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MPOAOIO>

NMPOAOIOz

H napouoa AidakTopikr) AiaTpiBr EKNOvABNKe oTo pyacTrpio Avopyavng
kal AvaAuTIKAG Xnueiag TN ZxoAng Xnuikwv Mnxavikwv Tou EBvikoU MeTooBiou
MoAuTexveiou TnVv nepiodo 2006 — 2011 kar €ixe WC AVTIKEIYEVO TOV OXEDIAOHUO
KAl TNV KATAOKEUR MIAC OUOKEUNG MPOCOMOINONG OOMWV YIA 1aTPOJIKAOTIKEG
EQappoyec. MNa Tov npoadiopioud TNG oUVOEONG TWV OCOHWV EYIVAV HETPNOEIC
apxIkG O€ OIKIOKA anoppippaTa Kal o€ cwpaTa nou Bpiockovrav o€ PJeTabavaria
anooUVOeon. ZTn OUVEXEId EMIAEXONKAV OUYKEKPIPEVEG EVWOEIC Ol OMOIEC
MEAETAONKAV O OUVOUAOHWO HE TOV NPOCOMOIWTN OCHWV HE Tn Pondeia
NapayovTikou oXedlaopou. TENOC £yivav HETPROEIC OTOV MPOCOUOIWTH OOH®V
EUNOPIKOU HiyHaTog anoouveeong.

Emionuaivetar 0T n napouoa AidakTopikny AlaTpiBr) €knoviBnke oTa
nAgiola Tou epeuvnTIKOU €Pyou HE TITAO «AeUTepnG Meviag AVIXVEUTEG yia
Enixeipnoeic ‘Epeuvac kar Aidowonc» (“Second Generation Locator for Urban
Search and Rescue Operations”) nou xpnuartodoTeital anod 1o 7° Mpdypapua
MAaiolo Tn¢ Eupwnaiknc KoivoTnTac. Eniong, n diatpifr xpnuatodotrndnke ano
Tov EIBIkO Aoyapiaopo Agonoinong KovduAiwv Tou EMI peow TPIETOUC
UNoOTPOYIAG yIa TNV EKNOVNON TNG.

Ma Tnv oAokANpwan Tne diaTpIBnc B6a nBeAa va suxapioTHow NPWTIOTWE
Tov Kabnyntni k. M. ZtaBepdrnoulo TOOO yia TNV avabeon Tou BEPATOC, 000 Kal
yia Tnv kaBodrynor Tou kad’ oAn Tn didpkeia eknovnong TnG diIaTpIRNRC. OspuEC
euxapioTie¢ Ba nbeha va ansubuvw oTtnv AvanAnpwTtpia Kabnyntpia ka. A.
Mannd kai otov AvanAnpwtr Kabnynti k. N. TCapTdn nou w¢g HEAN TNng
OUMBOUAEUTIKAG €MITPONAG MouU napeixav noAUTIMN unooTnpIEN kal oUpBOANR.
Eniong 6a nbeAa va euxapioTAow Kai Ta PEAN TNG €EETAOTIKAG EMITPONNAG TNG
dlatpIBng Mou, Kabnyntn k. ®. KoAion, KabnynTtpia ka. O. MapkonouAou,
Kabnyntni k. A. Manaindvvou, kai KabnynTtpia ka. X. ZnnAionoUAou nou pHou
€Kavav Tnv TIYR va CUPHPETEXOUV OE AuTh.

EninAéov Ba nBeAa va suxapioTnow Bepud Tn Ap. Xnuikd Mnxaviko K.
MIKEDN yia TNV NOAU anuavTikn Bonbeia Tng oTnv eknovnaon Tng diaTpIBAC, Toug
Ap. XnuikoUG Mnxavikoug k. A. Ayaniou kai ka. XZ. Kapupa, aAA@ kal Toug

ouvadeApoug Z. MNavvouko kai M. ZTaupakakn yia Tnv agoyn ouvepyaaia.
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Telog, Ba nBeAa va euxapioTnow 181aiTepa TN ouluyd Pou, TOV UIO Hou,
TOUC YOVEIC JOU kal TNV adeAr) HOU yia Tnv unooTnpiEn kai karavonon nou

€deikav OAa autd Ta xpovia.



MEPIAHWH

NMEPIAHWH

To xnuIKO NePIBANOV OTa €peinia €vog KTIpIOU Mou £xel KaTtappeloel gival
1I01aiTepa ouvOeTO. OI MNYEC MOU MMOPOUV VA CUVEICPEPOUV OTNV EKMOMMNI MTNTIKWV
OpYavIKWV EVWOEWV €ival MOAAEC Kal OIAMOPETIKEG, ONWG AvOpwmnol Mou EXOuV
EYKAWPIOTEI, VEKPA OWUATA, OIKIOKA anoppippata, OoMIKG UAIKA, nupkayiéG, AAAEC
JlIapPOEC aEpiwV ONWC TO PUOIKO agPIo KAM. Ol OUYKEVTPWOEIC TWV EVWOEWV AUTWV
eival ouvnbwg oTnv nepioxn Twv ppt | ppb kai pnopei duvnTika va GOAacouv Kal o€
enineda PepIKwV ppm KETA and wpeg/nUEPEC eykAwPIoPoU. To XNHIKO auTo nepiBaAlov
ennpealeTal and apkeToUG TuXAioug, MN €NAVAANYIHOUC Kal Hn  €AEYXOMEVOUC
napayovTec O6nwc n TaxuTNTa Tou avedou, n Beppokpacia, n uypacia, Ta AlwpoUpeva
owpatidla (okovn oTnv aTtgooeaipa), onwc eniong kalr and alnAenidpaceic 1000
METAEU TwV NApAyOUEVWV OUCIWV 1 GAAWV OUCIWV TOU NEPIBAAOVTOC (NX. AEPIOUC
pUNAvTEG) 000 Kal PETAEU TWV NAPAYOUEVWV OUCIWV KAl TwV OOMIKWV UAIKWV TOU
XWPOU EYKAWBIOHOU.

Ma Toug napanavw Adyouc NPokKUNTEl N avaykn yid enavaAnyiyo kai a&ionioTo
EAEYXO TWV XNHIKWV aiobnTApwV nou XpnolgonoloUvTal o€ napopola cUVOETa xnuIka
nepiBaAovTa/oopéc. Eival eniong onuavTikn n dnuioupyia avanapaywyioidwv oopwv
yld Tnv €KnaidEuon aviXVEUTIKWV OKUAWV MOU XPNOIUOMNOIoUVTal OTIC MEPINTWOEIG
épeuvag kal d1aowong. O NPOCOMOIWTAG OOHWV €ival HiId OUOKEUN MOU MPOoCooIalel
oUvOeTa XNUIKa NePIBAANOVTA ONWG EKEIVO TOU XWPOU EYKAWPIOUOU OE KTipIO MOU EXEl
KaTappeuoel. O NPOCOUOIWTAG «NApAyel» TNV OOMN MIAg NNyng HECW TNG Napaywyng
EVOC aEPIOU MiyHaToG Mou MEPIEXEl XAPAKTNPIOTIKA OUCTATIKA, XAUnAou popiakou
Bapoug, Ta onoia ekAUOVTAl anod T CUYKEKPIKEVN NNyN.

H Texvikin npokAnon oTnv avantuén Tou MPOCOMOIWTH) OCHWV NTAV N
ehayioTonoinon Twv AMNAemdpAcEwWV TwWV AVAAUTWV Kal TNG Oouokeunc. Kabwg
MEIQWVOVTAI Ol GUYKEVTPWOEIG TNG AEPIAC pAonc, of aAANAEMIOPACEIC AUTEG yivovTal OAo
Kal onuavTikoTepeG. daivopyeva npoopo@none aAAd kai n enidpaon Tng Beppokpaaiag
Kal uypaaiac npoodidouv PYeyaAn aBeBaidoTnTa oTnv Napaywyn aspinv JIiyHaTwy.

H anod&éopeuon €vOC «VEQOUC» MTNTIKWV OPYavIKWOV EVOOEWV anod Tnv
EMIPAVEIQ TWV EPEINIWV EVOC KTIPIOU NMou €xel KATAppeUOel dev BewpeiTal GUVEXNC A
duvapikr) diepyaaia. AUTO PNOpPEi va oQeINeETal TO YEYOVOC OTI MOAAEG MNYEC OEV £XOUV
ouvexn Kalr oTabepry napaywyn ouciwv. AvTIOETA, n EKNOWNN TOUC MMOpPEi va
xapakTnpidetar andé nepiodikOTNTA HE aVTIOTOIXN METABOAN OTn OuykévTpwon. H
TaxuTNTa TOU avépou, n doun Twv epeiniwv, n ailnAenidpacn Twv NApPayoPEVLV
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OUCIOV HE Ta OOMIKA UAIKA €ival napdyovTeG Mou GUVOPAHOUV OTO JUVAMIKO NMPOMIA

OUYKEVTPWOEWV TWV OUCIWV.

H npoTeivopevn dIATagn Tou NPOCOUOIWTr OOV NEPINAUPAVEI:

Tn povada napaywyng oTtabepolU MPo@iA CUYKEVTPWOEWVY Yid TNV napaywyn
0TaBepwV HIYHATWV OE €EQIPETIKA XAUNAEG OUYKEVTPWOEIC

Tn povada napaywync duvapikoU Npo®iA CUYKEVTPWOEWY YIA TNV NPOCOHOoIwaT
TWV PETABANMNOMEVWV PAIVOUEVWV.

Tov avixveuTr) avagopdc yia TV napakoAoudnon Tng eE630U TOU NPOCOMOIWTT)
Tn @IaAn ouvBeTIKOU agpa

Tn @IAAN nAiou uWNANRG KaBapdTNTAC yia TOV AVIXVEUTH) avapopdac

To owArnva JdoIKWV UAIKWV Yia Tn HEAETN aMnAenidpaonc Twv nNapayopevwv
ouCIWV HE d1apopa dOMIKA UAIKA

Ta yevikd OUPNEPACHATA MOU MPOEKUYAV OTA MAgiold TG napouoag

A1dakTopIKAC AiIaTpIBAC cuvowilovTal NapakaTw.

O nNPooOHOINTAG OOMWV Napouaialel NoAU KaAn oupnepipopd o€ O,TI apopda
TNV anokpion Tou KAatw and OlapopeTIKOUG ouvOUAOHOoUC NEIPARATIKWV
ouvenkwv. AuTO yiveTalr gavepd TOOO OTNV MNAPAYWYN HEMOVWHEVWV AEPIMV
ouoiag 600 Kal o€ agpia piypara.

H peyioTn didpkela napaywyng oounG ATav JEXP! Kal 24min.

H OXETIKA Tunikr anokAIon OTO OAWA TNG OOMNG OTOV QVIXVEUTN ava@opdc
€0e1&e oTabepdTNTA TNG TAENG Tou 11%

AvanTuxbnke WEBODOG yia TNV napaywyrn OUVOETIKWV OOPWV avlpwnivig
anoouvBeong Kal oupwv.

MapatnpnBnke pia MPIKP €nidpaon Twv OOUIKWV UAIKWV OTIG NAPAYOUEVEC
OOWEG anod ToV NPOCOUOIWTH MBavoTaTa AOyw PUOIKOXNHIKWY OpACEwV.

Mikpr) €nidpacn TnG uypng @Aaong kai TnG adpwviac napatnpndnke oTtnv
napayopevn ooun.

H avdAluon diakupavong oTIiG aveEapTnTeG METABANTEG kal oTa enineda nou
auTteg €€eTdoTnkav €dWOAV OUYKEKPIYEVOUG napdyovTeg (eite TIG idIEG TIG
METABANTEG €iTe ouvOUAONOUC AQUTWY) NOU ennPEAlouvV onNPavTika Tnv &vraon
TOU ONUATOG TOU avixveuTtn (kal apa Tnv napayopevn CUYKEVTPwON) N TV
TUNIKA Tou anokAion (kai apa Tn oTabepdTnNTa TNG OUYKEVTPWONG). H eoTiaon
OTOUG NapayovTeg auTtoug deixvel TNV kateubuvon npog Tnv onoia XpeialeTal

NEPAITEPW EPEUVA YIA TNV BEATIOTONOINGN TOU NPOCOUOINTH OOHWV.
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ABSTRACT

The chemical environment in the debris of collapsed buildings is extremely
complex. Various sources emitting Volatile Organic Compounds (VOCs) and gases, such
as entrapped victims, dead bodies, household wastes, construction materials, fires, gas
leaks, contribute to it. Concentrations of VOCs in the debris are usually in the area of
ppt to ppb level and potentially can increase to ppm level after hours/days of
entrapment. The chemical environment in the debris is affected by a number of
random, non-reproducible and uncontrollable factors, such as the emission dynamics of
VOCs and gases from the various sources, the wind velocity, the temperature, the
humidity and dust, the interactions between the emitted chemicals or interactions of
the emitted chemicals with the construction materials and the indoor air quality as well
as the urban pollution.

There is a need to reproducibly and reliably test and validate the chemical
sensors used in such complicated environments. There is also a need to design
reproducible tests for training canines for urban search and rescue operations.
Standardization is of major importance in the experiments. The “Odour Simulator” is a
device which provides near-real simulation of the complex chemical environment in the
debris. The Odour Simulator generates the odour of a source by the production of a
gas-phase mixture consisting of a few characteristic analytes, low molecular weight
chemicals, emitted by the specific source.

The technical challenge in developing an Odour Simulator which can provide
such atmospheres is to minimize the interactions between the analytes and the
apparatus which contains them. As vapor phase concentrations reduce, these
interactions become more significant. Competitive absorption phenomena, temperature
effects, gas-phase mixing all combine to introduce significant uncertainty and non-
reproducibility in the simulator.

The release of a plume of volatile organic compounds from the surface of a
collapsed building will not be a continuous and stable process but rather a dynamic
process. This is due to a number of factors. First of all the emission process from a
certain source might have a dynamic profile. For example, a source might emit
substances not continuously but with a periodicity and/or with variable intensity. Other
factors that contribute to a dynamic concentration profile could be the wind velocity
which affects the motion of the plume, the rubbles structure (e.g. accumulation in
confined spaces) or the interactions of the plume with the construction material (e.g.
absorbance, reaction).
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The proposed set up of the Odour Simulator consists of:

A stable concentration module generating mixtures of stable ultra low level
concentrations.

A dynamic concentration module generating dynamic concentration profiles for
simulating transient phenomena. It will allow adding specific vapors to the gas
mixture produced by module A.

A Packed Construction Material Tube (PCMT). This serves the purpose of
receiving the gas-phase mixture produced by the two modules and making it
interact with different construction materials.

A Reference Detector for monitoring the effluent of the simulator

A zero air cylinder

A Reference Gas supply

The general conclusions of the PhD thesis are summarized in the following:

The Odour Simulator shows quite distinctive responses against the
experimental conditions that were tested. This is clear both for single
compounds of interest as well as for synthetic mixtures

The duration of the odor generation was as long as 26 min

The relative standard deviation of the odor signal in the reference detector was
approximately 11%

A method was established for producing near real synthetic odor samples for
human decay and urine

A minimum impact of the construction material on the generated odor was
observed

Water phase and ammonia had a low impact on the vapor generation

The Analysis of Variance determined the factors (Odor Simulator parameters)
that have a significant effect in the produced concentration and can, thus, be

further elaborated for optimization of the system
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EIZAMQIrH

Eicaywyn

Mpoodi10pICHOG TOU NPOBANHATOG
1aTpodIKaoTIKEC EPApLIOYES, OOLEC Kal XNuIKI avaAuon nediou

To XNUIKO nepIBAAAOV nou OnUIOUPYEITAI OE €va XwpPo eYKAwPRIoHOU KTIpiou nou
EXEl KATappeUaoel gival 1Id1aiTepa ouvBeTo. Ta eykAwPIopéva BUPATa, Ta vekpd owuara,
TAQ OIKIOKA anoppiuuaTa, ol anoxXeTeUOEIC, TA OIKOJOMIKG UANIKA, Ol MUPKAYIEG, Ol
OlapPPOEC (PUOIKOU depioU K.d. amnoTeEAOUV €eVOEIKTIKEG MNYEC NAPAYWYNG MTNTIKOV
opyavikwv evwoewv (Volatile Organic Compounds — VOCs) kal agpiwv o€ €va TETOIO
KAEIOTO Xwpo. TIG NPWTEG WPEG TNG KATAPPEUONG, Ol CUYKEVTPWOEIG TWV MEPICTOTEPWV
OUCIWV BpiokovTal aTNnV NePIoXn Twv ppt, evw Pe TNV Ndpodo Tou Xpovou (wpwv f/kal
NHEPWV) auTEG au&avovTal AOyw CUCOWPEUONC OTA €NINeda Twv ppm,.

MoAAoi gival o1 NapayovTeg nou ennpealouv To XNUIKO NEPIBAAOV O€ KAEIOTOUC
XWPOUG €YKAWPRIOHOU, MOANEC (POPEC PE WN €NAVAANWIHO KAl PN EAEYXOMEVO TPOMO,
ONWG: Ol PNXAVIoUoi NApaywync Twv EVWOEWV anod TIC AvTiOTOIXEG NNYES, n TaxuTnTa
TOU avéyou, n Beppokpacia kalr n uypacia Tou Xwpou, Ta dlwpoUpeva owudaTidlia
(okovn), ol aAANAeMIdOPACEIC PETAEU TwV NAPAYOUEVWV OUCIOV N Kal PETAEU Twv
OUCIOV Kal TwV OlapOpwV OIKODOMIKWY UAIKWV ONwG €niong kai n yevikoTepn agpia

punavaon Tng nepIoXNG.

AVIYVeuon oouwv ano aviyveutikous okuAous K9 epeuvag kai didowornc: To npofAnua
EKTIQIOEUOTIC TOUC LIE NMPayuarika Oslyuara

O1 €dIkG eKNaIDEUPEVOl QVIXVEUTIKOI OKUAol (canine — K9) é€peuvag kai
dldowong, nou ouvnlw¢ Kalouvtal O EMIKEIPAOEIG E€peuvag kai  dlaowang,
xapakTnpidovrar and noAU xaunAa oOpia avixveuong Kal €NoPEVWwC €ival 1kava va
evTonifouv XapakTnPIOTIKEG OOUEG/OUTIEG OE ONUAVTIKA MIKPOUG XpOVOUG HETA ano pia
KATApPEUON O OXEON ME AAEC OUYXPOVEC TEXVOAOYIEC. Q0TOC0, O OKUAOI UOTEPOUV
OTO XPOVO £pyaciac apoU oI 00PPNTIKEC TOUC IKAVOTNTEC €EO0UDETEPWVOVTAl YETA anod
nepinou 20 Aenta ouveyouc avalntnong [1-7].

AVAAUTIKEG OUOKEUEC nEdiou: To rpoBAnua onuioupyiac rnoAu xaunAwv ouykevIpwoewv
MPOTUMNWY AEPIWV LIYIATWV

Ta avaAuTIka opyava Kal ol XnUIkoi aiodnTripeg nou XpnoigonoloUvTal onPePa
yld TOV £yKaipo EVTOMIOMO eYKAWPBIOWEVWY NACXouv and «Weudoonuata» nou
napayovral €€aITiac Tou oUVOETOU XNMIKOU NEPIBAAAOVTOC avixveuonc, NapanAavavTac
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TIC opadec dIAowonG, Me anoTéAeopa TOOO n afionioTia 000 Kal n akpifeia Twv
METPACEWV Va TiBevTal oUVEX®G und apPIoRATNON.

>Ta nAaioia auTa ival Gpavepod OTI UNApxel avaykn oxedlaopPoU Kal KATAOKEUNG
MIOC OGUOKEUNC MPOOOH0INONC TOU OUVOETOU XNUIKOU nepIBANOVTOC eyKAWPIOPOU WE
okorno Tov €AeyX0 Kal TNV a&ioAdynon Twv avaAuTIKWV Opyavwv EVTOMNIOHOU aAAd Kal

TNV KaAUTEPN €knaideuon Twv okUAWV diaowang KO.

ZT0YX0!1 TNG AIdakTOopIKNG AlaTpIBAG

Baoikog oToxoc TnG napouoac AiIdakTopikng AlaTpIBnG €ival o axediaopoc Kai n
KATAOKEUN MIAC KAIVOTOUOU GUOKEUNG nou 8a npocgopolalel To GUVOETO XNMUIKO agpio
nepIBAAoOV nou dnpIoupyEiTal o€ 1aTPOJIKAOTIKEC EPAPHOYEC Kal, MO OUYKEKPIYEVA, OF
KAEIOTOUC XWPOUC EYKAWPIONOU OTa €peima KTIpiwv. Ta XapakTnPIoOTIKA TNG OUOKEUNG
ouvoyidovTal NapakaTw:

e H npocopoiwon, HE €AEYXOMEVO Kal aAvanapaywyiolyo TPOMO, GUYKEKPIHNEVWY
OOMWV Mou evTonifovTal oTa €PEinia KTIpiwv Mou £XouV KaTappeUoEl.

e H napaywyn PIyHATWV XapakTNPIOTIKWV OUCIWV NOU NPOCeyYi(ouv TNV OOWN nou
napayerar ano JIAPopec nnyeg o€ epeima kTipiwv (nx. eknvor, 10pwTac,
anoyeTeuon)

e H napaywyr ouciwv 0Ot €EAIPETIKA XAUNAEG OuykevTpwoel (ultra low
concentrations)

e H aveEaptnTn napaywyn otabepoU Kal SUVAMPIKOU MPOPIA OUYKEVTPWOEWV TWV
OUYKEKPIKEVWY OUTIWDV

e H duvatdtnTa €AeyXOMEVNG KAl aAvanapaywyioiung napaywyng OlapopETIK®Y
Babuidwv CUYKEVTPWONG TWV OUCIWNV

e O €\eyxoc TNG uypaciac oTo Napayouevo Hiyua

e H aMnAenidpaon Tou napayopevou piypaTog Ye d1apopa oIkodoMIKA UAIKA
H ouokeun autny Ba PBpiokel epappoyr oTov €Aeyxo KAARG AsiToupyiag kal Tnv

a&loAdynon TwWV anoTEAEOHATWY XNHIKWV opyavwv/aiodnthnpwv nediou kabwg kal aTnv
€KNAIOEUON AVIXVEUTIKWV OKUAwV Epeuvac kai diaowong K9, yeyovog nou anoTeAei
KalvoTopdia a@oU napdpolo cuoTnpa Oev XPNOILOMOIEITAl ORKEPA OTO XWPO TNG
d1GowaoNG kal EVToniopoU BUPATWY O€ KTipia HETA anod KATappeUan.
ZuvoyidovTag, ol aTdxol TnG diaTpIBAG €ivai:
e H peAETn 10TPOdIKACTIKWV EQAPHOYWV YId TNV AVTIOTOIXION OCHWV HE

OUYKEKPIKEVEG NNYEC Kal N eMAOYN KIAC XapaKTNPIOTIKNAG EQAPHOYAC
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e H peAétn pebOdwV yia TNV napaywyn npoTUnwV depinv HIYHATWV Kal n €niAoyn
€VOC N NEPICOOTEPWV YIA TN XAPAKTNPIOTIKN IATPOJIKACTIKN EQAPHOYN

e H OUYKPITIK] PEAETN TWV AVAAUTIK@WV OUCKEUWV Mediou yia avaluon aspiov
MIYHATWV

e O oxedlaopog Kal N KAaTAoKeUr) GUOKEUNG NApaywyng agpiov JIyRdTwv yia xprnon
oTo nedio ) OTO €pyacThPIO KE OKOMO TNV a&loAdynon avaAuTIKwV Opyavwmv Kdai

TNV €KNAiOEUCN TWV AVIXVEUTIKOV OKUAWV £peuvag kail didowaong K9.

