Autd to SeUTEPO MEPLEXOUEVO VEPO OVOUALETAL TO UYPO GpLo.
H Stadopd petaty autwv twv §U0 oplwv ovopaleTal MAACTIKO €UpoG. Mia atTamouAylkny ApyLAog, yLo TapAdELyua,
Umopel va yivel mAaotikr ota 100 w% (VSATLKO TEPLEXOUEVO) Kal VA TIAPARELVEL €TOL HEXPL TO (200%). OAeg oL ANEG
Apylt\oL €KTOC TOoUu HOVTHOpANoviTn Kal Tou oemoAlBou, €xouv XapnAotepo MAACTIKO eUpoq. (Verges-Belmin&Siedel,
2005)

tnv BBAloypadia, 6cov adopd to medio g adaipeong oddtwy amo towxoypadisg, mapatnpeital peydAn mpotipnon
£VOVTL TwV UTIoAolmwV apyiAwv, atn xprion Tou cemOABoU Kal TOU aTTamouAyitn, emopuévwe Ba yivel avadopd o au TEG

tic Svo. (Auras, 2008) (Gomoiu, et al., 2020) (Hammer, 1991)(Teutonico, 1988)
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SILICATES

Tectosilicates
(Framework silicates)
+Zeolites

* Quartz

Phyllosilicates
(Sheet silicates)

l

Other silicates

* Feldspars

1:1 Phyllosilicates
Kaolinite-serpentine

|
'

2:1 Phyllosilicates

l

2:1 Inverted ribbons
*Sepiolite

* Palygorskite (attapulgite)

—

Kaolinite subgroup
* Halloysite

* Dickite
17

* Nacrite
Serpentine subgroup

Micas

Smectites Vermiculites Chlorites

—

Dioctahedral smectites

Talc-Pyrophyllite

Dioctahedral micas

* Chysotile |+ Montmerillonite | « Muscovite
* Antigorite « Beidellte « filite
* Lizardite « Nontronite * Phengit
*efc ¢
* glc
Trioctahedral smectites Trioctahedral micas
+ Saponite * Biotite
» Hectorite *elc
+ Sauconite

Elk. 3.2.2.1: H OLKOY£VELQ TWV TIUPLTLKWY OPUKTWV OPYIAWV GTNV OTIOLOL EUTIEPLEXOVTAL OL TIEPLOCOTEPOL GUGLKOL ApyLAOL
TIOU XPNOLUOTIOlOUVTAL 0T CUVTHPNON. Me KOKKIVO TIAQLOLO ONUELWVOVTOL OL GPYLAOL TTIOU XPNOLULOTIOLOUVTOL WG UALKA
TIOATWV otnv adaipeon oAdtwv.

(https://inchem.org/)

ZermioAifo¢ kai AttamouAyitng

H opada apylAwdwv OpUKTWY ATTAMOUAYITN - OETLOAOOU €XEL €va PeyAAo eUPOG EDAPUOYWY, CUUTEPLAAUBAVOEVOU
KOl QUTOU TNG GUVINPNONG, TTOU TIPOEPXETAL KUPLWG armd TLG AMOpPOPNTLKEG KAL TLG PEOAOYLKEC TOUG LOLOTNTEC, OL OTIOLES
Bacifovral otnv eldikn emidpavela, To MOpwHEES, TNV KPUCSTAAALKY popdoAoyia, Tn Sour KoL cUoTACN QUTWY TWV 0PUKTWV.
(Galan, 1996) Evag YEVLIKOG XNULKOG TUTIOG YLa ToV attarmouAyitn eivat: (OH;)4(OH2)MgsSisO20 - 4H,0 kat yia to oemoABo:
(OH3)4(OH)4MgsSi12030 - 8H,0. Tat 500 OWUTA OPUKTA Elval QIO TO TILO GNUOVTLKA OPYLAKA TINKTIKA péoa. Alvouv otaBepd
svalwprpota uPnAol LEWEoUC 0e OXETIKA XAUNAEG CUYKEVIPWOELG CUYKPLTLKA PE dAou¢ apyiloug. Katd tn Stacmopd ot
S£opec Twv BehovooxnUwy KpUoTAMwY Toug Staxwpilovral yla vo oxnuatioouv éva tuxaio mAEypo mou mayldeleL uy po
yla va au€noel to LEWSEC ToU CUOTAMATOG. EKTOG Tou vepol pmopoUlv va THEOUV éva PEYGAO €UpPOC UYPWVY, OTIWG
oAeldatikol¢ Kol apwpatikoug StaAlteg, Aadla, KepLd, YAUKOAEG, KETOVEG Kal KAmoleG aAKoOAsC. (LynwoodHadenlr.
&AlbertSchwint, 1967)

H oattamouAyiky Gpylhog, 1 KOWwWwG amokaAoUUEVOC attamouldyitng (emionuo emwkpatel akopo n ovopaocia
«maAuyopokitng»), elvat évudpo KpuOTOALKO TUPLTLKG aAOUMIVLO ToU payvnolou pe pia povadikr dopikr) aAucida mou
MpoodEPEL AoUVAOLOTEG TTUKVWTIKEG Kol pOPNTIKEG LOLOTNTEG. H dUOLKA OTTAMOUAYLKN ApyLAOG OTN GUOTACH TNG MEPLEXEL
70-80% attamouAyitn, 10-15% povtuoptAovitn, oemoAtBo kal GAAeg apyiloug, 4-8% yohalia kal 1-5% acBeotitn
Solopitn. Ta pn apylkd kAdopata oadatpouvtol katd th Stadlkacia Katepyaoiag, Wote Ta EUMOPLKA TpoiovTa va
TiepLEYOLY TTavw amd 85-90% oattamoulyitn. H (va evog TUTILKOU OTTOOUAYITN €XEL MAKOG YUpW 0To 1 pum Kot TAATOG
YUpw oto 0,01 um. Y& SLOOTIOPEG, Ol OTOWLKEG (veg pmopel va Stayxwpilovtal n pia ar’tnv GAAn. Qotoco, YEVIKA
TIAPOUEVOUV Ot OE0PEC TMapPOUOLEG e (veg amd Bouptoa | BUHWVIEG XOPTWV, Kal OmoteAolv To Kupiwg Soutkd

XOPOAKTNPLOTLKO TWV OTTATTOUAYITIKWY Tpoilovtwy. O attamouAyitng eivat upnAd amoppodnTLkog otn GpuoLkn Tou popdr).
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Amnoppodd vepd ypryopa €wg Kot oto 200% tou iSlou tou Bapouc. Aut n aflo Eemepviétal povo amd Tov

povTpoptMovitn Kot To oemioABo. To TEPLOOOTEPO VEPO cUYKpATElTal XoAapd HECw Twv Suvauewv Van der Waals.

(LynwoodHadenJr. &AlbertSchwint, 1967)

Elk. 3.2.2.2: AttamouAyitng Ewk. 3.2.2.3: Mikpodwrtoypadia(ue H.M.Z.) Tou attamoulyitn
(Murray, 2007) (https://www.hx-minerals.com/)

O oemoMBog cuvavtatal oe dVo popdég (Fersman, 1913): a) ocemoMBog i mapacemoMB0oC, 0 OO0 €XEL EYAAEG
6fopec amd KPUOTAAALKEG (veg kol B) o oemoABog mou spdaviletal cav auopdo adpaveég i cav pLKpA emineda
oTpoyYUAepéva cwpotibia. MoKpOOKOTILKA, UTOpPel va mopouctdlel eite pia cupmayn, lte pio palakn-mopwdn n
ALYOTEPO OUXVE, pict s n Sopr. O oemdABoc éxet iveg 0.2 éwc 2 um og prikoc, 100 éwc 300 A oe mAdrtog kot 50 éwg 100
A og mdayoc. (Martin Vivaldi and Robertson, 1971). H peydAn tkavdtnto cuyKpdTnong vepol Tou oeTLOAB0U, GUVELTHEPEL
eniong Kol oTLC MAAOTIKEG TOU L810TNTEC. Ta cwuatidia tou oemdAlBou €Xouv avIoOUETPLKEG, BeAovoeldrig SopEg Kal
Snuoupyolv cucowpatwpata oxnuotilovtag 6éopes. Otav autég ol SEOUEG €lval SLAOKOPTILOUEVEG OTO VEPO I OF
AGA\ou¢ TOoALKOUG SLaAUTEG, oL BEAOVOELONG VEG ELVOL AMOCUCCWHATWEVEG, TIPOKOAWVTAG EVOl TUXALOL EUTAEKOMEVO
6lktuo Wvwv to omoio mayldevel To SLaAUTN. AuTO £xel amoTéAeopa ota alwpnpata uPnAol Ewdoug e PEOAOYLKEG
L8LOTNTEC oL omoleg Baoilovral oTn cuyKEVTPWON, To pH, Tov Tpomo avadeuong, K.a.

AUTEG oL L1810TNTEG €K PUCEWG KAVOUV TO OETILOALBO €EQLPETLKA XPNOLUO COV aLwpnua Kot 61€otpoTmikd PECO, OTwG Eval
TINKTLKO UALKO. 2T PUOLKA Tou popdr], 0 oemIoALlBog eivatl uPnAd amoppodnTLkog Kat Umopel va dlatnproet mavw and to
200 pe 250 % tou BApoug Tou ot vepo. H amoppodnTikr LkavotnTa Tou oemOABoU elval PeyahUTepn OO OMoLaSNTIOTE
GAM\n dpylho. Auto, pall pe T HNXOVLKA TOU TACH, N OTOLO. OMOTPEMEL TNV SLAAUGH TOU QKOUO KOL OE KOPECUEVN
Katdotoon Slatnpwvtag Tn cuVoXH TOU TTOATOU, ETLTPETEL TN XPHON TOU O KOKKWOELG popdEC oav amoppodntrg vepoU.

(Alvarez, 1984)
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Ewk. 3.2.2.4: IemioABoc¢

(https://tragate.com/)

Ewk. 3.2.2.5: Mwkpodwtoypadia(pe H.M.2.) tou cemoABou

(https://www.researchgate.net/)

=12.7A—

<—csinB

SEPIOLITE
b=26.95A >
O+0=0 0O=0H @=H,0 -=8i°=Al & Mg

«——¢c=13.37A—

Elk. 3.2.2.6 :ZXNUATIKA avamopdotach T SOUNAG TwV OTTAMOUAYITN (Emavw) Kat oemoMBou (katw)
(Jones&Galan, 1988)

ENOTHTA 3.3: I'éAeg

Ewocaywyn

H yéAn elval pla akopa katnyopia UALKWV TOu xpnotlpomololvtal we ¢opelc yia TNV HeTadopd ToU VEPOU Kal TwV
AOLTIWV CUCTOTIKWY EVOC cuoThpaTtog adaipeong oAdtwy amd pia tolxoypadia. Ol yéAeg cuvioTavtal amod Eva oTePED
UALKO, TOV amokaAoUEVo yeloTolntr), Tou Slacmelpetal o €va uypo, cuvRBwG To vepPd, yla va SnULoUpPYROEL dia
adlaAutn Soun tplodldotatou MAEYHatog. Ol TPoKUMTOUOEG TPLOSLACTATEG SOUEG TTaPoUOLAlOUV HUGCLKEG LELOTNTEC TTOU

QVTLIIPOCWTEVOUV pio EVOLANEDN KOTAOTAON QVAUESH O £va UYPO Kal €va oTeped. Me GAAa AdyLa, pia yéEAn eival éva
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UALKO TIoU cuvioTatol amd SLAoUVOEUEVEG MOKPLEG TIOAUUEPLKEG aAuoideg mou eival Lkaveg va mayldéPouv éva f

TEPLOOOTEPA VYPA KaL VA TOL ATEAEUBEPWVOUV EAEYXOLEVA OE [ia ETLPAVELD. ZUVETIWG, OL YEAEG PALVETAL VAL LKAVOTIOLOUV

TLG QTTALTAOELG YLOL TNV edappoyn Toug oTo Tedio Tng adaipeong Twv aAdtwy, 6cov adopd tn dlatnpnon Kal EAeyXOUeVN

aneAeuBO£pwaon Tou vePOU Kat Twv AoLmwv avidpaotnpiwyv oe pla empavela. (Wolbers, kat guv., 2004) (Al-Emam, 2021)

Eik. 3.3.1: Epappoyn yeAwv o€ toyoypadia Ewk. 3.3.2: Ektetapévn edpappoyr YEANG o€ tolyoypadia

(https://courtauld.ac.uk/)

Taéwounon yeAwv

2TOV TOMEQ TNG OUVTNPNONG, OL YEAEG TaflvouoUvTal KUPLwG E TPELG SLadOpPETIKOUG TPOTIOUG:

Baoel Twv Seowv TNV SO TPLACSLACTATOU TTAEYUATOC, OL YEAEC Umopo UV va TaflvopnBolv og 00 Kot YopLeG:

o

o

Tic duowkég (physical gels), Omw¢ aUTEG TOU Ayap Kol TOU KOUUEOG TLEAQVY.
Tic xnUkEG (chemical gels), 6mwg n yéAn moAU-2-u6pou-eBuluebakpulo-oAuBvulo-tupoALbovng (pHEMA-
PVP) 1 n yéAn moAuBviAkn g aAkooAng — Bopaka (PVA-B)

Baolopeveg oto av n uypn ¢aon ivat évag opyavikog SLaAltng f vepod:

o

Opyavoyéheg (organogels), 6rou cuvictavtal and éva udpodoBo mMoAupepég mou SLalleTal o €va OPYOVLKO
SlaAltn yia va oxnuatioel 1o TpPLodldotato mAEypa. Eivalr katdAAnAsg yia adaipeon pn  TOALKWVY
UALKWV(TIOAUEPN XPWOTLKEG Kal Bepvikiay).

Yépoyéheg (hydrogels), omou Bacifovtat ota udpodlha MOAUUEPH KAl UITOPOUV VO YEULOOUV WE TIOAKA
kaBoapLoTikd cuothpata (éviupa, StaAvpata aAdtwy, XNAKA avtilbpacthpla, K.a). Emopévwg, ol uSpoyEAeg

elval Lkaveg va adalpolv eTepoTOALKEG evamoBEaelg, Omwg ta GAata.

EmELpLKA KaL TIPOKTLKA, BAosL Tou LEWS0UG Kol Tou TPOmou edpapUoync Kal adalpear| Toug:

e}

Ndoteg (pastes), yéleg moyUpeuotng Katdotaong Omou dnuloupyolv macteg (kapBofuusBulokuttapivn,
Tylose, Klucel, Carbopol, Velvesil Plus, Pemulens, k.a)

Itepeéq yéAeg (rigid gels), mou dev epapuolovron oe kABeteg emdAvele, MAPA UOVO UE emefepyacia Kat
petatpornt tou tEwdoug(ayap, kKduut teldv, pHEMA-PVP, k.a.)

réAeg¢ anodpAoiwong (peelable gels), 6rmou sdapudlovral peuotég kat adatpolvTal OTEYVEG KOl EVIOLEG ME

xpnon AaBisag (PVA-B kot PVAc-B).

(Baglioni, Chelazzi, & Giorgi, 2015) (Al-Emam, 2021) (Wolbers et al., 2004) (Bartholdy, Klenz Larsen, & Brajer, 2021)
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MAgovektnuoara

JuuneptAapBovopévwy OAWV TWV YEVIKOTEPWY TIAEOVEKTNUATWY TNG Xpriong ¢opéwv mou €xouv avadepBel otnv
ELOAYWYN, O XELPLOKOG KAl 0 EAEYXOG TOU PUBUOU EEATILONG KOL ELOPONG TOU CUCTAHATOG, Elval TLOAVOV TA TILO ONULOVTLKA
0dEAN TOU UMOopPEL va TTPoadEPEL pia YEAN.

OL yéleg Baoilovtal otnv 6la apyxn Aettoupylag pe Toug TOATOUG, oAAd n eldomolog Sladopd £ykeltal oto PBabog
Slelobuong tou uypou. H 6pacn tou cuotnuatog neplopiletal otn Stemidpavela petal g lwypadlkng kot Tou popéa,
€A\OXLOTOTIOLWVTAG TNV OCOTNTA VEPOU TIOU SLELOSUEL KOL TIAPAUEVEL OTO ECWTEPLKO TNG ToLXoypadiag.

H Siatrpnon twv uypwv otnv dopr TG yéANG, meplopilel Tnv erubetikdTnTa TNV Kabaplotikng Stadikaciag. H otadlakn
Kol gAeyxOUeVN ameAeuBEépwan TOU CUCTAHMATOC OTNV eTlddavela, Tipoodépel aoddlela otnv toxoypadia, KaBwG pe
navon ¢ Stadikaciag ko adaipeon  YEANG, Stakdmtetal n Spdon oto cUVOAO TG, XwpPLic va £xel aneheuBepwOBel 6o

TO LYPO amesuBeiog otov Toixo. (Sansonetti, Bertasa, Canevali, Rabbolini, Anzani, &Scalarone, 2020)

Absorption of part of the
dissolved deposits by the gel

Release of the

leani t
Gel loaded with the selected oy apevi)

leani t
Fleaning sgentis) Dissolved/swelled deposits

\

Undesired deposits

y

(1) Gel application on the (2) After the proper contact time
artwork’s surface

The artwork’s surface

Loose deposits adhered to the gel

(3) Gel removal by means of (4) Collection of the remains
tweezers of the dissolved/swelled
deposits by gentle swabbing

(5) Artwork with a clean surface

Elk. 3.3.3: IXNUOTIKA OvVOImapdoTacn TwWV HPNXAVIOUWV Asttoupyiag tou Kabaplopol pE YENEC, CUYKEKPLUEVO yLO
adaipeon puTwv. Avtiotolyn Aettoupyia cupBaivet kot yio thv adaipson aAdtwv.

(Al-Emam, 2021)

3.3.1: Kuttaplvikol atBEpeg

Ewcaywyn

Ou kuttapvikol alBépeg mapdyovral pe thv abepomoinon ouddwv udpofuliwv tng KuTTOPivNG. TR ouvtipnon ot
KUTTapLVLKoL alBépeg emAéyovtal KUpLwg yLa TLG SUYKOANTLKEG KoL PEOAOYLKEG TOUG LoLOTNTEG. Elval cuvrBwg dtadutol
OTO VEPO KOl OTOUG OpyavikoUG OLOAUTEG, €xouv XOUnAG PBabud mMoAupeplopol Kot TOAU amd autolg elval
BeppomAacTtikol. OL KuTtapLViKol aLBEPeg €xouv XpnolponolnBel eupéwg otV cuvtrpnon Tolxoypadlwy Kal ELSIKOTEPA
OOV TIUKVWTLKA PEoa YEANG yLa tThv edappoyn TwV EVEPYWV CUCTOTLKWVY yla TNV adaipeon twv aAdtwv. (Redman,

1999)(Feller&Wilt, 1990)
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Cellulose Ether Brand " Manufacturer

Methyleellulose (MC) Methocel A Dow
Culminal Aqualon
Xylose MB Hoechst
Methofas M ICI
Methylhydroxypropylcellulose (MHPC) Methocel E,F,J, and K Dow
Sodium carboxymethyleellulose (CMC)  Cellulose Gum Aqualon
Cellofas ICI
Tylose C Hoechst
Hydroxypropyleellulose (HPC) Klueel Aqualon
Ethylhydroxyethylcellulose (EHEC) EHEC (organic solvent soluble, OS) Hercules
Modocoll E, Ethulose (water soluble, WS) Mo och Domsjo
Hydroxyethylcellulose (HEC) Natrosol Aqualen
Cellosize Union Carbide
Tylose H Hoechst
Ethylcellulose(EC) Ethocel Dow
Ethylcellulose Hercules

Ewk. 3.3.1.1: Mivakag HE TO TPOLOVIA KUTTAPWLIKWY aLBEpwY, TIG EUMOPLKEG TOUG OVOMAOLEG KAL TOUG KOTAOKEUOOTEG
QUTWV, TIOU €X0UV SLaXPOVLKA ehaApLOYr OTOV TOUE TNG CUVIHPNONG.

(Feller & Wilt, 1990)

MAgoveKkTnuOTa KoL UELOVEKTHUOTOL

2T TIAEOVEKTHLOTA TWV KUTTOPLWVIKWY alBépwv mepthapfavovtal n nubladavela, n Koahfp TPookOAAnon Kol cuvoxn e
Vv entdpavela, oL USPODIAEG LELOTNTEG KO OL SLAAUTOTNTA KATIOLWVY £ QUTWVY O€ OPYOAVIKOUG SLOAUTEG. 2TA ELOVEKTH AT
nepltAapBavovtal 0 GXNUATIOUOC GLAL, N CUCTOAN KOTA TO OTEYVWHA KOl 0 XpOvo¢ Tpoetolpaciag. O kabBaplopog Toug
arotelel éva Eexwplotd TMPOBANUa AOyw TG MPOCKOAANGNG KAl CUVOXAG HE TNV emidAvela TG Tolxoypadiog, evw n

napouacia umoAelppdTwy propet va odnynaoel oe BlonpooBoAn. (Redman, 1999)

lEwbeg

'Onwg ota MePLOCOTEPA TPOIOVTA TIOAUKEPWY, £TCL KAL OTOUG KUTTOPLVIKOUG alBépeg, pia Baotkr mpodiaypadr| eival o
BaBuog LEwdoug, o omolog mapexeL Uia TPOXELPN EVOELEN TOu peyEBOUG Twv poplwv Kat Tou Babuou moAupeplopol. Ot
KOTOOKEUAOTEG ouVnOwg StaBEtouv ta moAupepn o uPnAd (H), pétplo (M) 1 xaunAo (L) Babud t€wdoug. Ot LETPOELS
€wdou¢ Twv VSATOSLAAUTWY KuTTAPWIKWY atbépwv Bacilovral yevikd ce SlaAUpata TEPLEKTIKOTNTAC 1-2%, cuxva
Kupawopeva ard 20 éwg 100.000 centipoise (cP) otoug 25°C. OL ouvinpntég ouvhBwE XPNOLUOTIOOUV To TIPoLlOvTa O
Babpou¢ petafh 400-4.000 cP otoug 25°C. ftnv k. 4.1. mapatiBevrat to LEwdn Twv StaAupdTtwy SLadopETKWY EISWV
HEBUAOKUTTOPIVNG CUYKPLTIKA e Ta EwdN Twv SLaAUPATWY TPLWV GUOLKWV KOUUEWV TIOU XPnoLpoTolouvtal otn

ocuvtnpnon. (Feller & Wilt, 1990)
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Ewk. 3.3.1.2: Z0ykplon petafl Twv KWwowV Twv SLOAUHATWY HePLKWY Tafewv peBulokuttapivng Kol TPWWV GUOLKWV
KOUUEWV

(Feller & Wilt, 1990)

MeduvAokuttapivn(MC)

H pebulokuTttapivn eival évag amo Toug Mo eUPEWG XPNOLHOTIOLOUEVOUG KUTTOPLVLKOUG aBEPEG 0T cuvtrpnon. Autd
TO TMOAUUEPEG £XEL EdAvion AeUKAG TOUS PG He EAAXLOTN £wG KaBOAOU ooUn Kal yeuon. Zuviotatal amo Tnv avtidpaon
alBepomoinong MeTafy TG Kuttapivng Kal evog atBepormolntr, to xAwpouebavio. H peBudokuttapivn Sev €(eL LOVTLKO
doptio kat £€tol 0 LEWHEG TWV SLaAUPATWY TG emnpealeTal eAdylota amnd to pH. QoTd00, HIKPEC TTOOOTNTEG AAATWY
umopolV va auénoouv to LEwdeC Twv SLOAUUATWY TNG. Oswpeitol otabepn yla MOAAEG TPOKTLKEG eDOPUOYEG yLa Eva
gUpog pHamo 3 éwg 11, av kal oa kuttapivn, n vPnin ofltnta  aAkaAlkotnTa UMopsl va obnynoeL oe eAATTWAON TOU
poplakoU tng Bdapous. O BaBudg TNG KATAKPATNONG VEPOU Kupaivetal amd 5 éwg 12% katd Bapog. e éva udatikod
StdAupa, n peBulokuttapivn Sev Ba otnpifel v avamtuén ukpoopyoviopwy, oUTe OUwG Ba avaoteidel auth thv
avamntuén av ta vdatikd StaAlpata sival Nén poAucpéva. ITov TOHEQ TNG CUVTAPNONG XPNOLUOTOLELTAL TPWTLOTWG WE
TINKTIKO HECO aAAA Kal w¢ OUYKOAANTIKO. O kuplwg SdtoAutng tng peBulokuttapivng elval to vepd. O UNXAVIOUOG
SldAuong ywa tn pebulokuttapivn mepthapBavel tn SlOykwon Kol tTnv Uypavon. Aev umdpyxel €va akplBEC Oplo otn
SlaAutotnta (KOpECUOG) OMWG e T AAaTa. MPAKTIKA, N CUYKEVTPWON €lVOL TIEPLOPLOUEVN TIPWTIOTWE amd 1o EWOEG,
OTIOU O CUVTNPENTAG TIPETEL VA XEL YVWON TOU UALKOU yLa va To Xelplotel. Ta StaAvpata peBulokuttapivng €xouv pia
Bepuokpacia yelomoinong otoug 55°C kat eMOpEVWE, N OKOVN eival adLGAUTn O KAUTO VEPO TIAVW OO OQUTH TN
Beppokpaocia. H kahutepn S1dAuon outol Tou TIOAUEPOUG yiveTal oto vepo amo 0 £wg 5°C.

lowg to o AfloCNUELWTO XAPOKTNPLOTIKO TWV SlaAupdtwy peBulokuttapivng eival n LKavoTtnTd Toug va dnutoupyouv
véheg dtav Bepuaivovral Kat va Snpoupyolv MACTES e éva avaoTpEPLuo tpomo otav n Bepuokpacia eivat xapnAotepn.
H amAn g€Aynon mou ouviBwce Sivetol eivan otL ta pdpLa vepol ou cuacyeti{ovtal pe T pebulokuttapivn, SteukoAlvouv
™ Stdluon. Otav au€dvetal n Ogppokpaocia (A étav mpootiBevtal GAATa) QUTH N CUCKETION MELWVETAL WG £va Baduo

OTOV oToLo To MoAUpEPEG SLaywpiletal. (Feller&Wilt, 1990)
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Eik. 3.3.1.3: Avamapacotacn TG LopLakng dopng e pebuiokuttapivng (MC)

(Feller&Wilt, 1990)

KapBoéuuedudokutrapivn (CMC)

AuTO T0 USUTOSLAAUTO TTOAUEPEG, TIOU €LonXOnke To 1947, dtidyvetal anod tnv aviidpacn LovoxAopoofLlkol vaTpiou pe
oAkoAlka amodounpévn kuttapivn. MwAeital oxedov mavrta cav Glag vatpiou, aAAd amd To va Xpnolpomoleital n
peyoAltepn  ovopaocia  vatplo  kapPofupebulokuttapivn  (NaCMC), ouvniBwg amokaAeitat omAd  wg
kapPofupuebudokuttapivn (CMC). Méxpt to 1973 umnpxav TOUAAXLOTOV CAPAVTO KOTAOKEUOOTEG TIOYKOOULWG, OTou
moAAol €€ autwy mapnyayav povo pia KAmwe akaBaptn texvikn taén. To MOAUPEPEC OTOV TOMEQ TNG CUVTAPNONG elvatl
Sdlabéolpo oe kabapotnta 99,5% oe CMC. Katd tnv mopaywyr, n KabBapdtnta TOU aKATEPYOOTOU TPOLOVTOG
ETILTUYXAVETAL HECW adalpECNG TWV PUTIAPWY AAATWV e udatoalkooloUxa pelypata xwplg va SLOAUETAL TO TIOAUUEPEG.

O ouykekpLpévog aBepag €xeL €va UPNAO UYPACLAKO TIEPLEXOEVO KULALVOREVO TIAVW amd to 20% tou Bdpoug Tou
PnAodtepa o€ éva mepLBAMov pe TOAD uPnAn oxetikn uvypaoia. H kapBofuuebulokuttapivn UMOKELTAL O €VIUMLKNA
TipocBoAr, aAAd ival CUYKPLTLKA avOEKTLKN o€ BaKTnPLOKA avamtuén, Adyw tng UPNANG MEPLEKTLKOTNTAS TNG O€ VATPLO.

H kapBotupebulokuttapivn eival Stadutn elte oe (eoto eite oe kpuo vepd Kol adLAAUTN Ot opyavikoUG SLOAUTEG.
AlaAUETAL Ypriyopa oTo VEPO aAAA €XEL TNV TAON va oxXNMATIlEL GBWAOUG, EMOUEVWE TNV WPA TNG TPOSBNKNG TNG oKOVNG
OTO vePO TPEMEL v yiveTal mapdAAnAn avadeuan. O puBbuog tng mpoaoOnkng MPEMEL va lval OpPKETA apyOG, TOOO WOTE Vol
ETUTPEMEL TO SLAXWPLOUO KAl TV Uypoveon TwV cwHATISiwv, oA apKETA yprlyopog TOCO WOTE va EAAXLOTOTOLEL TV
toxela mRén tou Stodbpartoc. To Lwdeg Twv StaAupdtwy kapBofupuebulokuttapivng emnpedletal amnd SLAAUUEVEG OUGIEG
OTw¢ ta GAata, Oomou StoBevr Kol teLoBevr katovra pmopolv va dnpoupynoouv ilnua CMC. Av éva Glag eival
Slalupévo oto vepd Tplv amd thv mpooBnkn g kapBofuusBulokuttapivng, To GAaC avaoTtEAEL To SLowplopd Twv
KPUOTAALVWY TIEPLOXWVY KAl TO TPOKUTTWY SLdAupa Ba £xel €va oAU xapunAotepo €wdec. Qotdoo, av To MOAUUEPES
SlaluBel mpwto, n akoAouBn mpoacdrkn NaClBa €xel povo pia pkpn enidpaon oto LEwdeg. Emouévwe, eivatl wdEALo yla
1o LEWOEG KOL TO OUOTNUA YEVLKOTEPQ, VA TIPOoTEBOUV Ta OTIOLA AVTLS paoTHPLA AVOPAKLKWY GAATWY HETA TNV Snuoupyia

tou dopéa. (Feller&Wilt, 1990)

——  CH30OCH,COONa

CH 40CH,COONa

Eik. 3.3.1.4: Avamapdotacn TG LopLlakig dopung mg kappofupebuiokuttapivng (CMC)
(Feller&Wwilt, 1990)
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3.3.2: Y6poyéEAeg

0 6pog ««USpoyEAN»» elarxBnke to 1894 amod tov Van Bemmelen yia va avadepbel o pia mayUpeuotn yEAn avopyavwy
oAdtwv. To 1960, ot Wichterle kat Lim &nuooiesucav éva dapbpo oto Nature yia thv olvBeon twv ToOAU-2-
v6pouebulpuebakpulikwy (p(HEMA)) yeAdwv, 6mou TIG mepLéypadayv e Tov (510 TPOTO MOV €lval YWWOTEG ONUEPA, WG
U6 podLOYKWUEVA, EAACTLKA KOl HOAOKA UALKA. Xpnotpomololoav TiG YEAEG o eDAPUOYECG HOVLUNG emadng pe {wvtavo
LOTO XWpLG va pokaAoUV epeBLOO KL AUTO CUVTEAECE OTNV OPXI| TNG KATAOKEUNG TwV dakwv enadng. (Wichterle&Lim,
1960)

OL udpoyéAeg yevikd, amotehoUvtal ano éva tplodidotato Siktuo ToAupeplkwy aAucidwv.Katd tn Stadikaoia tng
yehomoinong, ot aAucibegc tou UMKOU evwvovtol yla va Snuloupynoouv TPooSeuTikd HeyaAUTepeG SLAKAASWOELG
TIOAULEPWV. TNV OpXLKN PAon, TO TMOAUPEPEC UALKO elval akoun StoAuto (uSpoAupa). Oco n Sladikacia cuveyiletal, o
opLOUOC TwWV StakAadLopévwy aAUcid wv auEAaveTal Kal TEALKA TO MOAUREPEC YiveTal adLtaAuTo.

