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EKOEZH TOY APA. PAUL JOWETT
SXETIKA ME THN MPOKAHZH KAl EZANAQZH NYPKATIAZ
NOY MPOEKYWE AMO ZIAHPOAOIIKO ATYXHMA KONTA
YTON EYAITEAIZMO THXZ AAPIZAZ
STIZ 28 PEBPOYAPIOY 2023

AP1©. ANAG®OPAL APXEIOY: 713172/PAJ 16 PEBPOYAPIOY 2024

1 EIZATQIH

1.1 Ing 23:18 g 287 PeBpouapiou 2023, ouyKPOUOTNKAV HETWTTIKG OTNV
mepioxy Tou Euayyehiopou Tng Adpioag otnv EMAda pia emiRaTikn
apafooTolxia Kal pIa  EPTTOPEUPATIKR apaéooroixia. Tn oTiyun. NG
ouyKpouong dnuIoupyBnke pia pEYAAN upivny BoAida kai N QwTIA
OUVEXIOE KOTOTTIV VO KQiEl YIO KATTOI0 XPOVIKG digoTtnua. H olykpouon Kai
n TupKayld Eixav wg QamoTEAETHA TOV Bdvaro 57 artépwv Kal TOV
TpaupaTiopd 180 atopwy.

1.2 Inc 19 louviou 2023, cuvtdxBnke £kBean n otroia €£€Tale Ta YEYOVOTO
yUpw até T ouykpouan amd Tov Apa. BaoiAdKo, KATOTTIV EVTOANG TWV
KPATIKWV apXWV (EQEEHS N «KPATIKA ExkBean»).

1.3 H kpatikr ékBeon TePIAGUBavE OUZATNON WG TTPOG TA aimia TG TUPIVNG
«UTTAANaGY Kal TNG £TTAKOAOUBNG TTUPKAYIAG, HE ava@opd Ot OPICHEVEG
SerydaToAnwieg Kal avaAUoElg UAIKWVY atro Tig atpopnxavég, Ta Bayovia
EUTTOPEUPATWY Kal ETIRATWV Kal TN yUpw TTEPIOXH, BAoN TWV OTToIWV WG
KUPIOG  TTOPAYOVTaG — OVAYVWPIOTNKE N kavaorn TETpeEAdiou  TOU
petaoxnuanoTh. H kpariki} ékBean Trapeixe olvoyn pévo Twv avaAUoEWV
QUTWV Twv UAIKQV, n deiyparoAnyia kai  avdAuon Twy OTTOiWV
dievepyriBnke atd 1o Mevikd Xnueio Tou Kpdroug (MX.K.).

1.4 ¥Inc 22 lavouapiou 2024, eAfj@énoav odnyieg amé TNV Ka. AfaTroiva

Mkavidou, Tov Ko. Mwpyo ToakAidn, Tov ko. BagiAn MauAidn kai Tov Ko.

Avtwvn Wopdtrouho, 0 KABEVAG EK TWV OTTOiWV EXACE KATrolo MEAOG TNG

OIKOYEVEIGC TOU GTO ATUXNKA, VO EEETAOTOUV AVEEAPTNTA TO oToIxeia yopw

améd TNV TPOKANGn Kai TNV eEATTAWON TNG TTupKayiag. Mou {nTABnke va

gfeTdow TV UTOBeon TG Kpamikig £kBeong BAcel NG oTroiag

i gupTrepaiveTal 6T UTTEUBUVO yia TNV TTUPIvR BoAida kail TNV eTakdAouBn

'\ TTUpKayId gival TO TTETPEAQIO TOU PETACXNHATIOTH Kal va dlEpEUVOW EQV

Ta oToIXEia UTTOBEIKVUOUV KATroIa EVOAAGKTIKF UTT6BEan, OTI dnhadn

UTTAPXE KATToI0 GAAO KaUOIpo, HETAEU GAWV WG amoTeAeopa NG
HETAQOPAS AdAAWTWY EPTTOPEUNATWV.

1.5 Karda v ekTrévnon g Tapouoag ékBeong, e&ETaca Tnv KpaTIKr €KOEON
Kol TIC TePINAWEIG delypatoAnyiag Kai avaAuong Trou TTEPIEXOVTAI OF
authv. Mou 586nkav eTriong Ta amoteAéopaTa Tng apxIKig avaAuong amod
Ta oTroia Trpoékuwav o1 ev Adyw TEPIARWEIS. TEAoG, pou doBnkav guvToua
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aTTOOTIAoHATA BIVTED TWV KAHEPWY acaheiag (CCTV) 1a oTtroia deixvouv
TIC OTIYWEG PEXPI KOl TN OUYKPOUOT).

1.6 Eipal Tpaypatoyvwpovag o€ BEpaTa TTUPKAYIWV HE mepioodTeEpa amod 27
xpovia epTreipiag ot diepelvnan TUpKayIV Kai EkpAgewy. Eipal KATOX0G
mrTuxiou Xnueiag pe €idikeuon otV AvoAUTIK] Xnueia kal KAToXog
515akTopIKOU OTov Topéa TnG Xnpeiag Mupkayiwv. AvTiypa@o TouU
Bloypa@ikoU HOU ETTICUVATITETAI OTO Napdptnua 1.

2 IZTOPIKO

2.1 ¥ oUykpouon evemAdknoav pid emBatik apagoaToixia (apiB.
apafooToixiag «IC62») TTOU £KTEAOUOE TO DpopoAGyIo atrd ABRva TTpog
OeooahoViKn Kal K10 EUTTOPEUHATIKN apagoaToixia (apiB. apagooToixiag
«63503») TTou eKTEAOUCE TO DPOHOAGYIO at6é Ocooalovikn Tpog Meipaid.

2.2 H emPariky apagoaToixia amoreAodvrav Q16 evvéa POVADEG TIG OTIOIES
ouvioToUoaV pIa NAEKTPIKN aTgopnxavr Siemens Hellas Sprinter (apiB.
avapopdc «120-023»), kai akoAouBouoav éva Bayovi Tpwrng 8éong, Eva
Bayovi-kageTEpIa Kal £§1 Bayovia delTEPNG BEONG.

2.3 H gpmopeupariki apagooToixia amoreAouvTav aTrd SEKATTEVTE HOVADEG TIG
omoie¢ ouvioToUoav U0 NAEKTPIKES arpopnxavég Siemens Hellas
Sprinter (apiB. avagopdg «120-022» kai «120-012»), kai akoAouBouoav
13 Bayodvia. Ta Tpia TPWTA amé autd Ta Bayévia ava@EépBnkKe OTI ATaV
@opTwWHEVA PE PETAAAIKG QUAAQ, guvohikoU Bdpoug 162 TOVWY, Ta OTroia
ATav oTEPEWHEVA ETTAVW OTa Bayovia PE PETAAAIKG oUppaTa OTEPEWONG.
Ta UTTOAOITTA GVOPEPONKE OTI JETEPEPAV TPOPIUA KAl NAEKTPIKA €idn i nrav
adela.

2.4 Me Bdon TIC TANPOYOPIES TNG KPATIKIAG EKOETNG, TN OTIYMI TOU QTUXAHOTOG
Ta 5UO TPEVA KIVOUVTAV TTPOG avTIBETEG KATEUBUVOEIG OTNV id1a ypappn. H
emiBaniki apagooTolxia eKTIUABNKE 0TI €ixe TaXUTNTA mepitrou 149 km/wpa
TN OTIyPR TG OUYKPOUong, EVW N EUTTOPEUMATIKN apagoaToixia EiXe
gkTIunOeioa TaxuTnTa TEpiTTou 95 km/Wpa. H kpaTiki ¢kBeon TepIAGpBave
UTTOAOYIOHNG O OTTOI0G KATADEIKVUE OTI N OUVOAIKH KIVNTIKS EVEPYEIQ KOTA
v mpdokpouan frav wepitou 0,72 GJ, n otroia oTav dlaxEETal OTN
ouvTopun BIdpkeia piog auykpouong €xel T duvardtta va TTapayayel
uWnAéC BepuoKkpasieg TTOU UTTOPOUV va TTAPAOXOUV IOXUPEG TTNYEG
avapAséng. O1 kataypa@ég amd TG KAPEPES ac@algiag TTou Exw Ot
Beixvouv TNV £kpnEn pIag HEYAANG TTUPIVAG «UTTAAGG N OTTOi0 CUMTTITITEI
UE TN OTIYHN TNG TTPOOKPOUONG.

H kpatiki ékBeon amodidel TNV TUpIvR BoAida aTnv ansi\eu@épwdn Kal
avAaQAeEn TETPEAiOU aTTO TOUG HETAOXNMATIOTEG TWV povadwy TNng
argopnxavig. Ava@Eper ol

«H [TpWwTn] nAekTOIK aTUOUNXAVI) TNG EMTTOPEUHATIKIS apaéoaroixiag
katéAnée oro Ttoixio Tou Opbuou, [E arroTéAeoua 1 Qwrid oToV
LETAOXNUATIOTH TNS Vo KAWel To uTTOA0ITTO TTETPEATIO Kai OTn OUVEXEIQ VO
oBricel, apol Sev umipxe GAAO KAUOIUO  EKTOS ammé 1A HETAAAIKG
eEaprAuara TG NAEKTPIKAS ATHOUNXAVAS.
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H nAekTpikn arpopnxavn g emBamkng apagoarolxiag, padi pe TOV
KQIOUEVO LETATXNUATIOTI TNG, karéAnéav ora mpavr mg 016nPoSPOUIKNG
YRAUUNG, EVW Kal T ouvrpippia Tou Bayoviod 1 1nNg mpwrng B€ang Kai Tou
BayovioU-Ka@eTépia, KaBws Kai Tou Bayoviou 2 (TTpwrou Bayoviou NG
Seurepng Béang) karéAnéav emavw Kai SiTAa o€ auTd Kai, ASyw Twv UAIKWV
KaTaoKEUNS Twv Bayoviiv (UQaouanva kaBiouara, EUAivn gmévduan oTa
mAdiva Kai oTo OATedo, appoS KaBIguaTwvy, TTOAUEOTEPIKES KOUPTIVES
K.ATT.) Gpxioav va KaiyovTai, TpokaAwvTag €101 TNV TupKayIG».

2.6 Sto Mapdptnua 5 TG KPATIKAG ¢kBeong ouvoyidovtal ol EPYQTIES
delypatoAnyiog Kal avaluong amé 1o XK. kai mepldappaveral n
Anpogopia Tou E£BWOE N Hellenic Train 61 710 TETPEAQIO TOU
PETQOXNHATIOTH ATaV OUVBEDT mroAudipeBuroaiotaviou («PDMS»). Ta
PDMS eival ToAUPEPr OIAIKOVNG TTOU UTTOPOUV va diapoppwvovTal
TOIKINOTPATTIWG  WOTE VO TTapaydyouv {ia otIpd EUPEOG (QACHATOG
TPOIOVTWY, aTT6 £Aaia €W EAQTTOHEPN oTEPEQ.

2.7 1o Mapdptnua 5 TNG KPATIKAG EKBEONG TrepIAapBAveTal SEATIO TEXVIKWV
BedOPEVWV yIa Ta TTPOIOVTa PDMS Tn¢ Bayer kai AeAtio AedopEvwv
Ac@aheiag (AAA) Tou exrdvnoe n Siemens (n kataokeudaTpia Twv
ATHOPNXAVWV) yia To Tpoidv PDMS Tng Bayer «Baysilone M 50 EL».

2.8 To AAA Teplypd@er TN OUVBEON WG «troAudipeBuAoaIAogavio»  Kal
ava@épel éva duvapike 1§Wdeg TG TAENG TWV 45-55 mPa.s. To AAA
ava@épel TepaITEpw OTI o BepUOKPATieg TOU onueiou avagAegng’ ka
autavdpheéng? frav > 300 °C kai > 400 °C, pe 10 oUuBoAo TOU
«UEYAAUTEPO aTTO» va UTTOBEIKVUEL OTI O TPAyHATIKEG TIMEG UTTEPERNTAV
Ta 6pia TNG BOKIUAG.

' To onueio avagAegng sival n eAdyioTn Beppokpacdia aTny oTroia éva uypd EKTTEUTTEI QTUO pEOQ OF
doxeio Gox’lurig Of ETTAPKT OUYKEVTRWON WOTE va OXNUATIOTEN £va avapAEgIpo PEiyua PE TOV aépa KovTd
oTnVv ETIPAVEIa TOU uypou.

2 310 TTAQICIO EVOS EUQAEKTOU PEIYUATOG Kauaiou, n Beppokpaaia autava@Aegng eivai n xapnAotepn
Beppoquoiq oTnV oTroia To KaUoiuo Ba avagAeyei amd POVo Tou G Hia KaVOVIKT aTHOo(aIpa Xwpig
eEWTEPIKA TINY avagAegng, 6TTwG @AdYa fi overpag.
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3 AEIFMATOAHWIA, ANAAYZEIZ KAl AOKIMEZ

Eicaywyn

3.1 Y& quTAv TV evOTNTa Ba EGETACW TN SerypatoAnyia kai Tig avaAUoEIg TTou
Tpayuarotoiiénkav amo 10 FX.K. kol Ba TTapdoxw pia ouvoyn Twv
aTroTEAEOHATWY, OTRV oTToia Ba TePIAQPBAVOVTAI EPUNVEIES TTOU 066nkav
amd Toug avaiutég Tou XK. kai amd epéva. AvagEpw ETTiong Ta
amoreAéopaTta piag e1Ti ToUTou BOKIUNG TTUpKAYIGC TTOU TTpaypaToToinoa
o€ deiypa TeTpeAaiou aiAikévng TTou €Aapa. '

3.2 To IX.K. Bewpeital 6T TApEUPEBNKE TOCO OTOV TOTTO TOU ATUXHATOG 600
kQl OTOV TOTTO ATTOBAKEUONG TWV UTTOAEIMPATWY TOU atuxfuarog oTig 29
Maprtiou 2023 yia Tn Afyn OelypaTwy. AUTO OUVERN 29 NUEPEG PETA TNV
nuepopnvia Tou atuxfuarog. H TTapéAEUCT) TOU £V AOYW diaoTUATog, O
ouvBuaopd pe TNV ahhoiwaon TOU 7OTTOU TOU aTuyhAparog / Twv
QUTIKEIEVWY TG DElypaToAnpiag, EICGYE! aBeBaidTnTEG WG TTPOG TNV
£PUNVEIQ TWV ATTOTEAECHATWV.

AsiypoTtoAnyia amé 1o MX.K.

3.3 ITIC QVAPOPES TWV DOKIPWY BEIYHATWY TOU I X.K. dev didovrar akpipn
AETTTOUEPH OTOIXEIT TWV TEXVIKWY delypaToAnwiag Tou xpnaoipotoienkay,
av Kal OTro TIG OTITIKEG TTAPATNPACEIS TTOU EYIVAV YIO oplopéva deiypata
pmopei  va ouvaxbei  oT XPNOILOTIOONKav — JITATOVETEG  yia TN
delypatoAnWia OpPICHEVWY uTTooTpwWHATWY. Eivan gmmiong oaQég  OTI
opiopéva deiypata fTav amod oTeEPEd UNIKG (TT.X. XWpa), eV GAAa ATav
uypd (Tr.X. TIETPEAQIO HETOOXNHATIOTH).

3.4 EM@8enoav ouvohikd 25 Odeiypata, €K Twv omoiwv 14 ATav amod TIg
argopnxavég kal Ta Bayovia Twv dUo oupuwyv kai 11 amd TOV
mepIBAANOVTA  XWpo. EiKAleTal 6T TO TPWTA eAq@Onoav HPETA TN
pETakivnon Tou Tpoxaiou UAIKOU amd Tov T6TTO TOU ATUXAHOTOG OTOV
aTroBNKEUTIKG XWpPo, &V Ta dAAa eAngdnoav amod TOV TOTO TOU
aTuxAHaTog.

3.5 Aev £Xxw AETTTOMEPT) OTOIXEI OXETIKG HE TN diadikaoia atTopdkpuvong Tou
Tpoxaiou UAIKOU, OTTwG, WETAEU GAAWvV, yia TO KaTa TTOgov TnpRénkav
BIadIKaTieS yia TRV TROANYN TNG SI00TAUPOUHEVNG péAuvong. Opoiwg,
Bev BIABETW AETTTOPEPT OTOIXEID YA TIG EPYATIES TTOU TTpayparoTrolfenkav
OTO Onueio TNG GUYKPOUGNG KATd TNV TrEpiodo peTagu Tou aTtuxnpaTog Kai
TG emiokeywng delypatoAnyiag. QoT600, EXW gvnUEPWOEl aTd TOUG
gvioAeic  TrpoioTapévoug  pou O TTPAYHATOTTOINONKAV  KATTOIEG
XWHOTOUPYIKEG EPYOTIEG Kal TOTTOPETABNKE AOPAATOG OTO EVOIGUETO
diaoTnua.
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Avahuoeig arro 1o LXK,

TexvikéC avaAUOEWV

36 Ao 10 I X.K. XpnoigotroIfonke pia OEIpG atrd TEXVIKEG avaAuong, Xwpig
va XpnaoipotroinBolv OAeg O oAa Ta deiypara.

3.7 01800 KUPIEC TEXVIKEG TTOU KATA TN YVWHN HOU appolel va egeTdow nTav
N @aCUATOOKOTTia UTTEPUBPOU peTaoxnuariopol Fourier («FTIR») kau
n aépia XpwHaToypopio — @aopaTopeTpia padag («GCMS»).