MpwTtoTunia TnG AIdakTopIknG AlIaTpIBNAG

Baoikny npwTtoTunia Tng di1dakTopIknG diaTpIBnC ival OTI O NPOCOUOINTAG OOHWV
Oev anoTeAei anAd €va akopa cuoTnua napaywyng nNpoTunwv aspiwv PIYHATwV OTo
€pyacTnpio, alAa éxel Tn duvaToTNTa va Xpnoidonoindsi oTo nedio yia Tov EAEyXO Kal
BaBuovopnon 1600 TwWV anAwv GUOKEUWV (ny. popnToi aiobnTnpeg agpiwv), 0600 Kal
oUvVBeTWY  avaAuTikwv — opyavwv  (nNx.  QaouatopeTpo  padacg).  EninAgov,
npocopolalovTag To dUVAMIKO NPOPIA CUYKEVTPWOEWV TWV OCHWV MOU MPOEPXOVTAI
anod epsinia KTIpiwv NOU EXOUV KATAPPeUCEl, O MPOCOMOIWTAG OCHWV MNAPEXEl TN
duvaToTNTa XPnong Tou WG Pacikd €pyaleio yia TNV ekNaidEUon TWV AVIXVEUTIKWV

OKUAwV €peuvag kal diaowong
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1. Xnuikn AvaAuon Mediou

1.1 Fevika
Fevika, n XNWIKA avaiuon pnopei va BewpnBei wg To oUVOAO TWV TEXVIKWV MOU
NAapEXOUV TNV MOIOTIKA Kal NoooTIKA NAnpogopia yia Tn oUvBeon evog UNikou. Ma Tnv
KAAuwn d1a@opwv Blopnxavikwv, NEPIBAMOVTIKWY Kal EMIXEIPNCIAKWV AVAYKWV YIVETAI
EKTETAMEVN XpPNAON TNG Me okond Tov €Aeyxo noiotnTac (quality control), Tnv
napakohouBnon diepyaciwv (process control), Tnv aocpdAsid kai  €MITHPNoON
(surveillance) xwpwv. ZAPEPA OTIC MEPIOCOOTEPEC EPAPHOYEG XNMIKAC avaiuong Oev
UNApXouVv auCTNPOI MEPIOPIOHOI OE OXEON ME TO XPOVO TNG avaAuong, €MOMEVWC Ta
Ociyuata ouMEyovTal OTo XWPo OElyMaToANWiag Kal OTn OUVEXEId WETAPEPOVTAI,
anoBnkevuovTal kal avaAuovtal OTO €pyacTnplo, TO OMoio Wnopei va BpiokeTalr o€
anooTaon akopa Kal apKETWV wpwv anod Tnv apxIkn Tornobeaia Tou deiyuaToc.
2TIG NEPINTWOEIG, WOTOCO, ONOU KPICIKN NApAPETPOC anoTeAei n ypriyopn Afqwn

anoTeAeOPATWVY, Kal Gpa NoAU HIKPOi XpOvol avaAuong, N KAACIKN €pyacTnpiakn Xnuikn
avaiuon «naykou» (bench-top) napoucialel onuavTikG npoPAnpaTta. H  Xnuikn
Avaluon Mediou (Field Chemical Analysis) divel éugaon otnv avantugn HeEBOdwWV,
01adIKaciwv kal TEXVOAOYIWV Yia TNV €ni TOMOU Kal g€ oUVTOMO Xpovo delypaTtoAnyia
kal avaAuon. Mnopei va napexel Xpoieg NANPOPOPIEC O EPAPHOYEC ONWG:

e Zuvexn napakoAoubnaon BIopnxavikwv dIEPYAcIV Kal QpAIVOUEVWY

e EvTOnIopo dUoAEITOUpYIWV OE BIOUNXAVIKEG DIEPYATIEC Kal XNMIKG aTuxnuaTa

e JUAN\oyN 0eBOPEVWV YIa Taxeia Aqwn ano@acewv

e AlGyvwon BeudTwv nou agopouyv TNV Uyeia kal acpaieia

1.2 IoTopika oToIXEIa

H Xnuik Avaluon Mediou Bewpeital pia and TIC NAAAIOTEPEC NEPIOXEC TNG
XNHIKAG avaiuonc agou Tn XPNOIMOMOIOUCE O MNPWTOYovoC AvBpwnoc oTn Anwn
anopAacewv OXETIKA WE TO NEPIBANOV, TNV TPOPN, TNV AOPAAEIA KAl TNV UYEia Tou.

IoTopikd n Xnuikn Avaiuon Mediou avageperal anod 1o 300 n.X. o€ Keideva Tou
OeoppacTou (372 — 287 n.X.), evoc QINOCOPOU TNG KAACIKAG €noxNnG, HaenTr kai
OUVEPYATN TOUu ApIOTOTEAN. Z€ £va and Ta KUpIOTEPA £pya Tou, «Mepi AiBwv», To 0noio
BewpeiTal To NpwTO BIBAIO CUCTNUATIKAC OPUKTOAOYIAC NAYKOOUIWE, NEPIYPAPETAl £vVAC
anA\o¢ Tpono¢ npoodIiopIoPoU Xpuoou o opukTd [8]. To 1770 p.X. o XNUIKOC Antoine
Lavoisier (1743 — 1794 p.X.) ekTeAei TO NPWTO KATAYEYPAMMEVO MEIpApa avaiuong

eknvedpevou agpa [9]. tn dekasTia Tou 1970 yiveTal n NpwTn ava@opd O€ EVOPYAVES

8
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pedodouc, onwe Agpia Xpwpatoypagia (GC) n ouvduaopog Mupoluonc — Agpiac
XpwpaTtoypapiac — daopatopeTpiac Malac (Py-GC-MS) oe diaoTnuika npoypapuara
NG NASA [10]. 2TIC apxec TnC dekasTiac Tou ‘80 avanTuooovTal POPNTEC NAEKTPOVIKEC
pUTEC (e-nose) kal ®acpatopeTpa Kivnmikotntac Iovtwv (Ion Mobility Spectrometer)
yla Xprion o€ epappoyeg enikivouvwv UAIkwv (HazMat) kai xnuikee aneidég (CBRN). Tnv
TeheuTaia OekaeTia yiverar oAoéva kai Mo (avepry n avdaykn yia OMiKpuvon Twv
avaAuTIKOV opyavwv apou apxifouv Kai XpnoigonolouvTal 0 (papuUoyYEC ONwe O [N
enavopwyeva InTayeva oxnuarta (Unmanned Aerial Vehicles) [11].

1.3 Opiopog

Qc Xnuikr Avaluon Mediou pnopei va opioBei n NPakTikn HETPNONG TNG
METABOANG TOU €idOUG Kal TNG OUYKEVTPWONG TWV XNMHIKWV EVWOEWV OTO XWPO KAl TO
XpOVo. MeTPROEIC TO XWPO (XWPIKEG) MNOPOUV VA Yivouv O dIAPOPETIKEC BETEIC, NPOG
OlaMOPETIKEG KATEUBUVOEIC Kal OTIC TPEIC dIAoTACEIC Tou €mnEdou delypaToAnwiac.
MEeTPROEIC 0TO XPOVO VOOUVTal EKEIVEC MOU apopouv napakoAoudnan (monitoring) iTe
oe oTabepry B€on and oTabepr) nnyn, €iTE v KIVAOEI KAl JNopouv va €ival OUVEXEIC N
OIaKPITEG.

H Xnuikry AvaAluon MMediou nepidauPavel €éva oUVOAO avaAuTIKWV HEBOdWV,
01adIkaoInV, CUCKEUWV Kal ouoTnUATwv (TexvoAoyiwv). Or 6pol Mou avagepovTal o
d1edvr) BiBAIoypagia yia Tn Xnuikn AvaAuon Mediou civar “Field Chemical Analysis”,
“On-site analysis”, “Field Analytical Chemistry’, “extra-laboratory analysis" «ai
“ Fieldable Analytical Chemistry".

1.4 BaoikéG oUVIOTWOEG TNG XNiIkAG AvaAuong Mediou
H Xnuikry AvaAluon Mediou anapTideTal anod TIC NApAKATw PBACIKEG OUVIOTWOEG:
TOUG METAYWYEIC, Ta Opyava Kal TIG OUOKEUEG, TIC METEWPOAOYIKEC OUVONKEG, Tn

PeuoTodUVAMIKN, TIG PUOIKEG Kal XNMIKEG DIEPYATIEC KA TNV TOMoypaPia Tou XwpPou.

1.4.1 Aviyveuteg

O1 avixveuTeg (detectors/transducers) anotehouv Bacika GToIXEIO TNG XNMIKAG
Avahuong Mediou. Mevika, 0 POAOC TOU €ival va WETATPENOUV HIA QUOIKN N XNHIKN
1D10TNTa 0 nAekTpIKO oOnua. To onua autd Petd and katalnAn eneEepyaoia
METATPENETAI OE XNMIKA 1} GAAOU TUNou nAnpogopia.
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O1 YETPAOEIC OTO NEDIO TIC NEPIOCTOTEPEC (POPEC DEV EMITPEMOUV TNV EAEYXOUEVN
delypatoAnwia kai avaiuon. ApaiwoeiG KAl OUPMUKVOOEIC 00nyoUv O€ PEYAAO €UPOC
OUYKEVTPWOEWV OUCIWV MOU EVOEXOUEVWG VA KATAANEOUV OTOV AVIXVEUTH. ENopévwc,
Baoikr) NpoUnoBeon Twv aviXVEUTWV Yid Xprion oto nedio €ivalr n euehifia (pPeyalo
€UPOC METPOUMEVWV OUYKEVTPWOEWY) AAA Kal 1 anoucia <«QAiVOUEVWV HVARNG»
(memory effect). uvnbwc, €artiag Tou ocUVOETOU XNUIKOU nepIBAAAovToC oTo nedio, ol
QVIXVEUTEC €ival eNIPPENEIC o avemBuunTa Weudo-BeTIKG Kal Weudo-apvnTiKG onuara

AOYW TNG NepIopIoPEVNG eEEIBIKEUONC TouG (specificity, cross sensitivities).

1.4.2 Opyava kal OUOKEUEG

Yndapyxouv MoAAEC napalayeg Twv dla@opwv Opyavwv Kal COUCKEUWV. Ano
anhoUg XNUIKOUG aioBnNTAPEG MEXPI OUVOETA GUOTAMATA MOU  XPnoidonolouv
TauToOxpOVva €vav apiBuo idiwv n dIaPOPETIKWY aIgBNTAPWY, NPoXwPNUEVN Anwn Kai
ene€epyaoia dedopevwyv, ANwn ano@accwv kabwg kal TEAEUTaiag TeExvoAoyiag napoxn
evepyelac. O XpnoTng €ival ekeivog nou kaAsital va €nIAEEEl nolo ouoTnua Talplalel
kKaAUTepa oTnv epappoyn nediou mnou Tov evdla@epel. H epyovopia, n eukoAia
METAPOPAC aAAa Kal Ol EVEPYEIAKEG ANAITAOEIC TOU opydvou naifouv onuavTikd poAo
oTnV €niAoyn Tou.

H olyxpovn opyavoloyia otn Xnuikp AvaAuon [Mediou xpnoidonolei Tnv
oAokAnpwon (integration) o€ diagopa enineda. To NPWTO €NINEdO AVAPEPETAl OTNV
OAOKANPWON HEPOVWMEVWY avAAUTIKWV HeBOdWvY, TO OeUTEPO avagepeTal oTnv
OAOKANpwon OedopeEvwv and XNMIKEG ) AAAec peBOdoug kal To TpiTo €eninedo
avapepeTal oTnv 0AoKANpwaon pe TIG Texvoloyieg MAnpogopikng kai Enikoivoviwv. H
oAokAnpwon nepiAappavel epappoyec Aqwng anopacswv (Texvikeg fuzzy logic, Boolean
algebra, Bayesian) aA\a kal cuoTruaTa dIkTUwong.

O1 npoogateg eEehieic oTIC TeExvoAoyie¢ Twv pikpoToin (lab-on-a-chip),
OUCTOIXIEG HIKPO-aIoBNTApwV kal oTn NavoTexvoAoyia €enITPENOUV TNV Napaywyn

opyavwv os apikpuvon (miniaturized) pe auénuéveg emdOOEIC kKal dUVATOTNTEG.

1.4.3 MeTewpoAoyikee ouvOIrnKeg

>Tn Xnuik AvaAuon Mediou o1 PETEWPOAOYIKEC OUVONKeC diadpapaTiouv
onuavTikd poAo €dikd kata Tn diadikacia Tng deiypaToAnwiac. O1 peTaBoAEC kai ol
aMnAenIdOPAcEIC NApaueETpwWV ONWS n Bepupokpacia, n mieon, n NUKVOTNTA agpa, n
uypaoia, n TaxutnTa kai n katelBuvon avépou ennpealouv ToV OXEDIAOHO TNG
delypatoAnwiac oTo nedio (ny. KATAAANAN TONOBETNON TWV AICONTAPWV OE BECEIC Nou
va ehaxioTonoioUv Tov Kivouvo BAABNC). EVOeIKTIKG pnopei va avapepBei n enidpaon
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KE®. 1 XHMIKH ANAAYZH TMNEAIOY

TNG Beppokpaaiac oTIC METPNOEIC Nediou apoU PNopei va 0dnynoel 08 CUUNUKVAOEIC 1)
€€aTpioelc ouaiwv (Kal apa anwAelec) alAa Kal 0 PETABOAEG TWV PEOAOYIKWYV IDIOTHTWY
(aU&non Bepuokpaaiac £xel wG anoTeAeopa TNV avénon Tou IEMOOUC OTa agpia Kal Tnv
HEiwaon Tou IEmdouC oTa uypad).

Ma 1o Aoyo auto, otn Xnuikn Avaiuon Mediou XpnoigonoloUvTal PETPNTIKA
Opyava nou ouvavTwvTal o€ oTaTIKoUG HETEWPOAOYIKOUC 0TaBuouc, onwe BepUOPETPO,
BapOUETPO, UYPOUETPO KAl QAVEPOUETPO, ONUEPA OHWG PpiokovTal €Pnopika o€
avTioTolxa (popnTa CUCTNUATA.

1.4.4 PeuoToduvayikr

H PeuoToduvapikn (Fluid Dynamics) avaQepeTal o€ peEUOTA CE Kivnon. ZTO
XWpo TNG XnuIkAG Avaiuong Mediou n PeuoToduvapikn ennpealel 101aiTepa Tn
dslypaTtoAnwia agou Ta deiypaTta AauppavovTal eni Tonou (on site), ouvRBwG ekTiBevTal
o€ NePIBAAMOVTIKEG OUVONKEG Kal NOANEC POPEG €ival peuoTa o€ kivnon. Ta €idn Twv
POWV nou evolapepouv Tn Xnuikn Avaiuaon Mediou eivar:

e JupnieoTn/acupnieotn porl. Tunikd napddelypa anoTeAei n deiypaTtoAnwia
€€alpeTIKa pIKpwV Oykwv (ultra low volume) uypwv, nou BewpoUvTal NPAKTIKA
acupnieoTa peuoTd, OTav PBpiokovral autd o€ uywnAn nieon. ©a npenel va
AapBaveral unoyiv n PeTaBoAn Tou Oykou AOYw WETABOANG TNG nieong. Eniong,
oTNV NePINTwaon TNG OslydaToANwiag €UPAEKTWV deEpiwV OE UWNAR nieon
(oupnieoTd peuoTd), xpeldletal €10k npooTacia Tou XeIpIoT AOyw TNG
MEYAANG NUKVOTNTAG TOUG.

e ZTPpWTN/TUPBWONG por). EVOeIkTIKG avagEpeTal n NEPINTWAON TNG delydaToAnyiag
aspinv 0€ OTPWTN por, 6nou Bacikn nNpolnobeon eival va yiverar evrog Tou
nediou d1Axuong Tou deiypatog yia va divel a&ionioTn anokpion To HETPNTIKO
opyavo. AvTiBeTa o TupBwAN Por, Ol GUYKEVTPWOEIG TWV CEPIWV HEIWVOVTAI
kal au&avovtal Tonika ME TO XPOvo yUpw amnd Tnv nnyn, B€tovrag wg

npoUnoBeon To XaunAo OpIO avixveuong Tou avaAuTikoUu opyavou.

1.4.5 QuOIKEC KaI XUIKEG OIEPYAOIEG

Ol QUOIKEG Kal XNMIKEC OIEPYACIEC KATEXOUV MPWTEUOVTA POAO OTN XnWIKA
Avaluon Mediou eneidr) odnyolv o€ aAAayeg Twv IBIOTATWV R/Kal TG ouveeong Tou
npo¢ avaiuon Oeiypatoc. MaNioTa, oTtav ol diepyaaieg e€eAiooovTal Pe TAXUTATOUG
puUBPOUC, ONWC NOAEG QOpPEC YiveTal oe epapuoyec nediou, TOTE anaiTeital Peyain
npoooxny oTn OeclypyatoAnwia, wote TO Ociyda nou AauBaverar va eivai

avTINpoowneuTIKO. EVOeIkTIKO Napadelyda anoTeAei n deiypaToAnyia agpiou deiydaTog
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anod xwpo &eyKAwPIOPoU METG and KaATAppeEUOn KTIpiou, OnMou Aauppavouv Ywpa
Qaivodeva npoopoPnong Kai EkpOPNONG oudi®v anod Ta OOHIKA UAIKA TOU KTIPIOU, VW
TauTdXpova O AveUOC Tou NEPIBAAOVTOG ennpeddlel Tnv KATewBuvon Kal TV TaxutnTa
(pon) Twv NapayouevwV agpiwy.
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2. Oopég kai VOCs

2.1 Fevika

Q¢ «ooun» opieTal n avriAnyn TnNG 60(PNONG HIAG 0UCIac, WG anoTEAEOUA TNG
ene€epyaoiac and Tov €yKEPAAO TOU ONPATOC Mou dexeTal, AOyw TNnG JIEYEPONC TWV
EMONANIWV KUTTAPWV TNG PIVIKAG KOIAOTNTAG. H Oléyepon auTr OQeiAETal OE XNHIKEG
EVWOEIG UE OUYKEKPIYEVA XAPAKTNPIOTIKA, ONWC O NTNTIKEC OPYAVIKEG evwoelc [12, 13].

Ol NTNTIKEG OPYAVIKEG EVWOEIG, I OnNw¢ ouvavtwvtalr ortn  Oiebvn
BiBAioypagia Volatile Organic Compounds "VOCs” anoTehoUv Tn Bacikr opdada
EVWOEWV MOU dNUIOUPYOUV OCMEC. QC r7TNTIKES £XOUV TNV 1010TNTA va BpiokovTal, uno
OedOPEVEC OUVONKEC, OTNV agplia pAacn Tou nePIBANNOVTOC Mou EIOMVEEI TO ATOWO,
OIEUKOAUVOVTAG £TOI TNV €NAPN TOUC PE Ta €mBAAId KUTTAPA TNG PIVIKAC KOIAOTNTAC,
QC NTNTIKEC OPYAVIKEG EVWOEIG 0pifOVTal Ol OPYAVIKEG EVWOEIC (EKTOG TOU peBaviou), HE
Ta €ENC xapakTnpIoTika [14]:

e Taon atpwv peyaAUTtepn ano 0,1 Torr pe Beppokpacia 25°C kal nieon 760 mmHg
(P° > 0,1 Torr)

e Inueio (€oewe piIkpoTEPO Twv 300°C (2Z < 300°C)

e 1-12 aTopa avlpaka aTo POpIo

MNa Tnv npoBAewn Tng oupnepipopdc Twv VOCs ot JIAPOPES EPAPHOYES,
onuavTikd poAo naifouv Ol PUOIKOXNHIKEG I0I0TNTEG TWV HOpiwV, ONWG TO HOPIAKO
Bapog, n Taon aTpwy, To onueio (0w, N NOAIKOTNTA, N JIAAUTOTNTA, O GUVTEAEDTNG
OoKTavOANG vepou, n oTabepd Henry kAn.

TNV MNEPINTWAON TNG NApakoAoudnong TnG OOWNG O XWPO EYKAWRIOWOU, Ol
OlIaPOPETIKEG  MEPIBAMOVTIKEG OUVONKEG ONwG Bepuokpaaia, uypacia, UNapén
alwpoUEVWV CwHaTIdIiwV O OUYKEKPIYEVO agpio Miywa VOCs, eivar duvatov va
NPOKAAEGOUV  OIAPOPETIKEC OCUMMEPIPOPEC TWV EVWOEWV TOU MHiyHaTog AOYw Twv
JlAPOPETIKWV (PUCIKOXNHIKWV TOoug IDI0TATWV. MNa napadeiyya, Ta Popia Hiag Evwong PeE
uwnAn diaAuTtdTnTa 0TO VEPO OTaV BpiokovTal o NePIBAAOV Pe uwnAn uypaaia, onwg
gival €vag Tumikog Xwpog eykAwPiopou, Ba €xouv Tnv TAon va OdiaAvovTal OTd
alwpoUpeva aTayovidla kal va pnv yivetalr avriAnnTr n Unap&n Toug TOoO anod TOuG
€I0IKA €KNAIDEUPEVOUC OKUAOUC, 000 Kal and qopnTa avaAuTika opyava nediou, Twv
onoiwv To OPIO avixveuong €ival HEYaAUTEPO TNG OUYKEVTPWONG TNG ouciag oTnv aspia

¢aon.
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2.2 OoMEG Nou OXeTIOVTAI HE IaTPOSIKACTIKEG EPUAPHOYEG

O1 nnyéc napaywyng oopwv (VOCs) nou oxeTidovtal HE 1aTPOJIKACTIKEG
EQAPHOYEG KAl OUYKEKPIYEVA OE NEPINTWOEIC EYKAWPIOPOU O€ KTipid MOU €XOUV
kaTappeUoel €ival: n anocUvBeon Tou avlpwnivou OWHPATOC, O EKNVEOUEVOC AEPAc, Ta
Biohoyika uypa (aipa, oUpa, 18pwTAG) Kal Ta konpava Tou BUPATOG, Ta anoppiypaTa
koudivag, ol dlappoeg agpiwv (PUOIKO aEPIO, APWHATIKA XWPOoU, KaBapioTIKa KAM.), ol
nupkayieg kKAn. Zto Zynua 1 aneikovietal o 8evdpiTng Twv dla@opwv nnywv VOCs o€

KTipIa Nou €Xouv KaTappeUOEl.