AOYw Twv USPOPIAWY IOLOTATWY TWV TOAUHEPWY, Ol YEAEC UIMOPOUV va TIEPLEXOUV UEYAAEC TIOGOTNTEC VEPOU Kol
KaTéYouv emiong, moAU KaA£G LBLOTNTEG CUYKPATNONG TOU vePoU. EMopévwe, n aneAsuBépwaon vepol Ue TNV edapuoyn o
pla emiddvela Ba eival meploplopévn, oMA emapkAc WOoTe vo 0dnyrost ta emidavelakd alata oe StdAuon. AutEg oL
L8LOTNTEC KAVOUV TLG USpoYENeC e€alpeTika evdladEpouceg 6oov adopd tnv adaipeon aldtwv and Tolxoypadieg. Aoyw
Tou OtL n StaAuon Twv aAdtwy Ba sival povo entpavelakr), n HEBodoc elval MPpwTloTwg KATAAANAN yLO TIEPLITTWOELG OTIOU
TO GAATO £X0UV CUOCWPEUTEL OTA MPWTA XALOOTA TNG Tolyoypadiag, KaBwG n MEPLOPLOEVN TTOCOTNTA VEPOU QTOTPETEL
tn Sloomopd tou cuotipatog Babutepa otnv tolxomolla. (Bartholdy, KlenzLarsen, &Brajer, 2021)(Rubinstein&Colby,
2003)EruunAéov, kabBwe ol yéAeg ameleuBepwvouv pia mo moAl eheyyOpevn moodtnTa vypaciag otov toixo, n UéBodog
anodeUyEL TA UELOVEKTHMOTA TWV KUTTAPLVIKWY TIOATWV TIou adopolv TNV aVATTTUEN ULKPOOPYOVIOUWY, KABwG Kal Thv
avadlavoun aldtwv otnv towxormolia. (Bartholdy, KlenzLarsen, &Brajer, 2021)

Y10 medio ¢ adaipeong ahdtwy Bpickouv edappoyn 00 vdpoyEAeg, N YEAN ayap Kat i YEAN TOAUBLVIALKAG aAKOOANG
— Bopaka. Av Kat v amote oV MPWTN EMIAOYA TWV CUVTNPNTWY yla TO AVTLKELUEVO TN Toloypadiacg, n £peuva ta
televtaia xpovia £xeL Seléel mwe e KATGAANAN Tpomomoinon opLoUEVWY LELOTATWY TOUC, UmopolV va KepSIilouv GUVEXWE

TEPLOCOTEPO €60dOC KaL 0 aUTO To Tedio.

3.3.2.1: Ayap

Ewoaywyn

To ayap eivat évag puolkdg moAucakyapitng mou e§ayete ano diadopa €idn Puklwv. e poplakod emninedo, anoteleital
and Vo0 MOAUCAKXOPLTEG: TNV ayapodln, Mou oxnuatilel mepimou to 70% TOU MELYUOTOG KOL €XEL TN UEYOAUTEPN TAON
Snuoupylag YEANG KaL TNV mNKTivn. H auotnpwg Slatetayuévn MOAUUEPLKN Sour Kal Twv §U0 auTwyv poplwv armoteAeital
amnod evolaoodpeva popla yaAaktonupdlng ta omola oxnuatilouv povadeg ayapofLolng. (LeeScott, 2012)

To &npo ayap, eite oe okovn eite oe vipadeg, sival adldAuto oTo KpUo VeEPO, evw SlaAletal gUKola oe vepo
Bepuokpaociag peyalitepng twv 85°C. Eivatl Lkavo va oxnUatilel nULAKaunTeg, BeppoovaotpePLueg Kot uSpOPIAEC YEAEC,
OmAWG YE avVApELEn kol B€ppavaon NG Koviomolnuévng opdng (okdvn ayap) pe vepd. Katd to kpuwpa, ol aAucideg dyap
TokTomoloUvtol ot piol Slatetaypévn Sopr, 6mou cUvola opoafovikwy eAlkwv oxnuoti{ouv Toug KOpPBoug Tou
tpLodlactartou Siktvou YEANC. Tumikd, n eAdxLotn Beppokpacia mou amotteitol wote va SLaotaupwBboUV oL TTOAUUEPLKEG
oAvoibeg, to amopaitnto SOULKO XAPAKTNPELOTIKO piag yéAne, sivat ot 85°C. Ou yéAn teMkwe Bo oxnuatiotel dtav n

Bepuokpacia tou SloAlpaTog EoEL kAtw twv 40°C. Otav Kpuwoel, ival elkoAo pe avaBépuavon va emoTpéPeL otnv
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mayVPeVOTn Kataotaon, pia Stadikacia mou propel va emavoAndOsl moAéc popég Sixwg va oMalouv ol LELOTNTEG
€pyooLuoTnNTaC NG YEANG (v Kat n omwAelo vepol Héow TN e€dtuiong Oa MPEMEL va OvVAMANPWVETAL yla KABe

avaBépuavaon). (LeeScott, 2012)

CH,OH 0 /
Ol O OH Y
«
O _H, V
O
B OH
Agarose
CH,OH OH /
Ol 9) 0]
V a
O CH,080;
I, ¢
B OH
Agaropectin

Elk. 3.3.2.1.1: OL XnHLKEG SOUEG TWV SUO UTIOMOVAS WY TOU Ayap, TNS ayapolng (Mavw) Kal TLG mNKTivng (Katw)

(Varshosaz, Reza Zaki, Minaiyan, & Banoozadeh, 2015)

Suykévtpwon

Eumelplkd, Baoel ouykekplpévwy enepfdoewy o€ alata, Eva KATAAANAo €Upog CUYKEVTPWONG ayap elval 2,5-5 g ota
100 ml amtoviopévou vepoU. Ta KaAUTEPA AMOTEAECHATA EMITUYXAVOVTAL HE EMavVASLAAUGN TNG YEANG LETA QMO apXLKh
otepeomnoinon, kabwg n deltepn Bépuavon n omola eival TaxUTEPN TNG TPWTNG, TPOTIOTOLEL LEPLKWG TN YEAN KAl TV
opoyevorolel Teploodtepo, PBeAtiwvovtag TG BLotnteg Slatrpnong tou vepol. (Cremonesi, 2013). Ou yéAeg mou
dTLayvovral pe plo uPnAn TEpLEKTLKOTNTA O Ayap (4-6% w/v), €xouv pia o apyn ameAeuBépwon kal pia xaunAdtepn
Slatrpnon tTou mepLeEXoUEVOU(site vepO eite SLAAUO EVEPYWV CUOCTATLKWY), CUYKPLITIKA LE OUTEG TOU GTLaYVOVTaAL UE

XaunAotepn mepLektikotnta o ayap (1-3%w/v). (Wolbers, 2000) (lannuccelli&Sotgiou, 2010)

Mayog¢

To mdaxog cuvnBwg ToLkiAeL ot KALLOKA TwV XIAooTtwy, Bacllopevo otov TPomo happoyng Kot Tn popdoloyia tng
erudavelag. OL AKaUmTeG yYEAEG dyap elval ouvnBwg oL o mayLég pravovtag to 1 ekatootd. EUmeLpLkd, amo Tig péXpL
OTLYMNG epapUOYEC, €xeL mapatnpnBel OTL To TTAXOG TNG YEANG EMNPEATEL ONUAVTLIKA TNV aneAeuBEépwaon NG LypnG daong
OMGA Kal YeVIKOTEPA TV OAN CUMMEPLPOPA KOl QTOTEAECUATIKOTNTA QUTAG. Qotdoo, autd To Bféua Sev eival
ETILOTNHOVLKA OTOSESELYUEVO QO MLl CUCTNHATLKY MEAETN TIOU VO OTOXEVUEL OTN SLEUKPLVION TOU GUCXETIOMOU HETAfy
TOU TIAXOUG KO piag TOoOoTIKAG aloAdynaong Tou aneAsuBepwpévou uypol, aTnv EPLITTWON TIOU amalteltal n ebapuoyn
YEAWV yLa OPATETAPEVO XPOVo emadrC, TO TAXOE AUTWVY Va £lval TiLO TIPOOEKTIKA EAEYXOUEVO WOTE VA OUTOTPEMETAL TO
OTEYVWHA TNG YEANG AVW otV totyoypadia. O xpdvog Enpavong piag yéAng Sev emnpedletal AmMOKAELOTLKA QO TO TIAXOC

™¢, oMA kat amd TG mepLBAANOVTIKEG CUVOARKEC TIOU ETUKPATOUV OTO XWPO. AKOUO KOl Of TIaxoG Ayotepo twv 2
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XAlooTWV, o€ OXETLKN Lypacia mepBdihovtog 50%, n yéAn dyap umopei va pelvel uypr yla MePLOCATEPO QMO OXTW WPEG
Xwplg va elvatl kaAuppévn. KoAumtovrag tn yéAN, Umopel va emupunkuvOel n meplodog £Npavong yLa ApKETEG LEPEG, AV KOl
OHUWG TIPETEL VA ONUELWOEL TO au€nueévo pioko TNG avaAMTUENC LUKATWY UE EKTETAPEVN Ttepiodo edapuoyng, aAAd Kal yLa
TOAAQIAEG emavaAapBavoueveg epapuoyEs. (LeeScott, 2012)

H dvon autwy Twv yeAwv, LOPTUPA TOV BACLKO TEPLOPLOUO TNG EHAPUOY G TOUG: ard Tn OTLYUN TIou elval otepeec, lowg
elvat Suokolo va emutevxBel koA enadn pe emdaveleg mou dev elval amoAuta eminedes, akopa KoL av HeLwOEeL To maxog
™G YEANG. M auTo To AOYo €XEL avamtuXDel EUTELPLKA £vag VEOG TPOTOG edapuoyng, 6mou Kabwg to dyap StaAvetal oTo
VEPO 0Ot KATOMNAn BOepuokpacia, to OSldAupa Kpuwvel otoug 40-45°C Kol EmITUYXAveETOL Wia NnULoTEpEN
katdotacn(ndota), Guolkd oe TIOAD AEMTOTEPA CTPWUOTA OTTOTL OL OTEPEEG YEAEG, OTIOU EMITPEMEL TNV £dOpPUOYn UE

TIWVENO o€ KABETEG 1 avAyAUdEG TIEPLOXEC OTIWG OUTEG TwV TotyoypadLwv. (Cremonesi, 2013)

lEwbec ka Fepuokpaocio

FEVLKA, OL LKAVOTNTEG POOKOANONG TOU dyap elval uPnAég, aAdd pe edappoyr oe Tpaxlég eTdAVELEG, XwPLG KAmoLa
TPOTOTOLNON TUTILKA UMOPOUV va PelwBoUv. Ta udatikd StaAUpota Tou dyap mapouctdlouv pio LeTaBoAn oto Ewoeg
¢ yéAng oto Beppokpactakd gvpog amod 32°C £wg 47°C. Qg ek touTou, N Xprion YEANG dyap o Bepuokpacia Swpotiou
eTuTpENEL TV edapuoyn otn oteper] popdn (rigid gels), kOBovtag tn ot Tepdyla TOu €mOBUUNTOU CXAMATOC Kol
tonoBetwvtag Tn ot emninedeg emidpaveleg, omdTE Kal OAKATOANAN yla epapupoyr OTLC KAOeteg emidpAveLEG TWV
TooypadLwv.

Mo va arnodeuyBolv ta mpofARpata TPookOAANGCNG TWV OTEPEWV YEAWV Ayap, TOCO HECW EPEUVWY OO0 KOl EUTELPLKA,
06nNyoVOOTE OTN XPrON TWV YEAWV O€ NULOTEPEN Katdotaon, SnAadn auth thg maotac. (Bosch-Roig, Lustrato, Zanardini,
& Ranalli, 2014). Ta {eotd StoAbpata dyap uropouv vo edaploctolv cav TaxUpPEUOTA LYPQ, e To LEWSEeS va Baoiletal
otn Beppokpaocia SLHAUUATOC KOL 0T CUYKEVTPWON Tou ayoap. Epsuveg mou Ste€ixBnoav to 2013 mapouciacav £miong
TNV KATOAANAOGTNTA TOU NULOTEPEOU ayoap yLo epopuoyn oe eUBpaocteg emipAveELEG TOLXOyPADLWY XPNOLLOTIOLWVTOG
XAUNAEG CUYKEVTPWOELG Ayap, HLKpoUG xpdvoug enépBaong(2-30 Aemtd) kat oAU TaxLd CTPWLOTA(WOTE VoL LImopolV va
adatpebolv otV nuoteped popdn). (Tortajada Hernando & Blanco Dominguez, 2013) (Bosch-Roig, Lustrato, Zanardini,
&Ranalli, 2014). Akopa, pla epalTépw avamtuén mou odrynoe o€ éva guputepo medio edappoyng éoov adopd Tig
Oeppokpaciokd evalobnteg {wypadLkég emidaveleg, amoteAeltatl and tn xprion Kot avapelén Slapopetikwy eldwv dyap
ME pia xaunAotepn Bepupokpacia yelomoinong, SnAadn mepimou otoug 28-30°C. H nuuoteper Katdotacn, TOu
araltouvtay ylo. £hoppoyn HE TuvENo, emutuyxdvetal enerta otoug 35°C. Auth n xopnAotepn Oesppokpaocio sivatl

aodaréatepn yla ebappoyr] o€ To svaicdnteg, oe uPnAéc Bepuokpaacieg, {wypadikég emidaveles. (Cremonesi, 2013)

Mpoctouacia kat epapuoyn

H Sladikaoia ¢ mpostolpaciag pioag yéEAng ayap sivol oxetika amAn. H okovn ayap avapelyvUeTal Ue KpUO VEPO Kal
OTNn OUVEKELD TO Melypa Beppaivetal. H Bépuavon pmopel va yivel elte o plkpokUpaTa, €ite o Bepualvopevn
TAGka(unevpapt), dtaodaiilovrag otL to SLaAupa €xel avopelxBel apkeTd KaAd TPV KoL KOTA tn SLApKELX TNG
Stadikaoiog Bépuavong. To dyap adriveTal va KPUWOEL €wG TNV €MBUUNTA KOTAOTOON avaAoywg Tou mediou mou
T(POKELTAL VO EPAPUOOTEL.

H adaipeon NG YEANG MeTd TNV eméuPacn elval amAn unoBeon: To UOVO TIOU XPELATETAL ElVOL N AVACHKWGN OE pia
OKUA TNG YEANG Kal €melta Tpapnyua wote va EepAoudiotel mMANpwE amo tnv enidavela. H amaAdtnTa Kol EAACTLKOTNTA

™¢ yéAng odnyel o ohokAnpwpévn adaipeon. OMoloSATOTE PLIKPO UTIOAELUUO, LOLAUTEPWE TIEPLUETPLKA TWV OKUWYV, EXEL
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TNV TAon va anoomdtal and tnv entbavela Petd tnv Efpavon. Tumikd, n yéAn adatpeital mpLv oTeyvwoeL eVIEAWC, aAG
av auto dev cupPel , Ta pHEXpL oTyunG ototxela Sev €xouv umodeifel auEnpévo pioko pBopag TnG emipavelag. AvilBETWG,
€XEL TPOTAOEL OKOMA KO TO TIARPEG OTEYVW LA TNG YEANG TTAVW OTN €MLPAVELA AV UTIAPYEL avaykn adaipeong aAdTwy mou
€xouv eloywpnoel oe Babog. EmutAéov, yla va elayiotomnolnBel n mbavotnta Sieiocduong Twv aAdtwv Babltepa otnv
Ttooypadia, elval emiong xpnoLpo va adebel n yeAn HéXPL va OTEYVWOEL TEAELWG. Ze KAOE TepimTwon, To oxNUATLOUEVO
otnv emupavela i ayap, pnopet eukoAa va adatpebel. (Cremonesi, 2013) (Anzani, kot ouv., 2008) Mpododateg Epeuveg
€xouv amodeiel OTL peta tnv edappoyn ayap oe MopwdELS eMLbAVELEG £pywV TEXVNG Sev apatnpnOnkav umoAsippata
(ue FTIR kat dacpatopetpia palog). (Cremonesi, 2013) (TortajadaHernando&BlancoDominguez, 2013) To dyap €xel
eniong to mAsovéktnua Ot dlatnpel g udatodLaAUTEG ouaieg cav éva adouyydpl, EANXLOTOTIOLWVTAC TNV TApoUCia
UTIOAELUUATWY UETA TNV EMEUPACN, AMOKTWVTAC Meploadtepn Snuodidia otnv tkavotnta adaipeong SLaAUTWV oAdTwv.

(Cremonesi, 2013) (Anzani, etal., 2008)

3.3.2.2: PVA-B

Ewcaywyn

Ta ovotiuata ToAUBWVUMKAG oAKOOANG — PBopaka yvwotd w¢ udpoyéleg PVA-B  (polyvinylalcohol —
boraxhydrogelsystems), to. omoia. cuvO£tovtal amo T otaupoolvdean tou ToAupepols PVA ((C;H40)n) pe tov Bopaxa
(Naz[B40s(OH)4]-8H,0), pmopolv va Xpnolueloouv w¢ evOANaKTLkol ¢opeic cuotnuatwv adaipecng aAdTtwv otn
ocuvtnpnon towyoypadiwv. To PVA xapaktnpiletal and éva peydho aplBpd udpofulopddwyv Katd HAKOC TNG SOULKNC TOU
omovOUALKAG otnAng. Metafl autwv twv udpofulopddwv oxnuatilovratr Sitapoplakol kau evdopoplakol Seopol
udpoyovou. Etal, 0 aplBudg twv uSpofulopddwy €xeL pla onpavikn emppor otig Wotnteg Tou PVA. e udatikd
SlaAUpata PVA, anotteital B€ppavon yla va BeAtlwBel n dtadikaoia SLaAuong l81kA otV MepimTwon Tou PVA pe éva
uPnA6 Babuo udpoAuong (mepléxovtag meplocotepeg USPOEUAOUASEG). ZUVROWC, GaV OTAUPCUVEETNG VLA TLG USPOYEAEG
PVA-borax xpnotpomnoteital to Sekaévudpo tetpaBoplkd vatplo. (Sousa, Souza, Uknalis, Liu, Goncalves, &Liu, 2015)(Koski,
Yim, &Shivkumar, 2004) Otav eivor StaAupévo oTto vepod, Sloxwpliletal yia va oxnuatiosl ioa mood Bopikol o€€og
[B(OH)3]*, tetpaudpolu Bopikou of€og [B(OH)4]™ kat vatplou (Na*), onwg daiveratl otnv akdloubn eficwon (Mathias,

Desa, &Aswal, 2018):

Na,B407-10H,0 - 2B(OH)3 + 2B(OH)4 + 2Na + 3H,0

Xapaktnpiotika Asttoupyiag

O dopeic PVA-B xapaktnpilovral and pia EwdoeAaoTikn cupnepldopd, 0mou and peoloyikr arnoyn, dev Bewpolvtal
WG TPOYUOTLKEG YEAEG. Qotdoo, AOyw Tou Pacikol HUNXAVIOUOU AEITOUPYLOG Kal XApLv €UKoAlag, avadépovtal wg
udpoyéleg, Omou eival évag 6pog OTIOU XPNOLUOTIOLEITOL EUPEWE OTNV KOLVOTNTA TNG cuvtpnonG. H eukaudio autwy twv
OUOTNUATWY SLEUKOAUVEL TNV TPOCAPUOYH TOUG 0€ eMLPAVELEG UE TPAXLA KL AVWHAAN popdoloyia. Akoun, Umopouv va
arokoAoUvtol amd thv emidpAveEld WE Eva eVIio KOPpATL pe xpnon AaBidag. MapoA'autd umdpyouv Kamota opLa
OXETLKA LIE TLG EMLPAVELEG OTIOU oL USpoyEleg PVA-B pmopouv va edpappoctouv. (Angelova, Terech, Natali, Dei, Carretti, &
Weiss, 2011) (Angelova, Ormsby, & Richardson, 2016) (Angelova, Matarrese, Fratini, Weiss, Dei, & Carretti, 2018)

(Angelova, Carretti, Berrie, & Weiss, 2017)
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1616tnTEC

H yéAn xapaktnpiletal ano tig akohouBeg 18lotnteg (Al-Emam, Motawea, Caen, &lJanssens, 2021):

a) Eilvaw eUkapmtn pe duvatoTnTA MPOCAPUOYNAG TOU OXNUOTOG TNG O TEPLTAOKEG eMLPAVELEG OMWG OUTEG TWV
ToyoypadLwv OMwG lvol TOPWSELG KaL TIEPLEXOUV UTIOAELLMOTA XPWOTLKWV.

b) Napouotdlel koA otabepdtnta otav edappoletal o KABeTeC {wypadIKEG eMLPAVELEG YLO EKTETAMEVN Tiepiodo
enadng, dotnTa mou elvatl amapaitntn yia pia YyéAn wote va elvol xprolun Kot edpapuoolun oto medio tng
CUVTHPNON ToLXoypadLWV, OTIOU Ta MEPLOGOTEPA VEA EVOANOKTLKA CUOTIUOTA CTEPEWV YEAWV eV £XOUV ETUTUXEL
MEXPL OTLYHAG.

c) 'ExeL koAf ouykpdtnon uypwv, pla amapaitntn SLOTNTA TOU amolteital oe uépn Omou xapaktnpilovtal amd

auénuévn Bepuokpacio kot oAU yapunAd enineda oxeTIKr uypaaciag.

ENOTHTA 3.4: Z0von— Zuumnepdaopata

Je auTo To KedpdaAalo €ylve pia kataypadr) TG AELTOUPYLOG KoL TOU pOAOU Tou eTiuteAoUv ot dopeig ot nebddoug
adaipeong aldtwy, Twv SUo Bactkwv opadwv dopEwv, KABWE Kat Twv MPoioVTIwY cUVOECHG TOUG.

SUMIMEPOOUATLKA, YIVETAL KATAvontdg, o mMpwtelwv pOAo¢ mou Katéxouv ol dopeig¢ otnv adaipeon Twv aAdtwv, oL
ormoiol 6ev cuPBAGAOUY pOVO HeTODOPLKA, OTIWG SNAWVEL ETUMOAOYLKA TO OVOUA TOUG, OANG KOl AELTOUPYLKA, KATL TTOU
Toug Kablotd amapaitnToug otn dnuloupyia evog cuotnuatog adaipsong aldtwyv. H cuppetoxi tou ¢dopéa oe €va
cuoTnua Kplvetal avaykaia, kaBwg urtofonba kat BeAtiwvel tn Stahutikn §pdon tou vepol.

Qaivetal wg oL yEAEG e§UTNPETOUV TIEPLOCOTEPO TN Asltoupyia Twv avildpaotnpiwy, yeyovog mou odeiletal otnv
eAeyxOuevn ameleuBépwon Kol Tov TEPLOPLOUO TG LYPNG Paong otnv empavela. AvtBETwe, ol ToAtol mpoodEpouv
LS avikoTEPEG cuVOnKeg aneleuBEépwaong kal Steloduong, WOTE va UIMOPEL va Elval TO veEPO AELTOUPYLKO EVAVTLO OTA AAOTA.
Jadwe, auto Sev amotelel kAmolo kavova, oANG pia SLamiotwon amno tn cUyKpLon Twv LeLotNTwV ameAeuBépwang Kal

dlatnpnong thg uypng daong, LeTafl Twv SU0o eLdwv GopEwy.

KEDAAAIO 4: AvtiSpactr)pla cUOTHUATWYV KaBapLlopou

Madl pe Ta MNKTLKA HECQ KAl TO VEPO, OTIOU avaAuBOnkav oTo mponyoUpevo kKedaAalo, Ta avidpaaotrpla cuvBETouy Ta
Baolkd LALKA Twv cuoTnUATwy adaipeons oAdTwy. Ta avILdPACTPLA XPNOLLOTIOLOUVTAL TIPOKELUEVOU va adatpeBouv
SuobLdiuta dAuta, Tou o KOVo Tou To vePO Ba SuakoAeloviav va adalpeoel.

210 apeABdv, oL cuVTNPNTEG XpNnoLpomoloUoav we el To Aslotov oav avtdpaotrpla kabaplopol pia peydin maAéta
dUCIKWY Kal KOWWV KaBnuepwwyv UMKWY, OTwE Ta PBloloylkd uypa(cdAlo, XoAn, akopa kot oUpa), Ta PBpwolua
ocuotatka(kpaoi, okopdo, Pwpl Kat kautd AddL), Tn otayTn Kal Ta {wikd camouvia. Kamola amoé autd ta UALKQ, TIpaypatt
TiepLEXOUV eMLPAVELOS PAOTLKEG OUGLEG, EvIUa Kal XNALKA péoa, Ta omola ival mapopoLa e Ta clyxpova aviibpactipla
TIOU XPNOLUOTIOOUVTOL OTIC OnUeEPLVEG e€ellypéveg kaBoploTiké ocuvBéoelg. (Baglioni, Poggi, Chelazzi, &Baglioni,
2021)(Romao, Alarcdo, &Viana, 1990) Qotdoo, ta UAKA KaBapLopoU TIou oXeSLACTNKAV CUYKEKPLUEVO YLOL TN oUVTAPNON
TWV TooypadLwy avamtuxdnkav kot pwtosdappootnkay ot dekaetieg tou 1970-1990, eotidlovrag otn CUVSUOOTLKA
6paon Tou vepoU Kol OpLOHEVWY avTtldpaotnpiwv wote va kotadépouv va StaAUoouv kal vo adalpécouv

anoteAeopatika ta ahata. (Hackney, 2013)
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To avtidpacTtrpLa TToU XpnoLpomololvTal otnv adaipeon Twv aAdTwy and TG Tolyoypadieg avrikouv o SU0 eupUTEPEC
Katnyopieg: toug tovtoevaAAdkteg kol ta XnAtkad avuspaotipia. (Wolbers, kat ouv., 2004) (Baglioni, Chelazzi, & Giorgi,
2015). Ito kedpdhalo mou akoAouBel, mapouotdlovraol ta Baclkd AvILOpAOTAPLA TIOU CUUUETEXOUV otn Sladikacia
adaipeong ahdtwy and tolyoypadieg KAl 0 HNXAVIOHOG Asttoupylag toug. TEAoG, yivetal pia olvodn 6cov adopd To

ouvluaouo aAUTWY TWV avTLO paoTnplwy MPOg CXNUATIONO oUSTNHATWY adaipeon aAdTwv.

ENOTHTA 4.1: lovtikol eVAAAAKTEG

Ewcaywyn

H tovtikn avtaAhayn elvol pia avtaAAayr oviwv petagy dUo nAektpoAutwv. OAn n Stadikacia tovtoavtaAAayng
ocuvoiletal ota akOAouBa otadLa Kat mepLlypadeTal avaluTika otnv €ik. 3.2.1 (Zagorodni, 2007) :

Eloaywyn Twv LovtoevaAakTwy o€ £va dpopéa

Edapuoyn Tou cuoTHUATOG TNV ToLoypadia

ALdyuon Twv LOVTWV avtoAhayng LEGW Tou vepoUL amd To dopéa atnv Tolyoypadia

1

2

3

4. AldAuon Twv aAdtwy e toloypadiag and to vepod

5.  AvtoMaynf Twv LOVTWY ToU eVAAAAKTN PE OUTA TwV OAGTWY TNE Totyoypadiag
6

Metadopd Twv VEwV TPoiovIwy Tiow oto popéa

SOLUTION

Dissotiation Dillusion

of complaxas in solution
90— =
&)

Complex Diftusion

farmation in solution
0P <& @ ==}

Eik. 4.1.1: NepiAndn tng Stadikaciog LovioavtaAlayrg

(Zagorodni, 2007)

OL lovtikol evaAAAkTeg eival GUOLKEG 1| OUVOETIKEC ouoieg, oL omoleg oe udatikd SlaAlpata elval Lkaveg va
avtaAAagouv Lovta péoa otn doun Toug Pe LooSUVaNEG TOoOTNTEG dopTiou AAAwWY LOVIWY. MmopoUV va elval KATLOVILKOL,
avtaAldooovtag BeTikd poptiopéva Lovra(katiovra), aviovtikol, avtaAddcoovtag apvntikd ¢doptiopéva ovta(aviovta)
N kat emopdotepilovieg, mMoOU UMOpPOUV va OVIAAAACCGOUV Tautdxpova Katwdvta kot aviovta pall. (Berlucchi,
GinnaniCorradini, Bonomi, Bemporad, &Tisato, 2000) Erniong ta&lvopouvral gite wg aduvapol i Loxupol, Bacel tng Loxvog

Twv Oflvwv 1 PBactkwv opddwv mou UTAPXoUV oTnV ToAUMEPLKA aAucida. (Guidetti&Uminski, 2000)(Fiorentino,
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Marabelli, Matteini, &Moles, 1982) MnopoUv va epudavioTolv e TIOMEG HopdEG: dupot, apylhot, pntiveg kat {wvtavol
opyaviopol. (Zagorodni, 2007) (Fiorentino, Marabelli, Matteini, & Moles, 1982)

H Soun toug ¢tidxvetal amd pia PATPA OTNV Omolo OTAOEPEC LOVILKEG OUASEC, Ot LooppoTia ME €va aviiBeta
doptiopévo LoV, elval opolomoAkd cuvbebepéves. To avtiBeto LoV eival To avtolagipo pépog. (Fiorentino, Marabelli,
Matteini, &Moles, 1982) Qotd00, n TAUTOXPOVN €VOAAQyr KOTWOVTIWV KAl QVIOVTWV MIMOPel va  €KTEAEOTEL
OTOTEAECUOTLKOTEPA O HElyHATA amod pNTiveg eVAAAAKTWY QVLOVTWY KAl KOTLOVIWY, I Vo TIEPACEL To SLAAUMO PHéoa amo
TIOAAG SLadopeTLKA UALKA LOVTLKA G avtolaync. (Moran, 2018)

OL ovtikol evaAAAKTEG UITOpoUV va €lval Pn eTAEKTIKOL } va €X0UV SECHEUTIKEG TIPOTLUOELG YLOL OPLOMEVA LOVTA I
TAEeLG LOVTWY, Bact{opevol oTtnV XNk Toug Sopn. Auto pmopel va Baoclotel oto péyebog Twv LOVTWY Toug, To doptio
Toug, N tn Soun Toug. TUTIKA TopadelypaTa WOVTWY TTOU UmopoUV va SECUEUTOUV O€ LOVTLKOUG EVAAAAKTEG gival:

e H* (mpwtdvio) katOH™ (LS poeibio)

* MovooBevn 1ovta, onwg Na*, K*, and ClI~

¢ AloBevi L6vta, onwg Ca?* and Mg?*

¢ MoAvoBev avopyava tovta, 6mwe SO42~ and PO43"

* Opyavikeég BAoelg, ouvnBwE LOPLA TTOU TIEPLEXOUV TNV OULVOAELTOUPYLKN opdda —NR2H+

o Opyavika 0€€a, cUXVA LOPLA TIOU TIEPLEXOUV AELTOUPYLKEG opadeg —COO- (kapPBoEuAikd ofu)

* BlOMOPLO TTIOU UMOPOUV VA LOVLOTOUV, OTIWG TA ApLVOEEQ, TA TIEMTLOLA, Ol TPWTEIVEG, K.a.

Ol £bopUOYEC TWV LOVTOEVOAOKTWY TIOU TiEpLypddovtal 0To mapov kedbdahato, adopouv tnv adaipeon Oeukwyv aAdtwy

Kol e16LkoTEpa Tou YUou. MapoX’autd n 6An mpooéyylon eivat SOKLUN Kat yia GAAa Ghata.

AvOpakika alata

To 1o TaALd Kot KOovwe XPnoLpomoloUpeva avtldpaotrplo os peBodoug adaipeong aAdtwy, avKouv oTnV OLKOYEVELQL
Twv avBpakikwyv aAdtwy Kal elbikotepa ta SittavBpakika 1 StocavBpakikad 1 oflva avBpakikd GAata Tou vatpiou Kat
ToU appwviou, 6flvo avBpakikd vatplo (NaHCOs) kat 6€vo avBpakiko appwvio (NHsHCOs). Autd ta Suo dlata €xouv
Mopdr] KPUOTOAALKAG OKOVNG KAl WIOPOUV va A€Ltoupynoouv o€ OAouG Toug dopeig ocuotnuatwy yla peBodoug
adaipeong aldtwy, eite o MOATO UG €lTe O€ YEAEG.

Ol TPOKUTITOUCEG AVTLOPACELS, AMOSELKVUOUV QUTOV TO LOVIOAVTOAAQKTLKO TOUG XOPaKTpa, KaBwe yivetal eloaywyn
€VOG¢ GAaTOG Tpo¢ efaywyn €vOG GAAOU. ZUVETIWG, N TpocBnkn OSvwv avBpakikwv oAdTwy eival pia Aettoupyia mou

Baciletal otnv LovroavtaAayr] mpo¢ adaipeon Twv emMBUUNTWY OAGTWV.