3.8 H umépuBpn (QACUATOOKOTTIA aflotrolel TO  yEYyovog OTI TO popIa
QTOpPPOPOUV CUXVOTNTEG TTOU Eival XOPAKTNPIOTIKEG TNG DOHAG TOUG. ‘Eva
opyavo FTIR peTpd TNV aTroppo@nan Tou UTTEPUBPOU PWTOG OE £Va EVPOS
GUXVOTATWY Kal Trapdyel éva @aoua amoppdenong. Me Tov TPOTTO AUTO
ptropei  va  katadeixBei n TTapouaia  XOPAKTNPIOTIKWY AEITOUPYIKWV
opadwyv? péoa ot éva popio. To paoua HTTOpPEi Va ouyKpIBEei/avTIoTOIXIOOE
E TO @ACHA TO OTTOIO0 TTAPAYETAI YA pid yVWwoTh évwon, HETAgU AAAWV pE
Ta @uAacodpeva otn BiBAI0BRkN Aoyiopikou Tou opydvou. H FTIR oev
PTTOPEl va BIaKpPiVEl WETAEU TWV MEIYHATWY EVWOEWV Kal MTTOpPEI VA
xpnoigotoinBei poévo yia tnv amroedoon TG ToooTNTAg HIag Tapouoag
£VWONG €AV BEV OUVAVTATAl OF KATOIO OUVBETO Meiypa. Z€ QUTAV TNV
TEPITITWON, WOTOCO, TG ATTOTEAECHATA TNG FTIR Tapdyouv ouviBwg
@ACHPATA TTOU CUVGBOUV HE TNV TTAapousia roAudipeBuAoaihogaviwy, Pe Ta
TEPICCOTEPA  ATTOTEAECHATA  Va UTTODEIKVUOUY  OTI TTPOKEITAI YIa TO
KUPIaPXO OUCTATIKO.

3.9 H aépia xpwpartoypaia («AX») XPNOILOTIOIEITAl YIa TOV BlaxwpIoHO
HEIVUATWY OPYAVIKWY EVWOEWV HE Bdon ta onueia Bpacpol TOUug Kal
GAAEC GAANAETIBPGOEIG HE BIaXWPIOTIKI OTAAN Kal @pépov aépio. O xpovog
TTOU OTTaITEITal VIa Vol avaduBei pia dedopévn Evwan atéd T SIaXwWPIOTIKNA
otjAn (YyvwaoTég wg «Xpovog katakpdrnong») eival o idlog yia Eva
dedopévo Opyavo Kal aUvoho OUVBNKWV. Emropévwg, €4V 0 XPOVOG
KATAKPATNONG MIGG OUYKEKPIPEVNG £vwaong eival YVWoTAG, N aviXveuaon
£KEIVN TN OTIYUR TTapéxel EVOEIGN TNG TTapouaiag Tng ev Aoyw €vwong. Eva
6pyavo AX TTapdyel £va «XpwHaToypa@nuay», eva ypdenua dnAadn 1o
OTTOi0 QTTEIKOVIZEI TNV ATTOKPION TOU QVIXVEUTH (UTTO pop@n pIag oeIpdg
KOPUQWY OTToU  yivovTal aviXVEUOEIG) Of oxéon pe TOV XpoOVO
KATAaKPATnong.

3.10 Me tnv GCMS, n avixveuon TTPAYHOTOTTOIEITAl JE PACHUOTOUETPO palag
(«MS»), 10 oToio tival €va Opyavo Tou «OUVBAiReE» TO pOpPIO OF
fpavopara kai pETPd TNV agBovia Twv BpaucudTwy ot KABe Padiko
apiBpo. H katavour Twv BpaucudTwy TTou TrapdyovTal pE QuTAV TNV
TEXVIK E€ival XOPAKTNPIOTIKI TwV CUOTATIKWY HEPWV TOU Hopiou TG
gvwong. O1 ToodTNTEG Twv BpaucudTwy ot Kabe pala Tapdyouv Eva
«PAEopa Paagy, To OTT0i0 UTTOPET va CUYKPIBET PE I BiBAI0B KN XINAdWV

3 $1v opyavikr Xnueia, pia Aeroupyikd opdda ivar pia CUYKEKPIKEVT Opada atépwy f BETHWV péoca ot
LIa £VWaon TTOU Eival UTTEUBUVN VIO TIG XAPAKTNPIOTIKEG XNHIKES avTIBPATEIG TNG £V AdYW Evwang. H idia
AEITOUPYIKF OpGDa Ba CUUTTEPIPEPETAI KATA TTAPGHOIO TPOTTO, UTTOKEIHEVN OF TTAPOUOIEG avTIOPACEIS,
QveEAPTNTA GTTO TNV £VWON BEPOS TN OTToIag GTTOTEAEN.
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@aoudtwy  palag  Tou @uhdooovTal OTd ouvoha Oedopévwv TOU
AOyIGHIKOU TOU 0pydvou Kai va QVTIOTOIXIOBE! PE HIG CUYKEKPIJEVT EVWOT.

3.11 Av kai n GCMS ptropei va xpnoipotroineei yia Ty TTapaywyr| TTOCOTIKWY
aTTOTEAEOHATWY  (UTropei  dnAadn va dei€el og Toia TTOOOTATA gival
TaPOUOES OUYKEKPIMEVES gvwoelg ot €va Oeiypa), autd  amaITei
TTPOCEKTIKI] BaBuovopnon yia tnv KGBe £vwon TOU HOG EVOIAPEPE!
EAAeiyel TETOIQG BaBuovounong, cival duvatd va cuvayxbolv TTOoOTNTEG
pe Bdaon 10 péyebog TwV KOPUQWYV OTO xpwuatoypdenua (yvwaoTto wg
«XPWHATOYPAPNUT TUVONKWV I6VTWV» A «TIC» otnv GCMS), dpwg auTo
TTaPEXEl MOVOV  EVOEIKTIKEG, «NMI-TTOCOTIKEG  TTANPOPOPIES, emeldn n
QTTOKPIOT TOU QVIXVEUT TTOIKIAAEI aTTO £vwon o€ Evwon.

3.12 Extég atré v FTIR kai Tnv GCMS, ol AVaPOPES TWV BOKIPWV DEIYHATWY
Tou I.X.K. ava@épovTal o€ avaAUOEIG Of OTTOES agopolv Ta £GAG!

« OE0TNTG — EKQPAZETAI WG TIUN «pH». O1 TIuég KATW aTTod TO 7 gival «o&Ean, Ol
TIHEC TTAVW OTTO TO 7 EiVal «AAKAAIKAY, gV N TIPA 7 ival «oudETEPN»

« MukvOTTA — EKPPAZOHEVN OF HOVADEG PACag avd 6yko

« XRF — ®acpartookoTria ¢BopIooU aKTIVLV X, n oTroia XpNOIKOTIOIEITal YIA
ToV TTPOGBIOPIOHG TNG OTOIXEIAKAG CUVBETNG TWV OUCIWV

« XRD — ®acparookoTria TepIBAATNG akTIVIWY X, N oTToia XpNnolYoTIoIEiTal Yia
TOV TTPOOdIOPIoHO TNG BOHNG TWV KPUOTOAAIKWV OUTIWV.

« dwropeTpia PAOYag — XpNOIYOTIOIETal Yid TN PETPNON TWV TTOOOTATWV
HETAAAIKWV 16VTWY OE £va didAupa

. daopatookoTia Pauav — TEXVIKR Tapopola Kal OUMTTANPWHATIKA HE TNV
uTTépuBpN  PAONATOOKOTIA, N OTroia UTTOPEI VA  TOQUTOTTOINOE! DOMIKEG
TTANPOYOPIES yia Ta POPIA.

3.13 Av Kkail £€xw eEETAOEI Ta QTTOTEAECHATA TTOU TrapouaidlovTal yia 0Aa Ta
Seiypara yia OAEg TIG TTAPATIAVW TEXVIKEC QVOAUCEWY, EKEIVA Td oTroia
TTAPEXOUV TIG TIEPICTOTEPES TTANPOPOPIES OXETIKEG WE Ta BEPATA TTOU HOU
INTHONKE va eEeTAOW gival Ta aTTOTEAEOUATA TTOU TTPOKUTITOUV QTTO TIG
avaAvuoeig Tou XK.

YUvVoOWN TWV ATTOTEAECUATWY

3.14 Stov MMivaka 1 TOPOKATW TAPOUCIAdeTal guvoyn Twv OTTOTEAEOHATWY
TTOU avaypAaPoVTal OTIG avaQOPEG DOKINWY dEIYUATWY TOU rX.K., padi ye
TIC TTAPATNPACEIS Hou BitTAa oTo KabEva.
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Mivakag 1 - Xuvoyn Twv AmoTEAEOUATWY TWV avaAUoEwY

(Aciypa apiB. 3)

FTIR: To uypo eival TETpEAGIO
GIMKGvnS (TTOAUBIHEBUADOIAOEGVIO)

MukvarnTa: 0,97 glem®

X K.: TautoTroiouvTal KUKAIKEG Kai pn
KukAIKES peBuAoTIhogaves kai (1-
peBuho-4 gaivuropeBuAo)Beviohio
(CAS 620-83-7), 1} KATT0I0 I00UEPES
autou.

ApB. MNeprypaer TOvown avapopdg Bokipfg deiypaTog Q1 TTapaTnprocig Jou
Oeiypartog XK.
1 Aciypa amd UNKO TToU Napatnpnoeig: To deiypa TIEPIEXE
BptBnke oTnv EUAIVN Xwya, 61mou Exouv gvatroTeBel TpOIoVTa
TAQTQOpHa NG HEPIKAG Kauong 0pYavIKWY UAKWV
EPTTOPEUHATIKAG (HoUpo UTTOAEIRpQ).
apagoaToixiag
(31654540022-85SZ) FTIR: Evromiferal Tapouoia FTIR ouppar pe PDMS
(Aeiypa apiB. 1) mreTpeAaiou oihikovrg. To deiypa £XEl
EUTTOTIOTE PE TIETPEAQIO OINKOVNG.
2 Y hikd TTou BpEBnKe aTnv Naparnpraeig: ZKolpo Kage, KOKKWBES
eEWTEPIKA EMIPAvela aTn 21 oupTayg UAIko. Katd mn HIKPOTKOTTIK)
NAEKTPIKMA aTOpNXavr Mg waparfpnan, diamaTwvovial KOQE
EUTTOPEUHATIKAG axkovn (xwpa), iveg amo povVWTIKG UAIKO
apagooroixiag (120012) kal Bpavaparta yuahiol, Kabwg Kal
(Aciypa apiB. 2) Biapopa oUVBETIKG UNIKG.
FTIR: Evromileral Tapouoia FTIR ouppar) pe PDMS
TeTpEATiou TINKOVNG.
Ta amoTeAéopaTa TOU
X.K.: TautoTroiouvTal KUKAIKEG X.K. guvadouv pE Tig
pEBUAOTINOEAVEG Kal EUAGAIO. EPUNVEIEG QUTEG.
To TIC uTrOBEIKVUE! HIKPES
povo TTooOTNTEG EUAOAIWY
og oUyKpION HE TIG
TINOEAVEG.
3 MeTpéAaio PETACXNHATIOTNA Napatnproel: To delypa eival Eva
o1 2" NAEKTPIKN Blauyég, axpwho EACILBES UYPo.
atgopnxavn mg MepiExel kaTrola palpa aiwpoUpEVa
EPTTOPEVHATIKIG gwyarida.
apagoaroixiag (120012)

FTIR oupBarr ye PDMS

Ta amoteAégpaTa TOU
IX.K. guvadouv pe Tig
epunveleg auTég. Aeite T
Tnpeiwon 1 KaTw aTmo
auTtdv Tov NMivaka.

To TIC UTTOBEIKVUE! HIKPES
p6vo Too6TNTEG EUAOAIWY
g€ UYKPION HE TIG
aglhoEaveg.

To 1-pebulo-4
qaivuropeBuAo)Beviohio
Ba prropouoE va
SlaoTradTel Kard 1
Béppavarn WoTe va
Tapaydyel, PETagl GAAwY,
EuAdAia.

Na onueiwdei 6m To Sefypa
auTo atoTeAei delypa
olovel «ava@opag» 6Tov
apopd 10 TETPEAIO TOU
PETACXNUATIOTH.

Aeiypa atmd
aavBpakwpEvo UAIKG aTny
17 NAEKTPIKI ATHOUNXavr
NG EPTTOPEUPATIKAG
apafoaroixiag (120022)
(Aciypa apif. 4)

MNapatnprioeig: To delypa eival éva
paUpou XpWHaToG, amavepakwpévo
TOpWHEG UNIKO.

FTIR: Evromidetal Tapouaia
merpehaiou oihikdvng. To Beiypa Exel
EUTTOTIOTE € TTETPEAQIO TIAIKOVNG.

FTIR oupBari pe PDMS

5 Agiypa atmd UAIKG TTou Napatnproeig: To Befypa TEPIEXE!
Bpédnke atnv 17 NAEKTPIKN kopudma BapBakepol uAikol
aTgounxavr mg delyparoAnyiag, owparidia appou Kal
EPTTOPEUPATIKIG ¢va KOPPEN PETAAAOU, TO OTTOIO EXEI
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(Aeiypa apiB. 5)

T apaooToiyiag (120022)

UTTooTEl THEN. ZE GAa Ta Tapamivw
£youv evaTroTeBEl TTPOIGVTA HEPIKAG
KAUOTIG OPYAVIKWY UAIKGV (paupo
UTTOAEIP Q).

FTIR: Evromigeral Tapoucia
mreTpehaiou aihikovng. To Belypa EXEl
EPTTOTIOTE! JE TIETPEATIO TINKOVNG.

XRF (koppdr PETAAAOU):
Ahoupivio: 96,10 % B/B
Weuddapyupog: 1,54 % B/B
Xahkoc: 1,38 % BB
Tidnpog: 0,47 % BB
MOAUPBoG: 0,12 % B/B
Mayydvio: 0,12 % B/
Tiravio: 0,10 % B/B

X K.: Tautotoleital n Tapouaia
peBuAooihogaviy, igopepwy EUAoAioU,
2-a1Buho-1-egavoing, 2,2-
Sipeburodipaivuliou, 1-peBuho-4-
(@aivuhopeBuAo)Beviohiou kai 2,3-
diudpo-1, 1 \3-1pipeBuA0-3-gaivuro-1H-
vdeviou.

FTIR oupBarn pe PDMS

Ta amoteA£opara 10U
IX.K. guvadouv pE TIg
eppnveieg auTég. AiTE TN
Tnueiwan 1 kdTw amod
autodv Tov Mivaka.

To TIC umrodeikvyEer OTI
UTTAPXOUV HIKPEG HOVO
ToodTATEG EUAOAILWV.

To 2,2-01peBuhodigaivuiio,
10 1-peBUAO-4-
(pavuhopeBuo)Beviohio
kai 1o 2,3-6wdpo-1, 1,3-
TpipeBuA0-3-paivuro-1H-
vdévio Exouv BOPEG TTOU
Ba popoucav va
SlaoTTaoTouV OE Hid
TTUpKaYId WOTE va
oynuanarolv §uhdhia. To
TIC utrodeikvUEl OTI QUTEG
€ival 0l KUPIGPXES EVWOEIG.
AUTEG Ol EVWOEIG BV
£xouv Ko Xprior E§
GowWV yVwpilw.

EPTTOPEVPATIKNG

(Aciypa apiB. 6)

6 YahoBdappakag oty 17
NAEKTPIKF ATHOUNXavr TG

apafoaroixiag (120022)

MaparnpAgel;: MovwTIKO UNIKO.

FTIR: TauTomolgiTal TETREAQIO
aiAikovng aTo Beiypa uahoBapBaka.

X.K.: TautotrolouvTal KUKAIKES Kai pn
KuUKAIKEC peBuAoaiAogaveg kai (1-
ueBuho-4 paivuhopeBuio)Bevioho
(CAS 620-83-7), i 1oopepEG autol, 2,3-
Biudpo-1, 1,3-1pipeBuA0-3-paivuio-1 H-
wdévio (CAS 3910-35-8), peBuho-
igoBouTuAo KeTovn (CAS 108-10-1),
EuAOAIo (3 100pEpr), TpINEBUAOBEVEOAIO,
Kail 0€IKOG 1-HEBOEU-2-TIPOTTUAETTEPAG
(CAS 108-65-6).