( MNMnyég ekroptrwy VOCs )
v v v 4
AvlpwTriva Nekpd
mgpam qvepdf:'nvq YméoTpwua Zuppdvra
(ev Jwi) cwpara (background) (events)
I
¢ ¢ ¢ ) 4 ¢
ApXIKa . Alappon
oTadIa ZF:%(:S?/%EZVH agpiwv Mupkayid ATmroxéteuon
arroouveeong n (puoiko agpio)
¢ A 4 l
OKIaKd Zwyartidla
ATToPOILLATA (ammoppoéenon VOCs Aopikd UAIKG
PPIUH oTNV ETTIPAVEIA TOUG)
ATtroppippaTa AmaEs
koudivag
v v v v v v v
. iua Upa PWTAG otpava METOG puNvoppola
EKn&/;g:gavog Al o 150t Ké B E 7

/

Zxnua 1. Asvdpitne nnywv sknounwv VOCs O€ KTipia MouU £XOUV KATappeUoEl

>Toug napakatw nivakeg (Mivakag 1 €wg Mivakag 8) napouaialovral ava nnyn
EKMOMNWV MIad AiOT@ MPE QVTINPOOWMEUTIKEC MTNTIKEC OPYAVIKEG EVWOEIG, HIKPOU
HOPIaKOU BAPOUG, HE TIC AVTIOTOIXEG (PUOIKOXNHIKEG IDIOTNTEG TOUC, NTOI ONUEio (E0£WC
(22), Taon atywv, OIGAUTOTNTA, OUVTEAEOTNC OKTAvOAnG/vepou, oTtabepd Henry,
XapakTnPIoNoc o&Eoc/Bacewe (kaTa Lewis kal kaTta Arrhenius) [15-19].
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OZMEZ KAI VOCs

Nivakag 1. XapakTnpIoTIKEC QUOIKOXNUIKEC IBIOTNTEC avTINPoowneuTIKWY VOCS Mou avixveEUovTdl OTovV

EKMVEOMEVO AEPA (PUTIOAOYIKOU avBpwnou

Mnyn oou®V: EKNVEOPEVOC AEPAc (puUaIoAoyIkoU avBpwnou

Taon . ZTabepa OZu/Baon
. b3 4 arp@v  AlgAuToTnTa 2uv:r£)\£mn<; . Henry (10°
Evwon (°C) (mmHg (070 vepd) OKTavoAnG/vepou atm . e e
20°C) (logPou) mol’.m?) Lewis Arrhenius
AKeTOVN 56,2 181,7 Avapigipo -0,24 3,97 Baon (0131
i 267 . Baon
isli/i?ﬁl\i)l\g 62 mmHg EG)\I g()\pg_?bq 0,58 (aoBev
100°C €6 080)
Baon
EEavio 69 130 AdIGAUTO 3,9 2,95 . 10* (aoBev
£G OEL)
O&IkoG . Baon/ .
LEBUAETTEDC 56,9 173 AiaAuTO 0,73 oFD Otu
. EAappag .
BevOAio 80,1 75 SIaNUTO 2,15 550 Baon
. EAagppog .
ToAouoAio 110,6 22 SIAAUTO 2,69 22400 Baon
. EAappag .
AA@a-nivevio 155 SIaNUTO 4,27 Baon
. EAappwg
Ioonpevio 34 560 SIAAUTO 2,30 4,3
MeBavoAn 64,7 95,5 Avapi&ipo -0,82 8,2
ABavoAn 783 43,5 Avopigio -0.32 0,811 ng;‘/ gy

Nivaxkag 2. XapakTnpIoTIKEC PUOIKOXNUIKEC IDIOTNTEC avTinpoowneuTikwv VOCS nou aviyveuovTal oTov

EKMVEOPEVO aEpa avBpwnou o€ vnoTeia

Mnyn oop®V: EKNVEOPEVOC aEpac avbpwmnou o€ vnaTeia

Taon . ZTabepa OZu/Baon
EVeo 3z atpv  AlaAuTtéTnTa OKE:“”;;AS%EQ()& Henry (10°° ; ;
n (°C) (mmHg (oTo vepO) I '}f P atm . KaTa Kara
20°C) (logPow) molt.m3) Lewis Arrhenius
AKeTOVN 56,2 181,7 Avapi&ipo -0,24 4 Baon (0131
. MoAU Baon/ .
daveAn 181,7 0,36 CUBIAALTO 1,46 0,0397 oED 0%l
AKETONBEDSN 20,1 740 oAU 0,43 6,61 Baor/
€udlaAuTo otu
. EAagppog 3 .
Aipovevio 176 1,425 SIaAUTO 4,2 2,57 .10 Baon
. EAappwg
Ioonpevio 34 560 SIAAUTO 2,3 4,3
. EAagppog .
NagBaAevio 218 0,054 SIAAUTO 3,29 1800 Baon
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Mivaxkag 3. XapakTnPIoTIKEC PUOIKOXNUIKEC IDIOTNTEC avTinpoowneuTikwY VOCS nou aviyvelovTal oTd
apxika oTddia Tng anoouvBsonc avlpwnivou omudaTog

Mnyn oop®v: Apxika oTadia anooUvBsong avlpwnivou CoUaTog

2Z u-l'-r:((,i?v AiaAuToTnTa T ] H:;C:yetag_s R
‘EVveon (°C)  (mmHg (GT0 vepd) OKTavoAnG/vepou atm . . G
zooc) (|°gPow) mol! _m'3) Lewis Arrhenius
AipeBulo- . .
BI00UAQIBIO 22 AIgAuUTO 1,77 121 O&u
AipieBuio- 0,8 AahuTd 1,87 1.87 .103 08y
TPICOUAQIDIO N
. EAaQpwg 2 .
ToAoudAio 22 SIAAUTO 2,22 6,35 .10 Baon
ZuhdNio 8 Ad1GAUTO 3,1 4,19 .10? Baon
ABavOAn 435 AvapiEio -0,32 8,11 .10" ngg/ 0Ll
2-MponavoAn 33 Avapigipo 0,05 1,02 .10° (0131
AKETOVN 181,7 Avapigpo -0,24 3,97 Baon 08U
2-BouTtavevn 77,5 Eugzﬁ\ﬁm 0,29 5,76 .10 0Ll

Nivakag 4. XapakTNPIOTIKEC PUOIKOXNUIKEC IDIOTNTEC avTINPoowneuTIK®WV VOCS nou avixveuovTal 0To
avBpwnivo aiya

Mnyn oop®v: Aipa

Taon \ Z1a6epa O&u/Baon
EVeo b 4 atpv  AlaAutoTnTa OKE:“,’;?‘E%TO& Henry (10°° ; ;
n (°C) (mmHg (oTo vepO) I 'Lq P atm. Kara Kara
20°C) (logPow) molt.m3) Lewis Arrhenius
AkeTOVN 56,2 181,7 Avapigiuo -0,24 3,97 Baon (0}4]
Ioonpévio 34 560 AdIGAUTO 2,30 4,3
ToAouoAio 110,6 22 AdIGAUTO 2,69 22400 Baon
davohy 1817 0,36 roAU 1,46 0,0397  Baon/ 080
€udIaA\uTO otu

Mivakag 5. XapakTnpIoTIKEC PUOIKOXNUIKEC IDIOTNTEC avTinpoowneuTikwY VOCS nou aviyvelovTal oTd
avBpwniva oupa

Mnyn oop®v: OUpa

Taon . Z1aBepa O%u/Baon
EVQo: 2z atg®v  AlgAutoTnTa OKE:“";:)‘S‘;;’T%& Henry (10°° . .
n (°C) (mmHg (oTo vepPO) I ':f P atm. Kara Kara
20°C) (logPou) mol?.m3) Lewis Arrhenius
AkeTdVn 56,2 181,7 Avapigiuo -0,24 3,97 Baon (0}34]
2-MevTavovn 101 27 0,36 9,4 (0131
4-enTavovn 158 52 AdIGAUTO 3,08 7 O&l
nuppOAn 60 0,97 2,24 1,6 08U
TohoudAio 110,6 22 AdIGAuTO 2,69 22400 Baon
ZuloAio 8 AdIGAuUTO 31 4,19 .10 Baon
. EAagppog .
Bev(oAio 80,1 75 SIAAUTO 2,15 550 Baon
) . EAappwg 5 . .
2-BouTavovn 77,5 3 SIANUTO 5,76 .10 4,16 O&u O&u
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Nivakac 6. XapakTnpIoTIKEC QUOIKOXNUIKEC ISIOTNTEC avTINPoowneuTIkwV VOCS nou avixVEUovTdl OToV
avBpwnivo 13pwTa

Mnyn oou®v: IdpwTtag

Téon 5 Z1aBepa O&u/Baon
EVQo: b3 4 arp@v  AlgAuToTnTa OKE:“”;:M(;-VT%‘.’ Henry (10°° . .
n (°C) (mmHg (oTo vepO) I r:,q P atm. kara Kara
20°C) (logPou) mol’.m?) Lewis Arrhenius
2-poupav
aABETDN 228,7 2,21 0,41 1,77
2-(ppoupav . .
LEBavON 177,7 1,39 Avauiguo 0,28 (0131
, MoAU Baon/ .
®aivoAn 181,7 0,36 CUSIANUTO 1,46 0,0397 OFD Otu
Evviavain 63 0,26
Agkavain 207 0,5 4,3
AipeBuleoTEpa
¢ eEavodiikou  330,5 1,77
0E£0C

Nivakag 7. XapakTnpIOTIKEC QUOIKOXNUIKEC IDIOTNTEC avTINPoowneuTIK®WV VOCS Mou avixveuovTal ota
avBpwniva kénpava

Mnyn oop®v: Konpava

Taon . ZTabepa OZu/Baocn
EVQoi b3 4 atp@v  AlgAuToTHTA OKE:“’IJ:AE(/’:EGO& Henry (10°° . .
n (°C) (mmHg (oTo vepO) I '},q P atm. kara Kkara
20°C) (logPouw) mol’.m?) Lewis Arrhenius
IVBOAN 253 160 4,16 O&l
. EAappag .
2KAaToOAN 265 0,3513 SIaNUTO 0,9 O&u
MeBavobeiohn 57 6,04 2,6
AipeBulo- . .
SIG0UAPIBIO 110 22 AigAuTO 1,77 121 Otu
AipigBuAo- 165 0,8 AIGAUTO 1,87 1,87 .10° (o}
TPIGOUAQIDIO

Mivakag 8. XapakTnpIOTIKEC PUOIKOXNUIKEC IDIOTNTEC avTinpoowneuTikwv VOCS nou aviyvelovTal oTd
olKiakd anoppiyyara

Mnyn oop®v: Oikiakd anoppippaTa

Taon . ZTabepa OZu/Baon
"EVess b 4 atpov  AiaAuTtoTnTa OKE:“";;“%EQO& Henry (1073 ; ;
n (°C) (mmHg (oTo vepo) I '}f P atm. Kkara Kara
20°C) (logPow) mol?.m3) Lewis Arrhenius
AipeBuio- 2 AiaAuTO 1,77 161
01G0UAPIdIO
O&Ikdg . .
QIBUAEOTEPAC 82 AlgAuTO O&u
. EAaQpwg 3 .
Aipovevio 1,43 SIaAUTO 4,2 2,57 .10 Baon
AiBavoin 43,5 Avapi§ipo -0,32 8,11 .10 ng l;]/ (o}3V)
1,2,4-
TpIMEBUAO- 3 AdIGAUTO Baon
Bevlohio
A-mvevio 4,83 Baon
NagpBaAevio 0,054 AdIGAUTO 3,29 450 Baon
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2.3 Eknaidsuon avixveuTikov oKUAWV Epeuvag kai diaowong K9 otov

EVTONIOHO OOHWV

H npwTn ava@opd o€ OKUAOUC MOU XPNOIKOMNOoIoUVTAl YId EMIXEIPACEIC £PEUVAC
Kal 01a0wone €YIVE OTIC APXEC TOU OEKATOU £vVATOU AIVA KAl OUYKEKPIYEVA OTNV
nepinTwon Tou AcUAou Tou Ayiou Bepvapdou otnv EABeTia (St. Bernard Hospice) [3].
Xpnoigonoioloav Tou¢ OKUAOUC yia Tnv avalitnon XAuEVWV 1 €YKATAAEAEINPEVWV
Ta&dIwTOV (| Ta NTOPATA AuTwWV) oTa Bouvd PeTa&U EABeTiac kal ITaliac. Kata T
didpkela Tou npwtou Maykoopiou MoAepgou TOOO of FAMol 6co kai o [epuavoi
€knaideuav okUAOUG yia TNV €UPEON TPAUMATIOPEVWV OTPATIWTWV KAl TNV Apeon
napoxn npwTtwv Ponbeiwv. 1o deUTEPO Maykoopio MoAsyo o1 AyyAol eknaideuav
oKUAOUG yIa TOV EVTONIONO avBpwnwv KAaTw and epeinia, eva napadAAnAa ol idiol gkUAol
Xpnolgonoinénkav yia Tn HETagopa UAIKOU NpwTwv Bonbeiwv, ndoihou vepoU Kabwg
Kal MIKPEG PIAGAEG oIvonveupaTwdoug MoToU G avaAynTikou. Znuepa, ol €10IKa
EKNAIDEUHPEVOI QVIXVEUTIKOI OKUAOI anoTEAOUV ONUAVTIKO «EPYAAEIo» OTOV EVTOMIOHO
Napavopwy OuCIwV, (PAPUAKWV, VAPKWTIKWY, EKPNKTIKWV AAA Kal EYKAWBIOHEVWV

atopwv n nTwudtwv [5, 6, 20, 21].

O oUyxpovog avBpwnog £xel MOAU anAoikd ooppNTIKO CUCTNHA OE OXEON HE

dlapopa TeTpdnoda, Onw¢ o OKUAOG, Ta onoia €xouv 1d1aiTepa oUVOETO oUuOTNUA
00MPNONG Kal OXETIKA MEYAAO oo@pnTIKO AOBO OTOV EYKEPAAO TOUG. ZUYKEKPIMEVA,
OUYKPIVOVTAC TOV €YKEPAAO €vOC OKUAOU patoac leppavikou Tolgevikou HE Tnv
EYKEPANO €vOG evnAika avBpwnou anodeikvueTal OTI oxeddv To €va Oydoo Tou
EYKEPAAOU TOU OKUAOU €ival a@IEpWPEVO AnoKAEIOTIKG 0TV 00ppnon. EkTiydTtal o1 o
avbpwnog &xel 5 ekatoppUpia ooPENTIKA KUTTAPd, &vw O leppavikog Molhevikog
nepinou 220 ekatoppUpia. Ma To AOYyo auTd n avixveuon OucCIwV YiveTal PE MOAU
MEYAAN TaxuTnTa anod Toug €I0IKa eknaldEUPEVOUG OKUAOUG OE OXECN akOWa Kal We

oUyxpova avaAuTika opyava [1, 2].
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2.4 XnMIKN oUVOECH OCH®V KAl NPOCOHoIWoN

2.4.1 lpooooiwon 1ne XnNuIKIS oUvVBETNS TNC 00N
H ouokeun 6a npénel va npooopolalel TNV 0OWN MIAG CUYKEKPIMEVNG NNyNS (nx.
OOMN OUPWV) MHEOW TNC NAPAYWYNG €vOC agpiou MiydaToG nou anoTeAeital and
XAaPaKTNPIOTIKEG XNHIKEG OUTIEG, XaunAoU poplakoUu BAPOUC, NOU eKNEPNOVTAl and Tnv
nnyn aut). Ma Tnv €mAoyn Twv XAPAKTNPIOTIKWV XNMIKOV EVWOEWV MNPENEl va
AneBoUV undwn ol NapakaTw NapapeTpol:
e H évraon TnG oounc.
e H povadikdTnTa TNG 0UCiac o€ OXEON KE TNV NNyR anod TNV onoia NPoEPXETAl.
e H OuyKEVTPWON TNG OUCIAg NoU eKNEUNETAl.
e To €UPOC OUYKEVTPWOEWV MOU aVAMEVETAI va KAAUWEl n oudia OTo XWpPo
EYKAWBIOPOU O€ OUYKEKPIPEVO XPOVIKO NAaialo.
e To OpIO AViXVEUONG TWV XNHIKWV aloBnTHpwv
e H aMnAenidpaon pe To unooTpwia

2.4.2 lpooolioiwon Tou rpopiA OUYKEVTPWOEWY TWV OOUWV

O nNpocopoIWTNG OCUWY Ba NPENEl va YNopei va napayel agpia Piyparta ousiov
ot €EAIPETIKA XAMNAEC OUYKEVTPWOEIC Me Olagopa enineda uypaciac. H uypaocia
ennpealel onuavTika To XNMIKO MNEPIBAMOV OTO XWPOo eyKAwPBIoWoU, kabwg enidpa
NOAEC  @OpEG otV anddoon Twv XNHIKOV — aioBnTipwv  aAd kar  otnv
anoTeAEoNATIKOTNTA TWV €10IKA EKNAIGEUPEVWV OKUAwV. EniNAEov, npénel va onueiwoei
o n eknopnn Twv VOCs and Ta epeinia evog KTIpiou Mou &xel katappeloel dev gival
ouvexnc n ortabepr) diepyacia. Enopévwe, n napaywyn otabepou aAld kai duvapikoU
NPOQIA  OUYKEVTPWOEWV danoTeAei €va Baocikd XAPAKTNPIOTIKO TNG OUOKEUNG

NPOCOKOIWaNG.

>1a0gpd NPOMIA CUYKEVTPWOEWV

H napaywyn otabepol kal avanapaywyioiou HiyHaToG agpiwv PE OUYKEKPIPEVN
Uypaoia Ot OUYKEVTPWOEIC KATw Tou 1 ppm e€ival Kpioiyn npolnoBeon yia Tov
anoTeAEOHATIKO EAEYXO TWV XNMIKWV aiodNTApwV KabwG Kal yia TNV QVTIKEIYEVIKN
EKTIINON TNG anodoonC TWV AVIXVEUTIKWV OKUAWV K9. And TeXVIKR Ookonid n npokAnon
oTnv  avantuén Tou npooodoIwT  evronileTal  OTnV  €AayioTonoinon  Twv
aMnAeMdPAcewV PETAEU TwV OUCINV Kal TNG idIag TNG OUCKEUNG, apoU 600 PEIWVOVTAl
Ol OUYKEVTPWOEIC TWV OUCIWV OTNV agpia (pAcn, TOOO OTATIOTIKA ONUAVTIKOTEPEC

yivovTal oI aMnAenidpaoceic autec. O ouvdUaopOG TwV PAIVOUEVWV NPOCPOPNONG, TNG
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METABOANC TNG BeppoKpaciac kal TnG avapiEng Twv diapopwv ouciwv anoTeAsi Bacikd
EUNOSIO  OTNV  avanapaywyloigoTNTd TOU MPOCOMOIWTH, EI0AYOVTAG ONUAVTIKN

aBeBaiotnTa.

Auvapiko NPo®iA GUYKEVTPWOEWYV

H exnopnn evog «vépoug diaonopdc» (plume) VOCs and Tnv enipaveid Twv
EPEINIWV EVOC KTIPIOU MOU £XEl KATAPPEUOE! €ival pia kabapd duvapikn diepyaaoia. AuTo
opeiAeTal o noAoUG napdyovTeg, 6nwe yia napadeiyya Ot n idia n napaywyn Twv
OUCIWV and CUYKEKPIMEVN MNYr €VOEXOMEVWC va €Xel €va OUVAUIKO Kal OxI oTabepd
NPo®iA, EMNOMEVWC N Napaywyn Toug va yivetal Ye nepiodikOTNTA 1 HE AUEOHEIWMEVN
évtaon. AMol napayovTeg eival n TaxUTNTa ToU aveépou mnou ennpeadel Tnv kKivnon Tou
VEQOUC dlaonopdG, N CUCOWPEUCN MOU NApATnpEiTal O€ KAEIOTOUG XWPOUG R ol
aMnAeMIdPATEIC TOU VEPOUG | Ta OIKODOMIKA UAIKA (MX. Npoopo@nan, avTtidpaon).

270 ZXNMUA 2 PaiveTal n GXEON ME TO XPOVO TNG CUYKEVTPWONG HIAG ouaiag nou
napayeTal o €psinia evog KTIpiou mnou €xel katappeloel. To oTabepd au&avopevo
NPOPIA TNG OUYKEVTPpWONG dlaTapdcoeTal AOyw TNG €nidpacnc napodiKwV HETABOAWV

(transients), 6Nw¢ N TaxuTNTa TOU AVEUOU.

>
/

ZUYKéVTp(.UO‘I’]\\

>
Xpoévog
_____ YTTOKEIuEVO TTPOPIA MeTtaBaAAduevo TTPO®IA
\ OUYKEVTPWONG OUYKEVTPWONG /

Zxnua 2. EvOsIKTIKO Npo®iA OUYKEVTPWONG NTNTIKWV OpYaVvIKOV OUCI®MY MoU napdyovTdl o< epeinia
KTIpIOU NouU €XEl KATAPPEUOEI

H ouokeun npooopolalel TN GUMNEPIPOPA TWV XNHIKWV VEQWV dlaomnopdag nou
avaduovTal Ot epeinia KTipiwv. Xpelaletal, €nopevwe, n OuvaToTnTa Napaywyns
nNapodIkWV HETABOAWV XAMNAWV CUYKEVTPWOEWV (concentration transients) oe moAU
oUvTopa Xpovika dlIa0TAKATA, METUXAIVOVTAG TOV EAEYXO XNMIKWV aIoBNTHPWY Kal Thv

€KNAIOEUON aVIXVEUTIKWV OKUAWV K9 pE anoTEAEOMATIKO Kal PeAAIOTIKO TPOMO. XTO
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ZxnHa 3 @aivovral Ta XapakTnpioTIKAa Twv naApwv, ATol Uwog naiyou, didpkeia
NaAPoU Kal Xpovog HETAEU dUo d1adoxIKwV NAaAPwv, nou Ba npénel va e\éyxovral anod

TN OUOKEUN).
A )
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N Xpévog/
Zxnua 3. EvOsikTikO SUVAUIKO NpodiA CUYKEVTPWONG UE TPIA XApAKTNPIOTIKA NOU EAEYXOVTal ano Tn

OUOKEUN)

2.4.3 lpooopoiwon tng arAnAeniopaonc ue douika vAikd

Ma Tnv npooopoiwon TnG aAAnAenidpaong Tou napayopevou WMiypaTog He
ouvndn oTeped dopIKa UAIKA, Ba npénel To agpio Wiyda va aAAnAemdpd Pe Ta Ta UAIKA
auTda e MBavo To evOEXOUEVO TNG NPOOPOPNONG N Kal avTidpaong HETAEU O&IVwv Kal
Baoikwv CUCTATIKWY, NPOTOU AUTO va KaTaAn&el oTo onpeio elcaywyng OeiypaTog evog

aiodnTAPa | KovTa oTn PUTN €VOG avIXVEUTIKOU OKUAOU EpEUvAc kal dIacwaonc.
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Kegpalaio
Texyvikeg mapaywyng 3

IPOTONWV AEPLWV
ALYPAT®OV O€
APNAEG OVYKEVIPWOELG

23



KE®. 3 MAPAIQIH MPOTYMNQN AEPIQN MIFMATQN E XAMHAEZ ZYTKENTPQXEIS

3. TeXVIKEG NAPAYWYNG NPOTUNWV AEPIWV HIYHATOV OF

XAHUNAEG CUYKEVTPWOEIG

3.1 levika

Ta Teleutaia XpoOvia NAPATNPEITAI HIA  €VTATIKOMOINON OTNV  avanTuén
aQVAAUTIKOV TEXVIKWV YIA TNV QVIXVEUCN TWV OUCTATIKWV AEPIwV MIYMATwv (M. Of
nePIBAMOVTIKO AEPA, AEPA EOWTEPIKWV XWPWV N Xwpwv epyaciac kAn). H xpnon
aspiwv «UAIKwv avagopac» (reference materials) e xnuikr oUvBeon TETold Mou va
npooopolalel npayuatika dsiyyata €0woe yepry wONon oTnV TEXVOAOYia KATAOKEUNG
NAapOHOIWV CUOKEU®WV Napaywync agpinv hiydatwv [22 — 49].

MpokeIyévou £va agpio Wiypa va anoTteAei «npoTuno» (standard), 6a npénel va
NANPOI CUYKEKPIMEVEC NPOUNOBETEIC, OI NMIO ONUAVTIKEC TWV ONOIWV givat:

e 2TaBepr OUYKEVTPWON TOU avaAlTn
e [vWON TNG CUYKEVTPWONG TOU avaAUTn OTo WiyHa He akpiBela peyaAUTepn kaTa
€va ouvteAeotn 2,5 — 3 andé Tnv avtioToiXn akpifeia Tou opyavou nou 6Ba

BabuovounBei [50].

Ta npdtuna aépia piyuata diakpivovtal ouvnbwe pe Baon Tn oUVOEDH Toug o€
evOoGc (NTOI OUYKEKPIMEVN MOCOTNTA avaAuTn o€ agpio dIaAUTn) N MEPICOOTEPWY
OUCTATIKWV. Mia TpiTN kaTnyopia NPoTUNWV agpiwv PIYHATwv anoteAolv Ta «piydaTa»
€keiva nou anoTeAdoUvTal anokAEIOTIKA anod agpio diIaAlTn kal anavtwvTal oTtn dlebvn
BiBAloypagia pe Tov 0po “zero gases”. Ta TeAeuTaia Bpiokouv eupeia epappoyn apou
MNopoUV va anoTeEAECOUV QEPOV AEPIO OTN XPWHATOYPAPia Kal 0 AANEG AVAAUTIKEG
TEXVIKEG KABWG KAl WG aépia Mou XpnoidonoioUuvTal yia Tov MpoadiopiopO TOu
MNdevikoU onpeiou (zero point) avaAuTIKWV CUOKEUWV (anokpion €vog avaAuTikou
opyavou o€ agpio uwnAng kabapotntac). Eidikn nepinTwon aepivv TUMOU zero gas
anoTelei To agpio “zero air”, To onoio napdyeral e KATAAANAN avapig§n NAEKTPOAUTIKA
napayopevou oEuyovou kal alwTou Kal TO Oroio MEPIEXEI XAUNAOTEPN OUYKEVTPWON
ano 100 ppb ouvoAika udpoyovavBpakeg [51].