Nat* O- OH NH, O- OH
\ / YU\ /
C C
Il Il
O O

Etk. 4.1.2: H poptakr doun tou 6€lvou avBpakikol vatpiou(oaplotepd) Kat 6€lvou avBpakikol appwviou(de€Ld)

(https://commons.wikimedia.org/)

Ta 6€va avBpakikd aAata £0uV XpnolpomolnBel katd KOpov oe emLPAVELEG TIOU Ttapouatalouy eEavOnoelc aAdTwy Kat

eldkotepa yupou, Baotlopeva kKupiwg otn Spdon tou 6§lvou avBpakikou Lovtog. Omou n endavela mapouotalet Beukd
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dhata, ¢oaivetal Ot to Oelkd QOBECTIO UETOTPEMETAL WOTE VA OXNMUOATIOEL OEUKO OMUUWVIO HE TO OXNUATLOHO

vSatodlaAuTtwy MPOoToVIWY, OTWG daivetatl oTnv akoAoudn avtidpoon:

2NH4HCO;3 + CaS0O4 > (NH4)2SO4 + CaCOs3 + H,0 + CO»

3TN OUVEXELA TO OEVO avOPAKLKO QUUWVLIO Eavaavildpd LE To avBpaklkd acBEoTio Mou mapdystal cUudwva LE TV

akOAouOn avtidpaon:

2NH4HCO3 + CaCO3 - Ca(HCO3)2 + (NH4)2CO3

‘EtoL, To avOpakikd acBéotio petatpénetal oe 0§vo avBpakikd acPféotio, to omoio eivar 100 popég mio StoAutd oto
vepoO. EmumAéov to avBpakikd appwvio((NH4)2COs) amoouvtiBetal apéowg oe NHs, CO, kat H,0, €tol mou oxnuatilel
MLKPEG GUCAALSEG, OL OTIOLEG GTN CUVEXELA EUVOOUV TNV UNXAVLKI almdomacn Twv aAatoevanoBécewv amno tnv entdavela.

AvtioTtolxa, To 6€Lvo0 avBpaKLKO VATPLO avTISpd Le To Belko dAag Tou yUPou To oTolo peTatpEnmeTal Beuko vatplo:

2NaHCO3 + CaS0O4 - NaS04 + CaCOs3 + H,0 + CO;

Ouoliwg, to 6&vo avBpakikod vatplo avaavtidpd Pe to avOpakikd acBEotio cUpdwva pe TV akoloudn avtibpaon:

2NaHCOs3 + CaCO3; - Na,CO; + Ca(HCOs),

Eniong oeg aut tnv aviibpacn, To avOpaklkd aoBECTIO UETATPEMETAL 0 OELvO avOpaKkiko acBéotio, aAAd To O&vo
avOpakLko vatplo sival o eruBAaBEg ano to 6€lvo avBpakikd acBEatio. To mapayopevo Na,COs ival éva oAl SLoAuTo
aAag, aAAd oe autn TNV mepimtwon 6ev amoouvtiBetal kal mMapapével otnv emidpdvela: Ba mpénel va adalpebel pe
moAarAd EemAbpata. (Fabbri, 2012)(Mora, Mora, &Philippot, 1984)

H mpooBnkn twv 6flvwv avBpakikwv aAdtwv cov avildpaotipla ota cucthpata Kabaplopol mpog adaipeon Twv
oAdtwv Asttoupyel, omwe daiveral kot amd TG avilbpACELS, LE TOV UNXOVIOMO avTalayng LOVTwV. Mo CUYKEKPLUEVA,
autn n ovrtoavtaAlayn cupBaivel oe 600 otadia:

1. Ewaywyn tou 6€wvou avBpaxikol ovioviog (HCOs™) mpog avtallayrf tou Bewkol avidvtog (SOs27)kat dnuoupyia
avBpakikou aviovtog (CaCOs)

2. AvtaMayn tou 6€vou avBpakikol aviovtog (HCOs™) pe to avBpakikd aviov (COs?7) kot petatpornt tou o€ 6€wvo
avOpaKLKO LoV XauNAGTEPNG SLAAUTOTNTOG

3. Adaipeon tou mpoiovtog xapunAotepng dtalutotntag [Ca(HCOs),].

OuGCLAOTIKA, HECW TNG aVTAAAQYNG EMLTPEMETAL 0TaA O&val avOpaKLkd GAata Tou el0dyovTtal, va HetatpéPouv Ta dAata

™¢ Toxoypadiag oe mo SLaAUTA GAaTa, WOTE va UmopEcouv va adatpeBolv eukoAoTepa.

Pntivec avraAAayn¢ toviwv

Ot pntiveg Lovtoavtolayng elval pio katnyopia cUVOETIKWY, AdLAAUTWY OPYAVIKWY TIOAUUEPWY TIOU TIEPLEXOUV BETIKA
N apvntkd ¢optiopéva onpeia émou UmopolV va MPoceAkUoouv éva avtiBeta ¢optiopévo WV and pia évwaon mou
€pyovtaL oe enadr. Ou pntiveg doukd amotedolvral amd €va CUUMOAUUEPEG oTupeviou - SBuviAoBevioliou. OL

OUVOETIKEG pNTiveg Lovtovavtalayr g mwAouvtat o popdn odatptkwyv KOKkwv(100-400 mesh).
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Elk. 4.1.2: lovtoavtaAhaktiky Spdch pnivwv Ewk. 4.1.3: Tutukn popdr pntvwv

Ma v adaipeon yoPou amo Tig toxoypadieg XpNOLUOTIOLOUVTAL AVIOVILKEG pNTVEC. AdalpoUV eMIAEKTLKA TO BELLkO WOV
areAeuBepwvovtag Lovta udpofelbiou. Me autd Tov TpOTo, dev emnpedlovrol Ta Ovta acBeotiov tou avBpakikol
oaoBeotiou tou Koviduatog. Ot pntivec tovtoavraAlayrg Sev adrivouv BAaBepd umoAsippora Kat oudeteponololv to pH.
(Berlucchi, Corradini, Bonomi, Bemporad, &Tisato, 2000)H xnuwkr avtidpaon mou AapBdavel xwpa yLo tnv adaipson tou

yUou eival n akdéAoubn:

2R* -OH™ + CaS04 = R*,-50,*" + Ca(OH);

2= avtkaBiotatol and to uSpofudikd LoV (OH™) tng pntivng kat oxnuatiletar Ca(OH),. e Ssltepn

To Beukd L6vSOq4
avtidpaon to Ca(OH), avtibpd pe 1o CO; Tng atpoodatpag, oxnuatifovrag avBpakikd acBéotio (CaCOs), clpdwva pe

Vv akoAoubn avtidpaon:

Ca(OH), + CO; - CaCOs + H,0

Méoa omd emovolapPBavOpeVeEG £DOPUOYEC AVIOVTIIKWY pNTVWY, To Beukd aoBéotio (CaSO.) adoalpeital amd tnv

toyoypadia, péow LovroavtaAlayng o avBpakikd acBEotio (CaCOs), o€ éva Babog yupw ota 70-100 pum.

XapaKtnploTika pntivawv tovtoavtaAAayng

ATIO XNMIKAG OKOTILAG, UTIAPXOUV OPLOMEVA XOPOKTNPLOTIKA OTIOU OL CUVINPNTEG Ba MPETEL VA TIPOGEXOUV KOTA TNV

gmAoyn (Lag pntivng tovtikng evalhayng (Smith, 2009):

e Je yaunAég ouykevipwoelg (vdatika StaAUpata) Kot Guololoylkeég Beppokpacieg, to €0po¢ TG avtaAlayrg
avéavetal pe avénon tou aBévouc tou avtahacoopevou Wvtog(Na* < Ca*2 < Al*3 < Th*4) .

e Je yaunAég ouykevtpwoelg (udatikd Stallporta), pucololoyilkéG Beppokpacieg kal otabepod cBévog, to pEyeDOG
avtolayng auédavetal pe avénon Tou atouLkol aptBuol tou avtolaocodpevou ovtog (Li < Na < K< Rb < Cs < Mg <
Ca < Sr < Ba).

e Je uPnAEC CUYKEVIPWOELG, oL SLadopEG OTLG AVTOANAKTLKES <«OUVATOTNTES) TWV LOVIWY SLtadopetikol oBévoug (Na*
£vavtt Ca*?) LELWVOVTAL KOL OE KATTOLEG TIEPLITTWOELG, TO LOV XonAdTEpOU 00évoug €xel TG UPNASTEPN AVTOMAKTIKA
«duvatotntar.

e Je unléc Bepuokpaacieg, oe pn udatikd péoa, N oe UPNAEG CUYKEVTPWOELG, OL AVTOANOKTLKEG <«SUVATOTNTEGY TWV
LOVTWY TtapopoLou aBévoug ev auédavovtal Pe avénon tou atopkol aptBpol alAd eival OAD TAPOUOLEG ) akOua

KOl PELWVOVTAL.
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OL OXETIKEG QVTOAAQKTIKEG <«SUVATOTNTEGYY TMOAAWV LOVIWV UIopel va mpooeyyilovial and Toug CUVTEAECTEG TNG
EVEPYOTNTAG TOUG — 0600 UPNAOTEPOG Elval 0 ouvteAeaT G evepyotntag (activity coefficient), toco peyaAutepn elvat
N AVTOAAGKTLKY <SuvaToTnTAY).

H avtaAAaktiky «duvatdtntoyy tou uSpoydvou Kkal ta Lovta uSpofuliou ToLkiAouv apketd e tn duon NG
Aettoupylkng opadag kot Baciletal otnv WXL Tou of€og N TG BAaong mou oxnuotiletal pHetofl TG AELTOUPYLKAG
opadag kat eite tou LSpofuAlou | Tou LOvToC udpoyovou. Oco Loxupotepo eival €va ofU n uia Pacn, tOcO
XapnAotepn eival n avtalakTikr SuvatotTa.

To opyavikd tovta udPnAol poptakol BApou¢ Kal cUVOETIKA METAAMKAE QVIOVTIKA cUWMAoKO Tapouctdlouv
aouvnBlota uPnAEG avTaAAAKTLKEG SUVATOTNTEC.

KaBwg elval xapnAog o Babuog otauvpoouvdeong (degree of cross-linking) petafld Twv MOAUHEPIKWY aAUCiOwV
(6iktuo) N n otaBepn LOVTLKA CUYKEVTPWON €VOG UALKOU LovtoavtaAAayng, n otabepd Looppomiag TnG aviaAAayng
npooeyyileL v povada. (Kunin, 1985)

‘0Oco xapnAotepog eival o Babudg Siktvou/otaupocuvdeong (degree of reticulation), Tdco YnAdtepo elval to
mopwdeg Tou MoAupepoUG. (Giovagnoli, Meucci, & Tabasso Laurenzi, 1982)

To davopevo kOoKLVOU eival £va Gawvopevo Omou peydAa avtiBeta tovta §ev umopouv va elcéNBouv oe otevoulc
TOPOUC TIUKVWY, UPNAAG SlacuvdeSepévwy UALKWY Katd tn ¢aon avtoAayng, evw HIKPOTEpO avtiBeta ovta ival
eAelBepa va GTACOUV TLG AELTOUPYLKEG OUadeC. Auto 0bnyel og apyolg puBpoug Slayuong. (Zagorodni, 2007)

ITIG TIEPLOOCOTEPEG TIEPUTTWOEL;, O PUBUOC avTaAAaynG OTL PNTIVEG AUEAVETAL ME HELWON TOU CWHATLOLOKOU

peyéBoug kat augnon tng Oeppokpaciag. (Kunin, 1985)

MAgovekTnuara pntivwy tovtoavrtaAayng

Ao tv BLBAoypadia, pmopolv va e€axBolv Kamola CUUIEPAOUATO 000V 0pOopPA TA TTAEOVEKTLOTA TTOU Eival KOWVWG

mapotnpPRoLpa otig pntiveg tovtoavtolayric (Giovagnoli, Meucci, & Tabasso Laurenzi, 1982) (Smith, 2009):

Méyilotn arnodotikdtnta ovtoavralayng/adaipeong.

Kavéva UAlkd &ev xavetal and tnv dla tnv avtidpaon. Mpokettal yia pia avaotpéPiun Stadikaoia kal o LOVTKOG
EVOAAKTNG Mmopel va  avayevvnBel kat va emavaypnolonotnBel yepilovrag pe emBupunta wovra oétav apatwbet
amno TG amonAUCELG.

OL pntiveg ival oXeTIKA N TOELKEG Kal eTiKiVOUVEG eTuTpEmovTag TV eUKoAn Slayxeiplon kat petadopd Toug.

H 8pdon toug neplopiletal otnv enipavela oe Babog péxpt mepimou 70-100 um, xwpig va SLetcdUouv 0To TIOPWEEC,
anodelyovtag £10L TNV aAAnAenidpaon pe ta auBevtikd VAKA. Emopévwg, n avtidpaon avtalayng Aappavel xwpa
otn Sterudavela petafl tou eVaAAAKTN Kol Tou {wypadlkol OTPWHATOG.

XapunAo kootog, edLkotepa Yo epapuoyEG peyaAutepng KALpakag(pia vpnAdtepn avaloyia adpavwv mpdobetwy

OTLG PNTLVEG Hmopel va elvat WhEALUN).

Melovektiuata pntivwy tovroavraAiayng

ATIO TNV AAAN, UTTAPXEL EVOC apLlOUOC INTNUATWY TIoU cuvoSeVeL Tov KABOPLOUO e LovtoavTallayn:

OuL pnrtiveg dpouv povo otnv emidadavela pe tnv omoia Ppiokovral ce emodr, OMOTE O KATOOTACEL( OTMOU
edapuolovral mpo¢ adaipeon uPnAd CUYKEVIPWHEVWY OUCLWV ONw ta StaAutd dAato, (owg Xpelactolv

TIOANQIAEG £DAPUOYEC WOTE VA SLELGSUOOUV OPKETA HETA OTOV TO(XO.
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H avtidpaon lovtoavtaAhayng eivalr apyn, n pEBodo¢ amattel xpovo emoadng, Katd tov omnoio xpelaletal va

TIAPOUEVEL UYPN UE EMAVOAAUPBAVOLEVEG EQOUPHOYEG.

e  To avtoAoKTLKO avtiBeto WV xpeldletal va emuAexOel MPOOEKTLKA yLa VoL almoTpEYEL TN Snuoupyia avemtBuuntwy
UTIOTIPOTIOVTWY, OTIWE OTPWHATO OVOPAKLKWY aAATWV ) LoXUpo Beuko ogu.

e Ol TEPLOCOTEPES €K TWV PNTVWV XpeLalovtal mpoetolpacia(ouvnBwg Stappoxn) thg entdavelag Kot EEMAUUAL.

e O pntivec umopoUlv ypryopa va KATaoToUV avVamOTEAECUATLKEG KoL UTOPOoUV va eival TTOAD 6&veg | aAKOALKES yLa

svaiodntec {wypadikég MLPAVELEC.

(Giovagnoli, Meucci, & Tabasso Laurenzi, 1982) (Smith, 2009)

lovtikoi evaAAdaktec LDH ko ZrP

Ta televtala xpovia n €peuveg opadag cuvinpntwy oto medio Tng adaipeong aAdtwv odnyndnkav otnv avamtuén kat
edapuoyrn ocluyxpovwyv UALKwY ta omola Bacilovtal otnv LovILk avtallayrn Kol €ouv SOKLUACTEL TOCO £pyacTnpLaKd,
000 Kal oto nedio. Qaivetal va €(0UV LKOVOTIOLNTIKO amMOTEAECUA, TO OTolo peAloviika Ba amoteAéoel pia Baon yla
TEPALTEPW aVATTTUEN YUPW Ao AUTA TN VEAX OUASa UALKWV.

JUYKEKPLUEVA, €xouV TipoTaBbel Ta moAuoTpwuaTtika SumAd udpoteidla(LDH) kat to dwaodopikd alag {pkoviou (ZrP) yla
tnv adaipeon yuPou amd yAUTITA Kal Totyoypadieg, HEow avialayng Twy avioviwy Beukwy aAdTwy Kal TwV KATIOVTWV
aoBeotiou tautdxpova. (Tonnesen & Karlsen, 2002) (Sikorski, Mo, Skjak-Braek, & Stokke, 2007) (Rives, 2001) (Miyata,
1983) (Costantino, Costantino, Elisei, Latterini, & Nocchetti, 2013) (Costantino, Leroux, Nocchetti, & Mousty, 2013) (Pica,
Donnadio, & Casciola, 2012) (Boccalon, Nocchetti, Pica, Romani, & Casciola, 2017)

H Bocallon k.a. to 2017, pe ebapuoyn o€ Tolxo apxalou pvnueiouv mou mapouciale e€avOnoelg yuou, mpotewvay Eva
cuotnua avtoAayng wWvtwv omotelolevo omd €va TMOAUCTPWHATIKG OMAG udpoeiblo(LDH) mou 6pa ocav
LovToevaAAAKTNG, avtaAdooovtag Ta Lovta xAwpiou tg ouvBeor tou (MgAICI) pe ta Beuka Wvta tou yuou. Itnv iSla
ouvBeon elonxOnke emiong, éva MOAUCTPWUOTIKO dwadoplkd dlag tou {pkoviou (ZrP)oe StdAupa xAwplouxou vatpiou,
wote va 6pAcel emiong oav KATLOVIoeVAAAKTNG, avtoAdoovtog Lovta acfeotiou amd to yuo pe ovta vatpiou tng
ouvBeong tou (ZrPNaH). Ot eval\dkteg elonxBnoav os dpopa mdotag Wote va SLleUKOAUVOEL 0 XELplopog N edbapuoyn
TOUG MAVW oTNV eMLdAVEL.

H épeuva anédelfe 6L ta LDH avtiSpolv svkola pe to yuPo péow te Cl7/S042™ avtiSpaong avtodloyric Bonbwvtag
otn Stdhuon tou. EmutAgoy, n xprion Tou ZrP, eniong euvoel TV avtidpaon péow TNG CUANNYNG LOVTWY aoBeoTiou XwpPLg
NV oAk ameAeuBEPWON TOUG, QKOMO KOl OTAV N TACTA OTEYVWOeL MANPwG. H kowr 8pdcn twv SU0 LOVIKWY
EVOANOKTWY TIOLPAYEL TIPAYHUATL L0 OKO O TIEPLOCOTEPO AMOTEAECUATLKA avTidpachn OTIoU To AoBECTLO KAl TO BeUKO GAag
£€XOUV EMITUXWC avTlKataoTtabel amod wvta xAwplou Kal vatplou mou mepléxovral ota dUo cuvdualopeva UMKA().
ErumAéov, to xAwplouxo vatplo (NaCl) kat o evéexopevog deutepelov yUog MOV TTPOEPXOVTAL QO TNV aviioTpodn
avtidpaon 6ev ocuviotolv TPOPBAnUa avermBuuntng evamobeong dAlatog yloti moapapévouv eykAwPlopéva péca oto

dopéa naotag.

MAgovektnuara Kot pelovektiuara xprions LDHs ko ZrPs

To moAvoTpwpatikd SutAd udpoteidia(LDH) kat To dwodoplkd dAag {Lpkoviou (ZrP) elval amoTEAECUATIKA UALKA XAPLG
v udPnAn toug ovroavtolaktiky tkavotnta (IEC 4 kat 6.5 meqg™ yia MgAl LDH kau ZrP, avtiotolya), l8ikotepa o€
oUYKPLON HE KOTLOVTIKECG dpythoug(0.8-1.5 meqg™). Akoua, n mopouacia tou ZrP og cuvbuaopd pe ta LDH eival emiong

BonBntikn OxL povo yla v avgnon the dStoAutdtntog Tou yuPou, aAd Kal yLa TNV amotpornh ansAeuBépwaong Beukwv
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LOVTwyY ard to LDHkatd to otéyvwpo. Eva amnd ta mio onUavTLKA ITAEOVEKTAUATO TWV OUOTAUATWY LovrtoevaAlaktwy LDH
KaL ZrP adopd tnv taxutnta tng Stadikaciag, 6mou n epapuoyn dtapkel ard Alyo Aemtd €wg Alyeg wpeg, Baot{dpevn otn
Beppokpaocia katl TNV eEwTtepLKn vypacia. Eva aAAo mpotépnpa mou Ba MpEMeL va ToVLoTEL elval n amouoia To§LKOTNTAG
ME TNV €hdxlotn mepBOAOVTLKN emimtwon, oAA Kal To XoUNAd KOOTOG TWV EUMAEKOMEVWVY UALKwV. TENOG, TO
ONUOVTLKOTEPO TIAEOVEKTNHUA Elval TO HELWHUEVO plOKO ELOXWPNONG TWV EVOAOKTIWY OTO E0WTEPLKO, OTOU N
gruAektikOTNTA §pdong tng ndotag LDH/ZrPNaH mpog to yuo mopd otov aoBEoTitn Tou aubevilkoU KOVIAHOTOC KAVEL
aUTO To cUOTNUA aodalég 6oov adopd TNV amoTPOT AAOIWONG TWV AUBEVILKWY UALKWV.

‘Ocov adopd ta adlvaua onueia TOU CUGTHUOTOC, TO TTAXOG TOU CTPWHATOC TIPO¢ KaBaplopd sival Eva oXETLKO I T
Tou TPEMEL va AndBel umoPn: PéXPL oty ot LEBodoL TToU EUMAEKOUV TOUC OUYKEKPLUEVOUG EVOANAKTEG dalveTal va
glval ormoteAeoUATIKEC VLol TIOAU AEMTEG evaTTODEoELG AAATWY, UTTOSELKVUOVTAG OTL TIEPALTEPW SOKLUEG Elval amapaitnTeg
yla va mopaxBel éva clotnua mou va pmopsl va sival kat@\nho yla tv adaipeon Mo emigovwy Kol otafspwv
KpouoTwy, amodelyovtag TG MOAAMAEG ebappoyeC. (Boccalon, Nocchetti, Pica, Romani, &Casciola, 2017) (Boccalon,
Nocchetti, Pica, Romani, & Casciola,2019) (Guidetti & Uminski, 2000) (Bergaya, Theng, & Lagaly, 2006) (Theng, 1974)
(Ashurst, 1994)

ENOTHTA 4.2: XnAkd avtidpaotrpla

Ewcaywyn

Ta xnAlkd avudpaotipla €lval OpyavikeG oucleg oL OTIOLEG CUMMAEKOUV 1] QMOMUOVWVOUV UETAAALKA Lovia. O 6pog
«XNALKO» TtpoEpxeTaL amd tnv eAANVLKA AEn xnAn(Saykava) kat avadEépetal otig Saykaves Tou actakoU. Elval pia taén
XNHULKWV OUCLWV TIoU Yapoktnpilovtal amod tnv Katoxfi 600 TOUAGXLOTOV AELTOUPYIKWY OMASWY, LKAVWY va
oAMNAemdpouv pe £va PLETOAALKO LOV yLa va oxnuaticouv pia Soun daktuAiou mou ovopdletat xnAtkdg SaktUALoG.

OL XNHLKEG OUGLEG TTOU TIPOKUTITOUV amod TV avtibpacn evog xnAtkol avtildpaotnpiou Kot evog HETAALKOU LOVTOG elval
YVWOTEG WG XNALKEC EVWOELC METAAAWY, oL omoleC eival pia umokotnyopla TG MOAU UEYOANG TAENC TWV EVWOEWV

petadAikol cuvtoviopoU f eVWoewv cuvappoyng (metal coordination compounds). (Richey, 1975) (Dwyer&Mellor, 1964)

N~ CH{—CHZ\
y cH,

CH, \-d:‘_ (i.PCHz

Eik. 4.2.1: H Sopn tou xnAtkomotnpuévou PETaAALKOU LOVTOC

(Ryczkowski, 2019)

TG XNALKEG EVWOELG, £Va 0PVNTLKO KEVTPO OTO HOPLO XNALKOTIOINONG CUUITAOKOTIOLEITAL E €va HETOAALKO KOTLOV. AUuTa

Ta KévTpa ta onoia Swpilouv nAektpovia pumopouv va opadomnolnBouv oe U0 peydleg katnyopieg (Burgess, 1991):

a) 'Ofveg eVWOELS: 0 TPWTOG TUTIOC lval 0&€a Ta 0TIl UIMOPOUV VAl XACOUV VO TIPWTOVLO WOTE VoL SNULoUpyrRoouV pia
apvnTikn $option. MeTd autd TO AVIOV CUUITAEKETAL LE TO BETIKA POPTIOUEVO HETOALKO KEVTPO. OMwe n anmwAesLa
TOU TpwToViou elval e€apTwievn amo 1o pH, £toL elvat kat n SuvatoTNTA EVOG CUYKEKPLUEVOU OEEOG VAl AELTOU PYHOEL
w¢ éva amotehecpatikd xnAkd avtudpaotiplo. Tpla moapadeiypata 6Elvwy AELTOUPYLIKWY OUASWY Ta oTtola cuxva

avtidpolv cav PEpn yLa xnAtkomoinon sival ta akéAouba:
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(1) kopBo&uALkod ofl: -COOH->-COO0 -> -COOM
(2) vépofuropada (evoin i dawvoin): -OH-> -0 -> -OM
(3) ocouAdoviko ofy: -SO H->-SO ->-SO M

b) BaolkEC EVWOELG: 0 §EUTEPOG TUTIOG OAS WV OL OTtOlEG UImoPOUV va SwPLooUV NAEKTPOVLA KOL VO GUTTAOKOTIOL)GOUV
o€ £va BeTIKO UETAAALKO KEVTPO €lval BACLKEG EVWOELG. € QUTH TNV TIEPLTITWON, TO OPVNTIKA KEVTPA TIPOEPXOVTAL
and pia dtabéoun opada nAektpoviwy Kot Sev amaltel amwAela VOg MPWTOVIOU 1) TNV APOUCLA EVOG apvNTLKA
doptiopévou KEvTpou. AUTEG oL PaACLkEG OMASEG OVOUALOVTOL CUVTOVIOUEVEG ouddec (co-ordinating groups).
Mapadeiyuora:
(1) xapPBovulopdda: =0:-> =0:M
(2) apivn: H.N:->N:M
(3) ubdpoturopada: H-O: ->H-0:M

Xpron twv xnAtkwv avtibpactnpiwv otnv apaipeon aAATwvY oo ToLXoypPapIes

‘Ocov adopd TG Tooypadieg, n xprion XNAtkwv avtildpaotnpiwyv oToXeVEL OTNV CUMMAOKOTOINGON KATLOVIWY, TTOAU
OUXVA TwV OVTwY acPeotiou amd Beukd, ofalikd i avBpakikd dhata tou acBeotiou. EdLkdTEPN MPOCOX TIPEMEL val
600el wote va amodeuxBbel n SloAutomoinon tou avBpakikol acPectiou, TOU amoteAel AUOEVTIKO UALKO Twv
TooypadLwy, KABwg Kal TwV UETAMWY TIOU amoTEAOUV TIG XPWOTLKEG OTIOU UMOPOoUV va cuprmAokomotnfolv amd to
XNALKO 0TI KATAAANAeG ouvBnkeg pH. Etol, mépa amod v emAoyr] Tou xnAwkoU, o pH gival pia OspeAlwdng mapdpueTpod.

Mpoketpévou va yvwpilovpe av éva xnAko Ba sival amoteAeopotikd ot SLOAUTOMOINON €VOG CUYKEKPLUEVOU AAOTOG,
Ba mpémnetl va Aappavetat utoPn n pKs tou, nAadn o apvntkog AoydplBuoc tou ywvopévou Stahutotntag (Ks). Oco
vPnAdtepn lval n pKs, 16oo 1o cTaBePO Kal EMOUEVWE AlyoTtepo SLOAUTO elval To dlac. ETol, éva xnALko avtildpacthplo
elvat kavo va SlaAutomolioel éva dAag pévo otav o AoydplBupog tng otabepdg oxnuotiopol LogKf tou petaAAikou
oUMmAGKou elvat uPnAdTEpPOG amo tnv pKs tou dlatoc. (Matarrese, 2014)

3TNV ewK. 4.2.2 mopouatdletal n oUykplon LeTafl twv pKs tou Beukol acBeotiou kal avBpakikol acfectiou Kal TOu
LogKf yia ta Ca?* xnAkd mou aroktoUvtal Pe TPRacikd kat tetpafacikd EDTA kal KItplkd ofU. ISUMPWVO HE TIG
EUTIAEKOUEVEG TLUEG, TO KLTPLKO o€V dev pmopel va xnAtkomoloel kavéva amod ta o daAata. To tplpacikd EDTA umopel
va xnALkomolroel To Belkd acBéotio ald oxL to avBpakikd acPéotio. To tetpaPactkd EDTA pmopel va ta xnAlkomolioel
Kal ta 6Uo. (Cremonesi, 2003) Auto umodnAwvel otL, pe Bdaon to pH, mpémel va S00ei e€atpetikn mpoooxr va arodeuyOel
n SaAutomoinon Tou auBeviikoU aoBECTOKOVIAUATOG HECW TNE XNALKOTIOLNGNG Tou Wovtog aoBeotiou. Mo mapddelyua,
otav xpnotlpomnolouvral ta XnAtka ién EDTA, eivan anapaitnto va pnv unepPaivetal n TR tou pH mavw anod 8. lMevika,
yla tnv edpoappoyr oe entpaveleg toxoypaduwy, ta xNAkd aviidpaotipla edpapuolovial o€ OUYKEVTPWOELS 1-5% o€

udatiko StaAupa. (Cremonesi, 2003)

Solubility product Formation constant for Ca“*
PKs Log K
Citric acid 3.15
CaS0O4 4.15 it
CaCO; 8.54 Tribasic EDTA 8.43

Tetrabasic EDTA 11.00

Eik. 4.2.2: OL pKs twv Beukwv aoPeotiwv kat avBpakikwv acBeotiwv kat n LogKfylta ta Ca2*xnAtkd mou Aappdvovtol pe
TPLBOGCLKO Kal TeTpaBooiko EDTA Kat KITPLKO ofU

(Cremonesi, 2003)
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EDTA

MpOKeLTAL yla TO TIO CNUOVTIKO KOL TIOAUXPNOLUOTIOLOUHEVO XNALKO QVTISpOOTNPLO OTOV TOPEX TNG ouvtnpnong. To
EDTA 1 eBulevodiapivotetpaodikd ofl, eivatl éva Aeukd Kpuotahiko otepeo, ehadpd SLaAutd oto vepd(0.50 g/L), mou
QVNKEL OTNV TAEN TWV apvokapBofUALkwy oféwv. Elval éva TETpampwTLkd o0&V TOU TIEPLEXEL TEOTEPLG KapB ofulopnadeg
(-COOH). To EDTA eival évag moAuoSovtwtdg cuvdetng. 2to EDTA, ta dtoua uSpoydvou adalpouvtol €UKOAA OTO
Siadlupa yia va rapaxBei aviovikd EDTA%. Ztnv aviovtikr tou popdr to EDTA €xel £€L cuvbetikd dtopa, SUo dlwta Kat

Téooepa ofuyova, OTIWG amelkoviletal otny ik, 4.2.3.

ﬁ O
) o ] -0
:0=C—CH, _ — — CH,—C~-O1
» EN=CH,—CH,+NJ ee(s)
o e cH =G5
Il o

Eik. 4.2.3: H Soun tou aviovtikoU EDTA kat ta evéexdueva onpeia ouvbeong tou

(Ryczkowski, 2019)

To EDTA cuvbéetal pe €va HETOALKO LOV oTa £€L GUVOETIKA onpeia, TUALyETOL HOVO TOU YUPW OO TO UETAAALKO LOV,
oxnuatilovrog éva oAl otaBepd cupmhoko. (Paolieri, 2017)(Ryczkowski, 2019)

Mropel va oudetepormoleital pe pia Baon, yia mopdadelypa, pe uvdpofeidlo tou vatpiou (NaOH), oxnuatiovrag
vdarodlaAlutd dlata (oe auth tnv Tepimtwon: povo-, 8-, Tpl- A tétpa-vatplio EDTA). H kUpla xpnon twv XnALKWv
avtidpaotnpiwv optvortoAukapBolulikwy oféwv eival otnv mpoAnyn A tnv adoaipson efavBicewv i adldAutwyv
evanoBéoswv mou mepLéyouv Ca, Ba, Fe kat dMa katiovra. (Hart, 2011) (Paolieri, 2017)

To dwatplo EDTA €ival To TIO CUXVA XPNOLUOTIOLOUKEVO OTOV TOMEQ TNG OUVIAPNONG, KOBWE To TETpAVATPLO Eival
Alyotepo SLaAutd oto vepo. To EDTA oxnpatilel moAU otaBepd oktaedplkd cUUTAOKA e OAA Ta HETAAAQ, e SEOpEuon
elte péow Twv 800 TOU ATOPWY USPOYOVOU, ElTE KAl TWV TECCAPWVY KAPPBOLUALKWY QTOHWYV 0EUYOVOU, HOALG
anonpwtoviwdouv. (Campanella, etal., 2007)

To Swvatplo EDTA éxel pH=4.5, evw to TeTpavaTplo €xel pH=11.3. AUTEG OL TLHEG TPETEL TTAvVTA va AapBdvovtat urtoyn oe
oxéon Ue to utootrplypa ou Ba yivel n edappoyr). To BEAtoto pH yia tnv adaipson WOvtwy acBeotiou (Ca*?) sival

YUpw oto 10. (Matarrese, 2014)

Ewk. 4.2.4: H Soun tou St-vatplou EDTA (aplotepd). SUMMAOKO TOU oxnuatiletoal omd eva poplo EDTAKOL €va Koo
pETalo (6&€ia)

(Matarrese, 2014)
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MAgovektnuata xpriong xnAikwyv avtidpaoctnpiwv

Ta xnAika avtibpaotnpla Bpiokouv Wilaitepn Snuoddia oto medio tng ouvinpnong Ttowxoypadlwv. Kamoia
TIAEOVEKTN LOTA TIOU UItopolV va e§axBolv amod tnv UEXPL OAUEPA TIPOoBNKN TOUG oTa cuoThuoTa adaipeong aAdTwy
elval ta katwoL (Burgess, 1991)(Phenix&Burnstock, 2010)(MacLeod, 1987):

e EmAekTIKOTNTA TNG §pAcnG TOUG N omola amouovwyvel Kal adatpel Lovo ta emtbupnta tovra.

e EukoAila g epappoyng Toug oe udatikd Stallora.

e EAayLotomoinon tng toflkotnTag TnG LeBOSoU WwE TPOG TOV cUVTNPENTH KoL To TePLBAAAOV.