FTIR oupBarr pe PDMS

Ek16g amd 10
avaQepOEVa,
gvrotrioTnkav kai 2,2'-
BipeBuhomeaiviAio kai 10
2,3-6ipebuho-1,1"-
BipaivuAio, Beite T
Snueiwon 1 kdTw amo
autov Tov Nivaka. Madi pe
10 1-peBUAD-4-
(paivuhopeBUAD)-BeviOMO,
fTav ol Kupiapxeg EVWOEIS.
Ta orolxeia autd EXouv
Sopég TTou Ba pTropouaav
va dlagmagToly ge pia
TUPKaYId WATE Va
oxnuanoTouv EUAGAI.

To TIC utrodeIkVUE! OTI
UTTAPXOUV HIKPEG povo
TToo6TNTES EUAOAIWY.

etapTrpata oTnv

Aciypa amd PeTaAAIkd

in

N ‘\/ NAEKTPIKF QTHOHNXAVI TG

EMTTOPEUPATIKIG

(Aeiypa apiB. 7)

apagoaroixiag (120022)

Naparnproeig: To Beiypa TEPIEXE! TPia
kUpia pETarAika eEaptripara: (A) pia
PETAAAIK TTAGKa pE BUO OTTEG TTOU
iarrepvoly 500 PTouAGVIa, Urikoug 6,5
k. Trepitrou, (B) évav kukivBpikd agova,
prKoug 7,5 ex. kai diapérpou 1,5 ex.,
TUPa TOU OTTOIOU EXEl OTTEIPLYG KAl
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gival BIdwpévo OE auTo Eva £Eaywviké
Tragipadl eEwrepikig SIapETpou 3 K.,
kai (N évag kdhoupog Biokog 08 aynpa
Kvou (pikpri SidpeTpog: 6,5 ex.,
peyaAn SiIdPETPOG: 7,5 EK., UYOG: 3ex.),
ATToU yUpw aTo KABE TAEUPA
TepioTpEPETal Evag GEovag pE Bidperpo
1,8 €K. kI 2,8 EX., QvTiOTOIXQ.
ETrirhéov, To Delypa TTEPIEXE! ETTIONG
owyaridia Gupou. Ze OAa Ta TapaTavw
£xouv EvaTroTeBE] TTpOiGVTa HEPIKAG
KaUONG OPYAVIKWY UAIKWY (palpo
UTTOAEIPPQ).

FTIR (A): EvromiZeral mapouaia
merpeAaiou aihikovng. To e€aptnpa EXEI
EUTIOTIOTE! PE TIETPEAQIO CIAIKOVNG.

FTIR (B): Evroriferal apouaia
metpeAaiou aihikovng. To e€aptnua EXEI
EQTIOTIOTE! PE TIETPEAQIO alhKOVNG.

FTIR (MN): Evromideral mapouala
mreTpeAaiou oiAik6vng. To eEapTnua EXEl
epTrOTIOTE PE TIETPEACIO TIAIKOVAG.

XRF (MAdka): H petahhikn TAdka eival
KaTaoKeuaopévn ato kpapa xaAupa pe
emioTpwaon weudapyipou. Ta BUo
pTrouAdvia elval emiong
KATaOKEUAOpEVa aTo kpdaua xahuBa pe
eTioTpwan Weudapyupou.

XRF (Afovag): O petahhikdg agovag
€ival KOTGOKEUAOPEVOS aTro Kpdpa
xGAuBa pe eTiaTpwon weudapyipou.
To efaywvikG Tragipddi Eivai eTriong
KATGOKEUAOPEVO Ao kpapa xaAuBa pe
eTigTpwan weudapylpou.

XRF (Alokog): O peTaANIKOG Biakog
£ival KATAOKEUAOPEVOS AT Kpdpa
ahoupiviou. O agovag pikprig Siapétpou
glval KATAOKEUAOPEVOS aTrd kpapa
xaAuBa pe emiaTpwan xaAkou. O
agovag peyaing diapétpou eival
KOTAOKEUQOUEVOG aTro Kpdpa xahupa.

FTIR oupParr) ue PDMS

FTIR oupparr pe PDMS

FTIR oupparr pe PDMS

Aev TTapéxovral
amoteAéopaTa

Aev TrapExovral
amoreAéopara

Agv TTapExovTal
amoTeAéopaTa

Acelypa amd uypd prratapiag
(ALCAD) amé 1o Bayovi utr’
apiB. 7 g emparnkng
apagooroixiag (120022)
(Aciypa apib. 8)

MNaparnpnaelg: To deiypa eival eva
Biauyég, dpwHo uypo.

Mukvérnra: 1,181 gricm?
O¢€otnra: pH 13,55

KaAio Bager QuTopETpiag PE QAdya:
14,4 % B/

NATpI0 BAOEI PWTOHETPIAG PE PAOYQ:
0,17 % B/B

AiBio BAoE! PwTOPETPIag HE PAOYQ:
0,62 % BB

InueIRoelg: Ad Tig TpoavapepBEiTES
QvaAJoEIC TTOU TTpaypaToTToINonKay
TTPOKUTITEI &TI TO UYPO TNG PTTaTapiag
elval eEQIPETIKG QAKAAIKO Kai TIEPIEXE!
w¢ i T0 TAgioTov LBPOEEIDIO TOU
kahiou (KOH)

Ta amoTeAéopaTa
ouvadouv e auTo TO
gupTTEpacpa.

Xwpa amo mEPIOXN
avBpWTTIVWV UTTOAEIPHATWY
(éxouv pETaPEPBEI Ao TO
gneio Tng oUyKpoOUaNG)
(Agiypa apiB. 9)

MNaparpnoelg: To deiypa aTroTeAeiTal
amo METPEG, XWpara kal Xahikia.

FTIR: NeTpéAaio GINKOVNG
TpoadiopiETal wg qUOTATIKG TOU
Belyparog.

FTIR aupparr pe PDMS
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PO YAIKG Q170 10 £0WTEPIKG Tou | Mapatmpnaeig: To Beiya aTTOTEAEITal
Bayoviou-ka@eTEpIa g a1 amavBpakwyéva UAIKA kal okovr,
emBarikig apagoaToIxiag UTTOAEIppaTa PoVWaNG, Nwpéva Kal
(Agiypa api8. 10) apapoppwpéva f X, Koppdma
peTdAlou, Bpalopara yuahiou Kai
Kkapéva Bpadopara xapTiou.
FTIR: MeTpéAaio TiMkOVNG FTIR gupBarr pe PDMS
T poaBIopIZETal WG CUTTATIKG TOU
Gelyparog.
Agv TrapéxovTal
XRF (Mwpévo PETaAAO): atoTeAéopaTa
Ahoupivio: 88,2 - 88,6 %
Mupinio: 8,4 - 10,3 %
Mayvroio: 0,50 - 0,8 %
Weuddpyupog: 0,13-2,1 %
zidnpog: 0,40 - 0,44 %
Mayydvio: 0,03 - 0,04 %
Tiravio: 0,01 - 0,07 %
1 Aciypa amod uAKO TTou Naparnproerg: To Belypa TEPIEXE!
EAfPBN aTrd TO ECWTEPIKO KOPPETIO HOVWTIKOU UAIKOU uTrd popen
Tou BayovioU utr' api®. 2 g | oxovNng Kai VGOV, ZE EVa HEPOG TWV
emBarnikng apagooToixiag TapaTTavw £XOUV EVATTOTEBEN TpoidvTa
(Aciypa apiB. 11) HEPIKFG KAUGOT|G OPYAVIKWY UAIKWV
(Jaupo UTTOAEILNA).
FTIR: Evtomridetal TTapouoia Ta pdopara uTTEpUBpWY
TrAaoTIKoTTOINTA TUTTOU £0TEPa. TO @aivovTal TToAU
Seiypa BEV EXEI EPTTOTIOTEN HE TETpEAQIo | DIGQOPETIKG aTTO TO
OINKOVNG. PDMS. H Tautormmoinon Tou
TTAQOTIKOTTOINTA TUTTOU
MikpoakdTTio (iveg): On iveg EOTEPQ QAVIKE VA
avayvwpiZovTal wg iveg yuahiou. BagcileTal o€ avTaToIXION
pacparwy BIBAoBrAKNG.
KaTi TET010 OuVAdEl PE TO
XRD (iveg): To Beiypa Bev EXEI am ol iveg gival yudAivng
kpuoTahAikr] dopry. Eivar Guopgo. ouvBeang.
12 Agiypa amoé xwpa mou Napampnaoelg: To Delypa TEPIEXE!
£AN@On ato Tov XWHa, 10 0TT0i0 £XEI KAYE Xpwya.
LETAOXNHATIOTH OTNV
NAEKTPIKF aTHOPNXaVH TG FTIR: Evromietal TTapouoia FTIR oupparr ye PDMS
emparnknig apagoaToixiag weTpeAaiou aiAikevng. To Beiypa €xel
(120023) (Aeiypa apig. 12] EUTTOTIOTET UE TIETPEAGIO GIAIKOVNG.
XRD: To Beiypa TepIEXe! Xahadia
(Si05), aApitn (Na(AlSi;Os)) xal AvTigTOiXION HETW
HOTXOPITN-2M1 (KAI(Si, Al)4O10(OH)z). BiBAI0BMKNG
Ofutnra: pH 7,85
13 Agiypa amd UAIKO TTOU Maparnproeig: To deiypa TEPIEXE!
BpEBNKE OTO KATW PEPOS koppaTa Bappaxepoy uhikod
TOU HETAOXNHATIOT OTNV BeryuaroAnyiag kal CwpaTidia Gupou.
NAEKTPIKI| aTPOPNXavr 1g T& 6AQ 1A TApaTAvwW £XOUV EVOTTOTEDE
emparkrg apafoaToixiag TIpOiVTa PEPIKFAG KAUONS OpYOVIKWY
(120023) (Aciypa api®. 13) UAIKWV (Haupo uTTOAEIppa).
FTIR: Evromi{eTal TTapouoia FTIR ouppari pe PDMS
mreTpeAaiou athikévng. To eEapTnua £XEl
EUTTOTIOTE! ME TIETPEAQIO OIAIKOVTIS. Na onueiwdei 61 To deiypa
auTd atoteAel Beiypa
olovel «avagopag» 0oov
QQopa 10 TETPEATIO TOU
PETAOXNUATIOT.
14 YAIKO TTou BPEBNKE OTn Napampenoelg: To delypa aToTEAETI
pnNXavn TG NAEKTPIKAG a6 oKoUpo KaQE KOKKWEEG UAIKG, padi
QTHOWNXAVAG TNG EMPATIKAS | HE TO BapBdKi TOU XpNOIHOTIOINBNKE
apagoaroixiag (120023) yia Tn guhAoyT) TOu.
(Aciypa apiB. 14)
FTIR; meTpéAaio ohikévng FTIR oupBar pe PDMS
TpooBiopIZETal wg oUTTATIKG TOU
SElyparog Tou KOKKWHOUG UAIKOU.
GCMS: TautoTroloUVTal KUKAIKEG Ta amoreAéopara mg
peBuAoaihogaveg, peBuho-100B0ouTUAD

GCMS guvadouv pE auTeg |
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weTovn (CAS 108-10-1), §uhdhio (3
IgopEPN), peBuAo-aiBuho-Beviohio (CAS
620-14-4), TpipeBuroBevioho (CAS
526-73-8, 95-63-6), 1-peB0guU-2-08iKOG
mpotuAeaTépag (CAS 84540-57-8).

TI EPUNVEIES. AEITE T
Tnueiwon 1 karw amod
autov Tov Mivaka. Kapia
ammd QuTéG TIG EVIITEIG BEV
eivar kupiapxn oto TIC.

Ta EuAdAhia kail TG
TpipeBuAoBevohia ival
guoTatikd g Beviivng
(ykaloAivng). QaTé0o, n
OXETIKRA TTOOOTNTA QUTWV
bev ouvadel pe Ty
TTO0OTNTA EKEIVWY TTOU

atd 10 vOTIo THAHa TG
QaroaTpayyioTIKAg TAPpou
(oTn Baon Tou ToiXoU

avniaTpigng) (Asiypa apib.
18)

NapatpAceig: Yypo Tou amoTeAefal
amoé Buo gagelg. H avitepn gaan eival
eAaItyBNG kai YOAGKTWO0UG XpWpHaTog,
£V N KATWTEPN PAoT Eival udaTikr kai
KQQE XpwHaTog.

FTIR: To kGpIO GUCTATIKO TNG QVWTERNG
(Ao eival To TTETPEAQIO TIANKOVNG,
£V TO KUPIO OUCTATIKG TG KATWTEPNG
@aang eival 1o vepd.

GCMS: Aviotepn @daan: Tautotrrolodvral
KUKAIKEG Kal U KUKAIKEG
peBuhooihogaveg kar 1-pgbuho-
4(paivuho-HEBUAD)BEVIOAID, 1) I00pEPT)
autou (CAS 620-83-7).

Bptdnkav atn Beviivn (ETE
TpOOQATa EITE PEPIKWG
£EATUIOPEVT).

15 Agiypa atmo uAIkd TTou MNaparnphoeig: To Seiypa TEPIEXE! METaAAIKEG TTAGKEG aTTO TO
Bp£BnKe aTIg PETAAAIKEG owypaTidia dppou Kai Bpadopara 3°/ 4° oV
TTAGkeg, TAGToug 20-30 £K. yuahio aTré oTracpévo YUaAl. Ze Oha EUTTOPEUATIKN
(HETQQEPBNKE ATTO TNV Ta TApaTavw £XOUV EVATTOTEBE apagoaToixid;
empankr apagooToixia) TTPOIGVTA HEPIKAG KAUONG OPYaVIKWY
(Aciypa apiB. 15) UAIKGV (padpo uTroAEIupa).
FTIR: EvromideTal Trapouaia FTIR cupBar ue PDMS
meTpeAaiou aIAIKOVNG. To Beiyua EXEl
EPTTOTIOTEN PE TTETPEAQIO oIhIKOVNG.
GCMS: Tautotroieital n Tapousia Ta amoreAéopata mg
KUKAKWV KQl U KUKAIKWY GCMS ouvadouv e aQuTég
peBuAooihoEaviov kai 2-aiBuro-1- TIg EPHNVEIES. ALITE TN
eEavoAng. Inueiwon 1 karw amo
autov Tov MMivaka.
EmirA£0V, JIG QiXpr) oTov
XpOvo KaTakpaTong mou
mapaTnpeital o€ GAAa TIC
UTTOBNAWVE! TV TTapouoia
ixvoug Euhohiou.
16 Mpiovidi TTou ARPON atmo Mapatnpioeig: To defypa atroTeAeTal
TNV aTTOOTRayyITIKY TAYPo | aTro Tpiovidl EPTTOTIOPEVO HE UYPO.
(oTn Baon Tou T0iX0U
avniaTApiEng) (Atiypa apiB. FTIR: EvromiZetal TETPEAQIO CIAIKOVNG FTIR aupparr pe POMS
16) oT0 LYPH TTOU ATTOPPOPATAl ATTO TO
TpiovidL.
17 Acgiyua amo oTaagipo uypo MNapamprioeig: To Befypa gival uypd kar | Iny. daoparookoTia
TTou eArjgBn ato To Bopeio atroreAeiTan amo do gdoelg. H Papav
THAKG TNG KATWTEPN @GaT), TToU Eival Kal n
aTroaTPAYYICTIKIG TAYPOU MEYGAUTEPN, EiVal OKOUPA KAGE, EVAD 1)
(oTn Baon Tou ToiXoU aviwTEPn GAoN Eival YaAakTwdoug
avnioTiping) (Atiypa api@. xpopatog. To uypod EKTIEUTTE!
17) Suotpeatn oopn Adyw Tou udpoBEIoU.
Papav: Evromileral mapoudia
merpeAaiou aihikovng. H avwrepn eaon To pdopa Papav eivai
TIEPIEXE! TIETPEAQIO CIAIKOVNG. oguppard pe PDMS
EiBikn Aywyipornra: 1730 pS/ek.
OtuTnra: pH 7,86
18 T1doipo uypo TTou eARQOn

FTIR oupBarr pe PDMS

Ta amoteAéopara g
GCMS ouvadouv PE QUTEG
TI¢ ppnveieg. AeiTe T
Tnueiwon 1 kaTw amo
autdy Tov [Mivaka.
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KattTepn pdon: TautotroioovTal ixvn 1- | To 1-peBuAo-4(@aivuho-
uzGqu-4(<pclvu)\o-uaeui\o)ﬁevco;\lou ] peBuho)Beviohio Ba

joopEptay autou (CAS 620-83-7, 620- UTTOpoUTE va HIagTIaoTeEl
47-3). (OTE va aXNpanaTolv
Euhdhia. Aev avixveuBnkav
Q&otnra: pH 7.6 EuhONia.
19 Acgiypa amd 1o £8a¢og Tpog Maparnpnaeig: To Deiypa TEPIEXE!