H Baoikn xprion onuepa Twv NPoTUN®V AgpinV HIYMATWV €ival 0To oTadlo TNng
Babuovounong nou anoTeAei avanoonacTo KOPWATI kABe avaAuTikng dladikaciag He
oTOX0 TNV gAhayioTonoinon Twv oPAAUdTwv Kata Tn PETpnon. EmnAéov, Ta npdTuna
auTa Unopouv va XpnoiponoinfoUlv kal e AAAEG EPApHOYEC ONWG:

e vyvia Tnv Ookiun kal a&oAoynon TnNG AsiToupyiag METPNTIKWV OUOKEUWV

(a106NTHPWV, AVIXVEUTWV)
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e vyia Tn digpelivnon TG €EENIENG XNHUIKWV avTIdpacewv (ny. o&eidwon/avaywyn)
Kal Qualkwv dlepyaciav (MX. nNpoopopnon/ekpo®non) nou Aappavouv Xwpa
oTnv aépia ¢paon

e vyvia Tn Ogpelvnon TNC anodoTiKOTNTAG OIapoOpwV  KATAAUTWV  MOU

XPNOIKONOoIoUVTal O€ avTIOPACEIC agpiwV

3.2 TeXVIKEG NApAY®WYNG NPOTUNWV AEPIWV HIYHATWV
3.2.1 levika

YNApXouv apKETEC TEXVIKEC YIA TNV NApaywyn nNpoTunwv depiwv Piypatwv. H
emAoyn TNG kataAAnAng TeXVIKNG Nou Ba IKavorolei TIG EKAOTOTE AVAAUTIKEG avAYKEG
kaBopileTal and dIGPOPOUC NApAYovTEG ONWG N QUON Kal Ol CUYKEVTPWOEIS TWV
avaAuTwv aAAd kal n anairouevn noooTnTa (Napaywyn yia CUYKEKPILEVO XPOVO) TOU
MiyuaTtog. O1 TEXVIKEG yia TNV napaywyn APOTUNWV CEPIWV MIYMATWV WRopoluv va
TagivounBouv o€ TpeIG Badikeg opadeg [50 — 531:

e JTATIKEG TEXVIKEC
e AUVAUIKEC TEXVIKEG
o ANEG TeXVIKEG (OUVNBwG ouvdUAalouV TIG OTATIKEG HE TIG QUVAMIKEG TEXVIKEG)

Ol OTATIKEG TEXVIKEG AQPOPOUV TNV EIOAywyr| OUYKEKPIMEVNG NooOTNTAG
avaAUTn o€ yvwoTO Oyko agpiou OIAAUTN UNO OUYKEKPIUEVEG OUVONKEG Ol TEXVIKEG
AQUTEG aopouv TNV anobriKeuon Tou MiydaTog ot KAEIoTO Joxeio (Mm.X. KUAIVOPIKN
PIGAN) 1 NAAOTIKI OAKOUAQ, TO OMoio UMOXPEWTIKA nepiopilel To OIABECIYO OyKO Tou
MiydaToG. XpnoidonoioUvTal KUupiwG O NEPINTWOEIG OMOU anaIiTEITal HIKPOG OyKoG
agpiou PiyHaToG O OXETIKA PEYAAEG OUYKEVTPWOEIG, apou n mibavoTnTa va undapgouv
anwAEIEG TWV CUOTATIKWV AOYyw NPoopOPNOoNG OTIG E0WTEPIKEG ENIPAVEIEG TOU OOXEIOU
gival anuavTikn.

O1 JUVAMIKEG TEXVIKEG akoAouBoUv Tn OUVEXN €loaywyn €vog peUUaTog
avaAuT®V 0To peupa Tou agpiou dIAAUTN. O1 niBaveég anwAeiec AOyw Npoopopnong oTa
TOIXWHATA TV OOXEIWV KAl TwV YPAUHWY HETAPOPAG €ival NEPIOPIOHEVEG EQITIAC TNG
Ioopponiac HETAEU TWV TOIXWHATWV TOU OUCTHATOC KAl TOU agpiou pelpaToc. ‘OTav To
npOTUNO MiyHa NepIEXEl OPACTIKA OUCTATIKA, Ol OUVAMIKEC TEXVIKEC €ival NPOTIHOTEPEG
TWV OTATIKOV AOyw TNG duvaTtdTNTag avapigng Toug e Tov agpio diaAuTn Aiyo npiv Tnv

€(QApHOyN Tou piypaToc aTnv avaAuTikr diadikacia (ny. fabuovounon opyavou).

32To ZXAMa 4 @aiveral pia Tagvounon Twv TEXVIKWV NApAywyng npoTunwv

agpiV HIYHATWV.
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(€

Texvikég TapAYWYNG TTPOTUTTWV agPiwV MIYHATWY (Standards)

)

A 4

ZTOTIKEG TEXVIKEG

v

v

A 4

A 4

Auvapikég TEXVIKEG

AAAeG TEXVIKEG

Augnuévng Trieong

ATHOOPAIPIKAG
TTieang

—>» BapopeTpIKEG

—» OYKOUETPIKEG

—>» MavouEeTPIKEG

Mové doyeio
oTaBepol Gykou

2eIpd doyeiwv
oTabepol dykou

Aoxeia
ueTaBAnTOU Gykou

v

EkBeTikng apaiwang

exponential dilution

N Avauigng agpiwv
PEUNATWY
N ‘Eyxuong

KaBapwyv uypwv f agpiwv

F»  AlommepatdTnTag
> Aiayxuong

> HAekTpdAuong
F» XnUIKAG avTidpaong

e E&aTuiong
Zxnua 4. Ta§vounon TeXVIKOV Napaywyng NpoTUN®yY agpiwv tiyudtwy
O nMivakac 9 napoucialel ouvonTikG Ta PacikOTEpa NAEOVEKTAMATA,

MEIOVEKTNAATA Kal oXOAla oTIG OUO BACIKEG KATNYOPIEG TEXVIKWV Napaywyng NpoTunwyv

aspiwv piypatwy [51].
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Nivakag 9. NAsoVEKTAPATA — PEIOVEKTAUATA TWV BACGIKMOV KATNYOPIMV TEXVIKMOV NAPAYWYNC NPOTUNWY

aspinv Jiyudreov

MelovekTRpara

MAgovekTAHATA

ZXO0AIa

ZTATIKEG TEXVIKEG

AUVAIKEG TEXVIKEG

Kivduvog npoopo®nong,
EKPOPNONG Kal
OUMNUKV®ONG

MikpdC Xpovog GUAAENG Twv
agpinV HIYHATWV AOYw
anwAeinv (npoopdpnan,
diaxuaon)

AuvatoTnTa napaywyng
«HOVOOUOTATIKMV» AEPimV
MIYHATWV JE Xpnon HovoU
doxeiou aTaBepol Oykou
MepiopIopOG 0TO €UPOG TWV
OUYKEVTPMOEWY TWV
napayouevwv aspiwv
MepiopIopoOG oTOV
napayopevo OYko Tou
agpiou piypaTog

Kivduvog d1aoTpwHaTwong
TOU agpiou YiyuaTog oTo
doxeio, Je anoTéAeopa Tnv
aduvayia napaywyng
MIYHATWV, CUCTATIKOV HE
ONUAavTIKEG OIAPOPEG
MUKVOTNTAG

Anaiteital eEIDIKEUPEVOC,
uwnAoU KOOTOUG £E0NAICHOG
yla ka0 ouokeun (ny.
OWANVEG dIaNEPATOTNTAG,
diaxuaonc)

SXETIKA PeydAol Xpovol
€kkivnong (start-up)
Anaiteital upnAnc akpipeiag
HETPNONG TNG NAPOXNG TOU
agpiou dIaAUTN

AuokoAia  digkonng NG
XPONG TNG OUCKEUNG AOYW
ouvexoUC napaywyng Tou
piyparog

MeyaAn akpiBeia oTnv
£10aywyr] QvaAuT®V oToV
agpio dIaAUTN

AnAn, XaunAou kd6aTOUC
diaTagn

Meyaho £Upog
napayopevev
OUYKEVTPWOEWY, £EQITIAC
TWV JETABOAWV TNG
Nnapoxnc Tou agpinv
peUpdTOV

AnoQuyn «(aivopEvwv
MVAMNG» OTA TOIXMMUATA TNG
OUOKEUNG Kal apa
npoopoenang (HIkpog
XPOVOC ENAPNG TOU agpiou
MiYHaTOG HE TA E0WTEPIKA
TOIXWMATA TOU DOXEIOU)
Anoguyn d1Ia0TPWHATWONG
Tou agpiou YiypaTog (kai
apa anwAeia Tng opoyevoug
oUoTaong Tou)

O1 OTATIKEG TEXVIKEC
XpnoiponoloUvTal cuviBwg yia
TNV Napaywyr HIKPOV OYKwV
agpinv HIYHATWV JE OTOXO TN
Babuovounon avixveutwv GC.

Ta BruaTa nou akoAouBouvTal
TIG NEPICOOTEPEC POPEC Eival:

o Alao@ahion OTI Ta
£0WTEPIKA TOIXWHATA TOU
nepiEkTn (doxeiou) kai ol
BaABIdec gival XnNMIKA
adpaveig

o EkkaBdapion Tou nePIEKTN
Me pory adpavoulc agpiou
Kal TauToxpovn Bépuavon

o Eiloaywyn peHOVOPEVWV
OUOTATIKWVY TOU WiyHaTog

o Opoyevonoinan Tou
Miyparog

o AvaAuan Tou deiypaTog
ano To Napayopevo Wiyua

O1 SUVAPIKEG TEXVIKEC
xpnoigonoioUvTal yia Tnv
napaywyn HIyHatwv dpacTIKamV
I €uqioBnTwWV OUCIKV, NOU
NPakTIKa dev pnopolv va
(uAayBouv.

3.2.2 ®uAaén agpiwv pyudrov

KaTtd mn oUAGEN npdTunwv agpiwv PIYHATwy ival Kpioldo va pnv aA\oIwVETal N

oU0Taon Toug yia To XPovikd d1doTnua napaugoving Toug oTo JoXeio anoBnkeuonc.

MoAU ouxva €xouv napatnpEnBei onUAvTIKEC AnoKAICEIC PETAEU TWV TIHWV OXETIKWV

MIOTONOINTIKWY NMou divovTal and NpPopnbeuTEC Kal TWV ANOTEAEOUATWV AVEEAPTNTWV

avaAloswv AOyw anwAsiov 1 aMwv alMoiwoswv Tng oloTacnc Tou npoTunou

MiypaToc.
Qc napadeiypya avagepetal otn PBIBAoypagia n nepIiNTwon TnG QUAAENG

piypuatoc dlo&eidiou Tou Beiou kal dlo&eidiou Tou alwTou OMOU MnaApaTnpnenkav

ONUAVTIKEC  ANWAEIEG,

27

und daTHOOQAIPIKR Nieon nepIBANOVTOC, OTav TO Hiyua



KE®. 3 MAPAIQIH MPOTYMNQN AEPIQN MIFMATQN E XAMHAEZ ZYTKENTPQXEIS

BpiokovTav Ot YUAAIVEC (IAAEG, v NTAV apeAnTEEc OTav n anobrikeuon yivoTav o€
METAAIKOUG KUAivOpouc. Eival npogavec OTI n nieon Tou nNePIBAAAOVTOC, OTO OMoio
nTav TonoBeTnueva Ta doxeia, ennpéale To BaBud anwAsiwv Kal oTIC dUO MEPINTWOEIG
[52].

AvTioToixa npoPAnuaTa €xouv avagepBei Kal OTNV  AnNoBnKeuon agpinv
MIYUATwV O€ €UKAUNTOUG MEPIEKTEG, ONWG Ol MNAACTIKEG OaKoUAeC. Ta Baoika
NAEOVEKTAHATA TETOIWV MEPIEKTWV €ival GUVRHBWE TO XAUNAO KOOTOC, TO HIKPO HEYEDOC
Kal N gopnToTNTa. QOTOO0O0, HYEIOVEKTOUV OTO YEYOVOC OTI MOANEC (POPEC TA CUOTATIKA
TOU MiyMaTOG MMOpoUV va OIanepacouv Td TOIXWHATA TNG OAKOUAAG kai va

aneAeuBepwBolv oTo nepIBaAov, aAAalovtac pe Tov TPOMO autd Tn ouoTacn Tou
piypaTog.

3.2.3 Avauién ouorarikawv Tou Miyuarog
Baoikn napdueTpog oTnV nNapaywyrn npoTUMnou degpiou HiydaTog e€ival n

nANPNG avapign Tov dIapopwVv GUCTATIKWV.

2Ta OTATIKA CUOTAMATA O XPOVOG MOU danaiTeital yia Tnv nARpn avapién
etapTaTal anod To pEyeBOC Kal To aXNKa Tou BOXEIOU anoBnKeUONG, 0Ta XapakTnPIoTIKA
™G 1AxuoNnG kabwg kal OTIC TUPREC nMou evOEXOUEVWG OnuIoUpyouvTal KaTtd Thv
NPOOBNKN TWV CUCTATIKWV TOU HiyHaTog. AQRvovTag To (QaivoPevo Tng avauigng oe
OTATIKA oUCTAUATA va eEEANIXOEI ANOKAEIOTIKA PEOW PUUIKNAG IAXUONG TWV CUCTATIKWY,
Mropei va odnynoel O XPOVOUG HEPIKWV €PROOMAdWV yia TNV €niTeuén nARpPoug
avapiEnce. Na 1o Adyo auTo, XpnolgonoloUvTal MAEoV Mnxavika KeEoa yia Tnv
unoBondnon TNG avapiEng, OnNwg MayvnTikoi  avadeuTnpeg, eukapnTa doxeia
anoBnkeuong kAn [52].

E€ioou anpavTikn €ival n nAnpng avauign kar ota duvauika cuoTnHATa. Z€ auTa
Exel avagepBei OTI eAINnG avauién uJnopei va odnynoel OE OTPWTEC POEC,
OnuioupywvTag pory o oTpwparta. 'Exel npotabei OTI poec pe aplOud Reynolds
MEYaAUTEpo Tou 2.100 €xouv IkavonoinTik avauign o€ duvapika cuoTnuarta. ‘Evag
EUNEIPIKOC kavovac avagépel OTI yia va enimeuxBei nAnpng avauién oe oUo n
NEPIOOOTEPA OUOTATIKA EVOC AEPIOU PIYMATOC APKei oI pogG ava dUo va avapiyvuovTal

oxnuartifovrac opOn ywvia [52, 54 — 56].
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3.3 Mapaywyn npoTUNWV agpiwv HIYHATOV HE TNV TEXVIKA TOU

ZTaTikoU Aoyxeiou Apainong

SUP@wva Pe TN pEBodo TO-15 Tng US EPA [14] yia Tov npoadiopiopo TOEIKWV
OpPYAVIKQV EVWOEWV O agpd, To 2TaTikd Aoxeio Apaiwong (static dilution bottle) sival
HIa QIAAn dedopévou Oykou, 0 AAINOC TNC onoiac £xel Tpononoindei Ye TETolo TPOMo
woTe va emodéxeTal BaABida pe (Mininert) septum. STnv nepinTwon nou dev eival
YVWOTOG 0 OYKOC TNG PIAANG, npoadiopi(eTal HECW TNG NANPWONG TNG PIAANG UE VEPO
Kal KaTomv PETPNONG Tou PApouc TNG anaitoudevng noooTnTac vepou. Me Tnv
napadoxn OTI N NUKvOTNTa Tou vepou eival 1 g/mL, unoloyileTal o {nToUpEVOG OYKOG,.

>Tn ouvexela, oto doxeio diaBiBaleTal He ouvdeovTag kaTAANAo owArva oTo
AQigd Tou. MeTd and pepIkA AenTa o owAnvag anopakpUveTal kai n €€08o¢ Tou doxeiou
oppayileTal xpnoidonoiwvtac 1o €0IkO nwpa septum. To doxeio TonoBeTeiTal o€
Qoupvo 60°C kal agpryveral va icopponnaoel yia nepinou 15 min. MpokaBopiopEVEC
NooOTNTEG UYPWV NPOTUNWV €lodyovTal oTo doxeio, dIaTNPWVTAG TO NAvTa 0 oTadepn
Beppokpacia 60°C. Ta nepiexOpeva Tou OOXeEiOU agrvovTal va I00ppOonnoouV OTO
@oupvo yia TouAaxioTov 30 min. MNa va anogeuxBouv Qaivopeva GUPNUKVWONG, Ol
oUpIYYEC NOU XpnaoidonolouvTal yia Tn dslydaToAnwia and 1o doxeio npenel va eival
npoBeppacpeves. Me BAon TN OUYKEKPIPEVN TEXVIK TnG EPA, ol Oykol Twv uypwv
npoTUnwv 6a npénel va ival pikpdTepol anod To 1% Tou dykou Tou doxeiou.

H ouykévTpwon Tou kaBe guaTaTikoU oTo doxeio o€ mg/L unoAoyileTal pe Baon

TNV €€iowon:

[1]

onou: V, o kaBapodg dykog Tou uypou NpoTUnou nou elcayeTtal oTto doxeio, WL
d n nukvoTNTa TOU UYypPOU NpoTUnou, mg/uL
V; 0 OYKOC Tou doxeiou oTaTIKNG apaiwong, L
Ma Tov UMOAOYIOHO TNG OUYKEVTPWONG Oc Hovadec ppby,, n egiowon [1]
Tpononolgital wg €&ENG:

C = Ve g0 [2]
Vdilution—gas

O a€piog OyKoG Tou kabe ouoTaTikoU cuppwva pe Tnv EPA Ba diveral ano tnv

KATAoTaTIKA €€I0WA0N TWV TEAEIWV AEPIWV.

V=—0r [3]
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Kal

mL -d
=MW [4]
onou: V 0 aéplog OYKOG TNG EI0ayOHEVNG ouaiag o€ NPOTUNEG ouvlnkeg (25°C,
760 mmHg), L
n n NnoocoTNTA TNG ouaiag, moles
R n naykéouia otabepd Twv agpiwv, 0,08206 L.atm/moles.K
T n Beppokpacia, 298 K
P n nieon, 760 mmHg (1 atm)
mL o dykog TnG el0ayopevng ouaiacg oTo doxeio, mL
d n nukvoTnTa Tou kabapou npoTunou, g/mL
MW To popiako Bapoc Tou kabapou npoTunou
H duokoAia ouvexoUc delypaToAnyiac pEow avTAiag Adyw nTwong nieong oTo
doxeio anoTeAei 0oBapd WEIOVEKTNHA TNG TEXVIKNG AUTAC, JIOTI 0dnyYei 0€ un oTaBePEC

Kal avanapaywyioihec ouvenkeg derypaToAnyiac.

3.4 MNapaywyn nNpoTUNWV AgpivV HIYHATOV HE TNV TEXVIKA TNG

EKOETIKNG apaiwong

H Texvikn TnG «ekBeTIKNAG apaiwone» (exponential dilution) xapakTnpileTal oTn
BiBAIoypagia T600 w¢ aTATIKN 000 Kal WE SUVAMIKA AOYw TNG OUVEXOUC NApOXNnC agpiou
dla\UTN péoa and éva doxeio oTabepol Oykou. Me Tnv TEXVIKN aQUTr napdyeral €va
Q€PIO Wiypa, OTO OMOoIO Ol CUYKEVTPWOEIC TWV CGUOTATIKWV TOU HEIWVOVTAl EKOETIKA HE
TO XpoOvo. [57 — 58]

Mikpr) noooTnTa kabapnc ouaciac (o€ agpia n uypr Hopen) €l0ayeTal o doxEio
oTaBepol OyKou, OTO 0OMoio OIOXETEUETAI agplo¢ OIaAUTNG pe oTabepry napoxn. H
OUYKEVTPWON €VOG OUOTATIKOU TOU aegpiou piypuatoc otnv €E0do Tou Ooxeiou
nePIypageTal ano Tnv e€iowon (BewpwvTac oTabepr) OUYKEVTPWON):

C=C, -exp[—%) [5]

onou,

Co: N apXIKN GUYKEVTPWON TOU CUCTATIKOU OTO OOXEIO

Q: N Napoxn Tou aspiou diaAUuTn, mL/min
V: 0 Oykog Tou doxeiou, mL
t: 0 XpOVOC ano Tn OTIYMN Nou €10NX0n n oudia oTo JOXEio

30



KE®. 3 MAPAIQIH MPOTYMNQN AEPIQN MIFMATQN E XAMHAEZ ZYTKENTPQXEIS

H Texvikn TnNG ekBETIKAG apaiwong £xel NMOAAEC napaAhayeg agou pnopei va
gloaxOei €va kaBapd agpio i PiyHa aspiwv YVwoTnG oUVOECNC 1) KANolo NTNTIKO uypo.
Mpokelyévou va emTeuxBei uwnAr akpiBela OTNV NAPACKEUNR TOU MiydaTog, Ta
OUOTATIKA MPENEl va €lodyovral oto OOXeio HPE aQuTOPATO TPOMo. EmnAéov Twv
Npo(aAveV MNYwV OQAAUATwV, ONwc ol OIaKUPAVOEIC OTOV €I0ayOHEVO Oyko, OTNn
Bepuokpaaia, oTnV Nieon Kalr aTnv napoxn Tou agpiou diIaAUTN KAaBWC Kal aTn METPNON
TOU XPOVOU, UNApXel N Wn 10avikr) avadeuon TwV CUOTATIKWV OTOV MNEPIEKTN. Q0TOCO,
TO O@AAMJa auTd €ival OUOTNUATIKO HE OUYKEKPIMEVN TIM, EV® HMOpEi va
ehaxioTonoinBei PE NPOCEKTIKO OXedIaoPd Tou nepiektn. Eivalr onuavTtikd va
etaheipBouv vekpoi Oykol (dead volumes) agou TO agpio nou EeykAwRileTal
avapiyvUeTal pe didyxuon He To aépio peUpa Tou dIaAUTn, odnywvTag oE diatapaxn TnG
EKOETIKNG OXEONG TNG OUYKEVTPWONG KE TO XPOVO.

Baoikd nepiopiopd TG TEXVIKNG TNG EKBETIKNG apaiwong anoTeAEi To yeyovog OT
anarrouvTal eEEIBIKEUPEVOI XPNOTEG yia Tn xpnon Tng diataéng. EminAgov, n PBaacikn
anaitnon yia otabepr) CUYKEVTPWAN TOU Napayopevou avaAuTtn kad’ oAn Tn diapkeia
TNG NApaywyng Tou eV IKAVOMOIEITAl AaPoU N CUYKEVTPWON WETABAAMETAI EKBETIKA HE
TO XpOVvo.

QoT000, N TEXVIKN TNG EKOETIKAG apaiwong anoTeAei Kia anAn, xapnAou KOOToUG
AUon yia Tnv napaywyn MoAUCUCTATIKWY NPOTUNWY, Xwpeic 101aiTEpa  OUVOETEC
dlatageic. Akopa, divetal n duvaToTNTa NAPaywyng HEYAAOU EUPOUC CUYKEVTPWOEWV OF

€va kal povadiko neipapa Pe HETABOAN TNV NAPOXN Tou agpiou dIAAUTN.
3.5 EJnopikd npoiovra napaywyng npoTunwv depiov HIYHATwV

>ta nAdiola Tng AidakTopikny AlaTpIBng €EETAOTNKAV TA  XAPAKTNPIOTIKA
J1apOpwWV NAPOHOIWYV EUMNOPIKA JIABECINWY CUOKEUWV MOU XPNOIKONOoIoUvVTal yia TNV

napaywyn aepiwv Hiypatwv. O Mivakag 10 ouykevTpwvel Mid o€ipd and Texvika

XapaKTNPIOTIKA TwV GUOKEUWV AUTQV.
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Nivakag 10. JuykpiTikn afloAdynon (benchmarking) pnopika diaBéoipwy ouoTAUATWY

OovVG4 AUTOBLEND 491M HOVACAL
ETaipeia Owlstone KIN-TEK KIN-TEK IAS
SwAnvag
diayxuong &
duvapikog
KOPEOHOG .
, SwAnvag UNEPKEIJEVOU SwAnvag EEGTP'OH
Texyvoloyia . . . pubuiIlopevng
diaxuong agpa diaxuong UYPAC NapoxfC
permeation tube
& dynamic
headspace
saturation
@opnToTnTa Nai (0)( Nai Nai
, . 2 aépia
ApiBuog avalutwv 1 2-5 48 & 2 + 1 uypd
ApIBuoc ave&aptnTawv 1 6 2.5 0
Balduwv diayuong
lMapoxr} e&6dou . .
(mL/min) Mexpr 500 250 £wg 5000
. , i ppb £wg ppb £wg )
SUYKEVTPWOn £E000U ppb - ppm 1000 ppm 1000 ppm ppb - ppm
- 0, .
PuBuion vypaoiag 4(1 %%j/‘; d - MpoalpeTIka Méxpl 80%
To povrého OVG4 Tng etaipeiag  Owilstone

Eixova 2. S00Tnua napaywyng

NpoTUNWY aspiwv OVG4, Owlstone

(www.owlstonenanontech.com), €ival €&va OXeTika
MIKpO oUOTNHa napaywyng npoTunwv aepiwv To
onoio pnopei va napdayel akpiBeiq kal enavaAnyipeg
OUYKEVTPWOEIG OUCIOV Yia Baduovounan.