Melovektnuata xprong xnAtkwv avtidpaotnpiwv

Qot600, T0 KUplwG pelovékTna Tt edpapuoyic xnAtkwv avtildpaotnpiwv os pia emipdavela €ykeltal otov kivbuvo
PO BOAAC TWV AUBEVTIKWY UAKWY o€ mepimtwaon mou Sev eAeyxOel kat Sev meploplotel n kKaBapLotikr tou Spdon Hovo
ota embupntd otpwpato aAdTwy. Ta XnAlkd avTilpaoThpla UMOPOUV VA CUUITAOKOTOLNoOUV amd tn {wypadlkn
ermudavela ta Ca, Ba, Fe, Mg, Zn twv Xpwotikwv, KaBw¢ kat 1o Ca amd TA KOVIAWOTA TOU UTOCTPWUOTOG Ko

UTIOCTNPLY LOTOG.

KEDAAAIO 5: Suctipata adaipeong aAdTwv

Ewcaywyn

Meilypata amoteAoUpeva amd UALKA, OTIOU TO KABE OUOTOTIKO €XEL CUYKEKPLUEVO OKOTO Spdong, MmopolvV va
Aeltoupyrioouv katl va cuvBéoouv amod Kowou éva clotnua adaipeong oAdtwy. Ta cuotiupata adaipeong aAdtwy
XPNoLUoToloUVTaL, WOTE N cuVSUaOoTIK §pAch TwWV avtldpaotnplwy Toug va Katadépel va Slahloel alata ta omola
elvatl Sucdlaluta pe Tnv amhn edappoyn VEPOU 1 YeVIKWG Hiag edaployng evog Kat LOVou UALKoU.

‘O\a ta avtidpactrpla ou meplypadnkay Umopolv va xpnolpornolnBoulv ite HEPOVWHEVA E(TE KOL CUVOUOOTIKA o€
pelypota padi pe GAAa avtidpaotripla. FEVIKE, TPOTLUATOL N EVvTogn TOUG O KATOL0 HECO SNULOUPYWVTOC LE TO VEPO £val
emOupunTo cvotnua KaOapLoPoU TIPOCAPUOCHEVO OTLG LOLOLTEPOTNTEG Kot T GAata tn¢ Kabe emidavelag.

‘Hon amdé tn bekaetia tou 1970 oL ocuvinpntég kotéAnéav otnv ouvbuacTik &pdcn Twv avilbpaoctnpiwy,
Snuoupywvtag cuothpato Kobaplopol omou Ba ekpetalevovtav To TAEOVEKTAUATO Kol TLG Lolotnteg Stadopwv

UAKwV o€ pia ebappoyn.

Ferroni — Dini

H uébodog ««Ferroni - Dini» amoteAel éva and ta mpwta napadsiypoata cuvéuaotikhig §pdong VALKWY. HTav apketd
SnuodAng HéBodog adaipeong aldTwy Kal TOUTOXPOVNG OTEPEWONG TNG Tolxoypadiag, 6mou amoteholvtav amno Suo
otadLa. ITo mPWTo oTAdLo yotav adaipeon ahdtwv pe epapuoyn mMoAtwy avBpakikoU apwviou, woTe va LETATPATEL O

StaAutog yuog o uPnAd SLaOAUTO Bellkd apuwVLo Kat va aroppodnBei amod tov moAto:
CaS04:2H,0+ (NH4)2CO3 - (NH4)2SO4 + CaCOs3 + 2H,0

310 SeUTepPO 0TASLO, yvotav edappoyr oAtol udatikol Stahupatog udpogeldiou Tou Baplou, Wote va PETATPATIOUV

To umoAsippota Beukwv aAdtwv os adldAluto Beukd Baplo kal va emteuxBel n otepéwon tng tooypadiag pe
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Snuoupyia véou otpwpatog udpofeldiou acBeotiov HEca 6TOUC TOPOUG TOU KOVLAUOTOG amo tThv avtidpacn tou Bapiou

pe to avOpakikd acBéotio (Baglioni, Chelazzi, &Giorgi, 2015):

(NH4)2SO4 + Ba(OH)z - BaSO4 + 2NH3 + ZHzo

Ba(OH), + CaCO; - Ca(OH), + BaCO3

H xprion tou avBpoakikol appwviou propei vo mpokoléoel amotedéopata AsUkavong ealtiag tou oxXnUaTIopoU
Seutepeliovtoc avBpakikol aoPeotiou. EmumAéov, pe autn tn péBodo, axnuatilovrav Oewkd BapLo, éva adltdAuto alog to
omolo, emiong €xeL pia Aeukavtiky enidpacn otnv emnipavela. Ol emUMTWOoeLG otn {wypadlkn emipavela, KABWC Kat N
UeTénelta epudavion Ayotepwv BAofepwv peBodwv odnynoav otnv eykatdAetdn tng puebodou. (Berlucchi, Corradini,

Bonomi, Bemporad, &Tisato, 2000)

AB57

H avdykn gUpeong piag LKavomolnTknig Kot mapdMnia acdarolc ueBodou yla ta adldAuta oTtpwpata aAdTwy,
08Aynos TOUG GUVTNPNTEG TOU IvoTitoUTou Juvtipnong the Pwpng umd tnv nysoia twv Paolo kot Laura Mora, otnv
avantuén evog Uelypatog pe tnv ovopaoia «AB57». Eva pelypa to omolo €xel Swoel KaAd amoteAéopata €ival To

akoAouBo (Mora, Mora, &Philippot, 1984)(Teutonico, 1988):

Nepod 1000ml

‘0O&Lvo avBpaKLKO QUUWVLO 30g

‘0O&Lvo avBpakikd vatplo 50g

Awatplo EDTA 25g (6ev meplthapPavovtav otnv apxlki cuvBeon)
Desogen Loxupotntag 10% 25g (10ml)

KapBo&upuebulokuttapivn 60g

Ev n oxéon petafl tou mooootol Tou vepol Kal ToUu TNKTLkOU UALkoU pmopei va mapapével otabepr, ta GAAa
OUOTATLKA UMOPOUV va TOLKIAOUV O TMOOOTNTA, TPOMOMOLWVIAE TG AVAAOYIEC AUTWYV, avOAOYWG TwV OTALTOEWY
adaipeong twv emBupnTwyv aAdtwv. (Mora, Mora, &Philippot, 1984) Qotd00, TO PElYUO EKTOC QIO TIAOTEG KUTTOPLVLKWV
alBépwv, eival epLkto va eloaxBel kat g MoAtoue. (Teutonico, 1988)

H 6paon twv 800 CUUMETEXOVTWY OSLVWV avBpakikwy aAdtwy, Baciletal otV LOVIOAVTOAAQKTLK TOUG LKOVOTNTO LE
otoxo va petatpéPel o adldhuto SLévudpo Belkd acPéotio(yuog) oe Slahuto 6lvo avBpakikd acBEcTIO WOTE va
adatpebel ano tn lwypadikr emidavela.

To tpito ouotatiko to pelypartog, to EDTA wg xnAko péco, umoBonBa otn StdAucn tou yuou, adalpwvtag To ATopUo
oaoBeotiou. Afilel va onpelwBel, otL Sev elval PEPOC TNC OPXLKAC cUoTAoNG, AAAA LLE TO TIEPOC TWV EMEUPACEWV KOL TV
mapAdAnAn avodo tou avtidpactnpilou OTLG MTPOTLUACELS TWV GUVTNPENTWY, XAPLS TNV LKavoTnTa adaipeonc aAdtwy ano
yAurtd kal toyoypadieg, kablepwOnke Kat £ylve pépog tou peiypartog. (Teutonico, 1988)

To t€tapto ouotatiko, To Desogen, elval pia emipavelodpactiky ouaoia n omoia BeATIWVEL TNV LkavoTnTa Slaf poxng tou
CUOTAMOTOC KOL EMLTUYXAVEL TNV emadr HeTafl autou Kal TNG emidAavelac. AUTO To TEpIMAOKO GAAC TOU TETAPTOTAYOUS
oppwviou €xel SuTAR afla, pelwvovtag tTn ywvia emadnig HeTagl Tou uypoU Kal TNG eMtpAvELOG Kal Spwvtag oav Eva

LOXUPO QMOAUMOVTIKO KATA TWV ULKPOOPYOVIOHWY TIOU TIPOKOAOUV €TLPOAVELAKEG AAAOLWOELG. MPOKTLKA, TO VEPO ival
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£V0IC OPKETA TTOALKOG SLOAUTNG KOL N TIPOUGLOL AUTOU TOU TAOLEVEPYOU UELWVEL TNV mLdaveLlak Tacon, BeATLwvovtag tThv
enacdr) ToU CUCTNHATOC LE TNV ETILHAVELD, KAVOVTOC £TOL EUKOAOTEPN TNV Slelobuon.

Mo tnv emtuyia g edapproyng To cUOTNHUA TIPETEL VA TIOPARELVEL in situ uypo KaB OAn tn SLApkela TG avtidpaong
KATL TO oTolo attloAoyel TNV elcaywyr Tou oto ¢opéa kapPofupebulokuttapivng(CMC). H Sidpkela tnG eméuPacng
efaptatal amd TO TAXOG TOu dopéa KAl N AMOTEAECHATIKOTNTA TnG HeBOSou mpoodiopiletal pe tn Olefaywyn
SOKLUAOTIKWY eMePPACEWY O SLAPOPETIKEG TEPLOXEG TNG Tolxoypadiag. (Fabbri, 2012)(Mora, Mora, &Philippot,
1984)(Campanella, etal., 2007)

Zuotiuara avIpaKikwyv auUw VLWV

Mia pelétn to 2005 otn AtoupmAidva(KaBedpikdg Ayiou NikoAdou) g AoBeviag, adopd TNV avamtuén cuaTnUATWY
yta tn petoatpory yoyou (CaS0O4-2H,0) oe avBpakikd acBéotio(CaCOs) kal v adaipeon Tou oTPWHATOC Kalelvng amod
™ lwypadikn emipavela. Ano tn HeAETn mpoékuPe OTL To avOpakikd appwvio((NH4)2C0s) kat to SittavOpakikd
OUpwWVIO(NH4HCO3) Atav ta kaAUtepa avTlSpaoTrpLa, Kal OTL 0 TIOATOG KUTTOPIVNG Kal €va Pelypa autol HE apyLMKO
TOATO Snpolpynoav toug KoAUTEPOUG dopeic pe KA TpookOAAnon otnv emidavela tou toiyou. Kabe éva amod ta
avtidpaaothpla npootiBovtav e £vav amoppodnth TPV bapUOoTEL 0TNV emidAvELd TTAVW amd LamMwVIKO xapti. Ot
xpovol enadr¢ Bacilovtayv oto PaBog Tou PeTaTpenopevou Belolyou aoBeotiou, SLopKWVTAS EITE SEKATIEVTE UE TPLAVTA
Aemtd €wg kot pia pe Vo wpeg. Metd tnv adaipeon tou moAtol, n emibavela Tou Toixou kabapiotnke pe €va uypo

odouyyadpl. (Ropret & Bukovec, 2006)

Jvotnuara apaipeons aAdtwyv Ue pntives tovroavraAayng

Tpelg SLadopeTikég opadeg ouvtnenTtwy cupnepléAaPfav SOKLUEG UE QVIOVTIKEG pNTiveg LovtoavToAayng oth ¢aon
kaBapLopou Tolxoypadlwyv otn BaAétta tng MaAtag (Former Jesuit’s College), otn Ziéva (Capella Sacro Chiodo) kat otnv
MavtoPa (Scrovegni Chapel) tng ItoAiag. O otdoxog Atav va cuAAndBoulv kal va adaipebolv Beukd dlata amd Tig
Ttolyoypadieg, xpnolpuomolwvtag tn pntivn avtalhaynig avidvtwv Akeogel tng Syremont. H pntivn avouixbnke pe
OmooTayUEVO VEPO Kal £lonxOn oe mMoAtd kuttapivng. TomoBetnOnke éva mMPootateutikd GUAAO LOTTWVLKOU XOpPTLoU
HETaEL TOU XapTomoAToU Kat tne emidavelag tng tooypadiag, edpapuolovrog tn HéBodo yia mepimou 20 Aemtd. Mpwv tnv
edappoyn, n avaluon pe SEM €6ei€e 6t to Belo evromiotnke og Suo Selypoata og Babog¢ +100 um Kat £25 um. MeTd TIg
ebapuoyég, n avaluon €delfe amdAutn adaipeon tou Oesiou. (Borelli, Marabelli, &Santopadre, 2009)(HilliMicallef,
2005)(Milanesi, Cresti, Baldi, Vignani, Ciampolini, &Faleri, 2006)

Svotnuara apaipeons aAdtwv ue LDHs ko ZrPs

H Boccalon et al. (2019), eddpuoce pia pEBoSo adaipeong efavOroewv Oeukwv aAdtwv amd dokiya
vwrioypadlwv(fresco),mou Baciletal ot LkavotnTeG LovtoavtaAlayng Twv LDH kat ZrP. Iuykekpluéva, ol EVOAAGKTEG
Slaomapbnkav oe £va ¢dopéa TOAUMEPLKOU UElyHATOC, OMOTEAOUUEVO amd OAYWIKO VATPLO(SA), moAuBuvihkn
oAkoOAN(PVA) kot vepd, mpokelpévou va AndBei éva clotnua adaipeong aldtwv(LDH kat ZrP, PVA,SA) to omoio
adatpeitol eUkoAa and TNV enMtpAveLo Kat SLatnPEL TLG LBLOTNTEC TWV CUCTATIKWY. To OAYLVLKO VATPLO avapixOnke pe toug
LOVTLKOUG evaAAdkTeg Snpoupywvtag eva diktuo, mou otav Stahvetal o yuocg Bonda otnv adaipeon Tou cUCTAUATOS
oo TNV enupavela, evw to PVA §pa cav HECO SLAOTIOPAG TWV AVTIAANOKTWY O0TO aAyLVLKO vatplo. Av 00l mpoooyn otLg

SoooMoyieg, TOTE 0 L8aVLKOG ouvduaouog SAkal ZrP dev Ba BAael To clotnua, aAld avtlBétwg Ba odnyroel oe €va
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OUVEPYATIKO UNXAVIOUO otov omoio 0 ZrPNaH (mou éAketal meplocoTtepo He to aoBéotio amd to SA)Ba cuAAdBel ta
Lovta Belkol aoBeotiou kat Oa emPBpaduvel Tn Siktuwon, SnAadn o oxnpatiopd Gy, tou SA. Auti n eruBpaduvon
oényet otn Slalutomoinon meplocotepou yuPou kat umofonBeitat amd tn cUANYnN Beukwv LOviwv amo to LDH.
H dnuoupyla Siktiou amod To SA, cuvteAel TEALKWG, OTO OXNUATIOMO PIAU TTou UTopel eUkoAa va adatpeital xwplig va

adnvel umoAeippata otnv erudavela. (Boccalon, Nocchetti, Pica, Romani, &Casciola, 2019)

KEDAANAIO 6: A§LoAOynon OOTEAEGUATIKOTNTAC Kol Kpttipla A0y S VALKWV Kot LEBOSwWV

3Ta mponyoupeva kebpahata £yLve pia mapouciaon Twv UALKWY TIOU XPNOLUoTIoloUvTaL otV adaipeon aAdTwy amo TLg
toyoypadieg. Emumpoobeta, avadEpBnKe TO MWEG QUTA TA UALKA HUITOPOUV VO AELTOUPYCOUV CUVEPYATLKA TIPOG
Snuoupyla cuotnpatwy kKabaplopou. To medio elval ouvexws eEEALOCOEVD, OTIOTE KOL OL OVOTTTUEELS VEWV UALKWV
dopéwv kal avtdpaotnpiwv mMAnBaivouv, Snuioupywvtag mapdMnAa, cuvexouevn avaykn ylo avaBaduion twv nén
umopxovtwy. OL SLab€atpeg emAOYEG yLa TNV KABE Tieplittwon lval apKeTES yLa éva cuvtnpnTy.

TNV evotnTa mou akoAouBel yivetal pia meplypadr Twv TpoTwy aloAdynong tng amoteAecpatikotnTag piag pebodou.

3TN ouvéxela avaAvovtal Ta Baotkd KkpttripLa emAoynic UALKwY Kot peBddwv adaipeong ahdtwv amod Tov cuvtnpnth.

ENOTHTA 6.1: Tpomol afloAdynong anoteAECUATIKOTNTAG LEBOS WV

H afloAoynon twv pebddwv elval amapaitntn yla va SLAmLOTWOEL 0 CUVINPENTAG TNV AMOTEAECUATLKOTNTA TOUG. Méow
NG afLoAdynoNG UMopEL va MPOCEYYLOTEL N TOCOTNTA AAATWY Tou €xel adatpebel amd pia Tolyoypadia kal va KpLBel n
avaykalotnta emavaAnyng tng edpappoyns. H afloAdynon tng amoteAecpatikoTnTOg Hiag peBodou otnv adaipeon
oAdtwv amd pla empavela towxoypadiag ylvetal Le OpLOMEVOUG TPOTOUG, €lte €Aéyxovtag TO UALKO OTo omoio

edbapuootnke n uEBodog, eite eAéyyovtog to cuotnua kabapLopol TIou XpnoLpomoliOnke.

Ontikny nmaparipnon

H omtikn mapatripnon elvalt o mo omAdg kal eUKOAOG TPOTOG wote va aflohoynBel n adaipeon aAdtwv oe pia
Tooypadia. Mvetal pe cuykpltikn e€€tacn tng dladopdg mou MPOKUTITEL E TNV TIEPLOXNA TNG Tolxoypadlag mou Sev €xel
yivel akopa emépPaocn. Av o BaBuoc tou kabaplopol Sev elval apketog wote n Stadopd va elvatl ebkola Stakpurn,
Umopel va yivel cUykplon pe to dwtoypadikd UALKO Tng Ldlag meploxng mpo tng eméupaonc. H afloAdynon LECW OTITLKAG
mapatAPNonG £XeL e€QLPETLKA onUoolo YLOTL €lval o ovasLkog TPOToG afloAdynong evog Beatr, OTOU UE TG EAAXLOTEG
YVWOELC TTou SLABETEL yla T GAOTA CUYKPLTLKA PE €va ouvtnpnth, umopel va Stakpivel pia tkavomowntikn adaipeon
oAdTWY, OTWG avtiotolya Kat pio emépBacn otnv omola Sev mapouoLaletal otk Stadopd.

JUVEMWCE N OTTTLKY TTAPATAPNON ELVOL O TTPWTAPXLKOG TPOTIOG afloAdynong piag pueBodou, kaBwe epocovV UTIAPXEL OTTTLKN
Sladopd, umapxel olyoupa amoteAeopatikotnTta otV adaipeon oAdtwv. OL umoAoumol tpomol afloAdynong eivat
akOAouBol TG omTLKNC mapatipnong, edooov unapyel N&n otk dtadopad, kabwe afloAoyoUlv TNV MOooTLK adaipecn

OAATWV.

EAegyyoc aywyuotntag

0 €Aeyx0¢ TNG aywyLuotnTag lvat akopa pia anin péBodog afloAdynong anoteAeopatikotntag adaipeons aldtwy Kol
ylvetal pe tn Xprion TOU QYWYLUOMETPOU, €VOC OPYAVOU METPNONG TNG NAEKTPLKNAG QywyLUOTNTOG. H NnAEKTpLKN

QyWyLLOTNTA SLAAUMOTOG ELVOL PLo LABNUATLKA EKPPach TNG LKAVOTNTAG EVOC USATIKOU SLOAUUATOC VA AyEL TO NAEKTPLKO
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pelpa. e éva vdatikd SLGAupa, N aywylLotnTa ival avaloyn NG GUYKEVTPWONG TwV SLAAUUEVWY OAGTWY OTO UYPO.

‘EtoL Aoumov, 660 uPnAoTepn €lval N CUYKEVIPWON TwV aAATwV TOCo HeyaAltepn elval n aywylpotnto. H apxni tou

TPoTOoU afloAdynong, Baoiletal otov €Aeyxo TG SladopAg TLLWV AyWYLHOTNTAS TOU VEPOU EKMAUGCNG EVOG dopEa 1 TOu

16Lou tou dopéa. H xprion tou opydvou ival armAn kal Sev amattel kamola e€€L6IKEVEVN yvwon.

H Stadikaoia afloAoynong pe aywylpdpetpo cuvodiletal ota akolouba Bripota:

1. To aywyLuouetpo TonmoBeteital 0to KaBapo vepd EkmAuong f kabapd dopéa, mpLv Eekvoel N MPWwTn edapuoyn Kot
AapBavetal otiypaia n apyikn TR aywyLLotnTag.

2. Metd tnv npwtn £dapUoyr HUETPATOL N OYWYLHOTNTA Tou dopéa I Tou ekmAUpatog. Av n Stadopd HeTalU TNG
OPXLKAC TLUAG OYWYLHLOTNTOC KA TNG TLUAC TNG MPWTNG epapuoyng elvat peydAn n edappoyn emavalappBavetal.

3. Tivetal emavaAnyn epapuoywy Kat HETPHOEWY £wG 6Tou oTabeponotnBei N aywyLloTNTA 0TO EKMAUMA R avTioToLya
UELWOEL N aywylpotnTa otov Gopea TNV TLUA TNG APXLKAC, OTOU Kol autd umoSNAWVEL TN KN Umapén mepstaipw
ahatog yla adaipson pe avtn tn uébodo.

H péBobdog amaiteital edpdoov €xeL MopouclaoTel NON OMTKO amotéAeopa, SnAadn adaipeon oAdtwv amd TV

erudaveLla kol xpetaletal emavainn g pebodou mpog adaipeon aAdTwyY Ao TO ECWTEPLKO.

EA£gyx06 UE AVAAUTIKEG TEXVIKES

TENOG, UTTAPXOUV OPKETOL TPOTIOL 0ELOAOYNONG piag LEBOSOU He xpron avaAuTikwy TeEXVIKWV. O €AeyXog yiveTal eite e
e€étaon Twv dopéwv eite pe e€€taon TG dLag NG emdavelag. OL TEXVLKEG TTOU XPNOLUOTIOLOUVTAL TILO CUXVA Elval oL:
SEM-EDX, XRD, XRF, FTIR, NMR, MIR, Raman. (Borelli, Marabelli, &Santopadre, 2009)(HilliMicallef, 2005)(Milanesi, Cresti,
Baldi, Vignani, Ciampolini, &Faleri, 2006) (Boccalon, Nocchetti, Pica, Romani, &Casciola, 2017)(Boccalon, Nocchetti, Pica,
Romani, &Casciola, 2019) (Pel, Sawdy, &Voronina, 2010)

To TAEOVEKTNUA OUTWV TwV UEOSSWVY €yKeltal otnv avaAutikdtnto Tthg mAnpodopiog mou Urmopolv va TpoadEpouy,
ooov adopd ta alata ou eviomiotnkav o pia {wypadikn emidavela n og éva gopea. QoTO00, ELVOL TEXVLKEG OL OTIOLEC
S&ev umopouv va ebappooTtolV apeca in situ anod tov cuvinpnth nedlou, kaBwc kABe pia amattel e€eOIKEUUEVEC YVWOELG
TO00 yLa tn SetypatoAndia, 600 kal yia TN Xprion. OL TEPLOCOTEPEG TEXVIKEG €lval apKeTA XpovoBopeg kal Sev
€€UTNPETOUV TIPOKTLKA €val cuvtnpNnT MeSlou yLa pio oUVOALKR SOUAELG, OTIoU XpeLaletal cuvexelg a§lohoynoelg. Auto
€yKeLtal, OXL MOVO OTO YEYOVOG OTL T Mnxavhuata Bplokovial og epyactrpla Hakpld amd To pvhnpelo(mapott mAéov
UTIAPXOUV Katl dopntd), aAAd Kol YLoTi TIOAAEC TEXVIKEG E€lvOl KATOOTPEMTUKEG amaltwvtag SelypatoAndia yia kdbe

a€loloynaon.
ENOTHTA 6.2: Kpttriipla ertAoyng UALKwV

Mo va avantuxBel éva cvotnua adaipeong aAdtwy, Ba TPEMEL Vo CUYKEVTPWOEL Kal va cuvepyaoTeL Evag apLlOpog
UALKWV. M va elval 60o to duvatov amotedeopatikn pia péBodog, Ba mpémel kaBe UAKO Tou €xeL emAexBel va
CUUETACYEL OE QUTH, va TANPoL opLopéva BaoLka KPLTrpLa, Ta omoia elval ta £EAG:

e AoddAela Kal uyela Tou cuvtnpnT

e AMoiwon tng tooypadiag

e Taxltnta

e Kootog
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AopdAcla kat vyeia Tou ouvtnpnti

H uyela kat n aopalela tou cuvtnpntr odeilel va amotelel Baoikd KPITRPLO €MMAOYAG TWV UALKWVY Kal To HEBOS wv
ouvtApnong. Onmwg mpokumtel amd tn peAétn twv MSDS(BA. mapdptnua oto TéAog), SnAadn twv deAtiwv Sedouévwv
aodaleiag Tou KABe UALKOU, TA UALKA TIOU TOPOUCLACTNKAV OE OQUTH TNV gpyacia 6gv avikouv otV Katnhyopia Twv
emkivéuvwy, kabwg dev xapaxtnpilovral amd WSlaitepn ToEKOTATA KOl MTNTIKOTNTA. TNV EUMOPLKA TOUG Hopdn £Xouv
oXeb0v OAa popdr okoOvNG, EMOUEVWC GUOTAVETOL N XPon HACKAG KAl yavilwy ywo amoduyn g amoppodnong twv
UALKWV auTwV ard To avarveuoTtikd clotnpua kol to 6épua. Mapola autd, to EDTA (xelhikr évwon)xpilel dlaitepng
npocoxn¢ ,kabw¢ sivar BAaBepd otnv mepilmtwon mou €pBel oe emadn pe Ta uATla, KAOwW Kal ya ta dpyova Tou
OVATIVEUOTLKOU OUCTNUATOG OE TEPLTTTWON ELOTIVONG.

H edappoyn twv VMKWV autwv emiong ev pmopel va BewpnBel Wiaitepa emikivéuvn, kabwg yivetal pe omAd Kot
Xelpokivnta péoa (mvélo, omdtouAa, AaBida, omoyyog KATL). MapoAa autd, n UNXaviki avadeucn UEYAANG MOoOTNTOG
UALKWV 1 OKOMUN KOl N UNXAViK €pappoyr TOATWY ToU, av Kol omavia, avadpépstal otn BipAloypadia, umopel va
€YKUHOVEL KIvdUVOUG yla TNV acdAAELA TOU XPNOTN. Z€ QUTEC TLG MEPUTTWOELG Ba pémel va AapBdvovtat Ta KatdAAnAa
METpa aodaleiag, OMWE N Xpnon KPAVOUG Kol TIPOCTOTEUTIKWY YUOALWY, N LOVWON TwV EKTEDELUEVWY KOAWSIWY Kot

nipl{wv Kal TEAOG N yVwon mapoxng mpwtwv Bonbelwv amd Toug MAPEUPLOKOUEVOUG.

AAAoiwon tne toyoypapiag

‘Eva Baoiko kpLtrplo mou TpENeL va mAnpol pla pébodog, elval n eAdyLotn duvartr entmwon g ebapuoyng otnv dla
v towoypadia. To mMpwto mpaypa mou Ba mpémnel va eeTaoctel ival n kataotaon dlatipnong tng emidpavelog. e
tolyoypadie¢ mou umapxel 6pdcn OoAGTwv, UTIAPXEL HeYAAn TBavOTNTA QMOAEMICEWY, KOVIOPTOTIOLNOEWY K
arnokoAnoewv tne lwypadikng emdavelag. Ot popeic mou Ba emAexBolv Ba mpémel va £xouv 10 KataMnlo Ewdeg pe
TIEPLOPLOMEVN LYPN ateAEUBEPWON, WOTE VA LNV POKAAEGOUV TiBavr anWAsLa TUNHATWY TS {wypadLkn emtdpAveLag.
AkoOpa, gival onupavtikd va adatpolvtal evioiol Xwpic¢ va adrivouv UMOAELPUATA, OTIOU O QUTA Thv Meplimwon éva
evOeXOUEVO EETMTAUMA TOUC LowG amobelyBel KATAOTPODIKO YL TO XPWHATIKA OTPWHOTA.

ErutAéov, Ba mpénel va efetaotel n evaloBnoia Twv auBevtikwyv UALKWY TNG Tolxoypadiag o€ oxEon LE T UALKA TOU
oUOTHMOTOG (VEPD, LOVTOEVAAAAKTEG, XNALKA). Ol XPWOTLKEG KAL TO CUVSETLKA UALKA TOUG UMOPEL va pnv embExovrat
enadn pe vypaoia, eMopéVwE Ba mpénel va puBuLoTel n aneAeuBépwaon NG uypng daong amod to dopéa, KABWS KAl o
Xpovog tng edpapuoync. Akdpa, Ba mpemnel va efetaotel kat o PBabuog emidpaong twv aviilbpaotnpiwy, TG00 otnv
eMLPAVELN, 000 KAl OTO UTIOOTpWHA, KabBwg Slatpéxetal o kivbuvog va xnAwkomolnBolv ta otolxeia (Ca, Mg, Fe)
OPLOUEVWV XPWOTLKWY KAl 0 A0BECTITNG TOU KOVIAUATOG, i avtiotolya va AdBouv Pépog o avtidpaaon tovtoavtallayng
L€ KATIOLOV LOVTOEVOANGKTH.

T£Nog, katd tnv emdoyn twv VAkwy, Ba mpénel va AndBouv umodn ta svdexopueva véa mpoBAfuato mou Uropsi
umoklvnBoulv amd tv edapuoyn plag pebodou. O péBobdol mou Pacilovtal otnv apxfi the Siaxuong, aAAd kot
VEVLKOTEPQ oL hOpEelG pe AlyoTepO EAeyXOUEVN aMEAELBEPWON TOU CUOTHUATOC, ELCAYOUV OPKETH TTOCOTNTA VEPOU O€ €va
TOlX0, WOTE va EYKULOVEL 0 KIvBUuVoG HLag eveXOUEVNG avadLlavoung aAdTwY OTO ECWTEPLKO KOl EMAVOKPUOTAAAWGCKC
TOUG UE TO MEPAG TwV enepPacewy. EmumAéov, n dLapkng mapouasia vepol oto cUVOAO TOU £pyou, UMOpPEL v 08NyHoEL o€
avamtuén BloAoylkwy mapayoviwy. EKTog Twy pebodwv mou mpoavadEpBnkay, ot yEAEG ayap Adyw TG BLOAOYLKAG TOUG
TMPoEAEUONC, MG Katl AOYyw TwV LELOTATWY TOUG UIMopoUV €MIONG Vo amoTeAEcouV attia BlompooBolr ¢ otnv emipavela.
Mo va dtotnpnBel Opwg éva uypo yla HeYGAo Xpovikd Sldotnuo ot €va Ttoixo, Ba Tpémel va elval euvoouv ol

TiepLBAANOVTLKEC 0€ oUVOUAOUO PE TIC XWPOTAELKEG(MPOTavVATOALOUOC, XWPOG) cuvlnKeg piag tolxoypadiag. Emopévwg,
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0 ouvtnpntAc Ba mpénel va e€etdoel 6To cUVOAO pia Tolxoypadia, wote av KpBEel emttaktiky avdaykn va otpodei oe Ao

dopéa 1) va TPOTIOTIOLROEL TLG LBLOTNTEG ameAeuBEpwon g kat Slatipnong tng uypng ¢aong tou Rén UTAPXoVIOoG,.

Tayutnta

H taxutnta ¢ uebddou eival éva akopa KPLTAPLO TIoU 0 cuvtnpenTG Ba mpémel va Adfel uoPn wote va Snuloupyroet
£vo cUOTNUA UALKWVY KaL yla va urtoAoyLoTel Ba mpénel va e€etaotel o empuépouc xpdvog Twv otadiwv epapuoync:
1. Mapaokeun
Edappoyn
Avtibpaon

S

Adaipeon

E€apxn¢ mpokuTttel EekdOapn Stadopormoinon oto xpovo tou ctadiou g aviidpaong, KaBwg OTwE XL KATAOTEL CadEQ
anod to 2° kepalato, ot péBodol mou PBaocilovrat otn apxr tng SLAXUONG Elvol APKETA TLO apyol O€ OXEON QUTEG TIOU
Bacifovral otnv apyn tng opllovriag petadopac.