Ta Bopeia, orn Baan Tou gwpaTidia ppou kai Bpavopara

Toiyou avnioTpi€ng (Aeiypa | yuakiod amd oTTacpéve yuahl. Ze 6ha

apiB. 19) T TTApATTaVL £XOUV EVATTOTEDEI

TTPOIGVTA PEPIKAG KAUTNG OPYaVIKWY
UAIK@Y (Haipo UTTOAEIIUQ).

FTIR; Evrotidetal Tapouoia FTIR cuppat pe PDMS
meTpeAaiou olAikovng. To Beiypa £XEl
EUTTOTIOTEl PE TIETPEAQIO oIAIKOVNG.

GCMS: TautoTroigital ) Tapouaia Ta aTroteAéopara mg
KUKAIKWV Kal P KUKAIKWV GCMS guvadouv PE aUTEG
HEBUAOTIAOEQVLVY, IXVIV ITOHEPWIV TIC EpUNVEIES, EKTOG aTTO TO
£uhohiou, 2-aiBuho-1-e§avoAng, 2,2'- 6Tl BEV EXW BITNOTWOEI
BipeBurodipavuio, 1-pEBUA-3- Bedopéva TTou va
(paivuhopeBulo)Beviohiou kai 1- karadeikviouv TNV
peBuAo-4- (paivuhopeBuAo)Beviohiou. mapoucia 1-peBulo-3-

(paivuhopeBuAo)Beviohiou.
Asite T Znpeiwon 1 katw
atd autév Tov lNivaka.

To 2,2-
SipeBuA0BIQaIvUAIO, TO 1-
peBuAo-3-
(@avuhopeBUAO)BeVIOAIo
kai 10 1-pebuio-4-
(pavuhopeBuAo)Beviohio
¢xouv dopég Tou Ba
pTopouaav va
SiagagTolv o€ JIa
TUpKayld yia va
oxnuarioouv UAGAIa.

To TIC utrodeikviEl 0TI
UTIAPXOUV HIKPES HOVO

TTooOTNTEG EUAOAIWV.
\ 20 Aceiypa armo 1o Edagog Tpog | Mapatmprigeis: To Belypa TEPIEXEL
] Ta véna, atn paon Tou XWpa, 0 0TT0l0 £XEI KAPE XPLH.
Toixou avmioTpIgng (Asiyua
apif. 20) FTIR: Evromieral Tapouaia FTIR oupBarr ye PDMS
mrerpehaiou aihikovng. To Beiypa £XE!
EQTTOTIOTE] PHE TIETREATIO CIAIKOVNG.
GCMS: Tautotroieital n Tapouaia Ta amoreAéopara mg
KUKAIKWV KaI U KUKAIKEOY GCMS guvadouv pE QuTEG
HEBUACTIAGEQVIV, IXVWV ICOPEPLIV TG EPHUNVEIES. AgiTE TN
guAohiou kai 1-peBuio-4- Znueiwon 1 kaTw amo
(pavuhopeBuho)Beviohiou. auTdv Tov Mivaka.

To 1-peBuho-4-
(pavuhopeBuio)Beviohio
£xel pia dopr) TTou Ba
pTTopoUoE va BIaoTIaoTEl
OE IO TIUPKOYIA WOTE va
oxnUanoTouy EUAGAIT.

oy To TIC umodeikvier 0TI
A UTTGPXOUV HIKPEG POVO
'1 oo 6TNTES EUACAIWY.

19 ,-' 21 Aclypa atd 1o £dagog aTn MNaparnpnoeig: To Seiypa TEPIEXE!
F T Baan TG avatoAikrg KAITUDG | XWHa, TO OTT0I0 £XEI KOQE XpwHa.
AL TWV CIBNPOTROXIWY (Agiypa
apiB. 21) FTIR: Evromileral Tapouoia FTIR oupBarr pe PDMS
TreTpeAaiou OIAIKGVNG. To Beiypa EXEl
EUTTOTIOTEl PHE TIETPEAQIO TIAIKOVNG.




GCMS: TauToTrolelTal n Tapouaia Ta amoreAéopara mg
KUKAIKWV Kai P KUKAIKWY GCMS ouvddouv pE QuTEg
PEBUAOTIAOEAVIIV KTl IXVIDV IOOHEPUV TIG EPUNVEIES. AEITE TN
Euhohiou. Inueiwon 1 KaTW amo
autév Tov Mivaka.
22 YAIkO TToU BpEBnke OTOV MapatnpAceig & PIKPOOKOTTIKA e§ETaON:
Toixo avrioTApIEng (Asiypa To Belypa aTrOTEAETal QTTO PTTEG OKOVN,
apiB. 22) étrou @aivovral SIGaTTapTa KOpUana
yuaAloU kai JETAAAOU, IVEG Kal
TropToKaAi cwpatidia ammé etBpuTTo
UAIKO ETTIKGAUYNG.
FTIR: To deiypa TEPIEXEI TTETPEAQIO FTIR oupparr ye PDMS
aINIKOVNG.
FITR/XRD: EvroTriovial avOpakiko AvTIOTOIXION PEOW
aoBéoTio kal xahadiag. BiBAI0BrAKNG

23 Aciypa ammo 10 uTrEdapog MNapatpioeig: To Seiypa aTroTEAETaI
(BaBog: 20 ex.) amd ™ Ao XWHA Kal TTETPES.

SuTIKR KMTU TWV

aidnpotpoxiwy (Baan evig FTIR: To Belypa TEPIEXEI TTETPEAQIO FTIR oupBarr pe PDMS
kapévou Bévipou) (Aeiypa gIAIKOVNG.

apif. 23)

24 Aceiypa amé 1o edagog amo MNapartnpnoeig: To deiypa aTroTeAeiTal
N SuTIKF KAITU Twv aTo YWwypa Kal TETPES Kal KoppdTa
g1dnpoTpoxiwy (KovTd Ot PuTIKG UANG.

Kapévo dévrpo) (Aeiypa
aplB. 24) FTIR: To deiypa TEPIEXE! TTETPEAQIO FTIR oupBarf ye PDMS
alhIKOVNG. (6pwg n XaunAr avahoyia
orjparog mpog Bopupo
UTTOBNAGIVE! OTI UTTAPXE!
OE OXETIKA XAUNAEG
TOOOTNTEC)

25 Agiypa amd To £dagog MNaparnpnoeig: To deiypa TEPIEXE! O oxohiagpog g
(emBewpnan Xua, To 0TTolo EXEI KAQE Xpwpa. KPATIKIG £EKBETNG
uTTooTpWHaTog) (Atiypa karadeikvoel 611 To Seiypa
apig. 25) auTo eArgon 50 pEtpa

armo 10 anpeio TG
oUyKpouong.
FTIR: Evrotrietal Trapouaia Ixvwv FTIR — oupparr pe PDMS
TeTpeAaiou TIAIKGVNG. (OHWG N oAU XapnAr
avoAoyia orjpaTog Tpog
Bopupo utToBnNAWVE! 0TI
UTIAPXE! OE OXETIKA TTOAU
XAHNAEG TTOOOTNTEG).
Ta amoreAéopara g
GCMS: Evrarrideral TTapouagia 3- GCMS ouvadouv pe auTég
peBuAoBouTavoAng, BeviaAbeliong kai TIC EpUNVEIES. AEITE TN
IXvWv peBuhoaihogavwv, Znueiwaon 1 kaTw amo
auTdv Tov [livaka.

Snueiwon 1: H tautorroinon twv evwoewv Baoiderar oTnv avTigToiXI0n TWV
XPWHATOYPAPNUATWY E TA XPWHATOYPAPAUATA aQVAPOPAS TNS BiBAI06Akng. H
rautorroinon ptopei va empBefaiwbdei pévov edv avaAuBei éva yvwaorto Seiyua
UIaS OUYKEKPILEVNS EVWanNS Kal TTapaydyel Eva avTioTolXo Xxpwuaroyp&enua Kai
éxel avrioToixo xpovo Karakparnons. EAAeiper TéToiwv emBeLaIOEWY, TA
amoreAéouara Ba prropoUoav va TTPOEPXOVTal aTTé EVWOEIS UE I10IaITEPT
TapaTTANoIa XapakTnPIoTIKA.

y 3,15 YUVOTITIKG, Ot OAa Ta BeiypaTta ekTéC amd duo Ta amoteAéopara Arav
eVOEIKTIKA TNC TTapouaiag PDMS. Efaipéaeig fitav Ta deiypara 8 (uypo

. pmarapiag) kai 11 (MOVWTIKG UAIKS).
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3.16 MapatéBnkav aToTEAETHATA TNG GCMS yia 11 amé 1a deiypata (utr’ apiB.
2, 3,5 6, 14, 15, 18, 19, 20, 21 kal 25) kai Ot KABE TTEPITITWON
TQUTOTTOINBNKAV EVWOEIS oihofavwv?.

317 Avo oTé Ta deiypata, Ta utr apl. 3 kai 13, gixav TTEPIYPAPES TTOU
utrodnAwvouv 6T Ba ptropoloav va  Eival QVTITTPOCWTTEUTIKA  TOU
TTeETPEAGiou  TOU HETQOXNHATIOTH, TTAPEXOVTAS ¢101 Oeiypata  OIOVE
avagopdg. [payparikd  deiypa avagopdg Ba Arav  Eva Oeiypa
axpnoipoTToinTou eTpeAaiou. GCMS TTPaYHATOTTOINBNKE HOVO OTO Oeiypa
3, 70 oroio tAjpdn amd TNV TTPWTN aTHOHNXAVA TNG EUTTOPEUHATIKAG
apagoaToixiag (apib. avagopdc 120-122), pe 1o TIC va KupIapXEeiTal atro
eVQOEIC OIA0gavwV. AUTO @aiveTal va £mIREPaIIVEl OTI TO TIETPEAQIO TOU
PETAOXNMATIOTH ATV TTRPAYHATI ouvBeong PDMS.

3.18 Ta amoreAéopara Tng GCMS evrémoav £miong TTOOOTNTEG IXVWV SUAOAIWY
Kall OPYQVIKWY (UN OIA0EQVIKWV) EVIOEWY UWNAOTEPOU popIaKoU BAPOUG.
Y€ OPIOUEVEG TTEPITITWOEIG, YIO Tapadelypa ota deiypata 5 Kal 6, QUTEG Ol
eVWOEIC UWNAOTEPOU popIakoUu Bapoug ATav Kupiapxeg (Atav eTriong
ETTIKPATOUOEG, AANG OXI KUPIGPXES, OTO Seiypa 19). Znpeivw o1 TA
deiyparta 5 kai 6 eAfgdnoav kai Ta 500 aTrd TNV TTEWTN aTgounxavr (apie.
avagopdg 120-122) Tng £UTTOPEUNATIKAG apagoaToiXiag, kATl To oTroio 6a
PTTOPOUCE va UTTOBEIKVUEI TNV oTrapén YRS ekei. BpéBnkav emmiong oTo
deiypa 3 Tou AP atTé TV idia atpopnxavi. H akpiBrig toTroBecia amd
TV otroia eAfp6n To deiypa 19, oTo oTToio £TIKpaToUoav ol iBIEG EVWOTEIS,
Sev fTav oaPng ato Tnv TEplypa@n TTou eDIBETO. Z€ QUTAV TNV TIEPIYPAPN
TrepIAapBAvETal avagopa o€ Evav «TOiXO QVTIOTAPIENG», KATI TO OTT0I0 Ba
pTTopoucE va uTrodnAwver 6T BpioKOTAV KOVIG OTO OnueEio OTTOoU
KatEANEAV Ol OTUOMNXAVES TNG EUTTOPEUNATIKAG apagoaToiyiag, €TEIdN
UTTAPXE £VOG TOIXOG QVTIOTAPIENG TTOU XWpIZe TIG OIONPODPOUIKES YPOUMES
aTro £vav TApaKEipuevo GpOPo O auTAV TNV ToTToBEDIA.

3.19 Av kal To 6pyavo TnGg GCMS Exel QVTIOTOIXIOEI QUTEG TIG EVWOEIG
uynAdTEPOU  poplakol  Bapoug  WE OUYKEKPIPEVEG  EVWOEIG  TTOU
gTTovopddovTal, Ol TAUTOTTOINOEIG QUTEG DEV éxouv emRePaiwBEei pe TN
Sie€aywyr SOKIPWY KABaPWV BEIYHATWY TWV €V AOYW EVWOEWY HECW TOU
opydvou kal TOvV TrpocdIopiopo  Tou 611 avmioTolxei 0 Xpovog
katakpdatnong. Eival atroAUTwg e0AoYo, ETTOPEVWG, Ol EVWOEIG VO PNV Eival
evOEXOMEVWC QUTEG TTOU KaTtovoupadovTal OUYKEKPIPEVD, OPWG, KATA TN
yVWun You, eav oupBaivel autod, gival TBavo va éxouv Tapopola oUvBean.

3.20 InuEIVwW OTI Kapia amo Tig OUYKEKPIMEVEG EVWOEIG TTOU gTTovopadovTal
Bev £XEl KOIVEG XPNOEIG, ETTOHEVWG Eival amiBavo va uTnpxav o€
OTToI0UBATIOTE £idoug XUdNV TToooTNTEG, dnAadH Bev eival MBavo va £XouV
TPoéABel QMO TN HETAPOPG EUTTOPEUPATWY. ZTNV TIEPITITWON TOU
deiypatog 5, 0 avaoAuTAg TTOPATAPNOE 6T 1o Otiypa TEPIAGUPAVE
«ITPOIGVTA PEPIKAS KAUTNG opyavikwy uAikwv». H InuId aTré TNV TTUpKayId
otV TTPWTN  OTHOPNXavi NG EUTTOPEUNATIKAG  apagooToixiag ntav
AiyéTEpO CoRapr TG TV AvTioToIXn NG atgopnxavig TG EMRATIKAG
apaoaToixiag (BA. ETTOHEVN EVOTNTA), ETTOHEVWG dev Ba Tav TTEPIEPYO VO

4 01 OINOEAVEG EIVaI OPYAVIKES EVWTEIG TTOU TIEPIEXOUV HI AsiToupyIKf oudda BUo atduwy TrupITiou
quvésésuévwv pe éva dropo ofuyovou: Si-O-Si. Z1o mAdioio Twv ougIQV TTou EeTadovTal oTny TTapolaa
£kBeon, ol olhogaveg gival TBavo va axeTidovral e T0 meTpEAaio Tou peracynuarioty (PDMS).
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UTTAPYOUV TTEPICOOTEPA TrpoiévTa areAoldg kauvong OE deiypara TTou

eAQONOaV aTrd TNV TTPWTN Kal yUpw atroé auTiv. To deiypa 6 TEPIEYPAPN

w¢ UNIKG atré vahoBduBaka. 2Tig pnTiVEC TTOU XpnOoIpoTTOIoUVTal YIO TN
ouYKOAANON UAIKWV aTro uahoBdupaka TepIAapBavovTal TTOAUMEPIKES
BOUEG TTOU EXOUV HOPIAKEG HOVADEG o1 OTToieG DEV Eival a108nTd avOpOIES
amd TIC EVWOEIG UYNAGTEPOU popiakoU Bapoug Tou gtrovopadovral. Ao
auTd TTPOKUTITEI OTI O EV AOYW EVWOEIC PTTOPEI KAAAIOTO VA gival TTpoiovTa
areAoUC KaUoNG TwV PNTIVUV aTro vahoBaupBaka TTou xpnoigotromenkav
OTNV KATAOKEUN TNG ATHOHNXOVAG.

3.21 OTw¢ UTTOBEIKVUETAI OTIG TTAPATNPACEIG HOU OTOV Mivaka 1, auTtég ol
EVWOEIC UYPNAGTEPOU poplakoUu BApoug gixav dopég TTou Ba pTopouoav
va 81aoTTacTolV WOTE Va OXNHATIOTOUV EVWOEIG HIKpOTEPOU Hoplakou
Bdapoug, pETagy auTwv guAdAia. H evaMakmiky Aoon o1 Ta §UAGNI
ouvTAXBnkav padi pe GAAa TTPoIoVTa ateAOUC KAUONG Yia VO OXNHaTioouv
QUTEG TIG EVWOEIG UYNAGTEPOU popiakou Bapoug dev gival guAoyn kata TNV
amowr) pou.

E1ri ToUTOU SOKIUA TTUPKAYIAG OE TIETPEAIO o1AIKOVNG

3.22 e BIBAIoypa@IKn EPEUVA TTOU TTPOYHATOTIOINBNKE OTNV TEXVIKA BiBAI0BNKN
n¢ Burgoynes TrpoEkuyav TTEPIOPICHEVEG HOVOV ava@opPEG OXETIKA PE TNV
kauon ulikwv PDMS. Auto dev mpokaAei EKTTANEN, EQOCOV Ta PDMS
avagEpeTal OTI TTAPAYOUV TTUPITIO (®nAadr xahadia/dupo) wg Eva ammo Ta
mpoidvTa Kavong, Kai autd Ba ATav acUuBaro pe XPAOIMES EPUPHOYES
KaUong, OTTwG o€ KIVNTAPES 1) AEBNTEC, 4Trou To TTUpiTIo Ba fATAV EMZHHIO
yia tov e€ommAiopd. Qotdoo, ol TTAnpoopieg ToU Trapartifevral OTo
«EYXEIPIDIO TWV QVTIOPACTIKWY XNHIKWV kivdUvwv» Tou Bretherick kai oT0
«Eyxeipidio ava@Aegng» Tou Babrauskas katadeikvUouv 611 Ta PDMS gival

) £UPAEKTA, OUPTTEPIAAUBAVOHEVWV TWV TreTPEAQiwY GIAIKOVNG.