Xpnoigonolgi TV Texvoloyia Tou owArva 81axuonc, 0rnou Je ouvOuaopod NEPIOOOTEPWV

TOU €vOG OWANVWV, HNopoUv va napackeuacToUv HiyHaTa aepiov 0€ XaunAEg

OUYKEVTPWOEIC. XPNOIPOMOIEl HIKPEG NOOOTNTEG AVAAUTWY, YEYOVOG MOU HEIWVEI TO

kivdbuvo €kBeong oe emkivduva 1 ToEKA €nineda OUYKEVTPWOewv. Mnopei va

xpnoiponoinBei napdAnAa pe delTepo npoidv Tng idiag Taipeiag (Humidity Genarator

— OHG) yia Tnv pubuIldpevn NpoodKn uypaaciac oTo agplio.

H ouokeury AUTOBLEND Tng etaipeiag  KIN-TEK
(www.kin-tek.com) éxer Tn duvaToTNTa €AEYXOMEVNG
avapiEng agpiwv yia Tnv napaywyn HIyHatwv ugwnAng
aKpiBEIaC O€ OUYKEVTPWOEIC MWE OTABepr napoxn
'ECI

xpnoigonoinouv  yia TNV

€€O00U. JlapOPETIKA  Kavahia  pnopolv  va
npooBnkn ave€aptnTta
PUBUICOPEVWV OUOTATIKOV NAPEXOVTAC MeEYAAo €UpOG

OUYKEVTPWOEWV £EOO0U.
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Eikova 3. 00Tnua napaywyng

npoTunwv aepiwv AUTOBLEND,
KIN-TEK
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>NUAVTIKO WEIOVEKTNMA anoTeAei n aduvayia PeTapopdac Tou oTo nedio AOyw Tou
MEYAAou dykou kal Bapoug Tou.

To povtého 491M Tng idlag erTaipsiag eivalr pia
eVaMakTIKR AUON yia €papUoyEG Onou n HeTagopd
TNG OUOKEUNG €ival avaykaia. ‘Exel Tn duvaTtotnTta

Napaywyng agpiwv o€ Jeyaho EUPOC GUYKEVTPWOOEWV

(and ppt péxpr 1.000ppm), evw e€ival QKT N
puBuICOPEVN NPOOBNKN UYpPaciag oTo TEAIKO iyua.

Eikova 4. 300Tnua napaywyng

npoTunwv aspinv 491M, KIN-TEK

To napayopevo agpio pnopei va eivar €ite kabapn oucdia eite piyya péxpr kar 48
OUCTATIKWV, HE OUVOUAOMO €MINAéOV OUOKEUWV. Baoiletai otnv TexvoAloyia Tou
owAnva d1axuonc Onou To agpio Mou €EEPYETAl and TO CwARvVA APAIWVETAI PE TNV
avapign Tou Pe PEPOV agPIO PeyaAng napoxng.

To povTélo HovaCAL 3834SP-VOC
NG €Taipeiag Inspire Analytical Systems
(www.hovacal.de) e€ival pia  gunopika
OIaBETIUN  OUOKEUN Mou  AEITOUpYEl WG
povada napaywync aspiov HIYMATWV HE
oTaBepOd NPOPIA  OUYKEVTPWOEWV. Ev

ouvTodia, uypry nocdTNTa  avaAuTn

€l0ayeTal Pe autopaTo Tpdno, He Xpron

: ' : : Eikova 5. Epnopikd d1a6€oiun ouokeun napaywyng
OINANG ouplyyag, oc Balapo onou Kal GEDioV LIVLATWY L 0TaBE0d MDoDIA
ekatpiceran. ouYKeVTpGoEWY (LovTEA0 HovaCAL 3834SP-VOC)

>Tn ouvexela OIOXETEVUETAI O PEUMUA OUVOETIKOU agpa omnou kal odnyeital otnv €€0do.
MPakKTIKA O XEIPIOTNG €I0AYOVTAG TA OTOIXEIA TNG ouciag nou evdlagepel (ny. HopIakod
Bapoc, kaBapoTnTa) Kkal TNV TEAIKN EMBUPNTN CUYKEVTPpWON oTnv €€000, unoAoyilovTal
auTtopaTta kal pudpifovTal anod To AoYIOMIKO OAEC Ol anapaiTnTEG NapapeTpol (Napoxec,
Beppokpaociec) nou xpeialovTal MPOKEIevOU va napaxBei n ouykekpipévn oTabepn
OUYKEVTPWON.

H ouokeury HOVACAL, nou @aivetal otnv Eikova 5, oupgnAnpwvel Tnv povada
napaywyng pe duvapikd npo®id nou Ba avagepbei NapakdTw, WOTE ouvOUACTIKA va

MMopouV va xpnaoidonoinfolv o€ NANBwpa epappoywv avaloya Pe TNV NEPINTWON.
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JUMNEPACUATIKA, Ol GUOKEUEC MOU XPNOIKONoIoUV TNV TEXVOAOyia Tou owAnva
diayuonc (permeation tube) anairoUv peyaAo XpOvo MPOETOINACIAC Yia TNV NApAywyn
evoc oTabepoU MNPOPIA OUYKEVTPWOEWY, YEYOVOC MOU TIC KABIOTG dUOXPNOTEC Yid
£QappoyEG nediou. EminA&ov, dev undpyel ePnopikd NPOoidv NMou va WPnopei va napayel
MIYMOTA PE OUYKEKPIYEVN OXETIKN UyPAcia Kal Of e€ninedd OUYKEVTPWOEWV HEPIKWV
ppt,. Té€Alog, dev @aiveTal va undpxel OTNV ayopd OUOKEUR MOU va HMopsi va
xpnoiponoinBei oTto nedio yia TNV napaywyrn HETABAMOUEVWV CUYKEVTPWOEWV HE
MIKpOUC XpOVOUG 0TABEPONOINONG TNG CUYKEVTPWONG,.
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4. Baogikn pe6odoloyia XnHIKAG avaAuonG OCH®V

4.1 levika

2Tn XNMIKA avaiuan XpnoigonoloUuvTal MOAAEC avaAuTIKEG HEBODOI PE OTOXO TOV
NPoodIopIoKO TNG oUVOEONC TNG OOWNG AAAA KAl YEVIKOTEPA TWV MHIYHATWV XNHIKQV
OUCIWV.

H nio ouxviy PEBODOC yia TNV XNWIKA avaAucn OOMWV €ival ol AEyOUEVEG
«NAEKTPOVIKEC WUTEG» (e-noses). Baoilovrtal ouvnbw¢ o€ ouoToiXia  XNUIKWV
aiodnNTAPWV HE OTOXO Vva MIMNBoUV TO 00@PNTIKO OoUCTNHA TwV OnAACTIK®V.
XpnoigonoiwvTag  aiobnTipeg  dIAPOPETIKNG  apxXNG AsiToupyiag — enituyxavovrai
dlapopeTika enineda euaioBbnaiag (sensitivity) kar €Eeidikeuong (specificity) Tng
NAEKTPOVIKNG MUTNG. Avaloya He Tnv €pappoyn pnopoUv va Xpnoiponoinfouv
alodnTApeg o&eidiou PetdAou (MOS), enipavelakwV AKOUOTIKWV KUPATwv (Surface
Acoustic Wave), aiobnTipeg noAupepouc (CP) 1 ouvduaouoi TOUuG MPOKEIKNEVOU va
npokUWel nepIcoOTEPN nNAnpogopia yia To deiypa. QoToco, afifel va onueiwBbei OTI
aKOMa Kal PE TO ouvduaopd OAwV Twv OIAPOPETIKWV €I0WV XNHIKWV aigdnThpwy,
unapxouv Opia oTnv andédoon Tou oucTAUaToc. 'ETCI, avTi va CUAAEYETAI NEPIOTOTEPN
nAnpogopia yia Tn Xnuikn ouoTacn TnG ooupng, au&averalr o BopuBog, Onwc n.X. n
euaiobnaoia npog axpnoTtn nAnpogopia. MNa To Adyo autd 0 cuvOUACHOC TOUG YiveTal HE

Baon Tnv e@apuoyn otnv onoia Ba xpnoiponoinbei N JUTN Kal To €id0¢ TNG OCKNG NoU

Ba avixveuoel [59 — 64].

Eixova 6. AIRSENSE PEN3 Eikova 7. Srﬁiths Eikova 8. Electronic Sensor
e-nose Detection Cyranose 320 Technology zNose 4500

Etaipiec onwg o1 AIRSENSE, Smiths Detection, Electronic Sensor Technology
agionoloUv €UnopIKa TIG NAEKTPOVIKEG WUTEG O NANBWPa E€PAPHUOYyWV ONWG OTN
Blounxavia TPOPiYwV Kal NoTwv, ApwWHATwyV, oTnv napakoAoubnon nepIBAAAOVTIKNG
punavong al\a kai otn diayvwon acBevelwv. Ta TEAeUTaia Xpovia yiveralr npoondabeia

ouvouaopoU TwV CUCTOIXIOV anA®Vv XNHIKOV aiobnTripwv PE nio oUVOETa avaAuTikd
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opyava, onwc ta d®aopatopeTpa KivnTikoTnTag IovTwy, pe okond Tnv BeATiowon Tng
anokpIong TOUc GUOTNHAToC [65].

H Texvoloyia Tng ®aocpatoperpiac KivnrikdtnTag Iovtwv (Ion Mobility
Spectrometry) xpnoiponolsital Ao Kal NEPICTOTEPO YiA TNV AvaAuon HIYHATWY XNHIKOV
ouoiwv. H Texvoloyia IMS eivar pia Texvikn OlaxwpiopoU 10VTwWY, OMou Ta I0vTa
napdayovrtai o€ pia —ouvnowce padievepyol “Ni- nnyr 1oviopou kai diaxwpilovtal o€ éva
owAnva kivnong pe Tn €nidpacn otabepol nAskTpikoU nediou. H peyioTn Beppokpacia
Aeitoupyiac Eenepva Toug 200°C evd n mieon AEIToupyiag Tou opydavou  Eival
aTHOOQAIpIKH).

Eikova 11. Smiths Detection

Eikova 9. ENVIRONICS

ChemPro100 IMS Eicova 10. GAS MCC-IMS Centurion II IMS

E€aitiag Twv pIKpwV dIA0TACEWV Nou UnopoUlv va eniTeuxbouv OTNV KATAOKEUN
TV OWANVWV Kivnong 10vTwvY, KUKAOQOPOUV Ndn OTnV ayopd APKETEG (POPNTEG
OUOKEUEG onw¢ Twv eTaipiwv ENVIRONICS, GAS, kai Smiths Detection yeyovog nou
kaBioTa Tnv Texvoloyia auTn 10iaiTepa XPNoIKn o  €PApuoyES nediou. H Texvoloyia
IMS anoteAei onuepa Pacikod EpYaAsio TNV avixveuan XNHIKOV ONAwV Kal EKPNKTIKWV
O€ KPIiOIKEG UNOOOUESG ONWG aEpodPOIa, TEAWVEIA KAl OTPATIWTIKEG EYKATAOTACEIG [66].

TENOG, yia anAég €QAPHOYEG METPNONG OOV oOTo nedio, ONWG m.X. N
napakohouBnon Tnc odiaonopdc udpobeiou oTnv nepioxn yUpw anod pia povada
BioAoyikoU kaBapiopoUu, XpnolhonoiouvTal ouxva (opnToi avixveuTeéG aepiwv. Ol
QVIXVEUTEC QUTOI MOU KUKAOQOPOUV ONMEPA €UPEWC OTNV  ayopd, ouvnowg
aneubUvovTal 0 OUYKEKPIMEVEC EPAPHOYEG. Me BAon Ta TeXVIKG XAPAKTNPIOTIKA TOUC
dlakpivovTal g€ avixveuTeg gwToioviopou (PID), 1oviopou @Aoyag (FID) kai unepUBbpou
(IR) MPe OIAPOPETIKEG OMADEG OUCIWV MOU WMAOPOUV va avixveuoouv, OIapopETIKA
enineda euaiobnoiag kai e&eidikeuong. Mevika, AOyw TnG anAnG OXETIKA KATAGKEUNG
TOuG, Xapaktnpidovral and €UKOAN, yprAyopn Kai XapnAoUu KOOTOUC OUVTRPNON OE

oxéon We aAa ouvBeTa avaluTika opyava.
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4.2 Oeppikn ekpoPnon/Aépia Xpwpartoypapia/dacpatoperpia palag
Idiaitepa G1adedopévn yia Tn SelypuaToANWia agpiwv Kkal Tnv avaAuon Toug OTo
epyaotnpio €ival N ouleuypévn  PEBODOC TNG  OEPUIKAG  €KPOPNONG/aEPIac
XpwHaToypapiac/paopaToleTpiac palac. O NTNTIKEG OPYAVIKEG EVWOEIC OUAAEYOVTAI
o€ €10IKka NPoopoPNTIKA UAIKA, nou ouvnBwc BpiokovTal og KUNIVOPIKEG PUOIYYEC, Kal
OTN OUVEXEID METAPEPOVTAl OTO €PYacTnPIO OMOU Kal €KkpopouvTal BepuIKa,
odnyouUvTal OTOV QEPIO XpwHaToypd@o oOnou diaxwpilovTal kal KaTaArjyouv oTo

(PAoPATOPETPO KAlag yia va TautonoinBouv.

Eikéva 12. Movada Bepuiknc ekpd®Nong oUlEUYUEVN UE AEPIO XPWUATOYPAPO KAl (pACUATOUETPO Palag
(TDU/GC/MS) dnwg avanTuyBnke ano 1o Epyaaripio Avopyavng kai AvaAuTIKnG Xnueiag

2TOo OTAdI0 TNG OEPMIKNG €KPOPNONG, Ol MTNTIKEG OPYAVIKEG EVWOEIG MOU
€KPOPOUVTAl, CUMNUKVWVOVTal Ot €I0IKr kpuonayida nou BpiokeTal NoAU XaunAn
Beppokpacia Peow eEwTePIkA diapiBalopevou uypou alwTou, NPOToU AuTEG odnynbouv
OTOV QEPIO XpWHATOYPAPO. APOoU OAOKANPWOEl n Bepuikn ekpdpnaon, n kpuonayida
BeppaiveTal Je MoAU peyaAn TaxUTNTa Kal wOei TIC OUCIEC OTNV TPIXOEID OTAAN ToU

XpwHaToypd@ou.

4.3 Z0oTnpa naApIkng deiypatoAnyiag/ dacparopeTpo palag

MNa Tnv napakoAouBbnon o€ npayuatikd XPOVO TwV MTNTIKWV OPYavIKWV
EVWOEWV MOU BpiokovTal O &va agpio piypa avantUxOnke €va ouoTnua NAAPIKNG
delydatoAnyiag kai diacuvdeong HE paouartoypago palac andé To Epyaotnpio
Avopyavnc kair AvaAuTikng Xnueiag. To oUoTnua autd €xel T duvaToTnTd
dslypuatoAnwiac o€ ATUOOQAIPIK MIEON XWPIC va HEIWvVEl TO Xpovo (wNAC Tou
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(PACPATOPETPOU Palac, agoU To npooTaTelel Ye ouveyr por He, otav dev deyuaTilel.
To oUoTNUa auTo XPNOIYOMNOINBNKE €MioNC yia TNV Afwn Twv agpiwv anod Tnv £€£0do Tou
NPOCOMOIWTH. 2TO ZxNAKa 5 napouadialeTal To dIAypAUA PONC TOU AVIXVEUT avapopac
o€ Aerroupyia delypatoAnwiag (sampling) kar avapovnc (stand-by) [67].

4 Mapoxn R
He @ Sampling
< : > @ Stand-by
\ 4
Controller maApov Solenoid |
delyyartoAnyiag valve
AvTAia
‘E€¢odog B "Eﬁoéog A
. . , Eiocodog
PooPOATOPETPO 200TNUA TTAAPIKAG AEQILV
MaZag (MS) O¢epuaIvopevn K SelypatoAnyiag BEVHATGV
\ YPOPMN PETAPOPAG Y.

Zxnua 5. Aidypaypa pong avixveuTr) avagopdg

O Baoikoc oxedlaopog Tou €10IkoU CUOTAKATOC NAAMIKNAG delydaToAnwiag Tou
QVvIXVEUTH ava@opac paiveTal e JeyaAUTepn AENTOPEPEIA OTO NAPAKATW OXNKA.

/ ‘E€0d0g ‘E€od0og \
agpiwv B agpiwv A
o) 3 ACZ A
OOUOTOUETPO K - .
MéZac (MS) <« ~ - EiooSog
g = — — £ =5 <« <« <«  Ogpiwyv
<« SeIyudaTwy
/' < v YH
" «~
Eocwrtepikdg
OwAnvag T
Evdidueoog .
GwARVaC EéwTa'pmog
\\ OwANvag /

ZXNHa 6. Baoikdcg oxediaouoc ouoTAKATOC NAAUIKAC delyATOANWIAC TOU aviXVEUTr ava@opac
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Ta aépia nou ekAUovTal and Tnv €£000 TOU NPOCOUOIWTI OOPWV KATEUBUVOVTAI
Npo¢ Tnv €i0od0 TOU avIXVEUTH avapopdc HEow Tou eEwTepikoU OwAnva, onwg
QaiveTal oTto Zxnua 6. E@apuoletal unonieon otnv €€0d0 A yia Tnv AvtAnon Twv
aepi)v EVTOG TOU avixVveuTn. Ma Tnv eniTeu&n OIAPOPETIKWV POWV OTOV EEWTEPIKO
owAnva pubieTal katdAnAa n unonieon auTr. O evOIAPETOG OWANVAG KATEUBUVEI €va
MIKPO TUAMA Tou JegiydaTog TWV AgpiwV Npog TOV E0WTEPIKO GwANVa Kai yia To Adyo
auTtd e@appoleTal avaloyn unonieon otnv €€0do B. Me avdaloyn puBuion Tng
unonieong, emiTuyxavovral OIApopeC POoEC OTov  evOIAMEDO OwAnva. TENOG, O
E0WTEPIKOG OWANVAG, O OMoIoG NMPAKTIKA €ival HIa TPIXOEIONG OTAAN, HETAPEPE €va
MIKPO HEPOC ToU OEiypaToG OTO XWPO loviopoU Tou dacuaTtoueTpou Madag (MS).

Eikova 13. Controller ougTARAToC NAAUIKAC Eikdva 14. AiaoUvOEOOC NPOTOUOIWTH OCUMV UE

delypaToAnwiag Tou avixveuTr] avapopag QVIXVEUTI) avapopac

H delypatoAnyia pnopei va eival ouvexng N NAAdIkn. ZTnv OeUTEPN NEPINTWON
Kal KaTd To XPovIkO didoTnua PeTa&u dUo naAdwv nou Oev ival enIBUPNTN N €l0aywyn
deiypatoc oTto MS (diakonn delypatoAnwiac), n unonieon otnv €€0do B avTtikaBioTaTal
ME mapoxn kanolou adpavouc aspiou (ouvnBwe He). To adpavec agpio SIATPEXEl ToV
evoIlQuedo owAnva katd avtippon kai €Tol eunodileTal n €icodog deiypaTtog oTov
E0WTEPIKO CWANVA (Kal ENOPEVWC oTo MS).
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ME©OAOAQOITA EPTASTAY

5. MeBodoAoyia epyaaiag

5.1 Fevika

>Ta nAaiola Tou neipapaTikoU HPEPOUC TNG OIDAKTOPIKAC OIaTPIBAG €yivav ol

napakdTw EPYAciec:

1.
2.
3.

Avaluaon oopwv XnHIkoU nepiBaiovTog (1" osipa HETPOEwY)

>xedIaopOC KAl KATAOKEUN TOU NPOCGOMOIWTN) OOHWV

MPOKATAPKTIKEG PETPAOEIC UE TOV MPOCOMOIWTI) OCHWV Kal Babuovounon Tou
aviXVeuTn avaeopdc (2" osipd HETPAOEWV)

Ektéleon neipapdtwv pe Bdon dUo napayovTikoug oXedlaopoug yia Tov
NpocdIopIoKO TNG €nidpacnc OIAPOPETIKWY NAPAUETPWY TOU MPOCOMOIWTNH
OOMWV OTO NAPayOUEVO NPOPIA CUYKEVTPWOEWV YIA HMELOVWHEVES OUTIEC
EkTéAeon NelpapdTWV O€ PiypaTa ouciwv Nou BewpouvTal «OUVOETIKEG OOMEC»,
YIa TNV HEAETN TNG GUMNEPIPOPAG TOU CUOTAKATOG WE XpNon MIYHATWV aAAa kal
yla Tnv €nidpacn Twv dOIKWV UAIKWV Kal TNG Uypaaciag oTo TEAIKO anoTéAEoa

5.2 Me1papaTikog oXESIACHOG
5.2.1 Zkoro¢

>Konog Tou NeIpapaTikou oxediaopou ATav:

O npoadIopIoUOC TNG XNMIKAG oUVBEoNG TNG OCWNAG and OIKIaKA anoppipaTa
kou{ivag kal and Ta npwTa aTadia Tng avBpwnivng anocuveeong

O €AeyXoC TWV NAPAYOHEVWV OUYKEVTPWOEWV TOU MPOCOMOIWT OOHWV OF
oX€on ME Tn OTABEPOTNTA TNG NAPAYOHEVNG CUYKEVTPWONG OE OIAPOPETIKEG
OUVONKEG Kal yia OIAPOPETIKEC OUTIEG

O €AeyXoC TWV NAPAYOHEVWV OUYKEVTPWOEWV TOU MPOCOMOIWT OOHWV OF
oxeon Me TNV enavaAnyiudTnTa TNG NApayouEVNG  OUYKEVTPWONG vid
OlaPOPETIKEG OUVONKEC Napaywyng NaAHoU CUYKEVTPWONG

O €AeyxoC TWV NAPAYOUEVWV OUYKEVTPWOEWY TOU MPOCOMOIWTI OOHWV OF
OX€On HE TNV €nidpacn OUYKEKPIMEVWV MAPAPETPWY ONWC Bepuokpaacia,
NTNTIKOTNTA, NAPOXN AEPA OTO MPOPIA TNC CUYKEVTPWONG TOU avaAuTn oTnv
€€000 TOU MPOCOUOINTN Yia NepAITEpw Olepelivnon Kal BEATIOTONOINGN Tou
OUOTHHATOC

5.2.2 YAika — Opyava

O1 ouaieg nou xpnalponoinénkav oTa NEIPAPATa Tou NPOCOUOINTH OCHWV Eival:

AkeTovn C3HeO, Fluka, Sigma-Aldrich Chemie, Germany
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e EE&avio C¢Hy4 , pro analysis, Riedel — de Haen, Germany

e Bevlohio C¢Hg , Special for Chromatography, BDH laboratory reagents, BDH
Chemicals Ltd, Poole England

e 2-Boutavovn C;HgO , 99,7 %, Sigma-Aldrich, Germany

e AipebBulo-dioouAidio (CHs),S; , Sigma-Aldrich, Germany

O OUVBETIKOC ag€pac nmou Xpnolgonoinenke and Tnv eraipeia Air Liquide

ouvodeudTav anod maoTonoinTiko noidtnTag (Mivakag 11).