MNMopaoKEVACTIKA, OL TTOATOL €lval YypnyopOTEPOL, AMALTWVTOG Uia amA avadeuon TwV CUCTATIKWY, CUYKPLTLKA LE TOV
oUVOETO Kal XPovoBOpo TPOMO TAPACKEUNG TwV YEAWV, TOU OPwG HE KATt@AAnAn amoBrkeuon eival
ETIOVOYPNOLUOTIOLAGCLLEG YLa PeydAo Staotnpa.

H ebappoyn twv mMoATwv yivetal os PHeyaAn €ktoon Tou toixou pe ameuBeiag ebapuoyn dAou tou UALKOU, OTIOTE O
Xpovoc edapUoyn¢ sival oxedov ioog e To xpovo adaipeonc. AvtiBETwe, N epappoyn Twv yeAwv eiblotal va yivetal og
ULKpA THAUATa, OTou n edappoyn okolouBsital amd emi tomou adaipsor, mMpwtol yivel n emMOPEVN. SUVENWE, OTA
otadla mapaockeung-epappoyng-adaipeons, daivetal va umapxel pia xpovikn g§Looppomnon avaueca ota dUo €ibn
dopcwv. Efaipeon OpwG amoteAoUV oL yEAEG ayap, KaBwc n Turmikn pebBodoloyia epappoyrc Toug o€ cuvAPTNCN UE TNV
QTOULTOULEVN TPOTIOTIOLNON TIOU TIPETIEL VA UTIOCTOUV WOTE VA lval epapUOoLUEG o€ pia Tolxoypadla, emnpedlel Xpovika
™ uéBodo oto auvolo TNG.

H taxUtnta avtidpaong Tou cuoTAUATOC lval To TLo GUYKPLoLo oTAdLlo wote va e€axBouv acdaAn CUUIEPATUATA KAl
ekel Ba mpEmel va €oTldoEl 0 ouvinpNTNC. Mmopel 0 XPOVOG MOPACKEUNG Kol £dapUoyng va eival cadnig yla Tig
nieplocdtepeg PeBOSoug, OUWE 0 XpOvog avtidpaong eivat SladopeTikdg yla TNV KAOe mepimtwaon, ennpealovtag £ToL T

oUVOALKA TayUtnta tng Stadikaciag Kol Tov eUpUTEPO OXESLOGUO.

Kootog

To teheutaio kpLtpLo emAoyng adopd To KOOTOG, TO OTOLO EMNPEATETAL KL LETABAAETAL QMO OPKETOUG TIAPAYOVTEG.
ApXLKA, O OUVTNPNTAG TPETEL VA €EETACEL TO MEHMOVWHEVO KOOTOG, SnAadr TNV T ayopdg Tou KABe UALKOU Tou
CUOTHMOTOC, WOTE va TIPOKUEL £VA TIPOCEYYLOTLKO KOOTOAOYLO TWV CUVOAKWY UALKWV.
3TN ouvéxela, akolouBel o €Aeyxog TNG SLABECIMOTNTAG TWV UAIKWY OTNV EyXWPLA ayopd, WOTE VA UTIOAOYLOTOUV Ta
petadopikd £€oda. e meplrtwon pn SlaBeolpdtntag otnv EANGSa, Ba Tpémel va UTIOAOYLOTEL TO KOOTOC TWV
peTadoplkwy Kol va £EeTOOTEL TO OLKOVOULKO CUUPEPOV ayopag Omod To £EWTEPLKO WOTE va yivel avalAtnon véog
UEBOBOU 1 AVTLKATAOTACNG OPLOUEVWY UALKWV.

ErurAéov, evbexopevn peiwon tou kootoloylou TPOKUTTEL, OTav N ayopd OAwV TwV MPOIOVIWV yivetal and éva
£PYOOTAOLO TtApOyWYNG i sloaywyng, kabwg efaleidovtal ta moAamAd petadopikd £6oda kat n mubavr) avénon tou
KooToAoylou amo éva katdoTnua - pecalovra.

TENOG, TO TMPAYUATLIKO KOOTOG piog HeBOSou sival To Aettoupykd kK6otog, dnAadn 1o moco Ba kootioel pia pEBodog

WOoTe va AeLtoupynoel amoteAeopatikd. Mia péBobog umopel va égel MOAU ¢Bnva UALKA, OAAG OL QIALTOUMEVEG
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TooOTNTEG Kat emavoAfPEeL va TNV KAvouv akplBotepn amd pia pébodo n omoia Ba €xel mMOAU akplBd UALKG oAAG Ba

amaltel Alyeg epappoyEC Kol ULKPEG TOOOTNTEC.

KEDAAAIO 7: 20voyn — Entiloyocg

H ouvexng avaykn ywo ouvluaopO OTOTEAECUOTIKOTNTAG Kal taxUtntag otg pebodoug adaipeong aldtwvy,
TIPOKELUEVOU va HELwBEL MapdAAnAa, To KOOTOG Kal N TMEPBAAAOVTLKN EMIMTWON, AMOOXOAEL TNV €pEUva WG TPOG TV
BeAtiwon Twv MopadocLakwy TEYVIKWY KoL WE TIPOG TNV AVATTUEN TILO AMOTEAECUOTIKWY CUOTNUATWY adaipeons aAdTwy
padl, Baollopeveg o véa UALKA.

3TNV ouvtipnon kat e8kotepa oto nmedio Tng adaipeong aldtwy, mavta umnpxav dnuodiheic pébodol 1 UALKA Ttou
TAYLWVOVTOV avd Ta CUVEPYELD N TIC OXOAEG cuVTAPNONG, ayvowvtag MOANEG GOpEG TN CUUBATOTNTA OPLOUEVWV EvavTL
NG EKACTOTE MEPIMTWONG IOV EMPETE VA OVTLUETWILOTEL. EMOpEVWG, £vag akoua oTOX0g TG mapouoag HEAETNG, ATAV N
arnocadnvion ¢ xprnong kal edappoyng tou KaBe LALKOU Kal KABe cuotnuatog yLo Kabe mepintwon épyou-¢dBopdc,
OTIOU CUVETAYETAL WE TV cUVEXNG avaBewpnor) Tou KaBevdg we pUn KaBoAkd ebopUOCLUO KaL ETLTUXNUEVO. AsV UTIAPYXEL
pla povadiki kat Wbavikn pébodoc yia adaipeon aldTwy KoL TTPOKTIKA ToTE Sev Ba pmopéoel va emiteuxOel amolutn
adaipeon aldtwv and €va okivnto £€pyo OMw¢ n Tolxoypadia. EmMopévwg, mpayuatt elval mo akplBEg va avadpEpoups
QUTEG TLG EMEPPACELG WG «HELWONY aAdTtwy art’ ot «adaipeonyy. Qot0c0, 6cov adopd TayLEG, adLAAUTEG KPOUOTEG, N
MepLk adaipeon OAATWY UMOPEL VA AMOSUVAUWOEL Ta AAATa WOTE va eEunnpetnBel otn ouvéxela oAkn adaipeon pe
MNXOVLIKO TPOTO. AeSopévou OTL oL WEKPL ONUEPA TPOTOL 0fLoAOYNnonG odnyoUv o€ MOVO Mial MEPLKN KOL OXETLKA
erudavelakn amoydn yla tv adaipeon Twv aAdtwv Kat KabBwg dev pmopel va e€acdaALOTEL N N ELOXWPNCN UYPOGCLOG UE
TO TEPAC TWV EPYACLWY, N MOKPOTIPOBECHN QMOTEAECUATIKOTNTA TOUG OTMWG elval ¢uoLkO, meplopiletal. JUVENWC,
avefApTNTa OMO TNV OMOTEAEOUOTIKOTNTA adalpeECNG TOU ETMLTUYXAVETOL OUECWE UETA amd pia edbapuoyn, uia
tooypadia Ba mpénel va mapakolouBeital kot va afloAoyeltal N KATAoTAGH TG OTO MEPOCA TOU XPOVOU Kal av KpLBel
avaykaio va emavaAndBel n emépPaocn, mpocappoouévn umep piag avaBabulopévng mpoogyylong. (Pel, Sawdy, &
Voronina, 2010)

Elval onpavtiko emiong va TovioTel, Twg OAa T UALKA Kat oL péBodol Sev Asttoupyo v QUTOUATA, AITAQ LLE ELOAYWYI OF
éva popea. OAeg oL TexVIKEG Mou avadépBnkav o€ auth Tnv gpyacia, Bacilovtal o peydlo MooooTto otnv avtiAnyn kat
TG H€ELOTNTEG TOU CUVTNPNTH VO CUYKEVTPWOEL €VA GUVOAO UALKWY, WOTE Vo avartuEel Kal va ebpappooel pio nébodo
OTOXEUMEVN KOL TIPOCOPHOCUEVN OTLG QMOALTOELG TNG EKACTOTE emidpavelas. Mova Toug Ta UALKA kat ol péBodol, Sev Ba
UmopEéoouv TOTE va Aettoupynoouv wdEALLa og éva €pyo. KaBe UALKO €xel To Sk Tou medio Spdong Kal T SLKEG Tou
18LOTNTEG avapeleng, Omou Xwplg TNV KATAAANAn Slayxelplon Tou amod Tov ouvinpnty 8ev UMOPECEL VO KOTAOTEL
AeltoupyLkd 0To péyloto Babud Twv SuvatotTwy Tou.

ErumAéov, SlamiotwOnke mwe oplopéva CUCTAATA KOTA TNV avtidpacn Toug Le ta alata, dnuoupyolv avermBuunta
npotlovta, T.X. avOpakikd acBéotio (CaCOs), ta omoio eival mo SucbldAluta omd Tta GAOTA TOU EMLXELPOUCOV Va
StalUoouv. Qotdoo, ta mpoidvta autd mbavov va mapdyovtal HEca oTo GOPEA KAl EMOUEVWS QTOUAKPUVOVTOL LE
adaipeon tou. Enlong, paAov cuykpatolvtal MoAU xaAopd MAVW otnV eMLGAVELD, WOTE OTN CUVEXELA va adatpouvtal
L€ OXETLKI EUKOALQL.

Méoa amo tnv cuyypadn auTnC TG gpyaciag, MpoEkuav Kal KAOLo CUMMEPATUATA 0ooV adopd TLG OVAYKEC TIOU
Snuoupyolvral yia epattépw PLpAoypadikr épeuva oto nedio tng adaipeong addtwv and tolxoypadies. To poviélo
™G TafvOUNOoNG KOL KOTNYOPlOTIoiNoNnG Twv UMKwVY TIou eTUAEXOnKke, davépwoe thv emBupia yla TEPLOCOTEPEG

OUYKPLOELG HETAEY TWV UAMKWV. EVW UTIAPYEL OPKETH EPEUVA UEUOVWHUEVWY TIPOIOVTWV I UlaG CUYKEKPLUEVNG opadag (TT.y.
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KUTTAPLVLKECG (VEG), uTtapyel daveph amouoia otn oclyKplon HeTal mpolovTwy Lolag katnyoplog (m.x. xaptomoAtol évavtl
OpPYLALKWV TIOATWVY, pNTiveg LovtoavtaAlayng €vavtl XnAkwv avtidpaotnpiwy, KAt). Méoa amd autég TLG OUYKPIOoELG
QUTALTOUVTOL KOL TIOCOTLKA OMOTEAECUOTA, WOTE VA ELvVaL PUE VOUUEPA KOTOVONTEG KAl SLOKPLTEC oL Sladopeg HETAEL TwV
Sladopwv UVALkwY (TLY. puBuds ameheuBépwong tTng kapPofupebulokuttapivng €vavtl Tou xaptomoAtol). Evw, ta
XQAPOKTNPLOTIKA TIOU EMNPEATOUV TIG LOLOTNTEG €LvOL YVWOTA, O CUVTINPENTNAG XPELALETOL TEPLOCOTEPA TIOLOTLKA Kol
TIOOOTLKA §€S0UEVA, WOTE VA EXEL TNV TIANPN EMOTITELN KO KATOVONGN TWV SLAOECLUWY UALKWVY TNG OyopAS, TIPOKELUEVOU
VO QVaITUCOEL TILO AMOTEAECHATIKA CUCTH AT,

EmumAéov, w¢ ouvdptnon tng mapamdvw €AAewpnG, TPOKUMTEL N akdpa peyaAltepn €Mewpn oe £€peuveg Ue
olokAnpwpéva cuotiuata adaipeon oAdtwv, OGO UAAAOV cuykpioewv Petofl peBOSWV. MéxpL OTLYUAC UTTAPYXEL
noootnta BipAoypadiag pe Sokipeg avtldpaotnpiwv Kat Gopéwv PeEPOVWHEVA XWPIG va eEAYETAL KATIOO GUYKPLTLKO
OMOTEAEOUO HETOEY TNC CUVSUOOTIKAG-OUVEPYOTLKNG TOUG §pdong. AKOpA Kol PETAEY TwV Tapadoolokwy uebodwv, dev
UTIAPXOUV EPEUVEC TIOU VO EEAYOUV CUYKPLTLKA amoteAéopata, anAd oL S1adopEG Toug Elval YVWOTEG (T EUTIELPLKA, ELTE
MEOW TNG LEAETNG TWV OMOTEAECUATWY TNG ETULUEPOUG SPAONG TWV GUUHETEXOVIWY UALKWV.

To oUvolo Twv epeuvwy, €L8LKA TA TeAeuTaid Xpovia, adopd AMOTEAECUATO £PYOCTNPLAKWY EPEUVWV OE SOKLULAL
Jiyoupa, To epyactiplo amoteAel TNV €vapén, aAAd o XwWPoG SpAcNG TOU CUVINPNTH €lvOlL TO TPAYHATIKO £pyo Kol
Kplvetal avaykalo va yvwpllel av oL £€peUveG UALKWY Kol HeBOdwv Tou SLle€dyovtal OE EpyO0CTNPLOKEG CUVONKEG, €XOUV
mipayuatikn edappoyn in situ. MaAaldtepa, NTAV CUXVO TO0 GOLVOUEVO, ELSIKOTEPA QMO TIAVETIOTNULOKEG OUASEG, oL
Snuoolevoelg epeuvwyv Tou adopolcoav oAOKANPWTLKA Tn cuvirpnon piag toyoypadlog, divovrtag £tol £va cUvolo
TAnpodopLWV TOU Elval TPAKTIKA XPrOLUO yla €va cuvtnpnth, 6oov adopd Ta UALKE, Tn cupmepldopd TOug, TNV
nepinmtwon otnv omnoia spappdotnkav Kol TO GNUAVTIKOTEPO, TO PEOALOTIKA amoteAéopata. H dmoln tou ypddovta
glval mwg yla kaBe epyaoctnplakr €peuva evdg UALKOU N pog oAokAnpng puebddou, Ba mpénel va akolouBeital amod
edapUoyr OTO MPAYUATLKO Tedio koL og auBeviikd UALKA. Otav autn n epsuva adopd Kat clyKplon HETaEy neBodwv
in situ, T0Te Oa €xeL emteuXBel O OUOLAOTIKOG TNG OTOXOG O OTOLOG Elval va TPOodEPEL TIPAKTLIKY yvwon Kot Alon
o€ éva ouvtnpnTh.

H teAwkn amotipnon, elval ot yla v ekmAnpwon twv avwtépw PiBAloypadikwy avaykwv oto mebio, amarteital
TEPALTEPW EUTTAOKA TWV (SLWV TWV CUVTNPENTWY OTOV EPEUVNTLKO Topéd. OL ouVINPENTEG, WE TO YVWOTLKO Teblo Kal Thv
eumnelpla mou StaBétouv, Ba mpénel va emBupolV HeyaAUTEPN CUUUETO)XT], TOGO OTOV TOUEN TNG AVATTTUENG VEWV UALKWY,
000 Kal OTNV €peuva Kol oUYKPLoN TWV UAMKWV Kat ueBddwv oto mpaypatikd medio. H evepyotepn CUUUETOXA TWV
ouvTNPENTA Twv teblov otov Touéa ¢ €peuvag, Ba yedbupwaoel To XAoUO HETOED TOU MAACUOTLKOU KAl TOU PEAALOTLKOU
O0TOXOU KOl AMOTEAECUATOG EVOC UALKOU, XWwpIig pUOLKA QUTH N GUHPETOXN va eUrtodilel i va emlokLAlel TNV LBLOTNTA TOU

gpeuvnth otnv 6An dladikaoia.
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NAPAPTHMA

Kuttapuwvikég iveg — Safety Data Sheet

Revised adition: 17.04. 2014 Varsion: 4 Printed:  11.06 2014

1. Identification of the Substance/Mixture and of the Company/Undertaking Wanr anli-congxined Mmopiroly AIIachine s,

11 Product identifier Further infarmation:

Fire class: A {ordinary combustibles).

Praduct Name: Arbocel® BC 200

6. Accidential Release Measures
Article No.: 59755

61 Personal ions, Protective Equi and

12 Relevant identified Uses of the Substance or Mixture and Uses advised against
Parsonai precautions:

Identified uses: Avoid formation of dust.
Uses advised against: Respiratary profection in case of formation of vapars/dust/asrosol.

13 Details of the Supplier of the Safety Data Sheat ) Environmental Precautions
Company: Kremer Pigments GmbH & Co. KG Environmentai precautions:

No special measures required.
Address: Hauptstr. 41-47, BE317 Aichstetten. Germany . . )

(%3 Methods and Material for Cantainment and Cleaning Up
Tei./Fax.: Tel +49 7565 914480, Fax +48 7565 1606
Methods and material:
Internet: www.kremer-pigmente.de Clean up mechanically. Avoid dust farmation.
EMail: info@kremer-pigmente. de Avoid dust formation.
1.4 [v— B4 Reference to other Sections

Protective clothing, see Section 8.
Emergency No.: +40 7555 514480 (Mon-Fri 8:00 - 17:00) ‘See Section 13 for information on disposal

2 Hazards Identification 7. Handling and Storage

21 Classification of the Substance or Mixture ' Precautions for Safe Handiing
g’::jﬁfa’b?"zm? o EC Instructions on safe handiing:

lation " . " "
This product is not classified as hazardous according to the """;f;‘.’""”’“” and deposition of dust. Provide adequafe
CLP/GHS Directive. ventistian. § . . .
Treat like any combustible material which contains dusty parts with
Classification accarding to EC special precautionary measures.
Reguiation No. 67/548 or No. 1999445 )
The material is not subject o classification according fo EC fists. Hygienic measures:
Na further measures, see Section 8.
Safety Phrases: i -
Lz Conditions for Safe Storage, including any Incompatibilities
Possible Environmental Effects:
Storage conditions:

2 Labed Elements Stare in closed contsiner and keep product dry.
Classification accarding fo EG Store in tightly sealed containers in 2 dry room
Reguistion 1272/2008 Protect against humidity and water.

This product does not require classification and labelling as )
hazardous according to CLP/GHS. Requirements for storage areas and
containers:
Hazard designation: i
Not appicable. Na special measures necessary.
. Infarmation on fire and expiosion
Signal word: protection:
Hazard designation: Combustible material
) Risk of dust expiosion.
Safuly dacigmiion: Keep away fram sources of ignition - do not smoke. Take
Mazandous components for labaling: rmeasures to prevent slectricity static discharge.
Dust explosion class 1 (Kst-value >0-200 bar m/s).
2.3 Other Hazards
This material is but not easily i Storage class (VCI):
C on Ing

3. 71, Combustible solids

1. Substance Further Information:

iz Mixture Shelf-iifa: at least 5 years
Chemical Characterization: 100 % Cellulose. CAS No.: 8004-34-6; EINECS: 232-674-9 Maximum storage time: not relevant
Hazardous Ingredients: 11 Specific End Use(s)

Additional information: Further i i
from the v REACH (Annex IV and
V). . Exposure Controls/Personal Protection
4. First Aid Measures a1 Parameters to be Controlled
4 Description of the First Aid Measures Parameters to be contralled (DE)
General infarmation: TRGS 900
Seek madical attentian in case of complaints. TLV: 10 mg/m3 inhalabie fraction (general dust imit)
After inhalation: TLV: 3 mgim3 air-bome fraction (general dust fimi)
Supply fresh air. Parameters to be contralled (EC):
After skin contact: Cellulose (9004-34-6): AGW (BE) 10 mg/m3
Mo special measures required. Celiulose (9004-34-6): AGW (CH): 3 mg/m3 {airborne serosol)
Aler sy contact Ainse eves wilh watar. Derived No-Effect Level (DNEL):
inse eye: 3 ]
‘Seek medical attention if iitafion persists M v awalshi
After ingestion: m%«.;}m No-Effect Concentration
No special measures required. g )
No values available.
4z Mast important Symptoms and Effects, both Acute and Delayed
Additional Informatian:
Symptams:
None known. Bz Exposure Controls
Effects: Technical profective measures:
No further information available. Frovide adequate ventilationfexhaust system.
41 Indication of any Immediate Medical Attention and special Treatment needed Pa—— .
Treatment: Ganersl _
Troed & tically. eneral profective measures:
Keep away from foodstuffs and drinks. Do not eat, drink or smoke
5. Fire-Fighting Measures during work. Wash hands before breaks and at the end of work.
51 Extinguishing Media )
- Respiratory protection:
Suitable extinguishing media: IFexpasure imit is exceaded: dust mask with particie fitter P2 (for
Foam, carbon dicxide (COZ2), extinguishing powder, water spray. salid and liquid particles DIN 3181).
Unsuitable extinguishing media: T Hand protection:
ity Tl e Not required
52 ‘Special Hazards arising from the Substance or Mixture
Protective plove material:
Spacial hazards:
In case of fire: formation of carbon manaxide and dioxide. Eye profaction:
53 Advica for Firefighters Safety glasses (EN 166)
Protective equipment: Body protection:
Environmental precautions:
No special measures required.
9. Physical and Chemical Properties
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s Information on Basic Physical and Chemical Properties ‘Non-irritating to eyes
Form: fibres Inhalation:
Colar: whits Non irritating.
Odor odariess Ingestion:
No information available
Odor threshald: e
No information available. Sensatraton:
pH-Vall 5- 7 (100 g H20, 20T) oosnoyt s
Valus: - .
Mutagenicity:
Making iuparnra: No data available.
not applicable
Reproductive toxicity:
Boiling temperature: No negative effects.
not applicable .
. Cancerogenity:
Flash point: No negative effects.
nat available fas
. Teratogenicity:
Evaporation rate: No information available.
nat applicable .
. . Specific target organ toxicity (STOT):
Flammability (saiid, gas): No data available.
nat applicable
Additional toxicological information:
Upper expiosion fimit: 11000 gim3 Product is non-foxic.
Lower explosion limit: 30 gim3 12. Ecological Information
Vapor pressure. 12.1. Aquatic Toxicity
not applicable No toxicity expected.
Vapor density: Fish toxicity:
Density: ca 1.3g/m3 Daphnia foxicity:
Solubility in water: insoluble (20T) Bacteria toxicity:
Coefficient of variation (n- Algae toxicity:
OctanaiWater): I 12.2.  Persistency and Degradability
aep No information available.
Auto-ignition temperature: 123 Bioaccumulation
No information available No bicaccumulation expected.
Decomposition temperature: ca. 200T 12,4, Moblity
i . dynamic: Not expected to adsorb on soil.
not applicable 12.5.  Results of PBT- und vPvP Assessment
. N No data available.
Explosive properties:
Risk of dust explosion 12.6. Other Adverse Effects
Oxidizing properties: Water hazard class:
No infarmation availabie Not hezardous:
Bulk density: 70 - 50 kgim3 Behaviour in sewage systems:
8.2 Further Information Further ecological effects:
Natural product. Environmentally not hazardous.
Solubility in solvents: iy
ADK Value:
Viscosty, Enematc 13. Disposal Considerations
Burning class: 3.1, Waste Treatment Methods
Solvent content: Product
Solid content: Recover or recycle if possibie.
Farticle atoe European Waste Code (EWC): ) )
030399 - Wastes not otherwise specified
Other information:
" _— Uncieaned packaging:
38
Minimuim igniion sasvgy: > 30 m.J Uncontaminated packaging may be recycied. Completely empty
Minimum ignition temperature of a dust cioud: 400°C packaging can be cisposad of with the ragulsr wasle,
Flammability and general dust fire behavior of deposited dust:
burning ciass 5 Waste Code No.:
Mininum ignition femperature of a § mm dust layer (glow 150106 - Mixed packaging.
@W"‘”"J: >30T o508 14, Transport Information
imum explosion pressure: < 9.
10 Stability and Reactivity W UM Humter
5 and Rea
"t ~ i ADR, IMDG, IATA
! [ ———— 142 UNProper Shipping Name
102 Chemical Stability ADRRID.
Narie known Na goods according fo ADR (land
103 Possibility of Hazardous Reactions IMDG/IATA:
No information available. No hazardous goods according fo IMDG.
104, Conditions to Avoid 143 Transport Hazard Classes
Conditions fo avoid: ADR Ciass:
Protect from heat. not applicable
Thermal decomposition: Hazard no.:
>200CT Classification code:
05 Imcompatible Materials Tunnal no.:
Na information available. )
106 Hazardous Decomposition Products fsea):
(Carban manaxide and dicxide. Hazard na.:
01 Further Information EmS No.:
1. Toxicolegical Information IATA Ciass:
.1, Information on Texicological Effects not appiicabie
N information available. Hazard no.-
Acute Toxicity 4.4, Packaging Group
LD50, oral: ADR/RID:
LDS0, dermal: not appicatle
LCSD, inkalation: IMDG:
Primary affe IATA:
. 14.5.  Environmental Hazards
Iritarit effact on skin: Nof classified as environmentally hazardous.
Non irritating
14.6. ‘Special Precautions for User
Iiritant effact on eyes: Not classified as a dangerous good under transport regulations.
“.r Transportation in Bulk according to Annex Il of MARPOL 7378 and IBC-Code
not applicable
14.8. Further Information
15. Regulatory Information
15.1. Safety, Health and Environmental Regulations/Legislation specific for the Substance or Mixture
Water hazard class:
0, not hazardous
Local regulations on chemical accidents:
Employment restrictions:
and, ition of
Technical instructions on air quality:
5.2.1. Total dust, including fine dust.
15.2. Chemical Safety Assessment
A Chemical Safety Assessment has not been carried out for this
product.
15.3. Further Information
Listed in:
EINECS (EC), TSCA (US), DSL (CA)
16. Other Information

This product should be stored, handled and used in accordance
with good hygiene practices and in conformity with any legal

X This it n i herein is based on the
present state of knowledge and is intended to describe our product
from the point of view of safety requirements. It should be
therefore not be as ing specific
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ZemioAiSoc¢ - Safety Data Sheet

1. Identification

Trade name: Sepiolite
Product code: SepSP-1
Recommended use: Raw material

Supplier: The Clay Minerals Society
The Source Clays Repository
3635 Concarde Pwy, Suite 500
Chantilly, VA 20151-1110 USA.
T (T03) 652-9960
cmsi@elays.org

Issue date: 03/09/2020

[ 2. Hazard(s) identification

Classification:

Physical harards Health hazards

Not classified Carcinogenicity Category 1A
Specific target organ toxicity (repeated exposure)
Category |

GHS US labeling:

Danger!

CONTAINS: Quartz

dusty. Empty containers (bags, bulk containers, storage lanks, ctc.) retain silica residue and must be handled in
accordance with the provisions of this Material Safety Data Sheet. WARN and TRAIN employees in accordanoe with
state and federal regulations.

Refer to the OSHA Respirable Crystalline Silica standards; 20CFR1910.1053, 1915.1053 and 1926.1053 for specifie
requirements for use and handling.

WARN YOUR EMPLOYEES {AND YOUR CUSTOMERS AND USERS IN CASE OF RESALE) BY POSTING,
AND OTHER MEANS, OF THE HAZARDS AND OSHA AND ANY OTHER APPLICABLE REGULATORY
PRECAUTIONS TO BE USED. PROVIDE TRAINING FOR YOUR EMPLOYEES ABOUT OSHA
PRECAUTIONS.

Dust can accumulate electrostatic charges due to friction from transfer and mixing operations and cause an electrical
spark (ignilien source) which can flammable liquids and atmospheres. Provide adequate precautions when
adding this produet to flammable and combustible mixtures like paints and coating, such as electrical grounding and
bending, inert atmesphere or non-sparking tools. However, bonding and grounds may not climinate the hazard for
static accumulation.

See also American Society for Testing and Materials (ASTM) Standard Practice E1132-99a, “Standard Practice for
Health Requirements Relating to Occupational Exposure to Respirable Crystalline Silica™.

Additional information on silica hazards and precautionary measures can be found at the following websites:
NIOSH Jaint Camp i lica/default-html
OSHA Crystalline Silica Website dex html

MSHA Silicosis Prevention Website  hitps:l/arlweb.msha.gov/S&HINFO/SILICOVSILICAX. pdf

NIOSH Hazard Review — Health Effects of Occupational Exposure to Respirable Crystalline Silica Website
hitp:/fwww. cde goviniosh/does/2002- 129/

Storage conditions: Store locked up.

| 8. Exposure controls/personal protection

Hazard statements (GHS US) Precautionary statements (GHS US)

H350 - May cause cancer P201 - Obtain special instructions before use.

H372 - Causes damage to organs through prolonged or P202 - Do not handle until all safety precautions have been
repeated expostre read and understood.

P260 - Do not breathe dust.

P264 - Wash hands thoroughly afier handling.

P270 - Do not eal, drink or smoke when using this product.
P280 - Wear pratective gloves.

P308+P313 - If exposed or concerned: Get medical
advice/aitention.

P314 - Get medical advice/attention if you feel unwell.
P403 - Store locked up.

P501 - Dispose of contents or container to federal, state,

Exposure
Sepiolite (as PNOC)

5 mg/m* TWA OSHA PEL (Respirable)

15 mg/m* TWA OSHA PEL (Total dust)

0.05 mg/m’ respirable dust TWA OSHA PEL:

0.0235 mg/m?* (R - Respirable particulate matter) TWA ACGIH
TLV;

(Quartz

Appropriate engineering controls: Use local exhaust as required Lo maintain exposures as far as possible below
applicable occupational exposure limits. See also ACGIH "Industrial Ventilation - A Manual for Recommended
Practice” (current edition). Control of exposure to dust must be accomplished as far as feasible by accepted engineering
control measures (for txz\mph. enclosure or confinement of the operation, general or local exhaust ventilation and
substitution of less toxic materials). Refer to the OSHA Respirable Crystalline Silica standards; 20CFR1910.1033,
1915.1053 and 1926.1053 for specific requirements for en

Envi | exposure controls: Avoid creating or spre:

and local
| 3: Composition/Information on ingredients
Component CAS-No. Amount (%)
Sepialite 63800-37-3 95- 100
Quartz 14808-60-7 <2
“Chemical mame, CAS sasber = strade seeret

Personal protective equipment:

Hand protection: Wear suitable gloves

Eye protection: Use suitable eye protection

Skin and body protection: Wear suitable protective clothing

Respiratory protection: Wear respiratory protection. In operations where exposure limits are exceeded or exposure
s are excessive, an approved respirator should be used. Respirator selection and use should be based on

[4._First-aid measures type, form and Follow applicable r and good Industrial Hygiene practice.
Inhalation: Move the afTected person 1o the fresh air. Get medical attention if symploms oceur.
Skin: Gently wash with plenty of soap and water. Get medical advice if ski tion persists. [[2._Physical and chemical properties ]
Eyes: Rinse eyes with water as a precaution. Get medical attention if irritation develops and persists. Appearance: Powder.
Ingestion: Call a poisen center or a doctor if you feel unwell. Physical state - Solid Relative density : 2.2
Most important symptoms: May cause cancer. 1l inhaled. Causes damage to organs (lungs) {through prolonged or Color : white Solubility : No data available
repeated exposure by mhalation). . ) o Odor : None Log Paw : No data available
Immediate medical attention and special treatment, if necessary: Not required. Odor threshold No data available Auto-gnition Not applicable
[5_ Fire-fighting measures pH + No data available temperature
. ) . D iti No data available
Suitable extinguishing media: Use oxt g media appropriate for sumounding fire Melting point No data available w:::]:::cm o data available
Unsuitable extinguishing media: None. Freezing point  : No data available “iscosity. Not applicable
Specific Hazards Arising from the Chemical: This product is not classified as or Boiling point  : No data available Kinematic
Special protective equipment and precautions for fire-fighters: Do not attempt Lo take action without sullablu Flash point Not applicable Viscosity, . No data available
protective equipment. Relative : No data available dynamic
orati e jon limits - icable
[6._Accidental release measures F,:::',.,r,,;:l::], Explusion limits : Not applicable
- - n 3 - e . Explosive No data available
Personal prec: i and emergency Wear suitable protective clothing. Avoid Flammability : Naot applicable. roperties
contact with eyes, skin and clothing. (solid, gas) properties )
. . s 5 } Oxidizing : No data available
Methods and material for containment and cleaning up: Mechanically recover the product. Minimize generation of Vapor pressure  : No data available roperti
properties

dust. Place in a suitable container for disposal in accordance with the waste regulations (see Section 13).