3.23 Ma va empPeRaibow 6Tl 6vTwG oupPaivel auTtd, Tpayudarotoinoda €T
TOUTOU BOKIUA XPNOIMOTTOIWVTAG £vVa TTPOidV TeTpEAQiou oINIkOVNG® TO
omoio TreplypdgeTal o1l €XEl oUVBEDN «100 % TeTpéAaio OIAIKOVNG
moAudipeBuloaihogaviou», pe 1&wdeg 50 mPa.s. Avapévw Qutd TO
mreTpéAaio va eival oxeddv 1I008UVaPO HE TO Trpoidv «Baysilone M 50 EL»
e BAon TNV TTEPIYPAQH KAl TO IEWOEG.

3.24 To Tpoidv TOTTOBETABNKE OE XEIPOKIVNTO WEKAOTHPA QUTWV KATTOU Kal pid
opixAn TETPEAQiOU YEKATTNKE TTPOG TN PASYa EVOS PAGYIOTPOU XEIPOG. H
SoKIuA aTrokdAuye OTi To TTETPEAIO fTaV gUQAEKTO Kal OTI 6Tav N OUiXAN

_ave@Agyn, TTAPAYQYE HIa HIKPR HTTAAC GAGYOS. AuTo paivetal oTig EIKOVES
{,1'\‘ 1 Kal 2 TTapaKaTW.

5 To o6y BiaTiBETo o1V ayopd wg «Allcosil 200/50», Tapaywyrg g J Allcock & Sons Ltd,
Manchester, UK. QoT800,  ETIKETQ TOU TIPOIGVTOS QVEQEPE OTI KATAOKEUGZETA amé 1 Mistral R&D
Laboratories Ltd kai Teplypd@eTal wg «MeTpéAaio olikévng 50 cSYcPs», e apiBud CAS 63148-62-9).

go GAAA avégepe anueio avapAeing > 150°C kal XapakTApIZE TN Beppokpacia autoparng avapAegng «un
1aBEaIN».
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Burgoynes

consulting scientists and enginoers

Image 1 - a blowtorch with a lit flame
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Eikéva 2 — To amoréAsgua rou wekaopouU meTpeAaiou PDMS mpog 1N
@AGya Tou PAGyIOTPOU

4 LYZHTHZH

4.1 Me Bdon TG TEPIYPUPESG Kal TIG PwTOYPaPiEG OTNV KPATIKNA £kBean,
uTTPEaV OXETIKG TTEPIOPIOHEVES Apeoeg InuIEg amd Tnv TTUPKAYIQ 0TI
ATHOMNXAVES TNG EUTTOPEUNATIKAG apagooToixiag Kai OTIg EUNIveG BACEIG
emiTeEdNG KAIVNG TWV Bayovilv Trou PETEQEpPAV Ta METOANIKG QUAAQL.

~ AvTIBETA, O aTpopnxavég, To EMRATIKG Bayovi Tng TpWwTNg B€ong, N
KQVTIVa Kal TO TTPWTO aTro Ta eTIRATIKA Baydvia Tng deUTEPNS Béong NG
gmRaTIKAg apagoaToixiag uTrEaTNOAV ocoRapég ZnUIEG aTro TNV TTupKayId.

42 O evaépieg £ikOveg deixvouv 0TI O 5Uo auTéEC TEpIOXEG Kaldong Eeival
SIOKPITEC  Kal  EEXWPIOTEG, HE TA @Iivipioparta NG Bapng orta
emKaAuTITOpEVG evdidyeca Bayovia va pnv é¢xouv kaei (Beite yia
TTapGBEIya TIG PWTOYPAPIES 15 £WG 17 TNG KPATIKNAG £KBETNC).

4.3 Tnueihvw Triong Ot 10 UNIKO aTré TIC KAPEPEG AOPAAEIOG DEIXVE povo pia
TrUpivn BoAida, n otroia ep@avidetal KAAOPATa TOU SEUTEPOAETTTOU META TIG
Aapyeig Tou deixvouv Tn oTIyUR TNG aPXIKAG TTPOCKPOUCNS Kal TG
NAEKTPIKEG AGUWEIG TTOU OXETICOVTal HE TTPOOKPOUCEIG PE TOUG OTUAOUG
1oxU0¢ pEong Taong 1600 OTNV avodikf 600 Kol oTnV KaBodIKNA TPOXIC.
AUTS UTTOdEIKVUEl 6TI N TrUpIvn BoAida mBavéTaTa cuVOEETal HOVO HE TN
pia atrd Tig dUo auTEg BETEIS Kal dev oUVERN TN OTIYHN TTOU Ol QTHOMNXAVEG
OuUYKPOUOTNKAV.

4.4 Kard Tn yvwun pou, €av n opivn BoAida OUVDEETOI PE TNV EPTTAOKN TWV
QTHOPNXOVWY NG EUTTOPEUPATIKAG apafooToixiag 1 Twv  OTOIWY
EUTTOPEUNATWY HETAPEPOVTAV OTA Bayovia PETAPOPAG TWV METAANIKWV
PUAWVE, Bev eEnyeital eUKOA N TTPOKANCN TTUPKAYIAS TTOU agopd TO
EUTTPOC THAMA TNG ETIRATIKAG apafooToixiag. Opoiwg, €av n TopIvn
BoAida cuvdEeTal YE TNV argopnxavi TG mMPBaATIKAG apafooToixiag dev
g€nyeital ebkoAa n TPOKANCN TTU PKAYIGC TTOU QpOpPd TO ENTTPOG TUAHQG TNG
£UTTOPEUPATIKAG apagoaToIxXiag. Etropévwg, poévo 1o éva amd Ta aToIxXeia
QuTd eival TBavo va atroTeAei Tov Adyo TTpOKANONG TNG TUpIvnG BoAidag
Kal va eEnyei To YEYovog OTI Ol £TTAKOAOUBEC TTUPKAYIEG Tpo@odoTABNKAV
EexwploTd. Me dedopévn TNV MO coBapr} ¢nuid amod TNV TTUPKQYId OTO
EUTTPOG TUAHG TG EMRATIKAG apagoaroixiag, n TUPIVA BoAida 6a
pTTOpOUCE KAAAIOTO va OUOXETIOTEI JE QUTAV TNV apagooToixia Kal Ox! HE
TNV EPTTOPEUHATIKF apogoaToixia.

H kpamkf €kBean HAG TANPOQOPEI OTI O UETOOXNUOTIOTEG OF KABE
arpopnxavi petépepav 2.400 KIAG meTpeAaiou. Avagépel etiong OTl TO
meTpéAaio auTd OTAWBNKE OE HEYAAN €KTOON WG QTTOTEAECUA TNG
ouykpouonc. Autd @aivetal va Bacifetal o€ ¢va Oeiypa edAagoug TTou

& Ta Baydvia Triow amd autd dev uTEaTNOAV onHavTikh {nuid amo Ty TTUpKayid, ETTopévwG DEV UTTOPEI
va UETEQEPQV EUTTOPEUHATA TTOU TTAPECXAV kauaipn UAn.
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eA@BN TepiTTou 50 PETPQ aTrd TO GNUEIo TNG GUVTPIRAG (®nAadn To deiypa
uTr apiB. 25), OTO OTTOI0 aVIXVEUBNKE N mrapoucia PDMS. Av kai 6a TTPETTEI
va  EipHacTE  KATTWG EM@QUATKTIKOI WG  TTPOG TNV EpUNVEIQ  TWV
ATTOTEAEOPGTWY 6COV apopPd TO TTOOO TTONU DIOOKOPTTIOTNKE TO TEETPEACIO
Sedopévng NG aAAoiwong Tou 16TTOU TOU GTUXAHGTOG TToU €AaBE XWPa
TPV aTro TN AN Twv SEIYHATWY, O upnAGg avTikTUTTOg GO0V agopd TNV
gVEPYEIQ ONUAIVE! OTI KATI TETOIO gival oTTOAITWE EUAOYO, KATA TN YyVwHn
pou. Eivar emiong e0Aoyo OTI Wid TéT0100 TTPOOKpPoUCN Ba MTTOpOUCE VO
TrpokaA€oel TTAnBwpa HIKpWY oTayovidiwyv aTov aépa’.

4.6 YmoéBeon TnG Kpatikig EkBeang eival oI aveAEYn N £V AOYW dlaoTropd
mreTpeAaiou PDMS Tou METAOXNUATIOTH HE ATTOTEAECHA VO OXNHATIOBEN N
mupivn BoAiBa Kai 6TI TO TTETPEAQIO autd, padi pe eUPAEKTA OTOIXEIO TWV
ATHOHNXAVWV/Bayovitv TTUPODOTNOE TIG ETTAKOAOUBES TTUPKAYIEG.

47 ATO TV dmoyn autn, Ta MIKPG  EUQAEKTQ oTayovidia uypwv, oTav
SlaokopTTidovTal oTOV aEpa, pTTopoUVv va ava@Aeyouv kai va TTPOKAAECOUV
5I00TOAR GyKOU TUTTOU «TTUPIVAG BoAidagy». AuTi n B1ACTOAN TOU OyKou
XQPAKTNPICETal KUPIWG amé dUo @aivOUEVa, Kal ouyKekpIpéva (i) Tnv
alayr] TNG KaraoTaong Tou «kauoigou» amd uypd o€ agpio kai (i) TN
SI00TOAR} TTOU TTPOKUTITEL ATTO TN Bépuavaon Twv aepiwv OTN dwvn
avTidpaong. Le ouvduaouo auta Ta dUo pmopolv va odnyfoouv Ot
avénon Tou &yKou oMWy TaEswv  peEYEBOUG, YEYOVOG TO OT0i0
KaTadEiXONKE OTNV ETI TOUTOU BOKIUF TToU TTEPIEYPAPN TTAPATTAVW.
AeBOPEVWY  TWV  QVAQEPOUEVWV TooOTATWY  TETPEAGiou  OTOUG
PETAOXNHATIOTEG, DOEV EXW kapia duokoAia va amodeXTw OTI N TTUPIVN
BoAida Trou TTaparnpeital oTa TAGVA TWV KAPEPWV QO@AAEiag PITopEi va
opeiAETQI O QUTAV TV TINYN KQUOipou.

4.8 YuveTTAyETal £ QUTWV OTI TNV TTUPIVN BoAida Ba ptropouse va eEnynoei n
avagAeEn Tou TeTpeAaiou PDMS  Trou amoPdAeTal ammd  TOUG
HETAOXNHATIOTEG TWV QTHOMNXAVWY UTTO HOP@H HIKPWV otayovidiwv 1
opixAng. EmiAéov, 6a PTTOpPOUCE va EXEl OUPBGAEI OTIG eTTaKOAOUBEG
Tupkayiég, pali pe Gha eUPAEKTA OTOIXEIQ TNG dopng. Na Adyoug
TANPOTATAG, WOTOCO, Ba TTPETTEI VO ONUEIWBET OTI O TTUPKAYIEG auTég Ba
utropolioav va £X0UV onuEiwBEl Kal EAAEiYEl TOU TreTpeAaiou  Tou
PETAOXNMUOTIOTH, avdAoya pe Ta UAIKG TTOU €XOoUV XpnalgoTroindei otnv
KOTAOKEUR TWV OTHOHNXOVWY Kal TWv Bayoviwv Kal PE TO aTT0I0
TEPIEXOHUEVO 1] TA OTTOI0 AVAAWGIUA TOUG (1.X. NravTika/ypdoa).

4.9 Emopévwg, gival ammoAlTwG EUAoyN KOTG T yVWin pou n umébeon g
kpaTikig £kBeang 6T UTrEUBUVO Yia TNV TTUpiv BoAIda ATAV TO TIETPEAQIO
TOU PETQOXNMATIOTH, TO OTT0i0 Kal ouvépaAe padi pe GAAa kauaipa oTig
£TTOKOAOUBEC OUVEXEIG TTUPKAYIEG.

440H £VOAAGKTIKA) OTNV UTTOBECT TNG KPATIKNG EKBETNG gival 611 uTTEVBUVN YIa
=\ v mapaywyn TG TUPIVAG BoAidag fTav kamola GAAN ouaia, n oTroia
UTTOPET Kal va CUVERQAE OTIG £TTAKOAOUBEC CUVEXEIG TTUPKAYIEG.

7 AUTO YIVETaI PAVEPO QTTO TO LYPO GE OTNBAI0 YEPATO pE VEPD: httos: /fwww.youtube com/watch?v=SMN-
LAIQCK4.

.
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4.11 OewpnTiKd, Hia TEToId oucia Ba pTTopoUoE va ATavV KATrolo oTeped, uypod N
aépio. To oTteped Ba ETTPETTE va €XEI TN HOP@ OKOVNG BIAOKOPTTIOHEVNG
gTOV Qépa yia va OnUIOUPYHOEl HIa mopivn BoAida. OTrwg EXEl non
oulnTnBei, éva uypo BIACKOPTTIIOUEVO UTTO HOPPN oTayovidiwv aTov aEpa
pTropEi va 0dnynoel o€ auTd TO PAIVOHEVO TNG TTUPIVIG BoAidag. TEAoG, Eva
aépio TTou aTreAEUBEPWVETA Ba ptropouce va BNHIoUPYROEL Wi TTUPIVY
BoAiba KaBwg avaplyvUeTal Ue Tov aépa Kal KaiyeTal.

4.12 Aev £xw uTTOYN Hou Kayia TTAnpogopia Tou vd uTrodeIkvUEl OTI OE auTO TO
atUxnua eVETTAGKN Katoia oteper} okovn. H diaoTropd £VOC TETOIOU UAIKOU
mBavoTata Ba Aenve Tow TG GKaUaTa utroAeippara, diagmapTa Ot Hid
gupeia £kTaon, O6pwg dev Eyivav TTAPATNPACEIS OXETIKA UE KATI TETOIO.
EmitrAéov, Ol TTApaTnProEIg ToU avaluth Tou MX.K. kata v £mBEWPNON
Twyv delypaTwy £dagoug dev uTTodAAWVaV TNV TTaPOUTIa TETOIWV UNKWV.

4.13 ‘Eva aéplo Ba TTPETTEl va HETaQEPOET OE KATAANAO BOYXEIO, EITE UTTO HOP@T
GUUTTIEOPEVOU QEPIOU EITE WG UYPOTTOINMEVO CEPIO. AEV EXW utTOYn pou
Kapia avagopa Tou va UTTODEIKVUEI TRV TTAPOUTIT UTTOAEIPPATWY TETOIOU
gidoug Boxeiwv, oUTE Kal EXW Bel TéTolou €idoug UTTOAgippaTa OTIG
PWTOYPAPIEG TNG KPATIKAG ¢kBeong. H ameAeuBipwon Kai avapAegn evog
oupTeopévou aepiou Ba pTTopoUoE va €gnynoer TV gMQAvION HIOg
TTUpIvng PoAidag, dpwg Ba Eixe avaAwBei e€ oAokAfpou OE auTo TO YEYOVOG
kal £701 Oev Ba ouvERAAE 0T ouvexr eTTakdAoudn kauon. QswpnTiKd, Eva
TT0000TO UypoU agpiou Ba PTTOPOUCE va TTAPAMEIVE! YIa AiYO WG de€apevn
UYPWV HETA TNV apxIKf ammeEAEUBEPWON Kal aVAQAEEn EVOS VE(QOUG
agpiou/opixAng, OpWG Aoyika 8a avaAioKETO ypPryopa.

4.14 Téhog, 600V agopd £va uypd, Kard Trédoa TeavoTnTa Ba ETTPETTE Va Eival
KGTTOI0 OPYQVIKT EVWON 1} HEIYHA EVWOEWV. AUTEC 01 EVWOEIG 1) TO PEIYHATA
£XOUV XOPOKTNPIOTIKA TTOU CUVETTAYOVTal 6T gival QVIXVEUTIPa PE avaAuon
GCMS. Katd ouvémeia, Qv UTTAPXQV TETOIEG ouoieg, T6TE Aoyikd Ba
BpiokovTav OTOIXEIO YIO AUTEG f| TO UTTOAEIPUATA TOUG (dnAadn TrpoidvTa
ateAoU¢ KaUonG) oTa amoTEAETHATA TNG GCMS.