Nivakag 11. MioTonoiNTikd avaAuonc EUNopIkou OUVBETIKOU agpa

AMNOTEAEZMATA
2YZTAZH NMPOAIAIPA®EZ ANAAYZHZ
O=YI'ONO (0,) 20,0% 19,78 %
AZQTO (N,) Ynohoino Ynohoino
Yypaoia (H,0) < 3 ppm 1,1 ppm
SUVOA.YOpoyovavlpakeg < 0,5 ppm < 0,2 ppm

(CoHm)

AKOMN, VIO TNV €KTEAEON TWV NEIPAPATWV EYIVE XPAON TWV NAPAKATW UAIKQV
Kal opyavwv:

e 2Uplyya HAMILTON 100LTN oykou 1mL, P/N: 81317/01

e 5 YANIveG OYKOMETPIKEG PIAAEG e NAaoTiko nwpa NORMA, Portugal, dykou 5 +
0,0255 mL

e 5 oykopeTpikoi kUAIVOpol ISOLA, Germany, oykou 10 mL £+ 0,1mL in 20 °C

e 5 IKpa udAiva Xwvia

e 2 Taivieg Parafilm «M», Laboratory Film, PECHINEY, Plastic Packing, Chicago,IL

e Septum xpwpatoypagiag

e 10 paokeg acgakeiag yia To npoowniko, Valved Active Carbon Particulate
Respirator

e 1 poopetpo Dwyer Series RM Rate-Master Flowmeters RMA-21-SSV Dwyer
Instruments, INC, USA yia Tn WETPNON kai pUBHIoN TNG NApOXNG OUVOETIKOU
agpa oTo Baiapo avapigng

e 1 ynoiakd Mass Flow Controller, MKS Instruments PR 4000-S2V1N, Germany
yla Tn PETPNON Kal akpiffy pUBMION TNG Napoxng ouveeTikoU aépa oTo BaAapo
€EaTHIONG.

e XUoTnua naAyikng OeiydatoAnwiag, onw¢ avantuxdnke and To EpyacTnpio
Avopyavng kal AvaAuTIKnG Xnueiag Tou EMIM

e  ®daopartopeTpo Malag HP MSD 5972
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5.2.3 AvdAuon oouwv xnuikou rigpiBarAovroc eykAwpBioiou

Ma Tov NpocdIopIonO TNG XNMIKAG oUCTACNG TNG OOMNG and OUYKEKPIUEVEC
nNYEG €yivav TpeiG KUKAoI PeTprioewv. O1 KUKAOI auToi agopouaav Tnv napakoAoudnon
TWV AEPIWV EKNOPN®YV and OIKIaKA anoppippaTta koudivag kai and Ta npwta otadia Tng
avlpwnivnG anoouvlsonG. STOX0G TWV TPIWV KUKAWV WETPNOSwV ATAV N KATAPTION
ANiOTAc NTNTIKWV 0PYAVIKWV EVWOEWV MOU CUVAVTWOVTAl 0TO XNUIKO nepIBAlAov g Xwpo
EYKAWBIOPOU anod KTiplo nou €xel katappeloel KABwC kal N NapakoAoudnar) Toug KE TO

Xpovo.

5.2.4 [poKkaTapKTIKES LETPIIOEIS Kal faBUOVOLINCN ToU aVIXVEUTI] avapopds

Ma 1o kataAAnAo kabopiopd Twv eMNEdWV TWV NAPAPETPWY Mou ennpealouv
TN AEITOUPYIa TOU NPOCOHOINTH OCHWY, EYIVAV NPOKATAPKTIKEG METPNOEIG.

O1 PETPNOEIG AUTEC €ixav 0TOXO TOV NPOCdIOPICKHO TOU XPOVOU Yid TOV Oroio O
NPOCONOIWTAG Napayel oTabepr) GUYKEVTPWAON ouaiag (oTabepd UWog naAuou/onuaTog
OTOV QVIXVEUTN ava@opac) HeE JIaPOPETIKEG MNOTOTNTEC UYPNG ouaiag Kal GUVONKEG.
AoKIHAGoTNKAV aKPaieC OUVONKEG, ONWC MIKPN nocoTnTa uypoUu avaAuTtn (nx. 10 pL
BevlOAI0) o0t uwnAn Beppokpacia Bahapou eEatpiong (60°C). Ano Ta neipapara
NPOEKUWE OTI 0 OYKOG UypoU avaAuTn 40l enapkei yia TIG oudieg nou evOlaPEPOUV Kal
yia To npo®iA Twv napoxwv (Bnuatikn PeTaBoAn ano 1 €wg 5mL/min yia Tnv napoxn
agpa e&arpiong kar 4 — 6 L/min yia Tnv napoxn agpa avapiEnc) nou 6a
Xpnaoiponointouv.

3TN Ouvexela PBabuovopndnke O avixVEUTNG ava@opag Pe Xpnon npotunwv
BevloAiou o€ OIAQOPETIKEC OCUYKEVTPWOEIC ME TNV TEXVIKN Tou XTaTikoU Aoxeiou

Apaiwang.

5.2.5 A’ napayovTiko¢ oxeoiaolios
O npwTo¢ napayovTikog oxedlaouog (factorial design) nmou epapupdoTnKeE OTO
NEIPANATIKO HEPOC TNG Napouoag AIBAKTOPIKAG AlaTpIBAG nepiEAAUBave:

e 4 napayovteg (factors) nATol n nTnTIkOTNTA (OUCIA), N OepUokpacia Tou
Balauou €EATHIONG, N napoxn OUVOEeTIKOU aépa oTo BAAapo avapiEnc kai n
napoxn ouveeTIkoU agpa oTo BAAapo EaTHIONG

o 2 €EapTnUEVEG PETABANTEC NATOI N NAPAYOHUEVN OUYKEVTPWON TOU avaAlTtn
EKPPACHEVN 0€ auBaipeTeG JOVADEC EvTaong Tou UWouc NaAKoU OTOV avIXVEUTH
avagopac (paopatoueTpo palac) kar n oxeTikn Tunikn anokAhion (Relative

Standard Deviation — RSD) Tou Uyouc/onuatog autou.
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MNa kaBéva napdyovrta OOKIUAOTNKE OUYKEKPIUEVOG apIBUOC emneédwv Kal
OUYKEKPIYEVA:
e 5 enineda nTnTIKOTNTAG (OUTIEC ME DIAPOPETIKEG TIMEG TAOEIC aTHwV: BevOAio,
akeTovn, €€avio, 2-pouTavovn, dINEBUAO-OICOUAPIDIO)
e 2 Bepuokpaoisc Bardpou eEaTpiong, 40 kai 60°C
e 2 NApoxEG ouvOeTIKOU aépa oTo BAalapo avapiEne, 4 kai 6 L/min, kai

e 5 napoxég ouvBeTIkoU aépa oTo Balapo Eartuiong, 1, 2, 3, 4 kai 5 mL/min.

Eidika yia Tnv napoxn ouveeTikoU agpa oTo BAlapo €EATHIONC, akoAoudnonke
TO NPOQIA, ONWG QaiveTal oTo ZXNMa 7, yia Tnv JOKIUN Kal Twv 5 eninédwv o€ dia

avaAuon.

a1
1

N
1

N
1

MNapoxn aépa BaAduou e§dTuiong (mL/min)
= w

O T T T T T
0 2 4 6 8 10 12 14 16

Xpoévog (min)

Zxnua 7. Mpogil napoxwv aépa eEATUIONG NOU EQAPUOCTNKE OTOV d' NAPAYOVTIKO OXedIAoUO

Y€ kaBe pIa ano TIG ouadieC Nou PeAETHBNKkav, napakoAoudnenke To 16V m/z 40
padi e TO XapakTnPIoTIKO 10V and To PaopaTopeTpo MAlac, Kali CUYKEKPIYEVA:
e [a Tnv aketovn, m/z 58
e Ta 1o €&avio, m/z 86
e [a 70 BevlOAio, m/z 78
e [a T 2-BouTavovn, m/z 72
e Ta 1o OIuEBUAO-OIGOUAPIBIO, M/z 94
Ta @doparta palac Twv 5 ousIwV PE Ta XapakTnPIoTIKA 10VTa Onwe BpiokovTal
otn BiBAoBNkn WILEY 138, qaivovTtal oTo MapapTnua 5.
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O Mivakac 12 nepiAauBavel Tov napayovTikd oxediaopd Twv 4 napayovTwy nou
MEAETNONKaV OTn  AEITOUpYid TOU MPOCOMOIWTN OOH®V. ‘OnwC avagepOnke
MPONYOUMEVWC, O NAPAYOVTAC TNC NAPOXNG AEPA €EATHIONG EEETAOTNKE OE OPADEC TWV
5 eninédwv o€ pia avaiuon. O1 20 ouvduaopoi nNou npogkuyav enavaAnednkav 3

(POPEC £KACTOC YIa €NIBERAIWON TWV ANOTEAEOUATWV.

Nivakag 12. Enineda a’ napayovTikoU oXediaopou yid Touc 4 NapayovTeC nou PEAETHONKav

- OepHokpacia Mapoxn agpa Mapoxn aépa
—— DLl (°C) avapming (L/min) €Earpiong (mL/min)

5 enineda 2 enineda 2 eningda 5 enineda
1 AKkeTOVN 40 4 1,2,3,4,5
2 AKkeTOVN 40 6 1,2,3,4,5
3 AKeETOVN 60 4 1,2,3,4,5
4 AKETOVN 60 6 1,2,3,45
5 EEavio 40 4 1,2,3,4,5
6 EEavio 40 6 1,2,3,4,5
7 E€avio 60 4 1,2,3,4,5
8 E€avio 60 6 1,2,3,4,5
9 Bev{ohio 40 4 1,2,3,4,5
10 Bev{ohio 40 6 1,2,3,4,5
11 Bevohio 60 4 1,2,3,4,5
12 BevoAio 60 6 1,2,3,4,5
13 2-BouTavovn 40 4 1,2,3,4,5
14 2-BouTavovn 40 6 1,2,3,4,5
15 2-BouTtavovn 60 4 1,2,3,4,5
16 2-BouTtavovn 60 6 1,2,3,4,5
17  ApEBUAO-DICOUAPIdIO 40 4 1,2,3,4,5
18  AipéBulo-dicoulpidio 40 6 1,2,3,4,5
19  AipEBUAO-DIoOUAPIdIO 60 4 1,2,3,4,5
20  AipéBulo-dIooUAPIdIo 60 6 1,2,3,4,5

5.2.6 B’ napayovTikoc oxediaoioc
ErminAgov, yia TN PHEAETN TNC ENAavaAnWIOTNTAC TNEG NAPAYOUEVNC CUYKEVTPWONG
€EETAOTNKE OEUTEPOC NAPAYOVTIKOG OXEDIAOHOC, NouU NEPIEAABAVE:

e 4 aveEaptnToug napdyovtec, NTOI N MOCOTNTA Tou uypoU avaAuTtn nou
gloayeTal oto Balapo €Eatuiong, n Bepupokpacia Tou BaAduou €EATHIONG, N
napoxn aépa avapiEnc kai eEaTHIong

e 1 eEaptnuévn peTaBAnT, ATOI N OXETIKA TUMIKr andokAion TNG Napayopevng
OUYKEVTPWONG EKPPACHEVN 0O aubaipeTeg povadeg UWoug naApoUu Tou
QvIXVEUTH avapopdg,.

H oucia nou emAexdnke otov B’ napayovTikd oxediaopod nrav To BevlOAio,
KaBw¢ BPIOKETAI OTOV KOIVO NUPAVA EVWOEWV MOU OUVAVTWVTAl OTIC NEPICOOTEPEG ANO

TIC EPAPHOYEC MOU EVOIAPEPOUV.
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MNa kabéva ave€dptnTo napdyovra OOKINAoTNKAv OUO €nineda TIMWV Kal
OUYKEKPIYEVA:
e 2 enineda noooTNTAC UypoU avaAuTn, 20 kai 40Ul
e 2 Bepuokpaoisc Barapou e€aTpiong, 40 kai 60°C
e 2 NApOXEG OUVOETIKOU aépa oTo BAlapo avapiEne, 4 kai 6 L/min, kai

e 2 Napox&G ouveeTIkoU aépa oTo Balapo €EaTpiong, 3 kai 5 mL/min.

Ma Tnv napoxr OUVOeTIKOU agpa oTo BAAapo €EATHIONC, AKOAOUBNONKE TO
NpoQiA, Onw¢ @aivetar oTo XXNua 8, yia TNV OOKIM TV 2 €niNEdwV Kal TwV

eENavaAnWewv Toug o€ €va neipaya.

MNapoxn aépa BaAduou e§dTuiong (mL/min)
w

0 T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

Xpoévog (min)

Zxnpa 8. Mpogil napoxwv agpa EATPIONG NOU EQAPOCTNKE oToV B’ NApayovTike oxediaguo

O B’ napayovTikoG oxedlaopog Pe Toug 4 napayovtec ota 2 enineda nou
MEAETNONKav aiveTal napakatw. Kabe ouvduaopog and Touc 8 mnou npoEkuyav

enavaAneoinke 3 Popec yia eNBERaiwOn TWV ANOTEAEOUATWV.
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Nivakag 13. Enineda B’ napayovTrikou oXediaouou yia Touc 4 NapdyovTeG Nou UEAETHONKav

Eicayopevn uypn

. ¥ OepHokpacia Mapoxn agpa Mapoxn agpa
S nooonr(r:l-c)lvukum (°C) avaming (L/min) €&arpiong (mL/min)
2 enineda 2 enineda 2 enineda 2 enineda
1 20 40 4 3,5
2 20 40 6 3,5
3 20 60 4 3,5
4 20 60 6 3,5
5 40 40 4 3,5
6 40 40 6 3,5
7 40 60 4 3,5
8 40 60 6 3,5

I~

5.2.7 MeTprioeic OUVBETIKWV LIyUdTwV yid TRV rPOooLoIwoT) TING OOUNG

e Ioouopiakd Wiyuda oounc anoguvesonc

ApxIkG NAPACKEUACTNKE IC0OMOPIAKO Miyua 6 XapakTnpIoTIKWV OUuCIWV Mou
npocopoialouv TNV o0un TNG avBpwnivng anoouvBeonc. Ta ouOoTATIKA TOU HiyHaTog
ATav akeTovn, 2-Boutavovn, ToAoUuoOAio, EUNOAIO, BIeBUAO BICOUAQIdIO Kal TPINEBUAO
d1I00UAQIdIO, e Baon Tn BiIBAIoypaia [17].

Me OeDOWEVEC TIG HOPIAKEG MACEG Kal TIG MUKVOTNTEG TNG KABE ouadiacg, kal e Tnv
apxikn napadoxn 6T 6a xpnaoigonoinBouv 200l dipeBulo-OicouA@idiou, Npoekuyav ol
Oykol yia kGBe pia and TG undAoINeG ouadieg Onwg gaivetal napakatw (Mivakag 14) ano
TN OX€on:

R S LV .
Mrl IVIrZ Mrl IV|r2

=

M, d
2", g,
rl 2

Nivakag 14. 'OyKol 0UCIKV NOU XpNaIUonoinénkav via TNV Napackeur) I00U0PIAKoU YivUATOC GUVBETIKNG
%nooovewnc

Mopiakn MukvoTnTa 'OykogG
< voc péa (a/mL) (hL)
1 AlgBUAO-0I00UAPISIO 94 1,046 200
2 AlEBUNO-TPIGOUARIDIO 126 1,202 223
3 ToAouoAio 92 0,87 225
4 ZuAoNIo 106 0,87 259
5 AKETOVN 58 0,79 156
6 2-BouTavovn 72 0,805 190

And TO I00MOpPIaKO Miypa An@Onkav 40uL kal ionxbnoav GTov NPOoOUOIWTA
OOMWV YIa TNV Napaywyr GUVOETIKAG OOWNG anooulveeong oc Beppokpacia Baiapou
€€aTpiong ion e 60°C kal napoxn agpa Baldpou avapiEnc 4L/min. Kata Tnv ekTéAeon
TOU nelpdpaTog kataypagnkav Ta 1ovra (m/z) 94, 126, 92, 106, 58 kai 72 (padi ye To
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16v 40) oToV avIXVeUTr] avapopac. AkoAoudbridnke To npopiA Napoxnc agpa aTo BAaAapo
€EATHIONG NOU £(PAPPOCTNKE KAl OTOV @’ NPWTO NAPAYOVTIKO OXedIaopo (Exnua 7).

e SUVBETIKO piyua ogunc oupwv

2TN OUVEXEIO NAPACKEUAOTNKE CUVOETIKO Wiyua PE 5 XapakTnpIoTIKG oUCTATIKA
yla TNV Npooopoinon Twv avBpwnivwv oUpwv. OI ouadieg nou Xpnoigonoinénkav nrav
akeTovn, 2-Boutavovn, ToAouoAio, BevlOAio kal EUAOAIO.

Ma Tov UnoAoyIoMO TWV avaloylwv TwV OCUCTATIKWV TOU MiydaTog nou
Xpeladetal va npootebouv  yia va npocopoialouv T oUVOESN TNG OOWNG,
xpnoiponoinenkav TIHEG anod Tn BiBAloypagia [15] and onou npogékuyav ol OyKol rnou

gaivovtal napakdatw (Mivakag 15).

Nivakag 15. 'OyKol 0UCIGV MOV XPNOILonoIinénkayv yida TV Napackeur) CUVOETIKOU WiyUaToC 00UAG OUpwY

A/A voc M:g'z‘:‘“ 'Oykog
1 AKeTOVN 58 130 mL
2 2-BouTtavovn 72 7 UL
3 ToAouoAio 92 6 L
4 BevioAio 78 3L
5 ZUANONIO 106 1uL

‘Eyive eicaywyn 40uL and To OUVOETIKO Hiyda OTOV NPOCOMOIWTH OOHWV OF
ouvlnkeg 40°C Bepuokpacia €Eatpiong kai 4L/min napoxn agpa avapiEng, evw
akoAouBnenke To NPOPIA Napoxng aépa oTo Baiapo €EATHIONG NOU NEPIYPAPETAl OTOV
a’ napayovTikd oxediaopo (Zxnua 7). Ta 1ovra (m/z) 58, 72, 92, 78 ka1 106 (padi pe To
16V 40) kKaTaypapnkav and Tov avixveuTr avapopdg,.

5.2.8 MeTprioeic OUVBETIKWV LIyUATWV LE EMIOPAcn JOUIKWV UAIKWV Kal Uypaolac

e JUVOETIKO Wivua oopnc oUpwv Ye aAANAEnidpaon SoUIKGV UAIKWV

210 O0TAdI0 AQUTO NPOOTEBNKE OTNV €000 TOU MPOCOHOINTH OCHWV EIIKN
@UOIYYa PE NAKTWHEVA QOMIKA UAIKG yia Tn MEAETN TNG aAANAENidpaong TWV OUCIWV HE
auTa.

TonoBethBnkav 900 mg Tolgévio Qaivouevng nukvotnTag 1,1 g/em® oe
QUOIYYa E€0WTEPIKAG OIAUETPOU 4mm  Kal OUVOAIKOU pnkou¢ 115mm, n onoia
NPooapuOOTNKE OTNV €000 TOU MNPOCOMOIWTN OCHWV Kal NPV Tnv €i0odo Tou
avixveuTn avagopac. ‘Onw¢ gaiveral otnv Eikdva 15, Ta uAika oTnpixbnkav evrog Tng
@uolyyag pYe Tn Pondesia uahoBapPBaka ora dUO akpa. Ta JopIKG UAIKA €ixav unooTei
€I0IK NPOKATEPYAOia WE AAEON Kal XPnon KOOKIVWV Yid va enTeuxBei n emoupnTn

KOKKOMETpIa dlapeTpou 1 — 1,68mm.
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NPOCOUOIWTT) OOPMV

>Tn ouvéxela, 40uL and To GUVOETIKO WiyHda oUpwv NMOU NApacKEUAOTNKE O€
nponyoUuevn METPNON €I0NXONOav OTOV MPOCOHOIWT OOHWV Of ouvenkeg 40°C
Bepuokpacia €€aTuiong kai 4L/min napoxr agpa avapiEnc. AKoAouBnonke To npPo@iA
napoxnc agpa oTo BAAapo €EATHIONG NOU NEPIYPAPETAl OTOV @’ NApayovTikd axediaopod
(Zxnua 7). Ta 1ovra (m/z) 58, 72, 92, 78 ka1 106 (padi pe To 16v 40) kaTaypapnkav
and Tov avixveuTr| avagopdg,.

e JUVOETIKO Wiyua oopnc oUpwv Ue NpoaBnkn uypaoiac

3TO OUVOETIKO Miyua OOWAC oUpPWV Mou NAPACKEUACTNKE MPONYOUHEVWG
NpooT£ONke udATIKO diaAupa NHs 25% v/v 0To piypa Twv oUpwv yia Tn MEAETN TNG
€nidpaong TnG Uypaciag oTnv nNapaywyn TnG 0OuNG.

>€ 40uL and To OuVOETIKO WiyHa oUpwv NMOU NAPACKEUACTNKE OE MPONYOUKEVN
METPNON NpooTéBnkav 10uL udaTikoU diaAUpatog NHs kai 0An n noocdTnTa €IorXen
OTOV NPOCOMOINTI 0OHWV 0Toug 40°C Bepokpaaia eEaTuiong kal 4L/min napoxn agpa
avapiEnc. AkoAoubnenke To npo@iA napoxnG aépa oTo BAAapgo €EATHIONG nou
nePIYPAPETal 0TOV A’ NAPAYOVTIKO oXedIaouo (Zxnua 7). Ta 1ovra (m/z) 58, 72, 92, 78
kal 106 (pad pe To 16v 40) kaTaypagnkav ano Tov avixVeuTH avapopdc.
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Kepalaio
1n Zerpa Metprjoswv:
Avalovon oopwv

XNP1KOD
neptPallovtog
eyKAwPiopoo
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6. 1" Zzipa MeTpnoewv: AvaAuon OCH®V XNHIKOU

nePIBAAAovTog eyKA®WBICHOU

6.1 Zkonog

KonoC TWV HETPHOEWV ATAV O MNPOCdIOPICHOC TNC XNMIKAG oUvBeong Twv
OOJWV MOU napayovralr kata Tnv anooUvBeon OIKIaKwV anoppidpdTwy, Kal
OUYKEKPIMEVA anoppIduAaTwy  kouldivag, aA\@ kal katd Ta npwTta oTadia Tng
anoouvBsonc Tou avepwnivou owpatoc. Ma Touc napanave Aoyouc &yivav 3 KUKAoI
HETPrOEWV.

2TOV NPWTO KUKAO TO EPEUVNTIKO evOIQPEPOV E0TIAOTNKE OTNV NapakoAoubnaon
ME TO XPOVO TWV OCHWV MOU napdyovral Kata Tnv napagovn TwV OIKIaKWV
anoppINHATWV O KAEIOTOUG XWPoug (ATol Kadoug anoppIuKdaTwy) yia Peyaia Xpovika
dlaoTnuara.

210 OeUTEPO KUKAO METPROEWV, TO QAVTIKEIMEVO TNG €peuvag ATav n
napakoAolBnon Tou NPO@IA TwWV OCPWV NOU napayovtal ota npwta otadia Tng
avlpwnivng anoolvBeong o€ oXEan KE TO XpOVo.

O TpiTOC KUKAOG WETPNOEWY EiXE OTOXO TN OUVOUACKEVN napakoAoudnon Twv
apxikwv otadiwv Tng anooUvBsong UNOKATACTATOU avlpwnivou OWHATOG HE XNMIKES

Kal ONTIKEG HEBOOOUG.

6.2 YAIka - 'Opyava

Ma tnv avaluon Twv JElYUATwV TWV WETPNOEWY XPNOILONoINONKe n HEB0dOG
™G OepuiknG Ekpdpnong — Agpiag Xpwpatoypagiac — dacpatopeTpiag Madag
(Thermal Desorption/Gas Chromatography/Mass Spectrometry). Zuykekpipéva, OTIC
METPNOEIG NapakoAolBNonG oopwv avlpwmnivng anoouveeonc PE XNMWIKEG KAl OMTIKEG
MEBODOUC Xpnaoiponoinénke To daopatopeTpo Malag Xpovou Mriong Iovtwv (Time of
Flight-MS) nou anoTeAei TeAeuTaiag TexvoAoyiag Opyavo PE ONUAVTIKA NAEOVEKTAMATA
OE OXEOn ME TNV TexvoAoyia Tou TeTpamnoAou MS, onw¢ n euaiodbnoia kalr o Xpovog
odpwaong.