L7 ing and storage

Pr ions for safe Obtain special i before use. Do not handle until all safety precautions have
been read and understood. Wear personal protective equipment. Avoid contact with eyes, skin and clothing. Wash
hands with water and soap. Take all necessary technical measures to aveid or minimize the release of the product on
the workplace. Do not breathe dust. Do not rely on your sight 1o determine if dust is in the air. Silica may be in the air
without a visible dust cloud. Use normal precautions against bag breakage or spills of bulk material. Aveid creation of
dust. Use good in storage and use areas 1o prevent accumulation of dust in work area.

Ta reduce the risk of developing silicosis, lung cancer and other adverse health effects, the ACGIH recommends that
the industrial hygienist use every means available 1o keep expostires below the recommended TLV. NIOSH
recommends reducing airborne exposure levels as low as possible below NIOSH's recommended exposure limit,
substituting less hazardous materials when feasible. using appropriate respiratory protection when source controls
cannot keep exposures below the recommended limit and making medical examinations available to exposed workers.

Use adequal L'nmll[l(m und dust collection. To mini;

xposure, Wear a respirator approved for silica dust when
using, h..md]l Refer to the most recent government and local regulations
when sel P spirators in accordance with the most recent government and
local rq,ulu\ium. Maintain and test ventilation and dust collection equipment. Launder clothing that has become

No data available

Relative vapor
density at 20 °C

Reactivity: The product is non-reactive under normal conditions of use, storage and transport.
("h:m cal stability: Stable under normal conditions.

Pos of hazardous reactions: No dangerous reactions known under normal conditions of use.
Conditions to aveid: None known.

Incompatible materials : None known.

Harardous decomposition products: Under normal conditions of storage and use, hazardous decomposition products

should not be produced.

[ 11. Texicological information

Inhalation: May cause minor irmtation to the respiratory tract and to other mucous membranes.
Skin: Prolonged or repeated contact may cause skin to become dry.
Eyes: Contact may cause mechanical irritation and possible mjury.

Ingestion: None under normal conditions.
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Carcinogenicity: May cause cancer.

Sepiolite: IARC 3 - Not classifiable;

Quartz: IARC | - Carcinogenic to humans; NTP Known Human Carcinogens;
OSHA Carcinogen

Germ cell mutagenicity: Not classified

Reproductive toxicity: Not classified

Numerical measures of toxicity:  Oral rat LDS0- > 2000 mg/kg; Dermal rabbit LDS0- > 2000 myg/kg;

The following are the toxicity values for the components:

Sepiolite: No data available

Quartz: Oral rat LDS0- > 22500 my/kg;

Skin corresion/irritation Not classified

Serious eve damage/irritation Mot classified

Respiratory or skin sensitization  Not classified

STOT-single exposure Not classified

STOT-repeated exposure Causes damage 1o organs through prolonged or repeated exposure.

Quartz: Silicosis: Excessive inhalation of respirable erystalline silica dust may cause a

progressive, disabling and sometimes fatal lung discase called silicosis. Symptoms.
include cough. shortness of breath, wheezing, non-specific chest illness and
reduced pulmonary function. This disease is exacerbated by smoking. Individuals
with silicosis are predisposed to develop m: infections and

and fungal infecti : of air with a very high
concentration of respirable silica dust can cause the most serious forms of silicosis
in a matter of months or a few years. Some epidemiologic studies have concluded
that there is significant risk of developing silicosis even at airborne exposure levels
that are equal to the recommended NIOSH REL, and ACGIH TLV.Other Data with
Possible Relevance to Human Health: There is some evidence that breathing
respirable crystalline slica or the disease silicosis is associated with an increased
incidence of si discase endpoints such as {an immune system
disorder manifested by fibrosis of the lungs, skin and other intemal organs)
rheumnatoid arthritis, systemic lupus, erythematosus, sarcoidosis, chronic
bronchitis, chronic obstructive pulmonary discase (COPD), emphysema, chronic
Kidney discase and end-stage renal discase. For further information consult
*Adverse Effects of Crystalline Silica Exposure” published by the American
Thoracic Society Medical Section of the American Lung Association, American
Journal of Respiratory and Critical Care Medicine, Volume 155, pages 761-768,
1997, and see also NIOSH Hazard Review — Health Effects of Occupational
Exposure to Respirable Crystalline Silica, April 2002 (see Section 7 for NIOSH
Hazard Review Website),

| 12. Ecological information

Ecology - general: The product is not considered harmful to aguatic organisms or to cause long-term adverse effects i
the environment.
Ecotoxicity:

Quartz 10000 mg/L Fish LC50

AttanouAlyitng -Safety Data Sheet

1. Identification
Product identifier ATTAPULGITE
Other means of identification None.
Recommended use Not available.
Recommended restrictions None known.
Manufacturer
Company name CETCO, an MTI Company
Address 2870 Forbs Avenue
Hoffman Estates, IL 60192
United States
Telephone General Information 800 527-9948
Website http://www.cetco.com/
E-mail safetydata@mineralstech.com
Emergency phone number Emergency 1.866.519.4752/1 760 476 3962
Americas 1.866.519.4752 (US, Canada, Mexico) 1 760 476 3962

2. Hazard(s) identification

Persistence and degradability:
Quartz:

Bioaccumulative potential
Mobility in suil

Other adverse effects

No data available

No data available
Naot biodegradable.
No data available
No data available

| 13. Disposal considerations

Regional legislation (waste): Dispose of in accordance with applicable federal, state, and local regulations.

I 14. Transport information

Department of Transportation (DOT)

Not regulated for transport
Transport by sea

Not regulated for transport
Air transport

Not regulated for transport

I 15, ulatory information

SARA Section 313 - Emission
Reporting:

CERCLA Section 103:

Not subject to reporting requirements of the United States SARA Section 313

This product is not subject to reporting under CERLCA. However, many states have more stringent reporting
requirements. Report all spills in accordance with local, state, and federal regulations

SARA 302:
Not applicable

SARA Section 311/312 Hazard Classes: Refer 1o Section 2 for OSHA Hazard Classification.

California Proposition 65:

&“‘AR.MI\('- This product can expose you to Quartz, which is known to the State of California to cause cancer.

For more information go to www.P6SWarnings.cagov.

TSCA: All components of this product arc

listed, or excluded from listing, on the United States Environmental Protection

Agency Toxic Substances Control Act (TSCA) inventory.

INTERNATIONAL INVENTORIES

Australia AICS:
Canada DSL:
Japan ENCS:

All the components are listed.
All the components are listed.
All the components are listed.

Dascgnaiee that a specific chemical .damny andior percantage of composition has been withheld 2 a trade secrst.

4. First-aid measures
Inhalation

Skin contact

Eye contact

In

Most important
symptomsiefiects, acute and
delayed

Indication of immediate
medical attention and special
treatment needed

General information

Exposura Limits for constituents are listed in Section 8. This product containg
naluvaly accurting crystalline silica not listed in Annex | of Directive 67/548/EEC) in quantities less
than 10%.

Remove 1o fresh air. If not breathing, give anificial respiration or giva axygen by trained personnel.
Gt medical attention. if nesded.

Gt medical attention if imtation develops or persists. No special measures required.
Flugh eyes immadiately with largs amounts of water. If imitation persists get medical atention.

If ingestion of a large amount does aocur, seek medical attention. No special measures required.
Prolonged exposure may cause chronic sffects.

Provide general supportive measures and treat symptomatically. Keep vicim under observation.
Symptoms may be delayed.

IF exposed or : Get medical If you feel unwell, seek medical advice
(show the label where possibls). Ensure that medical personnel are aware of the material(s)
involved, and take precautions to protect themsehves.

Dry chemical, COZ, water spray or regular foam. Use any media suitable for the surrounding fires.
Do not use water jet as an extinguisher, s this will spread the fire

During fire. gases hazardous to health may be formed.

Self-contained braathing apparatus and full protective cothing must be wom in case of fire.
Material can ba slippary when wet.

Use standard firefighting procedures and consider the hazards of other involved materials.

Mo unusual fire or explosion hazards noted. This material will not bumn.

Keep unnecessary personnel away. Keep people away from and upwind of spilllesk. Wear
protective and clothing during clean-up. Wear a dust mask if dust is

generated abave expasure limits. Ensure adequate ventilation. Local autherities should be advised
if significant epillages cannot ba contained.

The product is immiscible with water and will spread an the water surlace. Stop the flow of
material, if this is without risk_ Callect dust or pariiculates using & vacuum cleaner with a HEPA
filter. Avoid the generaticn of dusts during clean-up. Following product recovery, flush area with
water. Reduce aibome dust and pravent scattaring by maistening with water.

Avoid discharge into drains, water courses or onto the ground. No special environmental
precautions required.

Obtain special instructions before use. Do not handle until all safety pracautions have been read
and understood. Keep formation of airborne dusts to a minimum. Provide appr exhaust
ventilation at places where dust is formed. Do not breathe dust. Avoid prolanged expasure. When
using, do not eat, drink or smoka. Should be handled in closed systems, i possible. In case of
ingufficient ventilation, wear suitable respiratory equipment. Wear appropriate parsenal protective
equipment. Wash hands thoroughly after handiing. Cbserve good industrial hygiene praciices
Store locked up. Mo special restrictions on storage with other products. Stare in onginal fightly
closed container. Guard against dust accumulation of this matenizl. No special storage conditions
required. Keep out of the reach of children.

Physical hazards Not classified. 5. Fire-tighting ures
Health hazards Carcinogenicity Category 1A . o
: Suitable extinguishing media
Specific target organ toxicity, repeated Category 1 "
ol Unsuitable extinguishing
Environmental hazards Not classified. ’"5:::“: hazerd .
s arising from
OSHA defined hazards Not classified. the chemical
Label elements Special protective equipment
and pracautions for firefightars
Fire fighting
equipmentiinstructions
Specific methods
Signal word Danger General fire hazards
Hazard statement May cause cancer. Causes damage to organs through prolonged of repeated exposure. & Accidental release measures
Precautionary statement Persanal precautions,
Prevention Oin specia insiuctions before use. Do ot handie unl all sfety precaions have been read nd
and understood. Do nat breathe sty procedines
handiing. Do not eat, drink o smoke when using this product. e prolecnva proded pmlacwe
clothing/eye protection:face protection. Methods and materials for
Response If exposed or Get medical containment and cleaning up
Storage Store locked up.
Disposal Disposs of - with Environmental precautions
Hazard(s) not otherwise None known.
classified (HNOC) :
Supplemental information None. 7. Handling and storage
3 . Precautions for safe handling
3. Comp on ing
Mixtures
Chemical name Common name and synonyms CAS number %
QUARTZ CRYSTALLINE SILICA, QUARTZ 14808-60-7 0-<10
SILICA (QUARTZ) Conditions for safe storage,
Other components below reportable levels 20-100 including any incompatibilities
& Exp f

Gccupational exposure limits

p

The following constituents are the only constituents of the product which have a PEL, TLV or other recommended exposure limit
At this time, the other constituents have no known expasure limits.
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US. OSHA Table Z-1 Limits for Air Contaminants (29 CFR 1910.1000)

Components. Type Value Form
QUARTZ (CAS 14808-80-7) PEL 0.08 mg/m3 Respirable dust.
US. OSHA Table -3 (29 CFR 1910.1000)
Components. Type Value Form
QUARTZ (CAS 14808-80-7) TWA 0.08 mgim3 Respirable.

2.4 mppet Respiratie.
Constituents. Type Value Form
INERT OR NUISANCE TWA Smoma Respirabie fraction.
DUSTS

18 mgim3 Total dust.

50 mppct Total dust.

15 mppef Respirable fraction.
US. ACGIH Threshold Limit Values
Components. Type Value Form
QUARTZ (CAS 14808-80-7) TWA 0.025 mg/m3 Respirabie fraction.
US. NIOSH: Packet Guide to Chemical Hazards
Components. Type Value Form
QUARTZ (CAS 14808-80-7) TWA 0.05 mg/m3 Respirable dust

Biological limit values
Exposure guidelines

No biological exposure limits noted for the ingredient(s).

Occupational expasure to nuisance dust (total and respirable) and respiraie crystaliine silica

should be monitored and controlled.

I measures are not sufficient to maintain concentrations of dust particulates below the

controls QEL, suitable respiratory pratection must be worn. Good general ventilation (typically 10 air

changes per hour) should be used. Ventilation rates should be marched to conditions. if

applicable, use process enclosures, local exhaust ventiabon. or other engineering controls to
maintain aitbome levels below recommended exposure limits. If exposure imits have not been
established, maintain aibome levels 1o an acceptable level. If material is ground, cut, or used in
any operation which may generate dusts, Use appropriate local exhaust ventilation to keep
exposures below the recommended exposurs limits.

such as personal
Wear dust goggles. Eye wash fountain is recommended.

Eyeiface protection
Skin protection

Hand protection Wear appropriate chemical resistant gloves. Suitable gloves can be recommended by the glove

supplier.
Use of an impervious apran is recommendsd. No special protective equipment required.

¥ Use a
Exposure Limit.

Wear appropriate thermal protective clothing, when necessary.

Other

filter respirator for pariculate exeeding the O

Thermal hazards

General hygiene Always observe good personal hygiene measures, such s washing after handling the material
considerations and before eating, drinking, andior smoking. Routinely wash work clothing and protective
equipment fo remove confaminants. Use good industrial hygiens practioes in handling this
material.
9. Physical and chemical properties
rance
Physical state Solid.
Form Fowder. Granular. or
Color Brown 1o grey.
Odor None.
Odor threshold Not available.
pH Not available.
Melting pointfreezing point Mot available.
Initial bailing point and boiling Mot available.
range
Flash point Nan-flammable
Evaporation rate Nt available.
Flammability (solid, gas) Not available

Upper/lower flammability or explosive limits
limit - lower N i

)

Flammability limit - upper Mot available.
(%)

Explosive limit - lower (%) Mot available.

Explosive limit - upper (%)  Not available.
Vapor pressure 0.00001 hPa estimated
Vapor density Nt available.
Relative density Nt available.
Solubilityfies)
Salubility {water) Insoluble
Partition coefficient Not available.
(n-octanolwater)
Auto-ignition temperature Mot available.
Decompo temperature Mot available.
Viscosity Nat available.
Other information
Explosive properties Mot explosive.
Oxidizing properties Mot oxidizing.
voc CARB

10. Stability and reactivity

Reactivity The product is stable and nan-reactive under normal conditions of use. storage and transpart.
Chemical stability Stable at narmal canditions.

Possibility of hazardous Wil not aceur.

reactions

Conditions to avoid Contact with incompatible materials.

Incompatible materials Paweriul oxidizers. Chiorine.

Hazardous decomposition None known.

products

11. Toxicological information
Information on likely routes of exposure

Inhalation Pralonged inhalation may be harmful
Skin contact Dus 1o lack of data the classification is not possible.
Eye contact Dus 1o lack of data the classification is not possible.
Ingestion Dus 1o lack of data the classification is not possible.

Symptoms related to the Direct contact with eyes may cause temporary iitation.

physical, chemical and

toxicological characteristics
Information on toxicological effects
Acute toxicity

c Species Test Results
QUARTZ (CAS 14808-60-7)

Agute

Oral

LDS50 Rat 500 mg'kg

* Estimates for product may be based on additional component data not shown.

Skin corrosion/irmitation Due fo lack of data the classification is nat possible.
Serious eye damageleye Due 10 lack of data the classification is nat possibie. Mild imitant to eyes (according to the modified
inritation Kay & Calandra criteria) Mikd irritant to eyes (according to the madified Kay & Galandra criteria)
Respiratory or skin sensitization

Respiratory sensitization  Dus 1o lack of data the classification is not possibis.

Skin sensitization Due 1o lack of data the classification is nat passibie. Accarding to the classification criteria of the

European Union, the product is not considered as being a skin imitant.
Due to lack of data the classification is not possible.
In 1997, IARC (the International Agency for Research on Cancer) concluded that crystaline siica
inhaled from occupational Sources can cause lung cancer in humans. However in making the
overal svaluation, IARC noted i * rxrmnuganl::l‘f was not detected in all industrial
studied. on inherent of the
crystalline silica or an ot factors al'feellng ia ickogical ectly or taiEwion of ita
" (IARC risks of chemicals to
humans, Silica, siicates dust and DngEv-c fores, 1997 ) 68, IARC, Lyon, France.) In June
2003, SCOEL (the EU Scientific Commitiee on Occupational Exposure Limits) conchded that the
main effectin humans of the inhalation of respirable crystalline silica dust is silicosis. "Thera is
sufficient infarmation to conclude that the relative risk of lung cancer is increased in persans with
silicosis (and, apparently, not in employees without sificosis exposed to silica dust in quamies and
inthe ceramic industry). Therefore, preventing the enset of siicosis will also reduce the cancer
fisk...” [SCOEL SUM Doc 94-final, June 2003} Accarding to the current state of the art. worker
protection against silicosis can ba consistently assured by respecting the existing ragulatory
occupational exposure limits. May cause cancer. Occupational exposure to respirable dust and
respirable crystalline silica should be manitared and cantrolied.
IARC Overall ion of C:
QUARTZ (CAS 14808-60-7) 1 Garcinogenic to humans.
OSHA Specifically Regulated Substances (20 CFR 1910.1001-1053)
Mot listed.
US. National Toxicology Program {NTP) Report on Carcinogens
QUARTZ (CAS 14808-60-7) Known To Be Human Carcinagen.
Reproductive toxicity Due 1o lack of data the classification is not possibie.

Specific target organ toxicity - Due 1o lack of data the classification is nat possibie.
single exposure

Specific target organ toxicity -
repeated exposure

Aspiration hazard

Germ cell mutagenicity
Carcinogenicity

Causes damage o organs through prolanged or repeated expasure.

Due fo lack of data the classification is nat possible.
Chronic effects In 1897, IARC (the Infernational Agency for Research on Cancer) concluded that crystaline siica
inhaled fram occupafional sources can cause lung cancer in humans. However in making

overall evaluation, IARC noted that " mmmnganluw was not detected in all industrial

tudi on inherent of the
crystalling smea oron extemal mmrs affeellng its I:lulogu:a\ activity or distribution of its
risks of chemicals to

humans, Silica, sirabas dust and DrgErIc fiores, 'I'JET Vul 68, IARC, Lyon, France.)

In June 2003, SCOEL (the EU Scientific Committes on Cecupational Exposure Limits) concluded
that the main eflect in humans of the inhalaion of respirable crystalling siica dust is Sficosis.
“There is sufficient information to conclude that the relative risk of lung cancer is increased in
persons with silicasis (and, apparently, nat in employees without silicosis exposed to siica dust in
quarmies and in the ceramic industry). Therefore, preventing the anset of silicosis will also reduce
the cancer risk..." {SCOEL SUM Doc 84-final, June 2003)

According to the current stats of the art, worker protection against silicasis can be mns\shanﬁy
assured by respecting the existing regulstory occupational exposure limits. Causes damags
argans thiough prolongad of repested exposure. Frolonged mralaon may be hariul. Prolonged
exposure may cause chronic effects. Occupational exposure to nuisanoe dust (total and
respirable) and respirable crystalline sifica should be monitored and controlled.

12. Ecological information

Ecotoxicity This material is not expected to be harmful to aquatic

Persistence and degradability  No data is available on the degradability of this product.

Bioaccumulative potential No data available.

Mobility in soil No data available.

Other adverse effects No other adverse environmental effects (2.9. ozone depletion, photochemical ozone creation

potential, endocrine disruption. global warming patential) are expected from this companent.

13. Disposal considerations

Disposal instructions Callect and la:lalm urd\spcse in sealed |:ur||s|r|am at licensed waste disposal site. D\spﬂse of
with aterial

should be recycled |fpua§|bl¥
Dispose in with ll applicable

The waste code should be assigned in discussion between the user, the producer and the waste
disposal company.

Dispose of in with local Empty ar liners may retain some
product residues. This material and its container must be disposed of in a safe manner (see:
Disposal instructiong).

Since emptied containers may retain product residus, fallow Iabal warnings even after container is
emptiad. Empty cantainers should be taken to 2n approved waste handiing site for recyeling or
disposal.

Local disposal
Hazardous waste code

Waste from residues / unused
products

Contaminated packaging

14. Transport information
DoT

Mot reguiated as dangerous goods.
IATA

Mot requlated as dangerous goods.
IMDG

Mot requlated as dangerous goods.

Transport in bulk according to  Not availale.
Annex Il of MARPOL 7378 and
the IBC Code

15. Regulatory information

US federal regulations OSHA Process Salety Standard: This material is not known to be hazardous by the OSHA Highly

Hazardous Process Safety Standard, 29 CFR 1910.119.
All components are on the U.S. EPA TSCA Inventory List.
CERCLA/SARA Hazardous Substances - Not applicable

.
This product is a *Hazardous Chemical” as defined by the OSHA Hazard Communication
Standard, 20 CFR 19101200
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Toxic Substances Cantrol Act (TSCA)

TSCA Section 12(b) Export Notification (40 CFR 707, Subpt. D)
Not raguiated.

CERCLA Hazardous Substance List (40 CFR 302.4)
Nt listed.

SARA 304 Emergency release notification
Not regulated.

OSHA Specifically Regulated Substances (28 CFR 1
Not listed.

1001-1053)

and & Act of 1986 (SARA)
SARA 302 Extremely hazardous substance
Nt listed.
SARA 311/312 Hazardous
chemical
SARA 213 (TRI reporting)
Not regulated.

No {Exempt)

Other federal regulations.
Clean Air Act (CAA) Section 112 Hazardous Air Pollutants (HAPs) List

Not regulated.
Clean Air Act (CAA) Section 112(r) Accidental Release Pravention (40 CFR 68.130)

Not regulated.
Safe Drinking Water Act  Contains component(s) regulated under the Safe Drinking Water Act
(SDWA)

US state regulations.
California Proposition 65
i WARNING: This product can expose you to QUARTZ, which is known to the State of California to cause

goto

cancer. For more i
California Proposition 65 - CRT: Listed date/Carcinogenic substance
QUARTZ (CAS 14808-80-7) Listed: October 1, 1988
US. Califoria. Candidate Chemicals List. Safer Consumer Products Regulations (€al. Code Regs, tit. 22, 68502.3,
subd. {a))
QUARTZ (CAS 14808-60-7)
International Inventories
Country(s) or region

WARNING: This product contains a chemical known to the State of California fo cause cancer.

Inventory name ©n inventory (yesina}*

Australia Australian Inventory of Chemical Substances (AICS) Yes
Canada Domestic Substances List (DSL) Yes
Canada Non-Domestic Substances List (NDSL) No
China Inventory of Existing Chemical Substances in Ghina (IECSG) Yes
Europa European Inventary of Existing Commercial Chemical Yes
Substances (EINECS)
Europe European List of Notified Chemical Substances (ELINGS) No
Japan Inventory of Existing and New Chemical Substances (ENCS) Yes
Korea Existing Chemicals List (ECL) Yes
New Zealand New Zealand Inventory Yes
Philippines Philippine Inventory of Chemicals and Chemical Substances. Yes
(FICCS)
Taiwan Tamwan Chemical Substance Inventary (TCST) Yes
United States & Puerto Rico  Toxic Substances Control Act [TSCA) Inventory Yes

*A"Ves" indicates that all companents of this product comely with the imvenlory requirements administered by the gaveming countryis)
A"No" indicales that one or more companents of the product are ot listed or exemgt fom lsting an the inventory administered by the governing

countryls).
16. Other i ion, i ing date of p! or last revisi
Issue date 12-September-2014

Revision date 24-February-2020

Version # "

Further information This salety datasheet only contains information relating to safety and does not replace any product
information or product specification. HMISB is a registered trade and service mark of the NPCA
Health: 3*

Flammability- 0

Physical hazard: 0

Health: 2

Flammability: 0

Instability: 0

ACGIH
EPA: AQUIRE datsbase

NLM: Hazardous Substances Data Base

US. IARC Monographs en Occupational Exposures to Chemical Agents

HMISE ratings
MFPA ratings

Refarences

Meduldokuttapivn - Safety Data Sheet

Revision date 24-August-2022 Revision Number 2

. Identification
Broduct identifier.
Product Nama

METHYLCELLULOSE, 4,000 CPS, USP
Other means of identification
Product Codel(s) ME137
Synonyms. None

use of the chemical and on use

Recommended use o information available

Restrictions on use No information available

i b

Supplier Address

Spectrum Chemical Mig. Corp.
14422 South San Pedro St.
Gardena, CA 90248

(310) 516-8000

Keep away from all ignition sources including heat. sparks, and flame
Keep container closed and grounded
Prevent dust accumulations i minimize explosicn hezard

Other information
Mo information available.

Com information on | ients ]
Substance.
[ Chemical name I _CASNo I Waighi-3 I Trade secrat ]
Methyiceiluiose. 4000 cps | S004-G7-5 | 100 | :

*The exact of has been withheld as a trade secret.

E First-aid measures

Desc: on of first aid measures

Inhalation Remove to fresh air.
Emergency {piophone mumber Eye contact Rinse tharoughly with plenty of water for at least 15 minutes, lifting lower and upper eyelids.
Emergency Telephone Chemirec 1-800-424-9300 Consult a physician.
Skin contact Wash skin with soap and water.
Ingestion Clean mouth with water and drink afterwards plenty of water.
Hazard(s) identification |
Classification Im L L
E e dusl e ] Na information available.

Hazards not otherwise classified (HNOC|
Not applicable

Label slemants
aming

\ay form combustible dust concentrations in air

granues or powdar Physical state_Solid Odar Nai suailablel

v -

Note to physicians

Treat symptomatically.

E Fire-fighting measures

Suitable Extinguishing Media Use extinguishing measures that are appropriate to local circumstances and the
surounding environment.
Large Fire CAUTION: Use of water spray when fighting fire may be inefficient

Unsuitable extinguishing media Do not scatter spilled material with high pressure water streams.

Specific hazards arising from the
chemical

Avoid generation of dust. Fine dust dispersed in air may ignite.

Hazardous combustion products  Carbon Monoxide, Carbon Dioxide.

Explosion data
Sensitivity to mechanical impactnane.

Sensitivity to static discharge  yes.

Special for  Firsfig

should wear salf ed breathing spparatus and full firefighting tumout



fire-fighters

gear. Use parsonal protection egquipment.

[6. Accidental release measures

Personal

and

Personal precautions.

Other informatios

Methods and material for containment and cleaning up

Methods for containment

Methads for cleaning up

Ensure adequate ventiation. Avaid generation of dust. Avoid contact with eyes. Use
persanal protective equipment as required. Do not breathe dust. ELIMINATE all ignition
sources (no smaking, flares. sparks or flames in immediate area). Take precautionary
measures against static dischames.

Refer to probective measures listed in Sections 7 and 8.

Prevent further leakage or spilage if safe to do so. Prevent dust cloud.

Take upwith inert, dsmp. non-combustible material using clean non-sparking tools and
placa into loosely covered plastic containers for later disposal. Pick up and transfer to
property labeled containers.

1. Toxicological information ]

Information on likely routes of exposure
Product Information -

Inhalation Spacific test data for the substance or mixture is not available. May cause iritation of
respiratory tract.

Eye contact Spacific test data for the substance or mixture is not available.

Skin contact Spacific test data for the substance or mixture is not available.

Ingestion Spacific test data for the substance or mixture is not available.

related to the physical, chemical and isti

Symptoms No information available.

Acute toxicity
of toxicity

. Handling and

Precautions for safe handling
Advice on safe handling

Handle in accordance

Storage Conditions

with good industrial hygiene and safety practice. Ensure adequate
vantilation. Avaid generation of dust. Do not braathe dust. Avoid contact with eyes.

‘away from hest, hot surfaces, sparks, open flames and other ignition sources. No smoking.
Use spark-proof tools and explosion-proof equipment. Take precautionary measures
against static discharges.

Keep containers tightty dlosed in a dry, cool and well-ventilated place. Store locked up
Keep out of the reach of children.

Skin corrosionirritation
Sariou. s gy Infaticn No information availsble.
No available.

No information available.

Germ cell mmagom::lly N information available.

Reproductive toxicity Ne information availsble.

STOT - single exposure
STOT - repeated exposure
ion hazard

No information available.
Ne information available.
No information available.

Exposure Limits

ro; e engineering controls

Engineering controls

Eyefface protection

Ekin and body proteotion

Respiratory protaction

General hygiene considerations

Showers
Eyewash stations
entilaion systems.

The fallowing ingredients are the only ingrediants of the product above the cut-off lavel (or
level that contributes to the hazard classification of the mixtura) which have an exposure
limit applicable in the region for which this safety data sheet is intended or other
recommended limit. At this time, the other relevant constituents have no known exposure
limits from the sources listed here.

\Wear safety glasses with side shields (or goggles).

Me special protoative equipment raquircd.

Mo protactive equipment is needed under normal use conditions. If exposure limits are
exceeded or irritabion is experienced, ventilation and evacustion may be required

Do not breathe dust

pH
Melting point | freezing point
Boiling point / boiling range
Flash point

ration rate
Flammability (solid, gas)
Flammability Limit in Air

Upper flammability or explosive

limits

Lower flammability or explosive

limits
Apor pressurm
Vapor dansity
Relative density
Water solubility
Solubilityfies)

Partition coefficient
Autaignition temperature
Decomposition temperatura
Kinematic viscosity
Dynamic viscosity

Explosive properties
Oxidizing properties
Softening point
Molacular waight
VO Content (%)
Liquid Density

Bulk density

hemica
Solid

granules o powder
White to Off-Whita

Mo information availsble
No information availzble

Values

na data available
200 °C /| °F
no data available
na data available
no data available
no data available

No data available
No data available

Nn dnta ausilabin
r\o data available

soom soluble in cold water
Insoluble in Akcohol
Insolubde in Chioroform
Insoluble in Ether

No data available

no data available

no data available
No data available

No information available
No information available
No information available
No information available
No information available
No information available
No information available

MNane known

[10. Stability and reactivity

Raactivity

Chemical stability

Possibility of hazardous reactions

Conditions to avoid

Incompatible materials

No information available.

Stabla under normal conditions.

Nonie under normal processing

Excessive heat. Heating in air. dust formation.

None known based on information supplied.

Hazardous decomposition products None known based on information supplied.

Other adverse effects No information available.

Interactive effects No information available.

[iZ”Ecological information |

Ecotoxicity The emviranmental impact of this product has not been fully investigated.

and ion available.
Bioaccumulation |nnmnw biodegradabie.

Other adverse effects Mo information available.
3. Dis| considerations ]
Waste treatment methods

Waste from residues/unused Dispose of in accordanca with local raguistions. Dispose of waste in accordance with
products environmental legislation

Contaminated packaging Do not reuse empty containers.

4. Trai rt information

Dor. not regulated

106 not regulated

MEX. not regulated

1GAQ (air) not regulated

IATA not regulated

IMDG not regulated

RID. not regulated

ADR not regulated

ADN not regulated

[15. Regulatory information

International Inventories

TSCA Complies

DSL/NDSL Comples

EINECS/ELINGS Does not Comgly

ENCS This product complies with ENGS:
IECSC This product complies with China:
KECL Complies

PICCS Complies

AICS Al the constituents of this material sre listed on the Australian Inventory of Chemical

Substances (AICS).

Legen:
rsc.A  United States Toxic Substances Control Act Section 8(b) Inventory

DSLINDSL - Canadian Domestic Substances List/Non-Domestic Substances List

EINECSELINGS - European Inventory of Existing Chemical Substances/European List of Notified Chemical Substances
ENCS - Japan Existing and New Chemical Substances

IEGSC - China Inventory of Existing Chemical Substances

KECL - Korean Existing and Evaluated Chemical Substances

PICCS - Philippines Inventory of Chemicals and Chemical Substances

S Federal Requlations

SARA 313
Section 313 of Title Il of the Superfund Amendments and Reauthorization Act of 1986 (SARA). This product does not contain any
chemicals which are subject to the reperting requirements of the Act and Title 40 of the Code of Federal Regulations, Part 372.

RA 311/312 H;
Should this product rrlaEI EPCRA 311312 Tier raposting criteria at 40 CFR 370, refar to Saction 2 of this SDS for appropriate
classifications.

CWA (Claan Water Act)

80



This product does not contain any substances reguiated as pollutants pursuant to the Clean Water Act (40 CFR 122.21 and 40
CFR 122.42).

CERCLA

This material, as supplied, does nat contain any regulated as under the C

Environmentsl Response Compensation and Liabiity Act (CERCLA) (40 CFR 302) or the Superfund Amendments and
Reauthorization Act (SARA) (40 CFR 365). There may be specific reporting raquiremants at the local, regional, or stata level
pertaining to releases of this material

US State Regulations.

California Proy
This product does not contain any Proposition &5 chamicals.