4.15 Me Bdon Tnv avaokoTnon Twy QTTOTEAEOPATWY TwV aVOAUCEWV GCMS
trou diegriyaye 1o MX.K., 6TTwg Twv dedopevwy Twv TIC Kal Twv POOUATWY
padag, dev diamioTwWoA KQVEVQ TTEICTIKO OTOIXEIO TTOU va UTTOOTNPICE! TNV
uTTéBeon OTI TN Tou Kauagigou yia Ty mopivn BoAida frav dAAn uypl
gévwon 1 peiypa.

416 MNa Toug Adyoug Tou culnTtidnkav TTPONYOUHEVWG, O Un OINOEAVIKES
£VWOEIC UYNAGTEPOU popiakoU BApoug Bev gival TBavo va ouvdEovTal PE
UAIKG TTOU HETAQEPOVTAl XUHA, HTTOPOUV OUWG KAAAIOTO va armodoBbouv o€
mpoiévta arteholg Kauong Twv pnTiviov  amé  vaAoBdufaka  Tou
XpPnoipoTTolouvVTal OTNV KATAOKEUT TWV ATHOUNXAVWV/BOYOVIWY. Opoiwg,
 AVIXVEUOT] IXVWV TTOCOTATWY SUAOAIWY pTTopei £TTiong va amodoBei aTnv
idia Tnyn.

Eival okOTIPOo, woTdo0, va eETATTEN KAl N gevaAAakTIK TBavoTnTa Td
EuAONia TTou avixveuBnkav va UTTOBEIKVUOUY PETAQOPA TNG ouaiag auThg
xwpic va €xer onAwBei. Ta Euhohia  eival  AAAWG YVWOoTd WG
dipeBuhoBevOhia, oTrou BU0 OpAdES peBuAiou (-CHs) ouvdtovTal pe pia
Sopr) daktuhiou Bevohiou (CeHe). YTTapXouV TPEIS ouvduaouoi wg TTPog
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70 anueio 6TTou ol BU0 AUTEG opGdeg peBuAiou cuvdEovTal OTOV dakTUAIO

BevoAiou O€ OXEON N pia HE TNV GAAN Kal, WG €K TOUTOU, UTTAPXOUV TPEIG
HOPIGKEG DIATAEEIG, YVWOTES WG TPIC KICOPEPTY.

4.18 Ta Euhohia gival ouaTatkd NG BevZivng (ykalohivng), padi HE AAAEG
EVWOEIG, HETAEU AAAWV TWV ICOUEPWIV TOU TpiueBuhoBeviohiou (TMB). 2€
éva ammé ta amoreAéopara g GCMS (yia 10 Seiyua utr’ apiB. 14),
avixveuBnkav EuhdAia kai TMB. QoT600, N OXETIKK TTOCOTNTA QUTWV KOl
TWV ICOPEPWV TOUG DEV ATAV AVTIOTOIXN TTPOG TIG TToodTNTEG TTOU BpEBnKaV
ot Bevdivn (gite TpdopaTa EiTE PEPIKWG ECATUIOUEVN). QuolaoTikd, o€
kavéva amd Ta GAAa Oeiyuara dev UTTAPXE Kapia €vdeign Tou va
UTTOBNAWVEI TNV TTapoUaia uTrOAEIMpATWY Bevdivng.

4.19 Ta EuNdAia Bev xpeiddeTal va BpiokovTal o€ K&TTo10 OUVOETO PEIYHA OTTWG
n Bevivn, PTTOPOUV Vva xpnoigotoinBouv améd pova Toug wg TPOIdV
BIaAUTH. QG €K TOUTOU, £XW EGETATEI TNV TIOQVOTNTA VO HETAPEPOVTAV EVOG
T£7010€ BIGAUTNG WG EPTTOPEUNA TTOU OEV eixe dnAwBei. Eva T1é€T0I0 TTPOIOV
Ba £TTPETTE Va PETAPEPETAI OE KATGAANAO doxeio 1) doxeia, OTTWE eVOEIKTIKA
(amd TO PEYAAUTEPO TIPOG TO HiIkpoTEPO) pia degapevry 1SO Tank, €va
evdIGpECO Boxeio xudnv poprtiou («IBC»), TopTTava i jikpoéTepa doxeia. Ta
TOPTTOVA Kal TO HIKPOTEPO DOXEIO pTropei va eival JETAANIKAG TAQOTIKAG
kataokeuic. Eva IBC eival ouviBwg TTAQOTIKAC KATAOKEUNG, GAAG HE
pETaAAIKO KAwBO oTipigng. H Sefapeviy 1SO Tank eival HETAANIKAG
KOTOOKEUNG.

Acgapevn) 1ISO tank

o
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Mia oroifa IBC

4.20 Agv £Xw UTTOYN HOU Kayia TAnpogopia Trou va UTTOdEIKVUEI TNV TTApOUTia
deapevig ISO Tank, PETAAAIKWY TUPTTGVWV/DOXEIWV 1 UTTOAEIPMPATWV
petahAikou khwBou IBC oTo onpeio. Kavéva TéTolo uTTOAEIdpa Bev eival
opatd oTIC PWTOYPaPiEg TTou TTEPIAapBavovTal oTNV kpaTIKA £kBean. Autd
BEV QTTOKAEIEl TO EVOEXOUEVO Va UTTAPXAV TTAACTIKA TUTTOVA f HIKPOTEPA
doxeia TTou va TEpIEixav Evav TETOIO SIaAUTn, TO OTTOI0 KATAOTPAPNKAV
OTIC TTUPKAYIEG TTOU akoAouBnoav.

4.21 Edv uTroBEcOUPE OTI OVTWG HETAQEPOVTAV  KATTOIN 17010 adnAwWTa
£UTTOPEUPATA OTNV EPTTOPEUHATIKA apagoaToixia, 6Tou n KUpIa gnHIa EYIVE
oTIC U0 QTUOMNXAVEG Kal OTa Tpia TpwTa Bayovia, n omoia TETOIA
peTagopd mBavéTata Ba cuvdEovTav Pe Ta Bayovia. QoT600, Yia TOUG
AGyoug Trou ouZnTiBnkav otV apxn Tng TapoUoag evoeTnTag, autd T
Baydvia akivnrotroinénkav o€ pid TepIOXA EEXWPIOTA AT TNV TEPIOXN
4trou n emParikf auagoaToixia UTTESTN TIG TTIO ooBapég ZnuIEG aTTd TNV
TTUpKayId. Kara tn yvwun pou, n prgn kain avAa@Aegn doxeiwv pe dIaAlTn
€uhoAiou Ba ixe 0dnyroel o COBAPES ZNUIEC aTT6 TV TTUPKAYIG OE EKEIVA
akpIBWC Ta @opTnyd PBaydvia Ta otoia dev utréoTnoav coBapég CNUIES
amo TNV Tupkayld, opwg dev Ba euBuvovrav yia TN nuia amd TNV
Tupkayid 6oov agopd TV EMRATIKA apafooToiyia. EmimAéov, Oev
e€nyeitai yiati avixveuBnkav {uAdhia o€ deiypa To otroio EA@ON atmd TV
emiBatiki atgopnxavr (deiypa utr’ api. 14). MdAAov, To TeAguTaio eUpnUa
ouvadel pe TV UTTEBEON 6T Ta EUASAIa TTaprXBnoav wg poidvTa arehoug
KaUONG Twv UAIKWV TIOU Xpnaiygotroinenkav  otnv KOTAOKEUN TWV
QTHOPNXAVWV/Bayoviwy.
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4.22 YuvoyilovTtag, dev UTTAPXAV TTEIOTIKA OTOIXEIQ TTOU va UTTOBEIKVUOUV OTI N
mUpivn BoAida Kal o TTUpKaylég TTou akoAoUBnoav Tpoékuyav ammd Tn
HETAPOPA adNAWTWY EUTTOPEUPATWY. QOTOCO0, AUTO TO EVOEXOUEVO, AV KAl
aTriBavo KaTd TN YVWHN Jou, dEV PTTOPET VA ATTOKAEIOTET EVTEAWG.

5 LYMMNEPAZMATA

51 Ing 23:18 tng 281 deBpouapiou 2023, cuykpoUOTNKAV HETWTTIKA OTNV
meplox) Tou Euayyehiopol Tng Adpiogag otnv EAAGda pia emBariki
apafooToixia Kal pia ePTTOPEUMATIK apafoaToixia. Tn oTiyun NG
oUykpouong dnuioupynBnke pia PeydAn mupivn BoAida kal n QwTtid
OUVEXIOE KATOTTIV VO KAiEl y1a KATToI0 XPOVIKO didaTnua.

5.2 H umdBeon NG KpaTIKAG £KBEGNG €ival OTI N OUYKPOUQOT EiXE WG TUVETTEIN
™ PAEN TWV PETAOXNUATIOTWY TWV ATHOHNXAVWY, WE ATTOTEAEOUO TNV
ameAeuBépworn kai diaatropd TeTpeAaiou PDMS Tou petaoxnuartioTr mou
ave@Aéyn Trapdyovrag TV TUpiv BoAida, kaBwg kai OTI TO TETPEAQIO
autd, paldi  pe  EUQAEKTO  OTOIXEIQ TWV  QTHOMNXOVWV/BAyoviwy,
TpoQOdOTROaV TIG TTUPKAYIEG TTou akoAoUuBnoav. Kard tn yvwpn pou, n
utTT6Beon auth gival aToAUTWG EVAoYN.

5.3 H evaAakTikh oTnv uTrdBe0N TNG KPaTIKAG £éKBeong eivar 6T UTTELBUVN Yia
TNV Tapaywyn Tng Tupivng BoAidag ATav kdamoia dAAn oucia, n otroia
uTTopEl Kai va ouvéBale oTig eTTakdAouBeg auvexeig TTupkayiég. Me Bdaon
TNV avaokGTTNoN TNG KPATIKAG EKBEONG, Kal IBiWG TWY OTTOTEAETUATWY TWV
avaAUoEwWY Twv delypdTwy Tou éhaBa atmd 1o XK., dev £xw dIaTNOTWOEI
Kavéva TTEIOTIKG OToIXEio TTou va katadeikvUuel 6T n Tupivn BoAida kal ol
TTUPKAYIEC TTOU akoAoUBnoav TTPoEKUWav amoé Tn PETAQOPA adAAWTWY
EUTTOPEUNATWY. QOTH0O0, auTd To EVOEXOUEVO, av Kal amiBavo katd Tn
YVWMN HOU, OEV UTTOPE] va aTTOKAEIOTE! EVIEAWG.

[ uTroypaen ]

AP. PAUL A JOWETT BSc PhD MRSC
Eraipoc¢
paul.jowett@burgoynes.com
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REPORT OF DR PAUL JOWETT
CONCERNING THE FIRE INITIATION AND SPREAD ARISING FROM A
TRAIN ACCIDENT NEAR EVANGELISMOS, LARISSA
ON 28 FEBRUARY 2023

FILE REFERENCE: 713172/PAJ 16 FEBRUARY 2024

1 INTRODUCTION

1.1 At23:18 hours on 28 February 2023, a passenger train and a freight train collided head-on,
in the area of Evangelismos, Larissa, Greece. A large fireball erupted at the time of the
collision, and a fire continued to burn for a period thereafter. The collision and fire resulted

in the fatal injury of 57 people and the injury of 180 people.

1.2 A report dated 19 June 2023, which considered the events surrounding the collision, was

produced by Dr Vasilakos, on the instructions of the state authorities (the ‘State Report’).

1.3 The State Report included discussion on the cause of the fireball and subsequent fire, with
reference to some sampling and analysis of materials from the locomotives, carriages,
wagons and surrounding area, which identified combustion of transformer oil as the main
contributor. The State Report provided only a summary of the analyses of these materials,

which were sampled and analysed by the General Chemical State Laboratory (GCSL).

1.4 On 22 January 2024, instructions were received from Mrs Desponia Gkanidou, Mr George
Tsaklidis, Mr Vassilis Pavlidis and Mr Antonis Psaropoulos, who each lost family members
in the accident, to independently review the evidence surrounding the fire initiation and
spread. | was asked to consider the State Report's hypothesis relating to the transformer
oil being responsible for the fireball and subsequent fire, and to consider whether the
evidence supported an alternative hypothesis that a different fuel was involved, including

one arising from the carriage of undeclared goods.

1.5 In preparing this report, | have reviewed the State Report and the sampling and analysis

summaries contained therein. | have also been provided with the source analysis results on
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1.6

2.1

&2

2.3

24

2.9

which those summaries were derived. Finally, | have been provided with short excerpts of

CCTV footage showing the moments up to and including the collision.

| am a forensic fire investigator with over 27 years of experience in the investigation of fires
and explosions. | hold a BSc degree in Chemistry with Analytical Chemistry, and a PhD in

the field of Fire Chemistry. A copy of my curriculum vitae is attached at Appendix 1.

BACKGROUND

The collision involved a passenger train (service no. ‘IC62') travelling the Athens to
Thessaloniki route, and a freight train (service no. ‘63503') travelling the Thessaloniki to

Piraeus route.

The passenger train consisted of nine units comprising a Siemens Hellas Sprinter electric
locomotive (ref. no. ‘120-023'), followed by a first-class carriage, a cafeteria carriage, and

six standard-class carriages.

The freight train consisted of fifteen units comprising two Siemens Hellas Sprinter electric
locomotives (ref. nos. ‘120-022' and ‘120-012’), followed by 13 wagons. The first three of
these wagons were reported to be loaded with metal sheets, weighing a combined total of
162 tonnes, which were secured on to the wagons with metal wire fastenings. The

remainder were reported to be carrying foodstuffs and electrical goods, or were empty.

Based on the information in the State Report, at the time of the accident the two trains were
travelling in opposite directions on the same track. The passenger train was estimated to
have a speed of about 149 km/h at the time of the collision, whilst the freight train had an
estimated speed of about 95 km/h. The State Report included a calculation showing that
the total kinetic energy at impact was around 0.72 GJ, which when dissipated over a short
duration of a crash has the potential to generate high temperatures that can provide powerful
sources of ignition. The CCTV recordings that | have seen show the eruption of a large

fireball concomitant with the moment of impact.

The State Report attributes the fireball to the release and ignition of oil from the transformers

of the locomotive units. It reports that:
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“The [first] electric locomotive of the freight train ended up in the road wall, resulting in the
fire in its transformer burning the remaining oil and then going out, since there was no fuel

other than the metal fittings of the electric locomotive.

The electric locomotive of the passenger train, along with its burning transformer, ended
up on the slope of the railway line, where the wreckage of wagons 1 of the first class and
the cafeteria wagon, as well as wagon 2 (first wagon of the second class) ended up on and
next to it, which, due to their construction materials (fabric seats, wooden panelling on the
sides and floor, seat foam, polyester curtains, etc.) started to burn, thus causing the fire.”

2.6 Appendix 5 of the State Report summarises the sampling and analysis work by the GCSL,
and includes the information that Hellenic Train advised that the transformer oil was a
polydimethylsiloxane (‘PDMS’) composition. PDMSs are silicone polymers that can be

formulated to produce a range of products ranging from oils to elastomeric solids.

2.7 Included with Appendix 5 of the State Report was a technical data sheet for Bayer PDMS
products and a Safety Data Sheet (SDS) produced by Siemens (the locomotive
manufacturer) for the Bayer PDMS product ‘Baysilone M 50 EL".

2.8 The SDS describes the composition as being ‘polydimethylsiloxane’ and states a dynamic
viscosity of 45-55 mPa.s. The SDS further reports that the flash point’ and auto-ignition?
temperatures were >300°C and >400°C, with the ‘greater than’ symbol indicating the actual

values exceeded the limits of the test.

! The flash point is the minimum temperature at which a liquid gives off vapour within a test vessel in sufficient
concentration to form an ignitable mixture with the air near the surface of the liquid.

2 |n the context of a combustible fuel mixture, the auto-ignition temperature is the lowest temperature at which the
fuel will spontaneously ignite in a normal atmosphere without an external source of ignition such as a flame or spark
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3 SAMPLING, ANALYSES AND TESTING

Introduction

3.1 In this section | will consider the sampling and analyses undertaken by the GCSL, and
provide a summary of the results that include interpretations made by the GCSL analysts
and by me. | also report the results of an ad hoc fire test that | carried out on a sample of
silicone oil that | obtained.

3.2 The GCSL are understood to have attended both the scene of the accident and at the place

of storage of the accident debris on 29 March 2023 to take samples. This was 29 days after
the date of the accident. This time-period, in addition to the disturbance of the scene /

sampled items, introduces uncertainties into interpretation of the results.

Sampling by GCSL

3.3

3.4

3.5

The precise details of the sampling techniques used have not been given in the GCSL
sample test reports, although it can be inferred from the visual observations made for some
samples that cotton swabs were used to sample some substrates. It is also clear that some

samples were of solid materials (e.g. soil) and others were liquids (e.g. transformer oil).