Ta uAika kal Opyava nou xpnaoidonoinénkav oTa nAdiola TwV NPOKATAPKTIKWY
METPNOEWY ATAV:

e Tudhivec @uUOIyyec npoopo®nonG (glass sorbent tubes) pe TpI-OTpWHATIKO
nAnpwTIKO UAIKO 300mg Carbopack C, 200mg Carbopack B, 125mg Carbosieve
S-III Tnc eTaipeiag Supelco, HMA
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ZU0TNUa QEPIOU  XpwHATOYPAPOU-(pAcHaTOeTpo palag, Hewlett Packard
5890/5972 GC/MS, ouleuypévou Pe povada Bepuikng ekpopnong (TDU) nou
gixe avantuxOei and Tnv Movada Xnuikwv AvaAuoewv kal Texvoloyiag Mediou
[BIB]

®opnTd BeppdpeTpO-UYPOUETPO H 270 Tng etaipeiac Dostmann Electronics,
Feppavia

®opnTOC NAEKTPOXNMIKOC MOAUMETPNTAC avopyavwv agpiwv (H,S, NH3) MX
2100, Oldham, FaAAia

®opnTog aiobntpag CO, CO, Anagas CD 98 Plus, Environmental Instruments,
Hvwpévo Baoieio

MeBavoAikd npoTuno diaAupa (50 mmol/L) deutepiwpévou XAwpoBevloAiou-d5,
kaBapoTnTag 99% TngG eANVIKnG eTaipeiag ITChem

ZaKol pHETapopacg avbpwnivwv cwpwv 1,87 x 0,87m Tng eTaipiag Adamedical
AVOEEIdWTEC PUOIYYEC NPoopPOPNoNnG, U0 OTPWHATWY NANPWTIKO UAIKO Tenax
TA, Carbopack X and tnv staipia MARKES, Hvwpévo Baaileio

®opnTn avTAia deiypatoAnyiag aépa FLEC 1001, MARKES, Hvwpuévo Baoileio
®opnTdC NAeKTPOXNMIKOG noAupeTpnTng CO, H,S, CH4, O, QRAE Plus, RAE
Systems, HIMA

®opnTdc aiedntnpac unepubpou CO,, Anagas CD 98 Plus, Environmental
Instruments, Hvwpévo BaaiAeio

®opnTdC PETEWPOAOYIKOC oTabuoC Kestrel 4500, Nielsen-Kellerman, HMA vyia
TNV napakoAouBnaon Tng Bepokpaaiac kai uypaociag

Movada BeppIkig ekpo@nong: TDU Unity 2, MARKES, Hvwpévo Baoilelo/AEpiog
XpwpaTtoypapoc: Shimadzu GC 2010, Ianwvia/®acuatopeTpo palag xpovou
nTrong 16vtwv: TOF-MS, ALMSCO, leppavia

6.3 Nepiypa®n

Ma Tov neipapaTikd NPoodIopIcHO TWV OUCIWV NOoU EUPAavilovTal o€ NEPINTWOEIC

EYKAWPBIOPOU O KTipIA MOU €XOUV KATAPPEUOEl, €MIAéEXONkav kal gyivav duo

aveEAPTNTEG OEIPEC WETPNOEWV HE OTOXO TN MEAETN TOU MPOPIA PE TO XPOVO TWV

XNHIKQV €Knopnwv and avlpwnivo cwpa o€ anoouvleon kabwg and anoppipparta

kou{ivag.

TNV NEPINTWON TNG anooUvBeonG Tou avBpwnivou OWHATog, N napaywyn

oopwVv (agpiwv) oPeiAeTal KUPIWG OTNV anodounon Heyaiwv BIOAOYIKWV HAKPOUOPIWY

TOU OWPATog, nY. udaTavlpakeC, NPwTEIVEG, VOUKAEIkG o&a kal Anidia, npog

anAoUOTEPEG HOPPEC OPYaVIKNG Kal avopyavng UANG. O1 evfUUATIKEG kal BakTnPIOIAKES
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dpaoceic kabwc kai ol NEPIBAANOVTIKEG GUVONKEC ennpealouv To GUVOETO (PAIVOUEVO TNC
anoouvOsonc. AAEIPATIKOI KAl ApwHATIKOI UdPOYyovavOpakes, 0EUYOVOUXEG (aAKOOAEC,
aAOelidec, KETOVEG), BeloUxeC kal alwTOUXEC EVWOEIG, OPYAVIKA OEEA KAl EOTEPEC EXOUV
avapepBei atn BIBAIoypagia we XapakTnpIoTIKEC opadec VOCs nou sugavifovral oTnv
avBpwnivn anoouvBeon [17, 19].

6.3.1 MeTprioeic ooV O€ OIKIGKA arnoppiuuara

H deiypatoAnyia £yive anod KA€IOTOUC KAOOUC anoppIMHATWV HE WEYIOTO BApog
450 kg kal xwpnTikdTNTa 1.100 L. Xpnoiponoindnke evag cwArvag Teflon prikoug 145
cm kal e&wTepikng OlapeTpou 0,8 cm, OTOov OMOIO MPOCAPHOOTNKE N PUOIyyd
npoopoOPNoNG Tou OeiyuaTtoc kal TonoBeTnOnke woTe va avTAsi Oeiyya and Tov
UnEPKEievo agpa e napoxn 200mL/min kai GuvoAikd Oyko aépa 5 L. Angénkav
Ociypata oopwv and 16 kadoug anoppIUKATwV Ot JIAPOPETIKEG KAIPIKEG GUVONKEC
(nepiodog PpBivonwpou e Nria Beppo kAila, 28°C, 47% GOXETIKA uypacia, kai Xeihwva
HE ehappia xlovonTtwaon, 10°C, 31% OXETIKN uypaacia) kal Pe dIa@PoPETIKOUC XPOVOUG
Napapovng Twv anoppINPaTwy otov kado (0 - 7 NUEPEC).

O1 npwToI 4 KAdoI anod Toug onoioug ANPONKe deiyua
gixav  unepyeAioel  AOyw  anepyiag  Twv  €PYATWV
kaBapIOTNTAG e CUVENEIA va NAPAUEIVOUV TA anoppipuaTa
yla 7 OuvexeiG nueEpeg. MOANIG €yive n OUNoyR Twv
anoppIdMaTwv  (kevoi kadol) eyive delypaToAnwia yia

oUyKpIon ME nponyoUueva. Katoniv, €yivav JETPROEIC o€ 4

Eikova 16. Kadoc

OIaQOPETIKOUG  KAdOUG, €VTAyMEVOI OTO  NPOYpPApHa anopoILLATwY 1.100L

KaBnuEPIVAG GUAOYNG anoppIUKAaTwy Tou Tornikou dnpou.

TéNog, o1 4 TeleuTaiol kaAdol We pIon nAnpoTnTa eixav €€aipebei and TOo oUOTNUA
oUANOYNG Kal €ixav TonoBeTnBei o€ €10Ika JIAPOPPWHEVO XWPO, WOTE va HEAETNBOUV
eheyxoOpeva yia 6 nuépes. Mpiv anod kabe derypaToAnyia eixe nponynbei avayevvnon
TWV QUOIYYywV NpoopoPnonG oTo epyacTnpio yia 2h otoug 300°C pe ouvexn napoxn
He 150mL/min kai katonmv npoodnkn 1uL pebavolikou diaAUpaToc xAwpoRevloliou-d5
WG ECWTEPIKO NPOTUNO.

Ma TNV XpwHaToypa@Iikr avaiuon Twv OElyHATwV XPNOIHONOINONKE TPIXOEIONG
oTAAN pNkoug 60m, ecwTepPIKNG diapeTpou 0,25mm, SPB-624 Tng eTaipeiag Supelco. To
OepUOKPACIAKO NPOYPANKA TOU GEPIOU XpwHATOYpAPou eMAEXONKke w¢ €&nc: 35°C yia
5min, B€ppavon 4°C/min péxpl Toug 180°C kai oTabeponoinon oTn Beppokpaacia auTh
yia 20min. To €0po¢ Twv palwv Nou KaTtaypapnkav oTo (pAcuaToueTpo palac Arav
pETA&U 35-350amu pe Baon TIC avapevopeveg ouaieg VOCs, pe To NAEoVEKTNHA TwV 1,8
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0apwoswv ava OeuTepdAenTo (scans/s). O NUI-MOCOTIKOG MPOCdIOPICHOC EYIVE HE
XPNoN MIYMATWV €EMTEPIKWV MPOTUNWV OCUYKEVTPWONG 50mmol/L Twv eTaipeEimv

ITChem (EAA\GG) kai Sigma-Aldrich (Hvwpévo BaaiAeio).

6.3.2 Metprioeic oouwv oc perabavaria avlpwivi anoouveeon

Me Baon Ta 1aTpodIKAOTIKA €UpAUATA N avlpwniv owpdC NMou HEAETNONKE
avnke og Aeukd avopa, nAikiac nepinou 30-40 eTwv. BpeOnKe o€ NapakTia NEPIOXN TNG
AvaToAIKnG ATTIKNG, 0 XpOvoc BavaTtou NTav nepinou 3 NUEPEC MpIvV TNV €UPECT) TOU,
EVW N anooUvBeon Tou owPAToc dev ATav NpoXwpnuévn. H owpdc YeTapEPONKE GTO
Epyaompio To€ikoloyiag kai IatpodikaoTikng Tou MavenioTnuiou ABnvwv OMou Kai
napepeive o Yuyeio (0 — 4°C) yia pia nUEPA NpIv TNV XNUIKA avaiuaon.

Ma Tn OsiypatoAnwia n owpdg TOMoBETNONKE O O@PPAYIOMEVO €I0IKO OAKO
METAPOPAC €VTOC TOU VEKPOTOWMEIOU OMOU Kal agednke yia 2h woTe va €pbel o€
Icopponia oTn Beppokpacia Tou dwpariou.

3T0 0GkKo npooappooTnke owAnvag Teflon

MnKoug 145cm kal eEwTepIkng diayeTpou 0,8cm, oTO

aKpO TOU ornoiou GuvOEBNKE NPOCPOPNTIKN PUOIyya
yla Tn OelyuaToAnwia TOU UMEPKEIUEVOU agpa WE

Eikéva 17. SAKoC UETapopdac

avBpwnivwv owpwv

napoxn 200 mL/min kail 0yko aépa 5L.
OewpwvTtac wg Xpovo 0 To XpoOvo Ioopponiac, €yivav 4 KUKAOI HETPNOEWV OTOUG
xpovoug 0, 4h, 8h kai 24h.MNa Tn peiwon Tou OTATIOTIKOU OPAAUATOG €yIve OINAN
delydaToAnyia og kaBe xpdvo, evw eninAéov ANPONKav TUPAEG WETPRCEIG yia TOV
NPocdIoPIoHO TOU UNOOTPWHATOG AOYW TOU UNIKOU TOU GAKOU HETAPOPAC aAAa kal Tou
XWPOU TOU vekpoTopeiou. MapdAnAa pe Tn delypatoAnwia Twv VOCs yivoTav
KaTaypagn Bepuokpaciac, uypaciag Tou XWPOoU Kal PETPNON avopyavwy depiwv, NTol
H,S, NHs, CO kai CO,.

OpoiwG pE TIC METPACEIC MOU avagepovTal oTnv napaypago 6.3.1, npiv ano
KGBe OdeiypatoAnyia e€ixe nponynBei avayévvnon TwV QUOIYYWV NPoopoenong oTo
epyaotnpio yia 2h ortouc 300°C pe ouvexny napoxn He 150mL/min kai katonv
npoodnkn 1uL pebavoAikoU diaAUpaToc xAwpoBevloAiou-d5 we eowTePIkO npoTuno. Ma
TNV XpWHATOYPAPIK avaiuon Twv OElyMATwV XPNOIHOMOINONKE TPIXOEIONC OTNHAN
MNKouGg 60m, eowTepiknG OlapeTpou 0,25mm, SPB-624 Tng etaipeiag Supelco. To
OepPOKPACIAKO NPOYPANKA TOU GEPIOU XpwHATOYpAPou eMAEXONke w¢ €Enc: 35°C yia
5min, B€ppavon 4°C/min péxpl Toug 180°C kai oTabeponoinon oTn Bepuokpaacia auTn
yia 20min. To €0po¢ Twv palwv Nou KaTtaypapnkav oTo (pAcuaToueTpo palac nrav
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pETA&U 35-350amu pe Baon TIC avapevopevec ouaiec VOCs, pe To NAEovEKTNHA Twv 1,8

OapWOEWV ava deUTEPOAENTO (Scans/s).

6.3.3 Metprioeic oouwv oTa npwra ordoid anoouveeonc Unokardorarou avEpwivou
owparog

AUo olkooITa youpouvia (sus scrofa domesticus) xpnoigonoinénkav g
UMOKATAOTATO TOU avOpwnivou OWHATOC Yia TNV NapakoAoudnon TnG anoouveeonc os
KABe éva anod Touc TPEIC NEIPAPATIKOUC KUKAOUG yia Adyouc enavaAnyiydtnTac. Ta {wa
AeOnkav vekpd, €iTe aneubeiac and @apupa, ite agou egixav Xpnoidonoindei
NPONYOUKEVWE OE MNEIPAKATA TOU MEIPANATIKOU Xelpoupyeiou TG IaTpikng ZXOANG Tou
MavenioTnuiou ABnvwv. XTn OeUTEPN NEPINTWON KAMOIO €0WTEPIKA Opyava Onwec n
kapdid, ol NVEUHOVEC N MEPOC TOU EYKEPAAOU €ixav apaipebei kaTa Tn Xpron Toug wg
neipapatolwa. ‘OAeg o diadikacieg dIATPOPNG, avanapaywyng kair xpnong Twv {wwv
aQuUTQV EYIVE O€ OUPQWVIa PE OXeTIKOUG EAANVIKoUG kal EupwnaikoUg kavoviopous. Ta
youpouvia TonoBetnonkav evrog €I0IKoU WUYEIOU OTO XWPO TOU VEKPOTOEIOU, Onou Kal
NapePeIvav yia Aiyec wpeg oToug -11°C PEXPI TNV EKTEAEON TWV PETPHOEWV.

MeTd Tnv anoyuén oe Bepuokpacia dwpaTiou, kABe {wo TOMOBETHONKE O€
€101k0 oako peTapopds (90 x 230 cm, EXE Medical SA) kal ev ouvexeia BAPTNKAV KATW
ano nepinou 10kg epeiniwv nou ouykevTpwBnkav anod KovTivo epyoTaglo. Ta epeinia
anoTelouvTav and okupodeud, ToUPAA Kal XwHa WOTE va nNpocopolalel To nepIBAAov
EYKAWPBIOPOU O KTipIo nou €xel katappeloel. OI NTNTIKEGC OPYAVIKEG EVWOEIC Mou
napayovrav and TO VEKPO OWHA OUCOWPEUOVTAV OTO OAKO METAPOPAc, kabwc n
oTeyavoTNTa TOU OAKOU MEPIOPIle Tov €EAEPIONO, ME anoTéAeopa va au&averal Kal n
Bepuokpacia kal n uypacia Tou KAEIOTOU XWPOU. AUTEG Ol OUVONKEG EeMINAEOV
npooopolalouv &va KAEIoTO Xwpo eykAwPiopou. O évag and Toug OUO CAKOUG
METAPOPAC NAPEPEIVE OPPAYIOPEVOG ABoAn Tn JIdpKEId TWV EVVEA NUEPWV MOU
dINpkeoe To neipapa. MNvoTav kabnuepiva delypatoAnwia avopyavwv aspinv kai VOCs
ano pia onn 1cm. 3To TEAOC TOU MEIPAPATOC O OAKOC avoixBnke woTe va AngpBouv
€IKOVEG anod onTikA Kal BeppIK pwWTOypa@Ikn Wnxavn. O deUTepOg 0dKOG avolyoTav
KABe WEPA yia Aiyo XpOvo yia Tn Aqwn euToypaPI®V Kal agpinv JEIYHATWY.

Ma tn dsiypatoAnyia Twv NTNTIKOV OPYAVIKOV EVWOEWV Xpnaolhonoinénkav
NPO-AVAYEVVNUEVEC (PUOIYYEC MNPOOPOPNONG avo&eidwTou XAAUBa NANPWMEVEG ME
JIOTPWUATIKO MPOoPOPNTIKO UAIKO. Xpnoiponoinenke owAnvac Teflon (unkoug 50cm,
e€wTepIknc diapéTpou 0,8cm) aTov onoio ouvdedTav n UOIyya NPoopoPnong yia Tnv
avtAnon 1L aépa and Toug odkouc pe napoxn 100mL/min (xpovog deiypaTtoAnyiag
10min). Katoniv, 0To cwArva ouvdedTav GpopnTog NOAUMETPNTAC Yia TN delyHaToAnwia
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avopyavwv agpiwv. MaparnAa Pe TIG XNUIKEG UETPNOEIC £yivav ANWEIG KE ONTIKN Kal
OepUIK PWTOYPAPIKN KNXAvR yid TNV anotunwon Twv GAcEwV anoouvBeong Kal Tov
EVTONIONO BEPU®OV MEPIOXWV OTO VEKPO OWHA.

H avdAuon Twv Quoiyyov npoopd®none £yive PE Tn MEBODO TNG OEPUIKNAC
Ekpdpnonc/Aépia XpwpaTtoypagpia/daopaTtopetpia Malac Xpovou Mtrong Iovtwv. Ol
NTNTIKEG OPYAVIKEG EVWOEIC EKpoPrOnkav yia 25min oToug 320°C kal nayidelOnkav ot
kpuonayida oe Ogppokpacia -10°C. 3Tn ouvéxeld MPe anoToun Ogpuavon TNng
kpuonayidac yia 3min oTou¢ 300°C odnynénkav oTov aépio XpwuaTtoypd@o. To
OEPPOKPACIAKO MPOYPAUHA TOU XPWHATOYPAPOU €MIAEXONKE w¢ €ENc: 35°C yia 5min,
Beppavaon 4°C/min pexpr Toug 180°C kai oTaBeponoinon oTn Beppokpacia auTh yia
20min. To eUpog Twv palwv Nou KaTtaypa@nkav OTo (pACHATOMETPO Malag Xpovou
NTAONG 1I0VTWVY NTav JeTa&u 35-350amu pe Baon TIc avapevopeveg ouaieg VOCs.

6.4 AnoTteAéopara

6.4.1 ArioTeAcouara LUETPIIOEWY 0oUWV O€ OIKIGKd arnoppiuLara
H TauTtonoinon Twv XpwpATOypaPIKWV KOPUPWV €yIVE PE Tn Pondeia Tng

BiBAIoBAKNG Wiley 138 Tou Aoyiopikou HP Productivity Chemstation. H noooTikn

ene€epyaoia Twv PeTpnocwv TDU/GC/MS éyive e TN HEBODO TOU ECWTEPIKOU NPOTUMOU

HE Baon Tnv e€iowon;:

A 1

i A WXCISTD

[6]

onou:

G N OUYKEVTPWON TNG Evwong i aTnv agpia ¢acn (nmol/L)

A TO €UPAdOV TNG KOPUPNG TNG Evwong i (aubaipeTeg OVADER)

Ao TO €UBadov TNG KOPUPNG TOU €E0WTEPIKOU npoTunou (aubaipeTeg
MOVAdEC) unoAoyI(OpEVO Yia KABe PETPNON EEXwpIOTA

RRF;, 0 OXeTIKOG GUVTEAEOTNG anoKpIonG TNG &vwaong i, MOU NPOKUNTEl anod To
nNPOTUNO WiYHA WE NPOC TO EOWTEPIKO NPOTUMNO KAl EKPPALEl TO DIAPOPETIKO I0VIOPO TNG
EVWONG | OE OXEON HE TO EOWTEPIKO NPOTUMNO

Cso N unoAoyiOPEVN OUYKEVTPWON E0WTEPIKOU MPOTUMOU WG NPOC TOV OAIKO
agpio Oyko katd Tn derygatoAnwia (og nmol/L). YnoAoyioTnke ion pe 10 nmol/L.

H péBodoc Tou £0wTEPIKOU MPOTUMNOU MOU MPOTEIVETAI BEWPEITAI NUINOCOTIKNA
pEBodoCc avaluong, n onoia divel ypriyopa kai afioniota anoTeAéopaTa Xwpic va
XpeIaleTal n dnuioupyia kaunUAwv Badpovounong yia kabe pia npoadiopilOPEVN Evwon

EexwploTa.
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MepioooTePeC ano 150 NTNTIKEG OPYAVIKEC EVIOEIC aVIXVEUBNKAV, EVK NOCOTIKN)
ene€epyaoia €yIve OTIC EVWOEIC NOU napouaialav ouxvoTnTa EUPAvionc JeyaAuTepn Tou
50%, dnAadn oc 30 ouaiec. O1 NEPICOOTEPEG ANO TIG EVWOEIC NOU BPEBNKav eupavioav
XpOvouc €kAouonc HeTa&U 20 — 40 AenTd, KATI Nou unodnAwvel OTI NPOKEITAl Yid
EVWOEIC JE PEOAIO £WC MEYAAO poplakd Bapoc. H nAsiowngia Toug fTav napdywya Tou
BevloAiou, aleipaTikoi udpoyovavepakec, Tepnevia (AIHOVEVIO, Y-TEPMIVEVIO, 2B-NIVEVIO,
a-nivévio), o&uyovouxec (aAdeldeC, KETOVEC, €O0TEPEC Kal 0&Ea) kaBwC Kal BeloUXeC
eVWOEIG (OIHEBUAO-OI00UAPIDIO). O EVWOEIC PE TIC UPNAOTEPEC OUYKEVTPWOEIC ATAV TO
dekavio, alBUAEOTEPAC OEIKOU O&E0C, AIHOVEVIO, evvidvio, aiBavoAn, 1,2,4-TpiuEBulo-
BevlOAio kabBwg kair evdekavio. To BevloAio, ToAoudAio, ailBuAo-BevlOAio kal vapBaAEvio
Mou avixveudnkav anoTehouv uywnAou kivOUVOU agpiol puMol, EVw N HOvN ONUavTikn

BeioUxa Evwaon nou NpoadiopioTNKE NTAV TO JINEBUAO-0IGOUAPIBIO.

o
<
o
= 30
& 25
g
> 20
S
& 15 2
w
& 10
=
8 5 1
< | -
0 - :

20 Xpovog (min) 40

Zxnua 9. Tunikd ¥pwuaroypdenua Twv VOCs nou ekAUovTal KaTa TRV AdnoouveEan OIKIAKWV
anoppPILUATWY LJETA anod 7 NUEPEC NAPARIOVN OE Kado.
(1) aiBavoAn, (2) ailBuleaTépag Tou o€ikou 0&gag, (3) xAwpoBevioMio-d5 (eowTePIKO NpdTUNo), (4)
gwiavio, (5) dekavio, (6) 2B-nivévio, (7) 1,2,3-TpiueBuro Bevidhio, (8) Aiyovevio, (9) y-Tepmivevio, (10)
£vOEKAVIO

>Tnv avtioToixn OnUOCIEUUEVN £pyaaia og BIEBVEG NePIodIkO Tou MapapTApaTog
6, @aivovtar ol 155 oucie¢ nou ekAUovTal KATA TNV ANoouUvOEOn OIKIAK®V
anoppIYMATWV KaBwe kal Ta €Upn Kal Ol PEOEC OUYKEVTPWOEIC Twv 30 mio apBovwv
VOCs.