L5, State Right-to-Know Regulations
This product does not contain any substances regulated under applicable stata right-to-know regulations

LS. EPA Label information
EPA Pesticide Registration Number Mot applicable

6. Other information ]

NFPA

Health hazards 0
Flammability 1
Instabil 0

Physical and chemical properties -
HMIS

Health hazards 0
Flammability 0
Physical hazards 0
Personal pratection X

end to abbreviations and acros 5 used in the data sheat
Lapend Section 8: EXPOSURE CONTROLS/PERSONAL PROTECTION
TWA (Eme-weighied average) STEL STEL (Shart Term Expasure Limit)
Cel\lvg Maximum limit valus

Key literature references and sources for data used to compile the SDS

Agency for Toxic Substances and Disease Registry (ATSDR)

LS. Environmental Protection Agency Chem\iew Database

European Food Safety Authority [EFSA)

EPA [Enviranmental Protection Agency)

Acute Exposura Guideling Level(s) (AEGL(s})

LS. Enviranmental Protection Agency Federal Insecticide, Fungicide, and Rodenticide Act

LS. Enviranmental Protection Agency High Production Volume Chermicals

Food Research Journal

Hazardous Substance Database

International Uniform Chemical Information Database (IUCLID)

Japan GHS Classification

Australia National Industrial Chemicals Notification and Assessment Scheme (NICNAS)

NIOSH (National Institute for Occupational Safaty and Health)

National Library of Medicine's ChemiD Plus (NLM CIF)

National Library of Medicine's Pubhed database {NLM PUBMED)

Mational Toxicology Program (NTF)

New Zealand's Chemical Classification and Informaion Database (CCID)

Organization for Econamic Co-operation and Health, and Safety Publications
Organization for Economic C: and D High Volume Chemicals Program
Organization for Economic Co-operation and Development Screening Information Data Set

KapBoéuueduAokuttapivn — Safety Data Sheet

| 1. Identification ] c I CAa Mo I Weight %
= [ Sodum cellulose | B004-32-4 | 100
Product Name Carboxymethyl cellulose, sodium salt
Cat No. : AC332640000; AC332640010; AC332641000 | 4. st
Synonyms. Sodium Carboxymeathyl Calluioss; Aguaplast, Carboxymethyl Celiuioss Eye Contact ﬁins_e im;:\iaat::‘:l‘-yvmh plenty of water, also undsr the eyelids, for at least 15 minutes. Get
Recommended Use Laboratory chemicals. ) . ) . . i
Uses advised against Food, drug, peslicida or biocidal product use. Skin Contact :;ﬁ";:;’;":ﬁ:“g@m:gmﬁ:w of water while removing all contaminated
lation Remove from exposure, lie down. Remove to fresh air. If not bresthing, give artificial
respiraion. Get medical sttention.
Company.
Fisher Scentific Company Acros Organics Ingestion Clean mouth with water. Get medical attention.
One Reagent Lane One Reagent Lana ) ) )
Fair Lawn, NJ 07410 Fair Lawn, MJ 07410 Most important symptoms and  No information available.
Tel: (201) T96-T100 effects o X
Motes to Physician Treat symptomatically
Emergency Telephone Number  For information US call: 001-800-ACROS-01 / Europe call: +32 14 57 52 11 | 5. Fire
Emergancy Number US:001-201-796-7100 / Europe: +32 14 57 52 99 ——
CHEMTREC Tel No.US:001-800-424-0300 | Europe:001-703-527-3887
Suitable Extinguishing Media Water spray. Carbon dioxide (CO ). Dry chemical. Chemical foam.
2. Hazard(s) identification ] fable Ext Media - Noinfornlion svaictle
Classification Flash Point Mo information available
Classification under 2012 OSHA Hazard Communication Standard (28 CFR 1810.1200) Method - No information availabie
Autoignition Temperature 370 °C / 698 °F
[This chemical is not considered hazardous by the 2012 OSHA Hazard Communication Standard (28 CFR 1910.1200)
Explosion Limits
Upper No data available
Lower No data available
ivity to ical Impact No i ion availabie
Label Elements ivity to Static Di Noi ion availabie

None required .
Specific Hazards Arising from the Chemical
Keep praduct and empty container away from heat and sources of ignition.

Hazardous Combustion Products

lassifi Carben monayide (CO). Carbcn dioxide cco:}

Nane idenified
As in any fire, wear sal(—cnnlamzd lmauhmg apparaius pressure-demand, MSHANIOSH {approved or equivalent) and full
protective gear.

ry Tnaredient NFPA
B pasit on ‘ng ] Health Flammability Instability Physical hazards
0 1 0 WA

| 6. A 1
Personal Precautions Ensure adequate ventilation. Uise personal protective equipment as required.
Environmental Precautions. See Section 12 for additional Ecological Informatian.

Methods for Containment and Clean Sweep up and shovel into suitable containers for disposal.
up



[ 7. Handling and ] [ 13. Di 1 |

Handling ‘Avoid contact with skin and eyes. Do not breathe dust Wasts Disposal Methods. Chemical waste generalors must determine whether a discarded chemical is classibed a5 @
hazardous waste. Chemical waste generators must also consult local. regional, and
Storage. Keep in a dry. cool and well-venilated place. Keep container tightly closed. national hazardous waste reguiations fo ensure complete and accurate classifcation.
| 8. Ex controls | 1 p i ] [ 14.T rt inf i ]
Exposure Guidelines “This product does not CONMaIN any hazardoUs Matenals With DCCUPSTONE] exposLre DOT Not reguiated
limitsesiablished by the region specific regulatory bedies. _TDG Not reguiated
Hot reguiated
Not reguiated
15. Reg v |
Engineering Measures Mone under normal use conditions.
States of Americ ry
Personal Protective Equipment.
Component CAS No I TSCA TSCA Inventory notification - | TSCA - EPA Regulatory |
Eyefface Protection Wear appropriate protective eyeglasses or chemical safety gaggles as described by Active Insctive Flags
OSHA's eye and face protection regulations in 20 CFR 1910123 or European Standard [Somm Colose | sostsad | b3 T ACTIVE T E] |
EN18E.
Legend:
Skin and body protection Wear appropriate protective gloves and diothing to prevent skin expasure, TSCA US EPA (TSCA) - Toxic Substances Conlral Act, (40 CFR. Pan 710)
X » Listed
Respiratory Protection Mo protective equipment is needed under normal use conditions. - Mot Listad
XU - Indicates 8 substance exempl from reporting under the Inventory Update Rule, Le. Partisl Updaling of the TSCA Inventory Data Base
Hygiene Measures Handle in accordance with good industrial hygiene and safety practice. Production and Site Reporls {40 CFR 710(8)
o — ——— TSCA 12{b) - Nofices of Export Not applicable
Physical State Powder Saiid
Appearance Beige International inventories
Odar Odorless ; Canada (DSL/NDSL), Ewrope (EINECS/ELINCS/NLP), Philippines (PICCS), Japan (ENCS), Japan (ISHL), Australia (AICS), China {IECSC), Korea
Odor Threshold Mo infarmation available (KECL)
pH 658 1% a0.s0l
Meiting Point/Range 300 °C [ 572 °F [ ] caswo T psi [ wos. | Emecs [ piccs | ENcs | [ mics [wEcsc | kecL
Boiling Point/Range No information available Sodum celuose | B004-524 | X - - KE-05354
Flash Point Mo infarmation available
Evaporation Rate Not applicable KEGL - NIER nismiier of KE numbes (MUpines Aier. po kienimain oo
Flammability (solid,gas) Mo infarmation available .
Flammability or explosive limits U.S. Federal Requlations.
Upper Mo data avsilable )
Lower Mo data available SARA 313 Not applicable
Vapo Mo infarmation available ) )
Vapor Density Not applicable SARA 311/312 Hazard Categories  See section 2 for mers information
Specific Gravity Mo infarmation available
Solubility No information available CWA (Clean Water Act) Not appiicable
Partition coefficient; n-octanoliwater No data avail )
Autoignition Temperature 370 °C | 698 °F Clean Air Act Not applicable
E{;:r:%miﬂnn Temperaturs ::adnprlrrslmn avsilabla OSHA- Occupaionsl Safety and et apel
ppiiceble Health Administration
| 10. Stability and reactivity CERCLA Not applicable
Reactive Hazard Mone known, based on informaticn available
California Proposition 65 This product does not contain any Proposition 65 chemicals.
Stability Stable
U.S. State Right-to-Know Mot applicable
Conditions to Avaid Incompatible products. Regulations
Incompatible Materials Strong oxidizing agents U.5. Department of Transportation
Reportable Quantity (RO
Hacarduus Bevumpusition Produsts Corlaon nmnuside (GO}, Genbun diuside (G02) DOT Marine Pollutant N
DOT Severa Marine Pollutant N
No available. ) )
U.5. Department of Homeland This product does nat contin any DHS chemicals.
Harardous Reactions None under normal processing. Security
411. Toxicological info ) I Other
Acute Toxicity Mexico - Grade No infarmation available
Product Information No acute foxicity information is available for this product AutherisationiRestrictions according to EU REACH
Oral LDS0 Based on ATE data, the classification criteria are not met. ATE = 2000 mgkg.
Dermal LD50 Based on ATE data, the classification criteria are not met. ATE = 2000 mgkg.
Mist LCS0 Based on ATE data, the classification criteria ara not met. ATE > § mgil.
Compaonent i Safety, health and environmental regulationsilegislation specific for the substance or mixture
[ Companent I LDS50 Oral T LO50 Denmal 1 LCE Inhaiation
Sodium carbaxymethyl celllioee LDS0 = 27000 mgg [ Ral) Nethated I LCS0 > 5800 mgim® ( Rat |4 Compenent CASN& OECD WPV Persigtent Organic | Ozane Depletion Restriction of
Pollutant Potential ‘Hazardous
i Nei ion availabie Subgtsnces (RoHS)
Products SoGum carboryatyl 08324 Nt aplicabie Nl apalicabie Nl appicabie Mal anphcable
Delayed and immediate effects as well as chronic effects from short and long-term ure ceomioss
Imitation Mo infarmation available Component CAS o Seveso Il Directive | Seveso l Directive | Rofierdam Basel Convention
[ N ) - (PIC) Waste)
Sensitization Mo information available Qualifying QuantitiesiQualifying Quantities|
for Majer Aceigent | for Safety Report
. ; ) : Notification
The table below indicates whether each has listed dient
Carclnagesicy soe fnelicates W * each agency as isted any ingredient a2 & Somur carbarymaty 0004324 Net apgiicable Net applicatie Nel appacatie ol apphcatile
[ [ _caswe | IARC I NTP [ Accm | osWa | Wexico ] collfons
[Sadium carboxymethy| 9004-32-4 ot listed Not Ested Not listed Not listed Not Ested ]
il ose
Mutagenic Effects No infarmation available 16. Other inf i
Prepared By Regulatory Afairs
Reproductive Effects No infarmation available. e o Emiantiic
Developmental Effects Mo information available. Email: EMSDS. RA@thermafisher.com
ici Revision Date 25-Dec-2021
Teratogenicity No infarmation available. iy e
STOT - single exposure Mone known Revision Summary This document has been updatsd 1o comply with the US OSHA HazCom 2012 Standard
STOT - repested axposure None known replacing the current legislation under 20 CFR 1810 1200 tn align with the Globally
Harmenized System of Classification and Labeling of Chemicals {GHS).
Aspiration hazard No information availsble
Disclaimer
Symptoms | effects,both acute and No information availsble The information provided in this Safety Data Sheet is correct to the best of our knowledge, information and belief at the
delsyed date of its publication. The information given is designed only as a guidance for safe handling, use, processing. storage,
transportation, disposal and release and is not to be considered a warranty or quality specification. The information
Disruptor No available relates only to the specific material designated and may not be valid for such material used in combination with any other
materials or in any process, unless specified in the text
Other Adverse Effects The toxicological properties have not been fully investigated
12. Ecological ]
Ecotoxicity
Persistence and Degradability Soluble in water Persistence is unlikely based an information availsble.
Noi ion available.

Mobility Will likely be mabile in the environment due to its water solubiity.



Ayap — Safety Data Sheet

SAFETY DATA SHEET

according to Regulation (EC) No. 1907/2006

Version 6.6

Revision Date 01.02.2023

Print Date 26.02.2023

GENERIC EU MSDS - NO COUNTRY SPECIFIC DATA - NO OEL DATA

SECTION 1: Identification of the / and of the /undertaking
1.1 Product identifiers
Product name Agar
Product Number A1296
Brand Sigma
REACH No. A registration number is not available for this substance as the
substance or its uses are exempted from registration, the
annual tonnage does not require a registration or the
1is i d for a later 1
CAS-No. 9002-18-0
1.2 Relevant identified uses of the sub or mi; and uses advised i
Identified uses Laboratory chemicals, Manufacture of substances
1.3 Details of the supplier of the safety data sheet
Company Sigma-Aldrich Chemie GmbH
Eschenstrasse 5
D-82024 TAUFKIRCHEN
Telephone : +49 (0)89 6513-1130
Fax : +49 (0)89 6513-1161
E-mail address : technischerservice@merckgroup.com
1.4 Emergency telephone

Emergency Phone # 0800 181 7059 (CHEMTREC Deutschland)
+49 (0)696 43508409 (CHEMTREC

weltweit)

SECTION 2: Hazards identification

2.1

2.2

23

Cl of the or
Not a hazardous substance or mixture according to Regulation (EC) No 1272/2008.
Label elements

No hazard pictogram, no signal word, no hazard statement(s), no precautionary
statement(s) required

Other hazards

This substance/mixture contains no components considered to be either persistent,
bicaccumulative and toxic (PBT), or very persistent and very bioaccumulative (vPvB) at
levels of 0.1% or higher.

SECTION 3: Composition /information on ingredients

31

Substances

Synonyms Gum agar
Agar-agar

CAS-No. 9002-18-0

EC-Na. 232-658-1

No components need to be disclosed according to the applicable regulations.

SECTION 4: First aid measures

4.1

4.2

4.3

Description of first-aid measures

If inhaled
After inhalation: fresh air.

In case of skin contact
In case of skin contact: Take off immediately all contaminated clothing. Rinse skin with
water/ shower.

In case of eye contact
After eye contact: rinse out with plenty of water. Remove contact lenses.

If swallowed
After swallowing: make victim drink water {two glasses at most). Consult doctor if feeling
unwell.

Most important symptoms and effects, both acute and delayed
The most important known symptoms and effects are described in the labelling (see section
2.2) and/or in section 11

of any i
No data available

and special tr

SECTION 5: Firefighting measures

5.1

5.2

53

Extinguishing media

Suitable extinguishing media
‘Water Foam Carbon diexide (CO2) Dry powder

Unsuitable mlngnishing madia

For this na of extinguishing agents are given.
Special hazards arising from the substance or mixture

Carbon oxides

Combustible.

Development of hazardous combustion gases or vapours possible in the event of fire.

Advice for firefighters
In the event of fire, wear self-contained breathing apparatus.

5.4 Further information
Prevent fire extir
system.

water from contami surface water or the ground water

SECTION 6: Accid.

6.1 Personal pr and emergency procedures
Advice for non- emergean persnnnel Avaoid inhalation of dusts. Evacuate the danger
area, ohserve emergency procedures, consult an expert.

Far persanal protection see section 8.

| release es

6.2 Environmental precautions
Do not let product enter drains.

6.3 Methods and materials for containment and cleaning up
Cover drains. Collect, bind, and pump off spills. Observe possible material restrictions
(see sections 7 and 10). Take up dry. Dispose of properly. Clean up affected area. Avoid
generation of dusts.

6.4 to other
Far disposal see section 13,

SECTION 7: Handling and storage

7.1 Precautions for safe handling
Far precautions see section 2.2,

7.2 Conditions for safe storage, including any incom patibilities

Storage conditions
Tightly closed. Dry.

Moisture sensitive.

Storage class
Storage class (TRGS 510): 11: Combustible Solids

7.3 Specific end use(s)
Apart from the uses mentioned in section 1.2 no other specific uses are stipulated

SECTION 8: Exposure controls/personal protection
8.1 Control parameters

Ingredients with workplace control parameters
8.2 Exposure controls

Personal protective equipment

Eye/face protection
Use equipment for eye protection tested and approved under appropriate
government standards such as NIOSH (US) or EN 166(EU). Safety glasses

Skin protection

This recommendation apphes nnly to the product stated in the safety data sheet,
supplied by us and for the d d usa, When di lving in or mixing with m.her
substances and under conditions deviating from those stated in EN374 please
contact the supplier of CE-approved gloves (e.g. KCL GmbH, D-36124 Eichenzell,
Internet: www.kecl.de).

Full contact

Material: Nitrile rubber

Minimum layer thickness: 0,11 mm

Break through time: 480 min

Material tested:KCL 741 Dermatril® L

This recommendation applies only to the product stated in the safety data sheet,
supplied by us and for the desi d use. When dissolving in or mixing with other
substances and under conditions deviating from those stated in EN374 please
contact the supplier of CE-approved gloves (e.g. KCL GmbH, D-36124 Eichenzell,
Internet: www.kcl.de).

Splash contact

Material: Nitrile rubber

Minimum layer thickness: 0,11 mm

Break through time: 480 min

Material tested:KCL 741 Dermatril® L

Respiratory protection

required when dusts are generated.

Our recommendations on filtering respiratory protection are based on the following
standards: DIN EN 143, DIN 14387 and other accompanying standards relating to
the used respiratory protection system.

Recommended Filter type: Filter type P1

The entrepeneur has to ensure that maintenance, cleaning and testing of respiratory
protective devices are carried out according to the instructions of the producer.
These measures have to be properly documented.

Control of environmental exposure
Do not let product enter drains.

SECTION 9: Physical and chemical properties
9.1 Information on basic physical and chemical properties

a) Physical state powder

b) Color beige

c) Odor No data available
d) Melting No data available

paint/freezing point

e Mo data available

Initial beiling peint

and boiling range

f)  Flammability (saolid,
gas)

q) Upper/lower

flammability or

explosive limits

Flash paint

Mo data available

Mo data available

h
i) Auteignition

Not applicable
Mo data available

83



9.2

temperature

i} Decompaosition No data available

temperature
k) pH 5,0 - 7 at 15 g/l at 50 °C
1) Viscosity Viscosity, kinematic: No data available

Viscosity, dynamic: No data available

m) Water solubility Mo data available

n) Partition coefficient: No data available
n-actanol/water
o) Vapor pressura No data available

p) Density Ne data available

Relative density No data available

q) Relative vapor Mo data available
density

r) Particle Mo data available
characteristics

) Explosive properties  No data available
ty Oxidizing properties none

Other safety information
No data available

SECTION 10: Stability and reactivity

10.1

10.2

10.3

10.4

10.5

10.6

Reactivity
The following applies in general to flammable organic substances and mixtures: in

correspondingly fine distribution, when whirled up a dust explosion potential may generally

be assumed.

Chemical stability

The product is chemically stable under standard ambient conditions (room temperature} .
Exposure to moisture,

Possibility of hazardous reactions
No data available

Conditions to avoid

Exposure to moisture,

no information available
Incompatible materials

No data available

Hazardous decomposition products
In the event of fire: see section 5

SECTION 11: Toxicological information

11.1

11.2

Infor ion on t

Acute toxicity

LDS0 Oral - Rat - 11.000 mg/kg
Inhalation: No data available
Dermal: No data available

Skin corrosion/irritation
No data available

Serious eye damage/ eye irritation
Mo data available

Respiratory or skin sensitization

Mo data available

Germ cell mutagenicity

No data available

Carcinogenicity

Mo data available

Reproductive toxicity

No data available

Specific target organ toxicity - single exposure
No data available

Specific target organ icity - rep -]
Mo data available

Aspiration hazard
No data available

Additional Information

Endocrine disrupting properties

Product;

Aggagement The substance/mixture does not contain

compenents considered to have endocrine

disrupting properties according to REACH Article

57(f) or Commission Delegated regulation (EU)

2017/2100 or Commission Regulation (EU)

2018/605 at levels of 0.1% or higher.
RTECS: AW7950000
To the best of our knowledge, the chemical, physical, and toxicological properties have not
been tharoughly investigated.

After uptake of large quantities:
Diarrhea

However, when the product is handled appropriately, hazardous effects are unlikely to
occur.

Handle in accordance with good industrial hygiene and safaty practice.

SECTION 12: Ecological information

12.1 Toxicity
Mo data available

12.2 Persistence and degradability
Mo data available

12.3 Bioaccumulative potential
Mo data available

12.4 Mobility in soil
Mo data available

12.5 Results of PBT and vPvB assessment
This substance/mixture contains ne components considered to be either persistent,
bicaccumulative and taxic (PBT), ar very persistent and very bioaccumulative (vPvB) at
levels of 0.1% or higher.

12.6 Endocrine disrupting properties

Assessment The substance/mixture does not contain components
eonsidered to have endocrine disrupting properties
according to REACH Article 57(f) or Commission
Delegated regulation (EU) 2017/2100 or Commission

Regulation (EU) 2018/605 at levels of 0.1% or higher.

12.7 Other adverse effects
No data available

SECTION 13: Disposal considerations
13.1 Waste treatment methods

Product
See www.retrologistik.com for processes regarding the return of chemicals and
containers, or contact us there if you have further questions.

SECTION 14: Transport information
14.1 UN number

ADR/RID: - IMDG: - IATA: -
14.2 UN proper shipping name

ADR/RID: Net dangerous goods

IMDG: Neot dangerous goods

IATA: Mot dangerous goods
14.3 Transport hazard class{es)

ADR/RID: - IMDG: - IATA: -
14.4 Packaging group

ADR/RID: - IMDG: - IATA: -
14.5 Environmental hazards

ADR/RID: na IMDG Marine pollutant: no IATA: no

14.6 Special precautions for user
No data available
Further information
Mot dassified as dangerous in the meaning of transport regulations.

SECTION 15: Regulatory information
15.1 Safety, health and envir r
substance or mixture
This material safety data sheet complies with the requirements of Regulation (EC) No.
1907/2006.

/ specific for the

15.2 Chemical Safi
For this product a chemical safety assessment was not carried out

SECTION 16: Other information
Full text of other abbreviations

ADN - European Agreement concerning the International Carriage of Dangerous Goods
by Inland Waterways; ADR - Agreement concerning the International Carriage of
Dangerous Goods by Road; AIIC - Australian Inventory of Industrial Chemicals; ASTM -
American Society for the Testing of Materials; bw - Body weight; CMR - Carcinogen,
Mutagen or Reproductive Toxicant; DIN - Standard of the German Institute for
Standardisation; DSL - Demestic Substances List (Canada); ECx - Concentration
associated with x% response; ELx - Loading rate associated with x% respanse; EmS -
Emergency Schedule; ENCS - Existing and New Chemical Substances (Japan); ErCx -
Concentration associated with x% growth rate response; GHS - Globally Harmaonized
System; GLP - Good Laboratory Practice; IARC - International Agency for Research on
Cancer; IATA - International Air Transport Association; IBC - International Code for the
Construction and Equipment of Ships carrying Dangerous Chemicals in Bulk; IC50 - Half
maximal inhibitory concentration; ICAO - International Civil Aviation Organization;
IECSC - Inventory of Existing Chemical Substances in China; IMDG - International
Maritime Dangerous Goods; IMO - International Maritime Organization; ISHL - Industrial
Safety and Health Law (Japan); ISO - International Organisation for Standardization;
KECI - Korea Existing Chemicals Inventary; LC50 - Lethal Concentration to 50 % of a
test population; LD50 - Lethal Dose to 50% of a test population (Median Lethal Dose);
MARPOL - International Convention for the Prevention of Pollution from Ships; n.o.s. -
Not Otherwise Specified; NO(AJEC - No Observed (Adverse) Effect Concentration;
NO(AJEL - No Observed (Adverse) Effect Level; NOELR - No Observable Effect Loading
Rate; NZIoC - New Zealand Inventory of Chemicals; OECD - Organization for Economic
Co-operation and Development; OPPTS - Office of Chemical Safety and Pollution
Prevention; PBT - Persistent, Bioaccumulative and Toxic substance; PICCS - Philippines
Inventory of Chemicals and Chemical Substances; (Q)SAR - (Quantitative) Structure
Activity Relationship; REACH - Regulation (EC) No 1907/2006 of the European
Parliament and of the Council cancerning the Registration, Evaluation, Authorisation and
Restriction of Cl icale; RID - i eoncerning the International Carriage of
Dangerous Goods by Rail; SADT - Self-Accelerating Decompesition Temperature; SDS -
Safety Data Sheet; TCSI - Taiwan Chemical Substance Inventory; TECI - Thailand
Existing Chemicals Inventory; TSCA - Toxic Substances Control Act (United States); UN
- United Nations; UNRTDG - United Nations Recommendations on the Transport of
Dangerous Goods; vPvB - Very Persistent and Very Bioaccumulative
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PVA - Safety Data Sheet

1. Chemical duct and C Identification

Product Name : Polyvinyl alcohol

Catalog Codes 1 SLP3B77, SLP10GO

CAS# £ 9002-89-5

RTECS : TRB100000

TSCA : TSCA 8(b) inventory: Polyvinyl alcohal
cI# £ Not available.

Synonym : Ethenol, Homopolymer; PVA; PVOH

Chemical Name : Polyvinyl Alcohal
Chemical Formula : (CH2CHOH)n
COMPANY IDENTIFICATION

Supplier: Pon Pure Chemicals Group
CHENNAI, TAMILNADU, INDIA
(91) 8939878447
(91) 9444038694
Transportation Emergency Phone {91) 8939768680

24 Hour Health Emergency

Special Remarks on Fire Hazards: Not available.

Special Remarks on Explosion Hazards:

Fine dust dispersed in air in sufficient concentrations, and in the presence of an ignition
source is a patential dust explosion hazard.

6. i | kel
Small Spill:

Use appropriate tools to put the spilled solid in a convenient waste disposal container.
Finish cdeaning by spreading water on the contaminated surface and dispose of

aceording to local and regional authority requirements.

Large Spi
Use a shovel to put the material into a convenient waste disposal container. Finish

eleaning by spreading water on the contaminated surface and allow to evacuate through
the sanitary system.

7. Handling and Storage

Precautions:

Keep away from heat. Keep away from sources of ignition. Empty containers pose a fire
risk, p the residue under a fume hood. est. Do not breathe dust. If ingested,

[Company Name Place [EMERGENCY TELEPHONE NUMBER

Pon Pure Chemicals Group India Day Emergency - 044-26161803-26161809

seek medical advice immediately and show the container or the label. Keep away from

2. Composition and Information on Ingredients

Composition:
Name CAS # % by Weight
Polyvinyl alcohol 9002-89-5 100

Toxicological Data on Ingredients: Not applicable.

3. Hazards Identification

Potential Acute Health Effects: Slightly hazardous in case of skin contact (irritant), of
eye contact (irritant), of ingestion, of inhalation.

Potential Chronic Health Effects:

CARCINOGENIC EFFECTS: 3 (Mot classifiable for human.) by IARC. MUTAGENIC
EFFECTS: Not available.

TERATOGENIC EFFECTS: Not available.

DEVELOPMENTAL TOXICITY: Not ilabl d or prol d exposure is not

known to aggravate medical condition.

ine ibles such as oxidizing agents, metals, acids, alkalis.
ge: Keep ¢ i tightly closed. Keep container in a cool, well-ventilated area.
8. Controls/

Engineering Controls:

Use process enclosures, local exhaust ventilation, or other engineering contrals to keep
airborne levels below recommended exposure limits. If user operations generate dust,
fume or mist, use ventilation to keep exposure to airborne contaminants below the
expasure limit.

Personal Protection: Safety glasses. Lab coat. Dust respirator. Be sure to use an
approved/certified respirator or equivalent. Gloves.

Splash gogales. Full suit. Dust respirator. Boots. Gloves. A self contained breathing
apparatus should be used to avoid inhalation of the product. Suggested protective
clothing might not be sufficient; consult a specialist BEFORE handling this product.
Exposure Limits: Mot available.

4. First Aid Measures

Eve Contact:

Check for and remave any contact lenses. In case of contact, immediately flush

eyes with plenty of water for at least 15 minutes. Cold water may be used. Get
medical attention if irritation occurs.

Skin Contact:

Wash with soap and water. Cover the irritated skin with an emollient. Get medical
attention if irritation develops. Cold water may be used.

Serious Skin Contact: Nat available.

Inhalation:

If inhaled, remove to fresh air. If not breathing, give artificial respiration. If
breathing is difficult, give axygen. Get medical attention.

Serious Inhalation: Not available.

Ingestion:

Do NOT induce vomiting unless directed to do so by medical personnel. Never give
anything by mouth te an unconscious person. Loosen tight dothing such as a callar,
tie, belt or waistband. Get medical attention if symptoms appear.

Serious jon: Not available.

5. Fire and Explosion Data
Flammability of the Product : May be combustible at high temperature.
Aute-Ignition Temperature : Not available.
Flash Points : OPEN CUP: 79°C (174.29F).
Flammable Limits : Not available.
Products of Combustion : These products are carbon oxides (CO, CO2).
Fire H np f Various S .
Flammable in presence of open flames and sparks, of heat. Non-flammable in presence
of shocks.

jon ¢ s in B nee of Various Substances:
Risks of explosion of the product in presence of mechanical impact: Not available.
Slightly explosive in presence of open flames and sparks.
Fire Fighting Medi Instructions:
SMALL FIRE: Use DRY chemical powder. LARGE FIRE: Use water spray, fog or foam. Do
not use water jet.

9.Physical and Chemical Properties
Physical state and appearance : Solid. (Powdered solid. Amorphous solid powder.)

Odor : Odorless.

Taste : Not available.

Molecular Weight : (44.05)n g/mole

Color : Off-white. White. Colorless.

pH (1% soln/water) : Not available.

Boiling Paint : Not available.

Melting Point :Softens  ar  about  200°C  (392°F)  with
decomposition. Decomposition @ 228 deg. C.

Critical Temperature : Not available.

Specific Gravity : 1.19-1.31(Water = 1)

Vapor Pressure : Not applicable.

Vapor Density : Not available.

Volatility : Not available.

Odor Threshold : Not available.

‘Water/Qil Dist. Coeff. : Not available.

Ionicity (in Water) : Not available.

Dispersion Properties : See solubility in water.

Solubility;

Soluble in cold water, hat water. Insoluble in diethyl ether, acetone, petroleum
solvents, aromatic hydrocarbons, esters. Practically insoluble in animal and
wvegetable ails and chlorinated hydrocarbons.

10. Stability and Reactivity Data

Stability : The product is stable.
Instability Temperature : Not available.
Conditions of Instability
incompatible materials.
Incompatibility with various substances: Reactive with oxidizing agents, metals, acids,

: Heat, ignition sources, flame, excess dust generation,

alkalis.
Corrosivity : Non-corrosive in presence of glass.
Special B Reactivity:

Incompatible with ox ng agents (perchlorates, nitrates, ete), reactive metals
(sodium, calcium, zinc. etc.), sodium or calcium hypoechlorite, materials reactive with
hydroxyl compounds. Reaction with peroxides may result in violent decompaosition of

peroxide possibly creating and explosion.
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Special Remarks on Corrosivity : Not available.

Polymerization = Will not eecur.

11. Toxicological Information

Routes of Entry : Inhalation. Ingestion.

Touieity to Animals:

Acute oral toxicity (LDS0): 14700 mg/kg [Mouse]. Acute oral toxicity (LDS0): > 20000
ma/kg [Rat].

Chronic Effects on Humans: CARCINOGENIC EFFECTS: 3 (Not classifiable for human.)
by IARC.

Other Toxic Effects on Humans: Slightly hazardous in case of skin contact (irritant), of
ingestion, of inhalation.

Special Remarks on Toxicity to Animals: Not available.

Special Remarks on Chronic Effects on Humans: May cause cancer (tumorigenic)
based on animal studies. No human data found at this time.

Special Remarks an other Toxic Effacts an Humans:

Acute Potential Health Effects: Skin: May cause skin irritation. Eyes: May cause eye
irritation. Ingestion: May cause gastrointestinal (digestive) tract irritation. May affect
behavior/central nervous system (symptoms may include general depressed activity,
altered sleep time, muscle weakness). May also affect blood and metabolism.
Inhalation: May cause respiratory tract irritation. Chronic Potential Health Effects:
Inhalation or ingestion for prolonged period of time may affect blood and metabolism,
and behavior. May cause cancer (tumorigenic) based on animal studies. No human data
found at this time.

12: Ecological Information

Ecotoxicity: Ecotoxicity in water (LC50) @ 10000 mgfl 96 hours [Bluegill Sunfish].
>40000 mag/l 96 hours [Fatthead Minnow].

BODS5 and COD ¢ Not available.

Products of Biodegradation:

Possibly hazardous short term degradation products are not likely. However, long term
degradation products may arise.

Toxicity of the Products of Biodegradation: The product itself and its products of
degradation are not toxic.