A total of 25 samples were taken, of which 14 were from the locomotives/wagons/carriages
of the two trains, and 11 were from the surrounding environment. It is presumed that the
former were taken after the rolling stock was moved from site to the storage area, whilst the

latter were taken from the site of the accident.

| do not have details of the process for removing the rolling stock, including whether
procedures were in place to prevent cross-contamination. Likewise, | do not have details of
works undertaken at the collision site in the period between the accident and the sampling
visit. However, | have been advised by my instructing Principals that some earthworks and

the laying of asphalt had taken place during the intervening period.
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Analyses by GCSL

Analyses technigues

3.6

3.7

3.8

3.9

A number of analysis techniques were employed by the GCSL, not all of which were used

across all samples.

The two principal techniques relevant for me to consider were Fourier Transform Infrared
Spectroscopy (‘FTIR’) and Gas Chromatography — Mass Spectrometry (‘GCMS’).

Infrared spectroscopy exploits the fact that molecules absorb frequencies that are
characteristic of their structure. An FTIR instrument measures the absorption of infrared
light across a range of frequencies, and produces a spectrum of absorption. This can show
the presence of characteristic functional groups® within a molecule. The spectrum can be
compared/matched against that produced for a known compound, including those held in
the instrument’s software library. FTIR cannot distinguish between mixtures of compounds
and can only be used to quantify the amount of a compound present if it is not in a complex
mixture. In this case, however, the FTIR results generally have produced spectra that are
consistent with the presence of polydimethylisiloxanes, with most results being indicative of

this being a predominant constituent.

Gas chromatography (‘GC') is used to separate mixtures of organic compounds based on
their boiling points and other interactions with a separating column and carrier gas. The
time it takes for any given compound to emerge from the separating column (known as the
‘retention time’) is the same for a given instrument and set of conditions. Therefore, if the
retention time of a specific compound is known, a detection at that time provides an
indication of the presence of that compound. A GC instrument produces a ‘chromatogram’,
which is a graph that plots detector response (in the form of a series of peaks where

detections are made) versus retention time.

3.10 With GCMS, the detection is carried out by a mass spectrometer (‘MS’), which is an

instrument that ‘smashes’ the molecule into fragments and measures the abundance of

fragments at each mass number. The distribution of fragments produced by this technique

3 In organic chemistry, a functional group is a specific group of atoms or bonds within a compound that is responsible
for the characteristic chemical reactions of that compound. The same functional group will behave in a similar fashion,
by undergoing similar reactions, regardless of the compound of which it is a part.
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is characteristic of the constituent parts of the compound molecule. The quantities of the
fragments at each mass produces a ‘mass spectrum’, which can be compared against a
library of thousands of mass spectra held in the instrument's software datasets, and

matched to a specific compound.

3.11 Whilst GCMS can be used to produce quantitative results (i.e. it can show how much of
specific compounds are present in a sample), this requires careful calibration for each
compound of interest. In the absence of such calibration, it is possible to infer quantities
based on the size of the peaks on the chromatogram (known as a ‘total ion chromatogram'’
or ‘TIC’ in GCMS), but this provides only indicative, ‘semi-quantitative’ information because

the detector response varies from compound to compound.
3.12 In addition to FTIR and GCMS, the GCSL sample test reports refer to analyses involving:

e Acidity — expressed as a ‘pH’ value; values below 7 are ‘acids’, values above 7 are

‘alkalines’, and a value of 7 is ‘neutral’;
e Density — expressed in mass per volume units;

e XRF - X-ray Fluorescence spectroscopy, which is used to determine the elemental

composition of substances;

e XRD - X-ray Diffraction spectroscopy, which is used to determine the structure of

crystalline substances;
e Flame photometry — used to measure the quantities of metal ions in a solution;

e Raman spectroscopy — a similar and complementary technique to infrared

spectroscopy, which can identify structural information about molecules.

3.13 Whilst | have considered the results presented for all samples for all the above analyses
techniques, it is those produced by the GCMS analyses that yield the most information

relevant to the matters | have been asked to consider.
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Results summary

3.14 A summary of the results presented in the GCSL Sample Test Reports, together with my

comments alongside each, is presented in Table 1 below.

Table 1 — Analyses results summary

Sample | Description GCSL Sample Test Report summary My comments
no.
1 Sample from material found Observations: The sample contains soil, where products
on the wooden platform of the | of partial combustion of organic materials (black
freight train (31654540022- residue) have been deposited.
85SZ) (Sample No. 1)
FTIR: The presence of silicone oil is identified. The FTIR consistent with PDMS
sample has been impregnated with silicone oil.
2 Material found on the outer Observations: Dark brown-coloured, granular solid
surface in the 2" Electric material. During the microscopic observation, brown
Locomotive of the freight train | dust (soil), fibres from an insulating material, and glass
(120012) (Sample No. 2) fragments and various synthetic materials, are seen.
FTIR: The presence of silicone oil is identified. FTIR consistent with PDMS
GCMS: Cyclic methylsiloxanes and xylene are GCMS results are
identified. consistent with these
interpretations.
The TIC indicates only small
quantities of xylenes
compared to siloxanes.
3 Transformer oil in the 2" Observations: The sample is a clear, colourless oily
Electric Locomotive of the liquid. It contains some black suspended particulate
freight train (120012) (Sample | matter.
No. 3)
FTIR: The liquid is silicone oil (polydimethylsiloxane) FTIR consistent with PDMS
Density: 0.97 g/cm®
GCMS: Cyclic and non-cyclic methylsiloxanes and 1- GCMS results are
methyl-4 phenylmethyl)benzene (CAS 620-83-7), or an consistent with these
isomer of it, are identified. interpretations. See Note 1
below this table.
The TIC indicates only small
quantities of xylenes
compared to siloxanes.
1-methyl-4
phenylmethyl)benzene
could breakdown during
heating to produce, inter
alia, xylenes.
Note that this sample
provides a quasi-‘reference’
sample for the transformer
oil.
4 Sample from charred material | Observations: The sample is a black-coloured, charred
in the 1*' Electric Locomotive porous material.
of the freight train (120022)
(Sample No. 4) FTIR: The presence of silicone oil is identified. The FTIR consistent with PDMS
sample has been impregnated with silicone oil.
5 Sample from a material found | Observations: The sample contains pieces of sampling
in the 1* Electric Locomotive cotton material, sand particles and a piece of metal,
of the freight train (120022) which has undergone melting. Products of partial
(Sample No. 5) combustion of organic materials (black residue) have
been deposited in all the above.
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FTIR: The presence of silicone oil is identified. The FTIR consistent with PDMS

sample has been impregnated with silicone oil.

XRF (piece of metal): Aluminium: 96.10% wiw

Zinc: 1.54% wiw

Copper: 1.38% wiw

Iron: 0.47% wiw

Lead: 0.12% wiw

Manganese: 0.12% wiw

Titanium: 0.10% w/w

GCMS: The presence of methylsiloxanes, xylene GCMS results are

isomers, 2-ethyl-1-hexanol, 2,2-dimethylbiphenyl, 1- consistent with these

methyl-4-(phenylmethyl) benzene, and 2,3-dihydro-1, interpretations. See Note 1

1,3-trimethyl-3-phenyl-1H-indene, is identified. below this table.
The TIC indicates only small
quantities of xylenes are
present.
2,2-dimethylbiphenyl, 1-
methyl-4-(phenylmethyl)
benzene, and 2,3-dihydro-1,
1,3-trimethyl-3-phenyl-1H-
indene have structures that
could break down in a fire to
form xylenes. The TIC
indicates these are the
dominant compounds.
These compounds do not
have any common use to
my knowledge.

6 Fibreglass in the 1% Electric Observations: Insulating material.

Locomotive of the freight train
(120022) (Sample No. 6)

FTIR: Silicone oil is identified in the fibreglass sample.

GCMS: Cyclic and non-cyclic methylsiloxanes and 1-
methyl-4 phenylmethyl) benzene (CAS 620-83-7), or an
isomer of it, 2,3-dihydro-1, 1,3-trimethyl-3-phenyl-1H-
indene (CAS 3910-35-8), methyl-isobutyl ketone (CAS
108-10-1), xylene (3 isomers), trimethylbenzene, 1-
methoxy-2-propyl acetate (CAS 108-65-6), are
identified.

FTIR consistent with PDMS

In addition to those listed,
2,2-dimethylpiphenyl and
2,3'-dimethyl-1,1’-biphenyl
were identified, see Note 1
below this table. Together
with 1-methyl-4-
(phenylmethyl)-benzene,
they were the dominant
compounds. These have
structures which could break
down in a fire to form
xylenes.

The TIC indicates only small
quantities of xylenes are
present.

7 Sample from metal fittings in
the 1% Electric Locomotive of
the freight train (120022)
(Sample No. 7)

Observations: The sample contains three main metal
fittings: (A) a metal plate with two holes penetrated by
two bolts, 6.5cm in length, approximately, (B) a
cylindrical shaft, 7.5cm in length and 1.5cm in diameter,
where a part of it is threaded and a hexagonal nut of an
external diameter of 3cm is screwed to it, and (C) a
truncated cone-shaped disc (small diameter: 6.5¢cm,
large diameter: 7.5cm, height: 3cm), where a shaft
revolves around each side, with a diameter of 1.8cm
and 2.8cm, respectively.

In addition, the sample also contains sand particles.
Products of partial combustion of organic materials
(black residue) have been deposited in all the above.

FTIR (A): The presence of silicone oil is identified. The
fitting has been impregnated with silicone oil.

FTIR (B): The presence of silicone oil is identified. The
fitting has been impregnated with silicone oil.

FTIR consistent with PDMS

FTIR consistent with PDMS
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FTIR (C): The presence of silicone oil is identified. The
fitting has been impregnated with silicone oil.

XRF (Plate): The metal plate is made of zinc-coated
alloy steel. The two bolts are also made of zinc-coated
alloy steel.

XRF (Shaft): The metal shaft is made of zinc-coated
alloy steel. The hexagonal nut is also made of zinc-
coated alloy steel.

XRF (Disc): The metal disc is made of aluminium alloy.
The small-diameter shaft is made of copper-coated
alloy steel. The large-diameter shaft is made of alloy
steel.

FTIR consistent with PDMS

No results provided

No results provided

No results provided

8 Sample from battery fluid
(ALCAD) taken from wagon
No. 7 of the passenger train
(120022) (Sample No. 8)

Observations: The sample is a clear, colourless liquid.
Density: 1.181 gr/em?®

Acidity: pH 13.55

Potassium by flame photometry : 14.4% wiw

Sodium by flame photometry : 0.17% w/w

Lithium by flame photometry : 0.62% wiw

Notes: It follows from the aforementioned analyses

performed that the battery fluid is highly alkaline and
mostly contains potassium hydroxide (KOH)

The results are consistent
with this conclusion.

9 Soil from area of human
remains (transferred from the
collision site) (Sample No. 9)

Observations: The sample consists of stone, soil and
gravel.

FTIR: Silicone oil is identified as a component of the
sample.

FTIR consistent with PDMS

10 Material from the interior of
the cafeteria wagon of the
passenger train (Sample No.
10)

Observations: The sample consists of charred materials
and dust, insulation residue, molten and deformed, or
not, pieces of metal, glass fragments and burned paper
scrap.

FTIR: Silicone oil is identified as a component of the
sample.

XRF (molten metal): Aluminium: 88.2 — 88.6%
Silicon: 8.4 — 10.3%

Magnesium: 0.50 — 0.8%

Zinc:0.13-2.1%

Iron: 0.40 —- 0.44%

Manganese: 0.03 - 0.04%

Titanium: 0.01 - 0.07%

FTIR consistent with PDMS

No results provided

1 Sample from material taken
from the interior of wagon No.
2 of the passenger train
(Sample No. 11)

Observations: The sample contains pieces of insulating
material in the form of dust and fibres. Products of
partial combustion of organic materials (black residue)
have been deposited in one part of the above.

FTIR: The presence of an ester-type plasticizer is
identified. The sample has not been impregnated with
silicone oil.

Microscope (fibres): The fibres are identified as glass
fibres.

XRD (fibres): The sample does not have a crystalline
structure. It is amorphous.

The IR spectra looks very
different to PDMS.
Identification of the ester-
type plasticizer appeared to
be based on a library
spectra match.

This would be consistent
with the fibres being of glass
composition.

12 Sample from soil taken from
the transformer in the Electric
Locomotive of the passenger
train (120023) (Sample No.
12)

Observations: The sample contains soil, which is brown-
coloured.

FTIR: The presence of silicone oil is identified. The
sample has been impregnated with silicone oil.

FTIR consistent with PDMS
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XRD: The sample contains quartz (SiO;), albite
(Na(AlSi;Og)) and muscovite-2M1 (KAIx(Si, Library-matched
Al)4C10(CH)2).
Acidity: pH 7.85
13 Sample from material found in | Observations: The sample contains pieces of sampling
the lower part of the cotton material and sand particles. Products of partial
transformer in the electric combustion of organic materials (black residue) have
locomotive of the passenger been deposited in all the above.
train (120023) (Sample No.
13) FTIR: The presence of silicone oil is identified. The FTIR consistent with PDMS
sample has been impregnated with silicone oil.
Note that this sample
provides a quasi-'reference’
sample for the transformer
oil.
14 Material found in the engine of | Observations: The sample consists of a dark brown
the electric locomotive of the granular material, along with cotton used for collection
passenger train (120023) thereof.
(Sample No. 14)
FTIR: Silicone oil is identified as a component of the FTIR consistent with PDMS
sample of granular material.
GCMS: Cyclic methylsiloxanes, methyl-isobutyl ketone GCMS results are
(CAS 108-10-1), xylene (3 isomers), methyl-ethyl- consistent with these
benzene (CAS 620-14-4), trimethylbenzene (CAS 526- interpretations. See Note 1
73-8, 95-63-6), 1-methoxy-2-propyl acetate (CAS below this table. None of
84540-57-8), are identified. these compounds is
predominant in the TIC.
Xylenes and trimethyl
benzenes are components
of petrol (gasoline).
However, the relative
amount of these are not
consistent with those found
in petrol (either fresh or
partially evaporated).
15 Sample from material found Observations: The sample contains sand particles and Metal plates from 3™/ 4™ on
on metal plates, 20-30mm in glass fragments from broken glass. Products of partial freight train?
width (transferred from the combustion of organic materials (black residue) have
passenger train) (Sample No. been deposited in all the above.
15)
FTIR: The presence of silicone oil is identified. The FTIR consistent with PDMS
sample has been impregnated with silicone oil.
GCMS: The presence of cyclic and non-cyclic GCMS resuilts are
methylsiloxanes, and 2-ethyl-1-hexanol, is identified. consistent with these
interpretations. See Note 1
below this table.
Additionally, a peak at the
retention time seen on other
TICs suggests trace of
xylene is present.
16 Sawdust taken from a Observations: The sample consists of sawdust
drainage ditch (at the base of impregnated with liquid.
the retaining wall) (Sample
No. 16) FTIR: Silicone oil is identified in the liquid absorbed by FTIR consistent with PDMS
the sawdust.
17 Sample from stagnant liquid Observations: The sample is liquid and consists of two Nb. Raman spectroscopy
taken from the northern part of | phases. The lower phase, which is the largest, is dark
the drainage ditch (at the base | brown and the highest phase is milky-coloured. The
of the retaining wall) (Sample liquid emits an unpleasant odour due to hydrogen
No. 17) sulfide.
Raman: The presence of silicone oil is identified. The
higher phase contains silicone oil. Raman spectrum is
consistent with PDMS
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Specific Conductivity: 1730 pS/cm

North, at the base of the
retaining wall (Sample No. 19)

glass fragments from broken glass. Products of partial
combustion of organic materials (black residue) have
been deposited in all the above.

FTIR: The presence of silicone oil is identified. The
sampie has been impregnated with silicone oil.

GCMS: The presence of cyclic and non-cyclic
methylsiloxanes, traces of xylene isomers, 2-ethyl-1-
hexanol, 2,2"-bimethylbiphenyl, 1-methyl-3-
(phenyimethyl) benzene, and 1-methyl-4-(phenylmethyl)
benzene, is identified.

Acidity: pH 7.86
18 Stagnant liquid taken from the | Observations: Liquid consisting of iwo phases. The
southem part of the drainage higher phase is oily and milky-coloured, while the lower
ditch (at the base of the phase is aqueous and brown-coloured.
retaining wall) (Sample No.
18) FTIR: The main component of the higher phase is FTIR consistent with PDMS
silicone oil, while the main component of the lower
phase is water.
GCMS: Higher phase: Cyclic and non-cydlic GCMS results are
methylsiloxanes and 1 consistent with these
methyl)benzene, or isomers of it (CAS 620-83-7), are interpretations. See Note 1
identified. below this table.
Lower phase: Traces of 1-methyl-4{phenyl- 1-methyl-4(phenyl-
methyli)benzene or isomers (CAS 620-83-7, 620-47-3), methyl)benzene could break
are identified. down to form xylenes. No
xylenes were detected
Acidity: pH 7.6
19 Sample from earth to the Observations: The sample contains sand particles and

FTIR consistent with PDMS

GCMS resuits are
consistent with these
interpretations, except that |
have seen no data showing
the presence of 1-methyl-3-
(phenylmethyl) benzene.
See Note 1 below this table.

2,2-bimethylibiphenyl, 1-
methyl-3-(phenylmethyl)
benzene, and 1-methyl-4-
{phenylmethyl) benzene
have structures which could
break down in a fire to form
xylenes.

The TIC indicates only small
quantities of xylenes are
present.

20 Sample from earth to the
South, at the base of the
retaining wall (Sample No. 20)

Observations: The sample coniains soil, which is brown-
coloured.

FTIR: The presence of silicone oil is identified. The
sample has been impregnated with silicone oil.

GCMS: The presence of cyclic and non-cyclic
methylsiloxanes, traces of xylene isomers, and 1-
methyl-4-(phenyimethyl)benzene, is identified.

FTIR consistent with PDMS

GCMS results are
consistent with these
interpretations. See Note 1
below this table.

1-methyl-4-
(phenylmethyl)benzene has
a structure that could break
down in a fire to form
xylenes.

The TIC indicates only small
quantities of xylenes are
present.
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21 Sample from earth at the base
of the eastem inclination of
the rails (Sample No. 21)

Observations: The sample contains soil, which is brown-
coloured.

FTIR: The presence of silicone oil is identified. The
sample has been impregnated with silicone oil.

GCMS: The presence of eyclic and non-cyclic

FTIR consistent with PDMS

GCMS results are

methylsiloxanes and traces of xylene isomers, is consistent with these
identified. interprefations. See Note 1
below this table.
22 Material found on the retaining | Observations & microscopic examination: The sample
wall (Sample No. 22) consists of a beige powder, where scattered pieces of
glass and metal, fibres, orange pariicles from a friable
coating material are seen.
FTIR: The sample contains silicone oil. FTIR consistent with PDMS
FITR/XRD: Calcium carbonate and quariz are identified. | Library-matched

23 Sample from the subsoil
(depth: 20cm) from the
western inclination of the rrils
(base of a burned tree)
(Sample No. 23)

Observations: The sample consists of soil and stones.

FTIR: The sample contains silicone oil.

FTIR consistent with PDMS

24 Sample from the earth from
the western inclination of the
rails (close to a burned tree)
(Sample No. 24)

Observations: The sample consists of soil and stones,
and pieces of plant matter.

FTIR: The sample contains silicone oil.

FTIR consistent with PDMS
(but a low signal to noise
ratio indicates it is present in

FTIR: The presence of traces of silicone oil is identified.

GCMS: The presence of 3-methylbutanol,
benzaldehyde, and traces of methyisiloxanes, is
identified.

comparatively low
quantities)
25 Sample from earth (subsirate Observations: The sample contains soil, which is brown- | The State Report
inspection) (Sample No. 25) coloured. commentary indicates that
this sample was taken 50m

from the collision site.

FTIR — consistent with
PDMS (but a very low signal
to noise ratio indicates it is
present in comparatively
very low quantities)

GCMS results are
consistent with these
interpretations. See Note 1
below this table.

Note 1: Compound identification is based on maiching the chromatograms against library reference
chromatograms. Identification can only be confirmed if a known sample of a particular compound is analysed
and produces a matching chromatogram and has a matching retention fime. In the absence of such

confirmations, closely related compounds could account for the results.

3.15 By way of a summary, in all but two samples, the results were indicative of the presence of
PDMSs. The exceptions were samples 8 (battery fluid) and 11 (insulation material).
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3.16 GCMS results were reported for 11 of the samples (nos. 2, 3, 5, 6, 14, 15, 18, 19, 20, 21
and 25), and in each case siloxane* compounds were identified.

3.17 Two of the samples, sample nos. 3 and 13, had descriptions suggesting that they could be
representative of the transformer oil, thereby providing quasi-reference samples; a true
reference sample would be a sample of unused oil. GCMS was only carried out on
sample 3, taken from the first freight train locomotive (ref. no. 120-122), with the TIC being
dominated by siloxane compounds. This appears to confirm that the transformer oil was

indeed of a PDMS composition.

3.18 The GCMS results also identified trace quantities of xylenes, and higher molecular weight
organic (non-siloxane) compounds. In some cases, for example in samples 5 and 6, these
higher molecular weight compounds were predominant (they were also prevalent but not
dominant in sample 19). | note that samples 5 and 6 were both taken from the first
locomotive (ref. no. 120-122) of the freight train, which could indicate a source there; they
were also found in sample 3 taken from that locomotive. The precise location from where
sample 19 was taken, in which the same compounds were prevalent, was not clear from the
description given. That description includes reference to a “retaining wall”, which could
suggest that it was near to where the freight train locomotives came to rest, because there
was a retaining wall that separated the rail lines from an adjacent road at this location.

3.19 Although the GCMS instrument has matched these higher molecular weight compounds to
specific named compounds, these identifications have not been confirmed by running pure
samples of those compounds through the instrument and determining that the retention time
matches. ltis entirely plausible, therefore, that the compounds may not be those specifically

named, but in my opinion are likely to be of a similar composition if not.

3.20 | note that none of the specific named compounds have common uses, so it is unlikely that
they were present in any sort of bulk quantities; i.e. they are not likely to have originated
from the carriage of goods. In the case of sample 5, the analyst observed that the sample
included “products of partial combustion of organic materials”. The fire-damage to the first
locomotive of the freight train was less severe than that for the locomotive of tnhe passenger

4 Siloxanes are organic compounds containing a functional group of two silicon atoms bound to an oxygen atom:
Si-0-Si. In the context of the matters under consideration in this report, the siloxanes are likely to be associated
with the (PDMS) transformer oil.
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train (see next section), so it would not be surprising for there to be more products of
incomplete combustion on samples taken from and around the former. Sample 6 was
described as a fibreglass material. The resins used to bond fibreglass materials include
polymeric structures that have molecular units that are not markedly dissimilar to the named
higher molecular weight compounds. It follows that these compounds may well be products
of incomplete combustion of the fibreglass resins used in the construction of the locomotive.

3.21 As indicated in my comments within Table 1, these higher molecular weight compounds had
structures that could break down to form smaller molecular weight compounds, including
xylenes. The alternative that xylenes fused together with other products of incomplete
combustion to form these higher molecular weight compounds is not plausible in my opinion.

Ad hoc fire test on a silicone oil

3.22 A literature search carried out by Burgoynes’ technical library has revealed only limited
references relating to combustion of PDMS materials. This is not surprising, since PDMSs
are reported to produce silica (i.e. quartz/sand) as one of the products of combustion, and
this would be incompatibie with useful combustion applications, such as engines or boilers;
the silica would be detrimental to the equipment. Nevertheless, information reported in
Bretherick’'s “Handbook of Reactive Chemical Hazards” and Babrauskas' “Ignition
Handbook” shows that PDMSs, including silicone oils, are combustible.

3.23 To confirm that this is the case, | have carried out an ad hoc test using a silicone oil product®
described as having a composition of “100% polydimethyisiloxane silicone oil”’, with a
viscosity of 50 mPa.s. | expect this oil to be a close equivalent to the ‘Baysilone M 50 EL’
product based on the description and viscosity.

3.24 This was placed into a hand-operated garden plant sprayer, and a mist of oil was sprayed
towards the flame of a hand-held blowtorch. This revealed that the oil was combustible, and
that when the mist ignited it produced a small ball of flame. This is illustrated in Images 1

and 2 below.

5 The product was marketed as ‘Alicosil 200/50°, produced by J Alicock & Sons Ltd, Manchester, UK. However, the
product label indicated that it was made by Mistral R&D Laboratories Lid, and described as “Silicone Oil 50 cSt/cPs”,
with a CAS No. 63148-62-9). The SDS reported a flash point >150°C and listed the auto-ignition temperature as
‘unavailabe’.
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Image 1 - a blowtorch with a lit flame

Image 2 - the effect of spraying PDMS oil towards the blowtorch flame
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4.2

43

4.4

4.5

DISCUSSION

Based on the descriptions and photographs in the State Report, there was relatively limited
direct fire damage to the locomotives of the freight train and to the timber flatbed bases of
the wagons carrying the metal sheets. In contrast, the locomotives, first-class passenger,
canteen and the first of the standard-class passenger carriages on the passenger train were

severely damaged by fire.

Aerial images show that these two areas of burning are distinct and separate, with the paint
finishes on overlapping intermediate wagons/carriages unburned (see for example
Photographs 15 to 17 of the State Report).

| also note that the CCTV footage shows only a single fireball, which was fractions of a
second after flashes showing the moment of initial impact and electrical flashes associated
with impacts with the medium voltage power poles on both the upward and downward tracks.
This indicates that the fireball was probably associated with only one of these two locations,

rather than it happening at the instant that the locomotives collided.

in my opinion, if the fireball was associated with the involvement of the freight train
locomotives, or any goods carried on the wagons carrying the metal sheets®, it does not
readily explain a fire involving the forward part of the passenger train. Likewise, if the fireball
was associated with the passenger train locomotive, it doesn’t readily explain a fire involving
the forward part of the freight train. It follows that only one of these was likely to have been
at the origin of the fireball and that the subsequent fires were fuelled separately. Given the
more severe fire damage to the forward part of the passenger train, the fireball could well
be associated with that train rather than the freight train.

The State Report advises that the transformers on each locomotive carried 2400kg of oil. It
further reports that this oil was spread over a large area as a result of the collision. This
appears to be based on one sample of soil that was taken some 50m from the crash site
(i.e. sample no. 25), on which the presence of PDMSs were detected. Whilst some caution
should be exercised in interpreting the results with regard to how far the oil was dispersed

given the scene disturbance that took place before the samples were taken, the high energy

& The wagons behind these were not notably fire-damaged, so could not have been carrying goods that provided fuel
for the fireball or subsequent fire(s).
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4.7

4.8

4.9

impact means this is entirely plausible in my opinion. It is also plausible that such an impact

could produce a multitude of small droplets in the air”.

The State Report's hypothesis is that such a dispersal of PDMS transformer oil was ignited
to produce the fireball, and that this oil together with combustible elements of the

locomotives/carriages/wagons fuelled the subsequent fires.

In this regard, small combustible liquid droplets, when dispersed in air, can ignite and
produce a ‘fireball’ volume expansion. This volume expansion is dominated by two effects,
namely (i) the change of state of the ‘fuel’ from a liquid to a gas, and (ii) the expansion arising
from the heating of the gases in the reaction zone. In combination, these can result in an
increase in volume of several orders of magnitude. Indeed, this was demonstrated in my ad
hoc test described above. Given the reported quantities of oil in the transformers, | have no
difficulty accepting that the fireball observed in the CCTV footage can be accounted for by

this source of fuel.

It follows that the ignition of PDMS oil expelled from the locomotive transformers as small
droplets or a mist, could explain the fireball. Furthermore, it could have contributed to the
subsequent fires, together with other combustible elements of structure. For completeness,
however, it should be noted that those fires could have occurred in the absence of
involvement by the transformer oil, depending on the materials used in the construction of
the locomotives, carriages and wagons, and any contents or consumables (e.g. lubricating

oils/greases) therein.

It follows that in my opinion the State Report's hypothesis that the transformer oil was
responsible for the fireball and contributed together with other combustibles to the

subsequent sustained fires is wholly plausible.

4.10 The alternative to the State Report’s hypothesis is that another substance was responsible

for producing the fireball, and may have contributed to the subsequent sustained fires.

4.11 In theory, such a substance could have been a solid, liquid or gas. A solid material would

need to have been in the form of a dust dispersed in air to give rise to a fireball. As already

7 This is illustrated by the liquid in a water-filled vehicle crash barrier: https.//www.youtube.com fwatch?v=SMN-LAJQCk4
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discussed, a liquid dispersed as droplets in air can lead to this fireball effect. Finally, a gas

that is released could produce a fireball as it mixes with air and bums.

4.12 | am not aware of any information to indicate that a solid dust was involved in this accident.
The dispersal of such a material would be likely to leave behind unburned residues,
scattered over a wide area, and no observations in this regard were made. Additionally, the
GCSL analyst's observations when inspecting the soil samples did not suggest the presence

of such materials.

4.13 A gas would need to be transported in a suitable vessel, either in a compressed gas form,
or as a liquefied gas. | am not aware of any reports to indicate the presence of the remains
of any such vessels, and | have seen no such remains in the photographs in the State
Report. The release and ignition of a compressed gas could explain the occurrence of a
fireball, but it would be entirely consumed in that event and thus would not contribute to
sustained subsequent burning. In theory a proportion of liquid gas could persist briefly as a
liquid pool following the initial release and ignition of a gas/mist cloud, but | would expect

this to be quickly consumed.

4.14 Finally, with regard to a liquid, in all probability it would need to be an organic compound or
mixture of compounds. Such compounds or mixtures have characteristics that mean they
will be detectable by GCMS analysis. Accordingly, if such substances were present, then |
would expect to find evidence of them or their residues (i.e. products of incomplete

combustion) in the GCMS results.

4.15 Based on my review of the GCMS analyses results produced by the GCSL, including the
TICs and mass spectra data, | have found no compelling evidence to support the hypothesis
that another liquid compound or mixture was the source of the fuel for the fireball.

4.16 For the reasons discussed earlier, the higher molecular weight non-siloxane compounds are
not likely to be associated with any materials carried in bulk, but may well be attributable to
products of incomplete combustion of the fibreglass resins used in the construction of the
locomotives/carriages. Likewise, the detection of trace quantities of xylenes can also be

attributed to the same source.

4.17 However, it is also appropriate to consider the alternative possibility that the xylenes

detected were indicative of the undeclared carriage of this substance. Xylenes are
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otherwise known as dimethylbenzenes, where two methyl (-CHs) groups are attached to a
5, benzene ring (CsHs) structure. There are three permutations as to where these two methyl
groups attach to the benzene ring relative to each other and hence there are three molecular

arrangements, known as three ‘isomers’.

4.18 Xylenes are a constituent of petrol (gasoline), together with other compounds, including
isomers of trimethylbenzene (TMB). In one of the GCMS results (for sample no. 14) xylenes
and TMBs were detected. However, the relative amount of these and their isomers were
not consistent with those found in petrol (either fresh or partially evaporated). Indeed, in
none of the other samples was there any indication to suggest the presence of petrol

residues.

4.19 Xylenes do not need to be in a complex mixture such as petrol; they can be used on their
own as a solvent product. Therefore, | have considered the possibility that such a solvent
was being carried as undeclared goods. Such a product would need to be carried in a
suitable container or containers, which could include (from largest to smallest) an ISO tank
container, an intermediate bulk container (‘IBC’), drums or smaller containers. The drums
and smaller container may be of metal or plastic construction. An IBC is typically of plastic
construction, but with a metal supporting cage. An ISO tank container will be of metal

construction.

An ISO tank container
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A stack of IBCs

4.20 | am not aware of any information to indicate the presence of an ISO tank container, metal

4.21

drumsftins, or the metal cage remains of IBCs at the scene; no such remains are visible in
the photographs included in the State Report. This does not rule out the possibility of there
being plastic drums or smaller containers holding such a solvent, which were destroyed in

the ensuing fires.

On the assumption that any such undeclared goods were being carried by the freight train,
where the principal damage was to the two locomotives and the first three wagons, any such
transportation would be likely to be associated with the wagons. However, for the reasons
discussed at the beginning of this section, these wagons came to rest in an area separate
to the area where the most pronounced fire damage was sustained by the passenger train.
In my opinion, the rupture and ignition of xylene solvent containers would have led to severe
fire damage to those freight wagons, which were not severely fire-damaged, but would not
account for the fire damage involving the passenger train. Furthermore, it would not explain
why xylenes were detected in a sample taken from the passenger locomotive (sample no.
14). Rather, the latter finding is consistent with the hypothesis that the xylenes were
produced as products of incomplete combustion of the materials used in the construction of

the locomotives/carriages.

4.22 Summarising, there was no compelling evidence tc show that the fireball and ensuing fires

resulted from the carriage of undeclared goods. However, this possibility, whilst improbable

in my opinion, cannot be entirely excluded.
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T

CONCLUSIONS

At 23:18 hours on 28 February 2023, a passenger train and a freight train collided head-on,
in the area of Evangelismos, Larissa, Greece. A large fireball erupted at the time of the

collision, and a fire continued to burn for a period thereafter.

The State Report's hypothesis is that the collision resulted in the rupture of the locomotives’
transformers, resulting in the release and dispersal of PDMS transformer oil that ignited to
produce the fireball, and that this oil together with combustible elements of the
locomotives/carriages/wagons fuelled the subsequent fires. In my opinion this hypothesis

is wholly plausible.

The alternative to the State Report’s hypothesis is that another substance was responsible
for producing the fireball, and may have contributed to the subsequent sustained fires.
Based on my review of the State Report and in particular the results of analyses of samples
taken by the GCSL, | have seen no compelling evidence to show that the fireball and ensuing
fires resulted from the carriage of undeclared goods. However, this possibility, whilst

improbable in my opinion, cannot be entirely excluded.

DR PAUL A JOWETT BSc PhD MRSC

Partner
paul.jowett@burgoynes.com
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