Special Remarks on the Products of Biodegradation: Not available.
13. Disposal Considerations

Waste Disposal:
‘Waste must be disposed of in accordance with federal, state and local environmental
__control reaulations,
14. Transport Information
DOT Classification : Not a DOT controlled material (United States).
Identification : Not applicable.
Special Provisions for Transport : Not applicable.
15.: Other Regulatory Information
Federal and State Regulations : TSCA 8(b) inventory: Polyvinyl alcohal
Other Regulations : Not available.
Other Classifications:
WHMIS (Canada) : Not controlled under WHMIS (Canada).
DSCL (ERC):
This product is not classified according to the EU regulations. Mot applicable.
HMIS (WLSA):
Health Hazard 1
Fire Hazard 2,
Reactivity :0
Personal Protection E

National Fire Protection Association (LLS.A):

Health 10
Flammability
Reactivity :0
Specific hazard:

Erotective Equipment:

Gloves, Lab coat, Dust respirator. Be sure to use an approved/certified respirator or
equivalent Safety glasses.

16.0ther Information

Disclaimer:

The information and recommendations contained herein are, to the best of Pon Pure
Chemicals Group knowledge and belief, accurate and reliable as of the date issued.
You can contact Pon Pure Chemicals Group to ensure that this document is the mast
current  available from Pon Pure Chemicals Group The information and
recommendations are offered for the user's consideration and examination. It is the
user's responsibility to satisfy itself that the product is suitable for the intended use. If
buyer repackages this product, it is the user's responsibility to insure proper health,
safety and other necessary information is included with andfer on the container.
Appropriate warnings and safe-handling procedures should be provided to handlers and
users. Alteration of this document is strictly prohibited. Except to the extent required
by law, re-publication or retransmission of this document, in whole or in part, is not
permitted.
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Oéwo av3pakiko vatpio — Safety Data Sheet

1. PRODUCT IDENTIF!

ICATION /| COMPANY ADDRESS

Trade Name

Sodium
Bicarbonate

‘Commen
Name

Baking
Soda

Synonyms | Bicarb, baking soda,
bicarbonate, sodium

acid carbonate

7. HANDLING AND STORAGE

Company Name | Address /

Phone / Fax

Tata Chemicals Limited, Mithapur

District: Devbhoomi Dwarka (Gujarat) 361 345 INDIA
Contactin case of Emergency Onlv.

+91(02892 675802 /03 )

Contact Person :+81 9227676113 Mr. Devendra Thakur

General = Use air conveying/mechanical systems for bulk fransfer to storage.

precaution + For manual handiing of bulk transfer use meachanical ventilation to remove airbome
dust from railcar, ship or truck.
* Use approved respiratory protection when ventilation systems are nat available.
» Selection of respirators is based on the dust cloud generated.

Personal Wear personal protective equipment as Section-8

protection

Storage * Protect from excessive heat and moisture. Store away from acids

Incompatibilities

Strong oxidizers. Strong acids.

Chamical Name

Sodium Bicarbonate (Crystalline Solid)

2. HAZARD IDENTIFICATION

8. EXPOSURE CONTROL / PERSONAL PROTECTION

Hazard Classification

Eye Irrit. 2B, H320

Personal protection

000 0O

LABEL ELEMENTS No Labelling
Signal word Danger Skin = Dry produst is generally non | Eyes = Appropriate eye and face
imritating to intact skin. However, this protection equipment (ANS]
Hazard statement H320 - Causes eye irritation product can be imitating where skin 287 approved) should be
- N has been d ed and ate i
Precautionary statement | P264 - Wash exposed skin thoroughly after handling. a5 been camaged and can cre selected for the particular use
skin irritation after long exposures intended for this material
P305+P351+P338 - If in eyes: Rinse cautiously with water for several when maisture is present. Under Safety glasses with side‘
minutes. Remove contact lenses, if present and easy to do. Continue such conditions, gloves and long- shields are recommended.
rinsing. sleaved clothing are recommended
to minimize skin contact.
P337+P313 - If eye imritation persists: Get medical advice;
* Whenever dust in the worker's | Other
breathing zone cannot be controlled
3. COMPOSITION ! INFORMATION AND INGREDIENTS ity erilaion or cther enginesring
. means, workers should  wear
Structural n® L Chemical Family respirators or dust masks approved
Formula ' by MIOSH | OSHA or comparabla
o Molecular weight 84.05 g/mol cortfication crganizsion o protect
CAS No 144-55-8 Molecular Formula | NaHCO, them against airborne dust.
Name Product identifier Y Classification Expasurs limits
Sodium Eve Irrt. 28, H320 TLV-TWA 15 mg/m3 (Total Dust) TLV-STEL
it. 28,
Bicarbonate | M55 E 1oa%e 5 mgim3 (Respirable
- Dust)
4. EIRSTAID MEASURE Appropriate Appropriate engineering controls: Emergency eve wash fountains should be
E ing available in the immediate vicinity of any potential exposure. Provide adequate
Ingestion + Do NOT induce vomiting unless directed to do so by medical personnel. Control general and local exhaust ventilation
= Mewver give anything by mouth to an unconscious persan.
* Loosen tight clothing such as a collar, tie, bedt or waist band. 9. PHYSICAL AND CHEMICAL PROPERTIES
+ Get medical attention if symptoms appear Appearance White Molecular 8405 gimol | Specific No data
Inhalation « If inhaled, remaove to frash air. I not breathing, give artificial respiration. If g::a"'m Weight gravity available
breathing is difficult, give oxygen. Get medical attention.
Odarl Mot 8.8 (5%
Eyes  Flugh eyes with running waler far 15 minutes, maintaining the eyalids wide 3“:::::::‘" criess fé“" Point Eorinent PHI Acidity smu‘timj
open to eliminate the product. )
+ Consult an aphthalmologist in case of parsistent pain. Auto Ignition [ No data Boiling Point Mot available | Melting 270°C
Temp. °C available “C @ 760 mm Point “C
Skin * Wash with soap and water. Cold water may be used. Ha
« Get medical attention if irritation develops.
Vapor Press. | Not Applicable | Vapour Mo data Water 884/ liter
Antidote Mm Hg @ 20 Density available Solubility @ water. @
°c 20°C 20°C (BB°F).
Most important Eye Contact- Moderate irritation to eyes.
symptoms/ effects, | inhalation- Slight irritating to nose. LEL % Mot Applicable | UEL % xot ot %, Volatile
icable
acute and or delayed | syin contact- Negiigible effect. Pe
Ingestion- Ingestion of large quantities may cause nausea and vomiting. Evaporation :I:f:slw @ PH
rate
Indication of No additional information available
immediate medical Octanaol / No data No data
attention and special Water Available available
traat t dp d Partition
reatment neede Coefficiant
5. EREFIGHTING MEASURES 10. STABILITY AND REACTIVITY
Fire extinguishing + In case of fire in close proximity, all means of extinguishing are acceptable. Chemical Stable under nomal Possiblity of Contact with acids axcept
madia Stability conditions. Hazardous reaction | under controlled conditions.
Hazardous Mo additional infermation available Hazardous +May liberate Carban Incompatible Strang acids. Strong
decomposition Reactions/ Monoxide Carbon Dioxide | Materials oxidizers.
products Decomposition | of Oxides Fumes.
Special fire fighting |+ Use Prolective Eguipment as o the o ion  p products
procedure associated with the fire. Condition to = Incompatible materials. Moisture. Stable in dry air. but slowly decomposes in moist
avoid air.
Precaution to Fire Mon-flammable.

Fighters

6. ACCIDENTAL RELEASE MEASURES

11. TOXICOLOGICAL INFORMATION

Perzonal precaution

+ Refer io Section 8 "Exposure Controls / Personal Protection”.

Precautions for the
environment

Prevent entry to sewers and public waters. Notify authorities i liquid enters
sewers or public waters.

Clean up method

= Can be recovered and re-used if contamination does not present a problem.
= Vacuum or sweep up the material. If the spilled product is unusable due to
contamination, consult state or federal environmental agencies for acceptable
disposal procedures and locations

Routes of Ingestion, Eyes, Inhalation, Skin Absorption
LD50 (oral / 4000 LD50 (dermal/ LC50 {inhalation/ | ——-
rats) ma'kg mgikg rats) ma'kg rats) - 4 hrs. mg/l
Target Organ Mainly Respiratory system
Effects

related to physical, chemical & Based on available data, the classification criteria
toxicological characteristics are not met.

Causes eye iritation.
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12. ECOLOGICAL INFORMATION

Mobility in No additional information available
Soil

Persistence | Not established.
and
degradability

Bioaccumula | Not established.
tive Potential

Effects on Mon-tosic, the substance dissociates readily into its constituent ions, all of which are
fish abundant in nature

(Ecotoxicity)

Effects on No data available

birds

Effects on Mo data available

bees

13. DISPOSAL CONSIDERATIONS

= Waste must be disposed of in accordance with federal, state and local environmental controd regulations

14. TRANSPORT INFORMATION
UN No.

- IMDG No. ==

Shipping Name Sodium Bicarbonate Hazard class -

Packing group Hazard Sub class | ---

Marine Pollutant | Yes Labels required

Warning -
Statement

Packaging /
Precaution

Shipping Marking

15. REGULATORY INFORMATION

LABELING:

PHRASES R:
Mot classified as hazardous or toxic to users.

PHRASES S:
Mot classified as hazardous or toxic to users.

Oéwvo avdpakiko auuwvio - Safety Data Sheet

[ 1. Identificati
Product Name Ammonium Bicarbonate (Certified)
Cat No. : AB43-50; AG43-500
CAS No 1066-33-7
Synonyms Ammonium hydrogencarbonate
Recommended Uisa Laboratory chemicals. Precautionary Statemer
Uses advised against Food, drug, pesticide or biocidal product use. Wash face, hands and any exposed skin thoroughly zfter handiing
Do not eat, drink or smoke when using this product
Details of the supplier of the safety data sheet Ingestion »
IF SWALLOWED: Call a POISON CENTER or doctorfphysician if you feel umwell
Company. Rinz mo:
Fisher Scientific Company Disposal )
One Raagant Lane Dispose of contents/contsiner in an approved waste disposl plent
Fair Lawn, NJ 07410 oz 0g
Tel: (201) 796-7100 None identified
Emergency Telephone Number  CHEMTRECS, Inside the USA- 800-424-6300 = = —_—
CHEMTREC, Outside the USA: 001-703-527-3887 [ 3.C on
[ [ | CAS No | Weight %
| 2. Hazard(s) identification | [ Ammonium B (1) I 1066 337 1 100
T
This chemical iz considered hazardoue by the 2012 OSHA Hazard Communication Standard (20 CFR 1910.1200) I 4. First-aid
General Advice If symptoms persict, call a physician.
Eye Contact Rinse immediately with plenty of water, also under the eyelids, for at least 15 minutes. Gat
[Acute oral toxicity Category 4 medical attention.
Skin Contact Wash off immediately with plenty of water for at least 15 minutes. If skin irfitation persists,

call a physician.
Label Elements

Inhalation Remove to fresh air. If not breathing, give artificial respiration. Get medical attention if
Signal Word symptoms oocur
Waming
Ingestion Clean mouth with water and drink afterwards plenty of water. Get medical attention
Hazard Statements symptoms. nocur
Harmiful if swallowed
Most important and None
effects
Notes to Physician Treat symptomatically
[ 5. Fire-fighti
Suitable Media is use agant most to extinguish fre.
i i Media Mo ion availabie
Flash Point Not applicable
Method - Mo information avsilatie
MNo tion available

Explosion Limits



Upper No data available

Lower Mo data available [ o [_caASNo | TARC I NTP | ACGIH OSHA I Mexico ]
fivity to N Impact No i ion available m:'mlxl;t‘l:.lv"\ 1 ‘ 1086-33.7 I Noi listed | Nol Ested Not lisied I Not listed Not ksied
to Static L availsble Mutagenic Effects No infarmation available
Specific Hazards Arising from the Chemical Reproductive Effects Mo informat b
Mo ible. Thermal ition can lead to release of initating gases and vapors. Keep product and empty container produ < o Information avallable.
away from heat and sources of ignition. Developmental Effects Mo information available.
Hazardous Combustion Products Teratogenicity No information awailable.
Carbon monaxide (CO). Carbon dioxide (COz). Ammonia.
o and for STOT - single exposure Mone known
As in any fire, wear self-contained breathing apparatus pressure-gemand. MSHAMNIOSH (approved or equivalent) and ful STOT - repeated exposure None known
protective gear.
‘Aspiration hazard No information available
NFPA
Health Flammability Instability Physical hazards Symptoms | effects,both acute and No information available
H [ 1 NiA delayed
5. A — Disruptor Noi auailable
Personal Precautions Use personal protective equipment as required. Ensure adequate ventilation. Avoid dust Other Adverse Effects The toxicological properties have not been fully investigated.
formation
Environmental Precautions Do not flush into surface water or sanitary sewer system. | 12. Ecological |

Methods for Containment and Clean Sweep up and shovel into suitable containers for disposal. Keep in suitable, cosed
up containers for disposal.

Ecotoxicity.
Contains & substance which is:. Very toxic to aquatic organisms. The product contains following substances which are hazardous

7. Handling and

Fres Mlgae
Mot listed

for the environment.
[ [ FreshwaterFish | Microtox Water Flea
“Ammanium bicarbanaie LCS0: 63.4 mglL (96h) | ECI0: 1347 mgiL (16%) | ECS0: 1458 mgil (48]
(1:1) (o mykiss) putida)

Handling Wear personal protecive equipment/face protecion. Ensurs adequats ventiation. Avoid
Gust formation. Avid ingestion and inhalation. Do not get in eyes, an skin, or on clothing. and D o nlikely
Storage. Keep in a dry, cool and well-ventiiated plsce. Keep container tightly closed. Noi available.
Materisls. Strong acids. Alkaline.
Mability
" . -
8. Ex ! [ [ T log Fow |
Exposure Guidelines This product does not contain any hazardous matenals with cocupational exposUre [ e becarbon s [T1] I ey 1
limitsestablishad by the ragion specific reguiatory bodies.
13. Di 1

Enginesring Measures Ensura adequate ventilation, especially in confined areas. Ensura that syswash stations

and safety showers are close to the workstation location.
Personal Protective Equiy nt

Eyefface Protection Wear appropriate proteciive eyeglasses or chemical safety goggles as described by
OSHA's eye and face protecion regulations in 20 CFR 1910.133 or European Standard
ENigE.

Skin and body protsction Waar appropriate protective gloves and clothing to prevent skin sxposurs.

Respiratory Protection Follow the OSHA respirator regulations found in 20 CFR 1910.134 or European Standard
EN 149, Usa a NIOSH/MSHA or European Standard EN 149 approved respirator if
exposure limits are exceeded or if initation or other symptoms are experienced
Hygiene Measures Handle in accordance with good indusirial hygiene and safety practice.
9. 1 and chemical properties
Physical State Solid
Appearance White
Odor Ammonia-like
Odor Threshaold No information available
pl 7.8 (0.1N)
Melting PointiRange 60 °C [ 140 °F
Boiling Point/Range No information available
Flash Point Not appli
poration Rate Not applicable
Flammability (solid,gas) Mo information available
Flammability or explosive limits
Upper N data available
Lower No data available
Vapor Pressure 60mmHg @ 25°C
Wapor Density Not applicable
Specific Gravity I
Solubility Partially soluble
Partition coefficient; n-octanoliwater Mo data available

Autoignition Temperature No information available

Decompaosition Temperature No information available
Viscosity Not applicable
Molecular Formula NH4HCO3
Molecular Weight T0.06

10. Stability and reactivity
Reactive Hazard None known, based on information available
Stability Stabla under normal conditions. heat sensitive.

Conditions to Avoid Avoid dust formation. Incompatible products. Temperatures above 35°C.

Incompatible Materials Strong acids, Alkaline

Hazardous Decomposition Products Carbon monaxide (CO), Carbon dioxide (COz), Ammonia

does not ocour.

Hazardous Reactions None under nomal processing

Waste Disposal Methods Chemical waste generalors must determine whether a discarded chemical is dassibed 2s &
hazardous waste. Chemical waste generators must also consult local, regional, and

national hazardous waste regulsfions lo ensure complete and accurste classification.

14. Transport inf ] |
Not reguiated
Not reguiated
Not reguisted
DG/IMO Not reguisted
15. R y |
Am n
Component CAS No TSCA TSCA Inwentory nofification - | TSCA - EPA R.gulumq]
Flags
[CAmmenium bicarbonate (1) | foee-337 | X | ACTIVE | - 1
Legend:
TSCA US EPA (TSCA|) - Toxic Substances Conlrol Act, (40 CFR Pan 710)
X~ Listed
' - Mot Listed

TSCA 12{b} - Motices of Export Not applicable

International Inventories
Canada (DSLNDSL), Ewope [ENECS/ELINCS/NLP), Philicpines [PICCS), Japan (ENCS). Japan (ISHL). Australia (AICS), China (IECSC). Korea
(KECL).

ent
Ammonium bicarbonate (1:1] KE-01678

KECL - NIER number or KE number hiip-iincis.nier.go kr/enimain.do)

Weight %
[ Ammoniu (1:1) | 1066-33-7 [ 100 | 1.0 |

| ‘Companent | CAS No ‘ | SARA 313 - Threshold |
alues %

SARA 311/312 Hazard Categories  See section 2 for more information

CWA (Clean Water

Component CWA - Hazardous CWh - Reportable | CWA - Toxic Pollutants |CWA - Priority Poliutants]
Quantities
[ Ammoni [{ETH| X I 5000 1 T B | |
Clean Air Act Not applicable
OSHA - Occupstional Safety and Not applicable
Health Administration
CERCLA
[ Ci | Hazardous Substances ROs | CERCLA EHS RO8 |
[ Ammonim b [{ET T G 5 |

California Proposition 65 This product does not contain any Proposition 65 chemicals.

U.S. State Right-to-Know
Regulations

Component Massachusetts New Jersey | Pennsylvania | Iilingis. | Rhode Isiand
| 11. Toxicologi f i Ammanium bicarbonate x X X -
Acute Toxicity (1:1)

Product Information U.S. Department of Transportation
Component i Reportabie Quantity (RO) v
[ Companent D80 Gral D50 Dermal T LCE0 inhaiation DOT Marine Pollutant N
‘ erenoriium bicarbonabe (11] D50 = 1576 mgiky ( Rat) D50 > 5000 mglkg ( Fabibt ) | Wt Esied DT Savers Mexine Pollaiant N
e T US.D of Homeland This product does not contain any DHS chemicals.
Products Security
Delayed and immediate effect: well as chronic effects from short and long-term expos! ot R
Imitation Heinformation avilatle Mexico - Grade No information available

Sensitization Mo information available

Carcinogenicity The table below indicates whether each agency has listed any ingredient as a carcinogen.

Authorisation/Restrictions according to EU REACH

Component TREACH (180772006 - Annex XIV - | REACH (1907/2008] - Annex XVl - REACH Regulation (EC
Subject to o Certain L ) article §9 - Candidate
Authorization Substances List of Substances of Very High
Concem
"Ammonium bicarbonale (1-1) Use resuicied. See Aem 65
(see link fo resiriction delads
nitps:echa
Safety, health and specific for the or mixture
Component CAS No 'OECD HPY Persistent Organic | Ozone Depletion Restriction of
Pollutant Potential
Substances (RoHS
[Amwroniven bearbonate (11]] ___10ae357 | Theied | Motepolicable | Wolappicable | Nolapphcable
Component CAS No ‘Seveso lll Directive | Seveso lll Directive Rotterdam Basel Convention
[ ) )- on (PIC) Waste}
jQualitying Quantitiesiualitying Quantities
for Major Accident Safety Report
Notification rement
Ammanicn bearbanaie (111 066357 Tiol applicable ol applicabie ol sppicabie ol ap phcable
16. Other
Prepared By Regulatory Affairs
Therma Fisher Scientific
Email: EMSDS RA@thermofisher com
Creation Date 03-Jul-2014
Revision Date 24-Dec-2021
Print Date 24-Dec-2021
Revision Summary This document has been updated to comply with the US OSHA HazCom 2012 Standard

replacing the current legisiation under 20 CFR 1910.1200 to align with the Globally
Harmonized System of Classification and Labaling of Chemicals (GHS)

Disclaimer
The information provided in this Safety Data Shest is correct to the best of our knowledge, information and belief at the
date of its publication. The information given is designed only as a guidance for safe handling, use, processing, storage,
tranaportation, disposal and relsass and is not to be considared & warranty or quality specification. Tha information
relates only to the specific material designated and may not be valid for such material used in combination with any other
materials or in any process, unless specified in the text
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EDTA -Safety Data Sheet

1. Identifi 1 Suitable Extinguishing Media Water spray, carbon dioxide (CO2), dry chemical, alcohol-resistant foam.

Product Name Ethylenediamine Tetraacetic Acid Media  Noi ion available
Cat No. : BP118-500; E478-1; E478-10; E478-500; NC1065691; XXBP118-10KG; Flash Point z"'_ilwhcﬂ_* o

NC1163901; XXE478-12KG; NC1253743 ehond - @ information availatie
CAS No 50004 Autoignition Temperature 200 °C 302 °F
Synonyms. 3 6-Di inic acd, 3.6-bi Acatic acid, Limits

acid; EDTA; Edstic acid; Diaminosthanstetraacstic acid Upper No dats available
Recommended Use Laboratory chemicals. o o impact e b et
Uses advised against Food, drug, pesticide or biocidal product use. tivity to Static Di: Noi ion available

Details of the supplier of the safety data sheet

Company

Fisher Scentific Company
One Reagent Lane

Fair Lawn, NJ 07410

Tel: (201) 706-7100

Emergency Telephone Number  CHEMTRECY, Inside the USA: 800-424-0300

Specific Hazards Arising from the Chemical
Thermal decomposition can lsad to release of imitating gases and vapars. Keep product and empty container away from heat and
sources of ignition.

Hazardous Combustion Products
Nitrogen oxides (NOx). Carbon monciade (CO). Carbon dioxide (CO:).

an F
As in any fire, wear self-contained breathing apparatus pressure-demand, MSHA/NIOSH (approved or equivalent) and full
protective gear.

NEPA
CHEMTREC®, Outside the USA: 001-703-527-3837 Health Flammability Instability Physical hazards
2 1 o NA
[ 2. Hazard(s) identification 6. A 5
Personal Precautions Use personal protective equipment as required. Ensure adequate ventilation. Avoid dust

Classification.
This chemical is considered hazardous by the 2012 OSHA Hazard Communication Standard (29 CFR 1910.1200)

formation.
Do not flush into surface water or sanitary sewer system.

lacute Inhalation Toxicity - Dusts and Mists Categary 4
|Serious Eye Damage/Eye Imitation Categary 2
[Specific target organ toxicity - (repeated exposure) Category 2

[Farget Organs - Respiratory system.

Label Elements

Signal Word
Waring

Hazard Statements
Causes serious eye imitation

Harmful if inhaled

May cause damage to organs through prolonged or repeated exposura

Precautionary Statements
Prevention

Use only outdoors or in a well-ventilated area

Wash face, hands and any expased skin thoroughly sfter handling

Wear eyefface protecsion

Do not breathe dustfumelgas/mistivapors/spray

Response

Get medical attention/advice if you feel unwell

Inhalation

IF INHALED: Remave victim to fresh air and keep at rest in a position comfortable for breathing
Call a POISON CENTER or dactorfphysician if you feel unwell

yes
IF IN EYES: Rinse cautiously with water for several minutes. Remove contact lenses, if prasent and easy to do. Continue rinsing
I eye initation persists: Get medical advicelattention

Disposal

Dispose of contents/container to an approved waste disposal plant

Hazards not otherwise classified (HNOE)

Mone idenified

| 3. Compositioniinformation on Ingredient

Companent I CAS No I Weight %
Efhylenediamine tetraacatic acid (EDTA] | 60-00-1 | > 09

Mmdulur Containment and Clean Sweep up and shoval into suitable containers for disposal. Keep in suitable, closed
containers for disposal.

7. Handling and

Handling Wear personal protective eqUipmentface profection. EnsUre adequate ventiation. AVOI
dust formation. Da not get in eyes, on skin, or on clothing. Avoid ingestion and inhalation.

Storage. Keap in a dry, cool and well-ventilated place. Keep container tightly closed. Incompatible
Materials. Strong oxidizing agents. Strong bases. Metais. copper.

8. Ex controls / 1] i

Exposure Guidelines “This product dos not conaln any hazardous materisls with occupabonal Sxposurs

limitsestablished by the region specific regulatory bodies.

Engineering Measures Ensure adequate ventilation, especially in confined areas. Ensure that eyewash stations

and safety showers are close to the workstation location.
Personal Protactive Equi nt

Eyelface Protection Wear appropriate proteciive eyeglasses or chemical safety poggles as descibed by

OSHA's eye and face protection regulations in 28 CFR 1810.133 or European Standard
EN186.

Skin and body protection Wear appropriste protective gloves and clothing to prevent skin xposure.

Respiratory Protection Follow the OSHA respirator regulations found in 20 CFR 1810.134 o European Standard
EN 149. Uso 5 NIOSHMSHA or Europtan Standard EN 148 spproved rspiator if
exposure limits are exceeded or if intation or other symptoms are experienced.

Hygiene Measures Handle in accordance with good industrial hygiene and safety practice.

[ 9. Physical and chemical

Physical State Powder Scld

Appearance White

Odor Odorless

©dor Threshold No information availsble

pH 25 10glL (23°C)

Melting Paint/Range 220 °C [ 428

Boiling PointRange No information availsble

Flash Point Kot applicable

Evaporation Rate Not applicable

Flammability (solid,gas) No information availsble

Flammability or explosive limits

Upper No data available

Lower No data avasilable
Vapor Pressure 0.013hPa @ 20°C
Vapor Density Not applicable
Specific Gravity 0.85 @ 20°C
Solubility Slightly soluble in water

No data avsilable

Partition coefficient; n-octanoliwater
ignit 200 °C J 302 °F

[ 4. First-aid

General Advice I symptoms persist, call a physician.

Eye Contact Rinse immediately with plenty of water, also under the eyelids, for at least 15 minutes.
Obtain medical attention if iilation persists.

Skin Contact Wash off immediately with plenty of water for at laast 15 minutes. If skin iitation persists,
call a physician.

Inhalation Femove to fresh air. If not breathing, give artificial respiration. Get medical attention if
symptoms oocur.

Ingestion Clean mouth with water and drink afterwards plenty of water. Get medical atiention if

symptoms oocur

Most important symptoms and ~ None reasonably foreseeable.

Decomposition Temperature > 150°C
Viscosity Not applicable
Molecular Formula C10H18 N2 OB
Molecular Weight 20223

[ 10. Stability and reactivity

Reactive Hazard MNone known, based on information available
Stability Stable under normal conditions.
Conditions to Avoid Avoid dust formation. Incompatible products. Excess heat.

Incompatible Materials Strong axidizing agents, Strong bases, Metals, copper

Hazardous Decomposition Products Nifrogen axides (NOx). Carbon monaxide (CO), Carbon dioxide (COx2)

does not eccur.

effects
Mates to Physician Treat symptomatically Hazardous Reactions Mone under nomal processing
5. Fi fi "Hu I 11. Toxicological info 1,
Acute Toxicity
Product Information
I LD50 Orai I LD50 Dermal I LG50 Inhalation
Efyredismine [elaacel aed 4500 mgivg | FEl ) Nothsted T g (ra)
(EDTA) >2000 kg ( Rat )
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available

Irritation Irritating to eyes

Sensitization No information available

Carcinogenicity The table below indicates whether each agency has listed any ingredient as a carcinogen.
CAS No ARG I ACGIH | CSHA I Mexico
60004 o listed ol ksied

NTP
Nol eied | Tl listed | Not listed |

No information available
Reproductive Effects No information available.
Developmental Effects No information available.
Teratogenicity No information available_

STOT - single exposure

Nene known
STOT - repeated exposure Respiratory system
Aspiration hazard No information available

Symptoms | effects,both acute and No information available
delayed

available

Disruptor No

Other Adverse Effects The toxicological properties have not been fully investigated

[ 12. Ecological tion ]

[Ecotoxicity.
Contains & substance which is:. The product contains following

which are for the . Toxdic o

aqualic organisms,

Component Freshwater Algae Freshwater Fish Microtox Water Flea
Elhyienediamine ieirascetic | EC50 = 101 mgil_72h | LCS0- 34 - 62 mgil_S6h Mo listed EC50- = 113 mglL dah

acid (EDTA) (Desmodesmus static: (Lapomis macrochinus) Static: (Daphaia magna)

subspicalug) LCs0: 44.2 - 76.5 mgiL. seh
wlatic (Pimephales
promelas)

Persistence and Degradability Soluble in water Persistence is unlikely based on information available.

Mo ion available.

Mobility Will likely be maobile in the environment due to its water solubility.

13. Di: | considerations
Chemical waste generators must determine whether a discarded chemical is classified as a
hazardous waste. Chemical waste genarators must also consult local, regional, and
national hazardous waste regulations to ensure complete and accurate classification.

-

‘Waste Disposal Methods

[ 14. Transport inf i |
boT. Not regulated
-I0G Not regulated
IATA Mot reguisted
IMDG/IMO Not reguisted
I 15. Regulatory information |
United States of Amarica Invento
Component CAS No TSCA | TSCA Inventory notification - | TSCA - EPA Regulatory I
Active.nsetive Flags
Eiylenediamne Eastets 50 GO-004 I X ACTIVE - |
(EDTA}

TECA, US EPA (TSCA) - Tosic Substances Control A, {40 CFR Part 710
X Listed
' = Not Listed

TSCA 12(b} - Noticas of Export Not applicatle

International Inventories
Canada (DSLNDSL), Ewepe (EINECS/ELINCSINLP), Philippines (PICCS), Japsn (ENCS), Japan (ISHL), Australia (AICS), China [IECSC), Korea
[KECL).

(EDTA}

KECL - NIER nusmber or KE nusnber (hitpiincis.nier.go krfenimain. do)

U.S. Federal

SARA 313 Not applicable

SARA 311/312 Hazard Categories  See saction 2 for more information

CWA (Clean Water Act)

Component CWA - Hazardous CWA -Reporiable | CWA - Toxic Pollutants FA ~Pricrity Pollutants]
Quantities
Ethylenediamine tetraacetic X 5000 | -
acid (EDTA)
Clean Air Act Not applicable
OSHA - Occupational Safaty and Mot applicable
Health Administration
CERCLA
‘Component Hazardous ROs | CERCLA EHS ROs |
Ei i ic acid (EDTA) | E000 B | 5 |

California Proposition 65 This product doss not contain any Proposition 65 chemicals.

U.S. State Right-to-Know

Regulations
[ Gomponent | Wassachusets | ew Jersey Fennsyvania Tlits Fhods aland
Ethylenadiaming X X X B "

tetraacetic acid (EDTA)

U.S. Department of Transpartation

Reportabls Guantity (RO ¥
DOT Marine Pollutant N

DOT Severa Marine Pollutant N

U.s. D of This product does not contain any DHE chemicals.
Security

Other International Regulations
Mexico - Grade No information availsble
Authorisation/Restrictions according to EU REACH
EACH Reégultion (EC
190712006} article 59 - Candidate
List of Substances of Very High
Concern (SVHC

REACH [1907/2006) - Annex XI¥ - | REACH (1807/2008) - Annex Xvii - |
Substances Subject to ‘on Certain
Authorization

Substances

Tse resticied. Se= e 75,
(s link lex restriction detsds)

Elfylenetamin [Eiaaceic acd -
{EDTA}

hitps fiecha

Safety, health and environmental regulations/legislation specific for the substance or mixture

Component CAS Ne QECD HPV Persistent Organic Ozone Depletion
Pollutant Potential
nces (R
Ethylenediaming lelraacelic B0-00-4 Listed Mol applicabie Nol applcable Nol appicable
acid (EDTA)
Component CAS No ‘Seveso lll Directive | Seveso ll Directive R ‘Basel Convention
I ) - ( ) - (PIC) Waste)
|Qualifying Quantities)Qualifying Quantities]
for Major Accident | for Safety Report
irements
Elfijlenediamine elraacelic B0-D0-4 'Not applicable ‘Mol applicable ‘Not applicable. ‘Nol appicable.
acid (EDTA)
16. Other |
Prepared By Regulatory Affairs
Thermao Fisher Scientific
Email: EMSDS. RA@thermofisher.com
Creation Date 02-Jan-2015
Revision Date 24-Dec-2021
Print Date 24-Dec-2021
Revision Summary This document has been updated to comply with the IS OSHA HazCom 2012 Standard
replacing the current legislation under 28 CFR 1810.1200 to align with the Globally
Harmonized System of Classification and Labeling of Chemicals {GHS).
Disclaimer
The information provided in this Safety Data Sheet is correct to the best of our knowledge, information and belief at the

date of its publication. The information given is designed only as a guidance for safe handling, use, processing, storage,
transportation, disposal and release and is nat to be considered a warranty or quality specification. The information
relates only to the specific material designated and may not be valid for such material used in combination with any other
materials of in any process, unless specified in the text
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