And Ta anoteAeéopaTa gaivetal OTI N anogUVOEDN TwV OIKIAKWY anoppIPKATwV
0€ aoTIKOUG KAdoug anoppidpatwv divel pia oUvOeTn oo mou anoTeAsital and
nANBwpa NTNTIKWV Opyavikwv evwoewv. Ol EVWOEIC auTeg o€ Guvouaopd He AaAoug
QgPIOUC pUMNoUG, onw¢ Ta o&eidia Tou alwtou NO, kal evrovn nANIOPAvEIa Kal UYNAECG
Beppokpaaieg pnopoulv va odnynoouv o€ PWTOXNMIKEG avTIOPACEIG PE ENMTWOEIC TOOO
oTo nepIBAMov 6oo kal oTnv avBpwnivn uyeia. O napayovTteg nou ennpealouv Tnv
napaywyn Twv VOCs katad Tnv anocUvOeon anoppiyudtwv €ivalr n Bepuokpacia, n

uypaoia, n oloTaon TwvV anoppINPAaTwyY alAa Kai o XpOvog Napapovne Touc oTov Kado.
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Ma To AOyo auTo KpiveETal anapaitnTo To guxvo NAUCIPO TWV KAdwV NPOKEIJEVOU va va
anoNaKPUVETAl TUXOV MIKPORIAKO (POPTIO NMOU EXEI CUOCWPEUBEI PE TO XPOVO aAAG Kal
va anoTpeneTal n €kAuon enikivduvwv yia Tn OnuoOia Uyeia NTNTIKOV OpYavIKOV

EVOOEWV AOY®W TNG XPAONG ANOAUHAVTIK®V HECWV.

6.4.2 ArioTeAcouara LETPrioswV oouwv o€ ETabavaria avBpwnivi anoouvBson

H TauTtonoinon Twv XpwHATOYPAPIKWV KOPUPWV €yIVE PE Tn Ponbeia Tng
BiBAI0BrkNnG Wiley 138 Tou AoyiopikoU HP Productivity Chemstation. IMa Tic ouaiec nou
TauTonoinénkav pe Baon To guBaddV TWV KOPUPWV TOUC OE OXEDN HE TO £UPAdOV Tou
€E0WTEPIKOU MPOTUNOU, NPOCBIOPIOTNKE N HWETABOAN OE OXEONn HWE TO TUPAO deiypa
oUPQWVa WE Tn oxeon:

A Ai Aiblank

[7]

= ablank
Ao Ao

onou:

A N METABOAN TNG EvOoNnG i

A TO €UBAdOV TNG KOPUPNG TNE EVWONG i oTo deiyua

Ao TO €UBAdOV TNC KOPUPNG TOU ECWTEPIKOU NPOTUNOU OTO deiyua

AP 10 gpBaddv TNS KOPUPRAC TNG Evwonc i 0To TUPAO deiypa

Aisto”?™T0 €PBaddV TNC KOPUPHC TOU E0WTEPIKOU NPOTUMOU GTO TUPAO Beiypa

H peTaBoAr; A ouoiaoTIKG CUOXETICEl HOPIAKN CUYKEVTPWON Kal NPoTeiveTal and
TN BIBAIOypagia yia Tov NpoadIopIoHO TNG OXETIKAG apboviag Tng kabe évwaong [72].

Mavw and 30 NTNTIKEG OPYAVIKEG EVWOEIG avixvelbnkav kata Tn OIApKEId TwV
NEIPAMATWY KAl OUYKEKPIPEVA AAEIPATIKOI KAl apWHATIKOI  udpoyovavepakeg,
0&uyovoUXeG (aAKOOAEG, aAOEUDEG, KETOVEG) KaBwG kal BeloUxeS evwaelg (couAidia). O
KoIvoc nuprnvac Twv VOCs nou TauTonoinénkav kal oTouG 4 KUKAOUG METPROEWV
nepiAapyBaver:  aiBavoAn, 2-nponavovn, OIYEBUAO-OIGOUAPISIO, HEBUAO-BEVOAIO,
OKTavIo, 2-BouTavovn, PEBUAO-aiBuAo JIoOUAQPIDIO, DINEBUAO-TPICOUAPIDIO kaBWE Kal
0-, m-, p- EuAévia. Eniong avixveuBnkav avopyava agpia onwg CO,, CO, NH3 kar H,S.
A&iCel va onueiwBei NWC o1 NEPIOCOTEPEC OUTIEC avixvelbnkav oTn WETPNON Twv 24h,
YEYOVOC nou unodnAwvel 0TI n avBpwniv anooUvBeon eival pia diepyaacia kai Oxl €va
Qaivopevo nou oupBaivel epana. Eniong, gaiveral 0T 0 pubuodg ekAouong Twv VOCs
Kata Tnv anooUvOeon dlapoponoIEiTal onUavTika PETAEU TwV OIAPOPETIKOV OPAdwV

EVWOOEWV.
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Zxnua 10. Tunikd Xpwuartoypapnua Twv VOCs nou ekAUovTal Kata Tnv avBpwnivn anoouvBeon oe
dlaoTnua nepinou 4 NUEP®V anod To Xpdvo BavaTou.
(1) 2-nponavovn, (2) diueBuro-0i1ooulpidio, (3) ToAouoAlo, (4) svviavio, (5) ugBuho — aiBulo dioouAPidio,
(6) xAwpoBevlohio-d5 (eowTepikd npdTuno) (7) p-EuAévio, (8) TeTpauEBulo-eEavio, (9) diEBulo-
TPICOUAQIdIO

Ano Ta anoTteAéopata npokunTel OTI TEOOEPIC dlepyaaieg eival MOAU niBavov va
ennpealouv 1o NPo®iA Twv VOCs nou avixveudnkav. Apxika, n XnUIKn anocuveeon nou
AapBavel xwpa oTn owpo, Napayel TIG NTNTIKEG OPYAVIKEG EVWOEIG. KaToniv, ol EVWOEIG
auTEG dlaxEovTal OTO XWPO HECA OTO 0AKO anoBnKeuonG kal avaulyvuovTal e Tov agpa
nou &xel eyKAwPIOTEl €kei. EVOEXOMEVWG, €va MIKPO HEPOG TWV OUCIWV Vva
NPOCPOPOUVTAl and Ta UAIKA TOU OdKOU Kal va «nayidelovTtar» oTnv €MPAveid Twv
TOIXWHATWV TOU. TEAOG, anwAEIEG NOU WNOPEi va GUPBaivouv AOYw HIKPWV NOPWV TWV
TOIXWHATWV TOUu odkou Ba pnopoucav va ennpealouv Tn ouvBeon Twv VOCs nou
avixveuovTait.

>Tnv avTioToixn dnHooIEUKEVN Epyacia oe dlgBVEC nepIodiko Tou MapapTAUaTog
6, @aivovtai oI 32 NTNTIKEG OPYavIKEG EVWOEIG MOU avixveubnkav oToug 4

NEIPAPATIKoUGg KUKAOUG Twv 0, 4, 8 kal 24 wpwv.

6.4.3 Anoteldouara  UETPHOEWV OOU@WV OTad Np@WTd OTA0Id  GriooUVBEONG
urnoKaraoTarou avBpwriivou owuaTros

H Tautonoinon Twv XpwHATOypaQIKWV KOpUPWV EYIVE W Tn Pondeia Twv
BiBAI0BNkwv pacpdaTwv Wiley 138 kal NIST 21.

Mavw and 150 VOCs avixvelBbnkav katd Tn OIAPKEId TwV MNEIPANATWV ONwG
BeioUxec, alwTouxec, oEuyovouxeC evwoelC (aADelideC, KETOVEG, OEEa Kal E0TEPEC),
apwuaTikoi  kal aAeipaTikoi  udpoyovavepakeg, aAAG kal POOPIOUXEG, XAWPIOUXES
evwoelg. O1 nio apBoveg NTNTIKEG OPYAVIKEG EVWOEIC 0TA youpouvia nou nponABav anod
TO neipapaTikd Xelpoupyeio TG IaTpikng ZxoAng Tou MavemioTnuiou ABnvwv nTav:
OINEBUNO-OIoOUAPIDIO, nupIdivn, 2-ailBulo 1-eEavoAn, Owdekavio, €Eavio, BevlOAio,

BevlaAdelidn, OIuEBUNO-TPICOUAIBIO, akeTOvn, 2-peBuAo 1-nponavohn, kar 2,4-
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diyebulo 3-nevravovn. AvTioToixa, Ta mo agbova VOCs ota {wa nou nponAbav ano
™V  @dapuga  nATav:  OIYeBUAO-OIC0UAPISIO,  JINEBUNO-TPICOUAPIDIO,  diyeBuAO
OOUAQOEEIDIO, BevlOAIO, PeBUNO-aIBUNO OICOUAPIDIO, TpIYEBUAO-apivn, mM-EUAEVIO,
ToAOUOAIO, BevlaAdelidn, 1,2,3-TpipBopo BevloAio.
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Zxnpa 11. Tuniko xpwuatoypapnua TD/GC/TOF-MS twv VOCs nou ekAUovTal katd Ta npwrta otadia (5"
NUépa) anooUvBeong OWUATOC YOUPOUVIOU
[A] NpogAeuon Zwou: Neipapatikd xeipoupyeio Navemornuiou ABnvov, (1) dipeBuro-8100UuAQidIo, (2)
nupidivn, (3) Bevlohio, (4) 2-aiBulo 1-eEavoln, (5) dwdekavio, (6) BevlaAdeiidn, (7) akeTovn, (8) 2,4-
diyeBulo 3-nevravovn, (9) m-EuAévio, (10) 2-pebulo 1-nponavoAn, (11) dekavio, (12) diygBuro
TpIooUAQIdIO, (13) evdekdvio [B] MpoéAcuon lwou: ®dpua youpouviwy, (1) SiueBulo Tpioouhidio, (2)
peBUA0-aiIBulo BioouApidIo, (3) dipeBulo-poppapidn, (4) diyeBulo couhpoteidio, (5) TpiueBuho ayivn, (6)
BevloAio, (7) ToAouoAio, (8) m-Eulévio, (9) ueBavoBioAn, (10) ueBulo-soTépac BoutavoBeiikoU o&goc, (11)
3-BouTtev-2-0vn, (12) diyeBuro dicouAidio, (13) peBuloBeio-peBuro dicouAidio, (14) iconpevio, (15) o-

EuMévio

O1 BIOUXEC EVWOEIC NMOU avixveudnkav, £xouv Bpebei o XaUNAEC OUYKEVTPWOEIG
OTOV €KNVEOUEVO aépa avlpwnwv nou €xouv acBevela NNatog i xaAitwon [73], oTov
UMEPKEIYEVO agpa oupwv [74] 1N AMEC PBioAoyikEC OIEPYATiIEC ONWG Of HOVADEC
BioAoyikoU kaBapiopou 1y anoxereuonc [16, 75]. H TpiyeBulo-apivn €xel avixveubei
OoTOV €KNveOUEVO agpa aoBevwv MPe oupaigia [76]. H akeTdovn Kal TO I0OMPEVIO
BpiokovTal TOOO OTOV EKMVEOUEVO AEPA 00O KAl OTNV agpia PpAacn oupwv Kai aiyaTog
[15], evw n 2-BouTavovn eival ouvnoing KeTovn nou gugavifeTal oTa avlpwniva oupa
[74].
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>e ONEG TIG WETPNOEIC NMOU EyIVaV Ol NTNTIKEG BEIOUXEC EVAOEIG ATAV Ano TIG Mio
aQOoVeC, kal OUYKEKPIYEVA Ta OIYEBUAO-OIC0UAPIDIO Kal SIHEBUAO-TPICOUAPIDIO. Kal Ta
OUo CcoUAQIdIa £xouv Bpebei kal 0g PETPNOEIC avOpwnIvnG anooUvBeonc KATw and
agpOPIEC kal avaspoPiec ouvlnkec [17, 19]. And TIC nmio APOOVEC KETOVEC MOU
avixveubnkav nTav n aketovn kai n 2-poutavovrn, Ol OMoieC eVOEXOMEVWE Va
NPOEPYOVTAl anod TNV anokapBoEUNIWGON TOU AKETOOEIKOU OEEOC kal TNV AMNoIkodOuNon
ANinapwv o&wv avTioToixa [73].

>Tnv avTioToixn dnUooIEUPEVN £pyacia oe dIEBVEC NepIodikO Tou MapapTAHaATog
6, (aivovTal ol Mo AapBoVeC NTNTIKEC OPYAVIKEC EVWOEIC MOU aviXvelubnkav kata Ta

npwTa oTadia anooUvBeong UNOKATACTATOU avepwnivou OWHAToC,.
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7. ZXe0100HOG KAl KATAOKEUN NPOCOHOINTH OCH®V

7.1 ASITOUPYIKEG ANAITIOEIG CUCTHHATOG

O 0xedIaoPOC TOU MPOCOUOINTH OOHWV E€YIVE WE BAcn TIC AEITOUPYIKEG
anarmoeig (functional requirements) nou neplypagovTal GTov NApakaTw nivakd. AUTEC
dlakpivovTal o€ anaimmoeig TEAIKWY XpnoTwv (end-users requirements) kal anaiTnoeig

MNXQAVIKAG ouoTnuATwy (system engineering requirements).

ANAaITAOEIG TEAIKOV XPNOT®OV NPOCOHOINTH ooH®V (MO0)

O MO Ba xpnoIyonoIsiTal TNV EKNAIDEUCN TWV AVIXVEUTIKWV OKUAwV K9,

O MO Ba xpnoluonoliTal aTnV agloAdynon XNHIKOV aigdnTripwy.

3. O MO 6a npooopoIalel TIG «avBPWNIVEC XNUIKEG unoypa®ec» (ny. €knvor), aiya, oupa,
1DpwTAg, konpava).

4. O MO B6a npocopolalel TIC «XNMIKEG UMOYPAPEC» anod yeyovora (events) ot epeinia
KTIpiwv (NY. eknopnéc and QwTia, diappor] GuaikoU agpiou).

5. O MO Ba npogopoldlel TIC «XNMWIKEG UMOYPAMEG» VEKPWV OWUATWV (npwTa oTtadia
anoolveeang).

6. O MO Ba npooopoidlel TO XNMUIKO UMNOCTPWHA Of €peinia KTipiwv (MY. OIKIAKG
anoppippaTa, SoUIKa UNIKA, XpwuaTa).

7. O NO Ba perapepeTal gTo Nedio.

N =

AnNAITAOEIG HNXAVIKAG CUCTNHAT®V NPOoCcoHoImTH oopav (MO)

1. O MO Ba napdaysl piydata avaAuT@v MoU CUVAVTVTAl OTOV €KMVEOMEVO aépd, aiua,
oupa, kGnpava kai 1dpwTa.

2. O MO Ba napdyel piyuata avaAuTav Nou CUVAVTWVTAl O€ EKMOUNEG and QWTIA 1 diappor)
(uUaIkoU aspiou.

3. O NO B6a napayel piygaTa avaAuTov NoU ouvavtovTal oTd NpWTda oTadia TnG avepwnivng
anoouveeong.

4. O MO Ba napdyel Yiyuata avaAuTv Mou oUvVAvTWVTAl OE OIKIaKA anoppipyaTa, douIka
UAIKG Kal Xpwpara.

5. O MO Ba napayel NPoPIA OTABEPWV CUYKEVTPWOEWY GTNV NePIoXr Twv 500ppb.

6. O MO B6a xpnoigonolei pe akpifeia (Pe BACN T OXETIKA TUMIK anokAion — RSD)
dlepyaaoieg napaywyng aTpwy, apainong kai avapiEng aspiwv.

7. O MO 6a nepidapBavel pia duvapikn povada (dynamic module) napaywync napodikmv
METABOAWV GUYKEVTPWOEWY (HEOW NAAHOV).

8. O MO 6a napdayel NapodIkEG PETABOAEG OUYKEVTPWOEWY OTNV TAEN TOU OEUTEPOAENMTOU
yla Tn duvayikn Jovada.

9. O MO Ba AeiToupyei Ye NAPOXEC agpiwv WOTE va eival duvatrn n avaluon He Tov
avIXVEUTN avagopag alhd kai n dokipur aAAou xnuikou aiobnTrpa.

10. OO Ba €xel Tn duvaTOTNTA €I0AYWYNG ENINEdWV Uypaciac oTa aspia Piypara.

11. O MO 6a nepidapBavel pia €10IKr Yovada yia TNV NPOoopoiwon TwV aAAnAenidpacewy
TOU AgPIOU YiyHaTog He SOMIKG UNIKA.

12. O NO Ba nepihapBavel éva avixveuTr avagopac,.

7.2 IX€d0100HOC NPOCOHOIWTH OCH®V
210 ZxnMa 12 nou akoAouBei napioTaveral pe OIAypaUpa Pong O YEVIKOG
oXeOIAOHOC TOU NPOCOMOIWTN OCHWV.
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) Movdda oTaBepwv
OUYKEVTPWOEWY i
E§o6f)§ Tmpog
Aépag SWARvVaAC QAVIXVEUTN avapopag
uynAng »  Yypavtipag > OOUIKWYV
KaBapdTnTag UAIKWV , i
- E¢odog 1mpog a100nTrpeg
|, Movéda duvapiikiv kai okuAoug K9
\ OUYKEVTPWOEWY /

Zxnua 12. AlaypayudTikr aneikovion ToU YEVIKOU oXedidgioU TOU NPOCOUOIWTr) OOUGOV

O npooopoiwTiC oopwv (BA. ZxAua 12) pali pe PEAAOVTIKEG €MEKTAOCEIG TOU
anoTeAeiTal ano:

e Tn dovada napaywyng aePIV MIYMATWV O OTABEPEC Kal €EQIPETIKA XAMNAEG
ouykevTpwoelC (ultra low level)

e Tn povada napaywync aépiwv HIYHATwv o€ OUVAMIKEG OUYKEVTPWOEIC Yia TNV
NPOCOMOIWGCN NAPOdIKWV HMETABOAWY

e Tov uypavtipa yia TNV NpooBnkn Tng €niBupnTnG uypaciag oTo napayopevo
Miypa (Mnopei va npooTeBei og uypn Hop@r padi Je To uypd Hiyua)

e To OwAfva OOMIKWV UAIKWV, O OMoio¢ €ival MNaKTWHEVOG ME UANIKG nou
aMnAendpolv pe dIaPopeTIKO TPOMO PE TA GUOTATIKA TOU NApayolevou agpiou
MiypaTog npiv auto odnynBei otnv 6000

e Tov avixveutn avagopdc yia Tnv napakoAoudnon Tng oUoTAonc Tou TEAIKOU
npoiovTog

e Tic napox&e (PIAAEC) agpa uwnAng kabapoTnTag

7.2.1 Movada napaywyric Liyudrwv e OUVAUIKO MPOPIA OUYKEVTPWOEWV

H povada napaywyng MIYHATWV HE OUVAMIKO MPOPIA CUYKEVTPWOEWV TOU
NPOCOUOIWTH OCUWV €ival 101QITEPA KPIoIUN, apou NPoosyyilel e PEAAIOTIKO TPOMO TIG
NAapodIKEC PHETABOAEG TWV CUYKEVTPWOEWV MOU NAPATNPOUVTAl O €PEINIA KTIPIwV Nou
EXOUV KaTtappeuoel e€aitiac Twv nePIBAAOVTIKWY ouvenkwv (Avepog, Hop@oAoyia
edapoug/epeiniwv kAn). H oupnepipopd Tou vépoug diacnopdg (plume) nou YeTagEpeEl
Ta NApayopeva agpia Piypuata PEoa ano Ta €peinia, €ival €KEiv NMou NPOKAAEl kai TIC
OUVAUIKEC METABOAEC TWV OUYKEVTPWOEWV OTNV EMIPAVEId TWV EPEMNIWV  Kal,
EVOEXOUEVWG, OTOUG XWPOUG EYKAWPIOHOU.

O1 BaoIKEC apXEC Tou apxikoU oxediaopou TNG Hovadac Napaywyne HIYHATwv Pe
OUVANIKO NPOPIA CUYKEVTPWOEWV CUVOWI(ovTal NapakaTw.

e Eicaywyn uypoU avaAuTtn (yvwoTo piyha i kabapr) oucia) péoa oto 6AAapo Peow

€101KNG Bupac (port)
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Kopeopdg TnG atpoo@aipac Tou 6aAduou peE Toug atdoug Tou avaAuTn HEOW

eAeYXOMEVNG BEPHAvVONG

e ZTiypigia aU&non Tng nieonc evrog Tou Balapou (MECW evog «naApoU» nieanc)

e MeTapopd PIKPOU OYKOU/MOCOTNTAC TWV ATHWV Tou avaAuTn and To BAAapo npoc
TN POr} TOU PEPOVTOC AEPIOU PETW €VOC TPIXOEIdOUC owArva (capillary) Adoyw Tng
dlapopdag nieong

e E&ooppdnnon Tng nieonc péca oto BAAAO MPETA anO TOV NAAPO HECW TNG

gloaywync kabapoU agpa anod pia BaABida povhc kateuBuvonc (unidirectional

restrictor valve)

Me Baon Tov apxIkO oxedlaopd n povada duvapikoU MpoPiA GUYKEVTPWOEWY
anoTeAeiTal and Ta NapakaTw TUAKATa, Onwg QaivovTal Kkal aTo OXNKa Nou akoAoubEi.
e 'Eva Bepuaivopevo Baiapo (Vapor Generator Chamber, VGC)
e Mia BUpa eicaywync Tou avaAuTn pe YePBpavn (septum port)
e 'Eva oUoTnua napaywyng naApwyv nieang
e Mia BaABida povng kaTelbuvang
e 'Eva Tpixoeidn owAnva (capillary)

Eioaywyr) avaAuTtn pe alupiyya
péow pePBpdvng (septum)

Mapoxn aépa péow PaABidag l— —l

MOVAG KateuBuvong Napox
) PEPOVTOG agpiou

200Tnua TTapaywyn l
TTAAYWV TTiEoNGg

[

VGC

\ Tpixoe1dng cwAnvag (capillary) J

Zxnua 13. Apxikog oxeblaouog tovadag napaywyng duvapikou nNpoQiA GUYKEVTPHOEWY

Mikpr) NooOTNTA TOU UypoU avaAuTn, €iTe kaBapr oucia &iTe yvwoTo Miyda

oucIwv, €l0ayeTal oto Beppaivopevo Bdiapo (VGC) pe xpnon Miag ouplyyag HEOW
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HEPBpavng (septum). H atpoo@aipa evrog Tou Balapou pOAveEl € KOPESHO anod TOUG
aTpouc Tou avaAUTn AOyw Ouvexouc €EATHIONG Tou. H oTiyhigia av&non otnv nieon
EVTOC Tou Oaldpou péow €10IkoU OUOTAPATOG Napaywyng naApwv nieonc (apxika
OOKIJAOTNKE £va «nXeio») wOei €va PIKPO OYKO aTHWV avaAuTn HE UWPNAI OUYKEVTPWON
NPOC TNV NApoxr ToU (PEPOVTOC AEPIOU PECW TOU TPIXOEIOoUC owAnva (capillary). Meta
TOV MAAMO N XaunAn nieon €vroc Tou Baldupou e€ioopponeiTal and Tnv €i0aywyn
kaBapou agpa pEow TnNG BaApidac povic KaTeubuvaonc.

H ouykévtpwon Tou avaAUTn peéoa oTo Bepupaivopevo Bailapo €€aptartal ano
TNV TAON ATP®V TOU avaAuTn OTn OUYKEKPIYEVN Beppokpacia Tou BaAdyou. Me Baon
Tn Beppokpaaia auTtn kabopideTal kal To TEAIKO UYWoG Tou napayopevou naApou.

3TN OUVEXEId Yyia Tnv anAoUOTEUCn TOU OUCTAMATOG kal Tn duvartotnta
MEAMOVTIKNG avaBaduiong Tou oxedlAoTnKe n Povada nou ¢aivetal oto Zxnua 14. O
OUYKEKPIMEVOG OXeJIOONOC NPOXWPNOE OE KATAOKEUN WME Tn Ouvepyacia Tou
IvoTiToUTou ISAS gto Dortmund Tng Meppaviac.

/ Mapoxn . \
OuvOeTIKOU aépa__ | OdAapog | Etodog .
LUmir) > —T avauigng [ reeookowm
OCUWYV
Mapoxn
OuvOeTIKOU aépa
MepuBpavn l (mL/min)
WPOQPfKPﬂC{ﬂC OdAapog
uypoU avaAdTy g§arpiong ”_ Eloaywyn uypou avaAitn pe
— | «— oUpiyya péow pepBpavng
\ (septum)
Zxnua 14. TeAikog oxediaopoc Povadag napaywyng duvapikoU NPoMIA CUYKEVTPWOEWY TOU NPOJOHOIWTH
00UV
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7.2.2 AviyveuTric avapopdc (reference detector)

Qc avixveutnc avagopdc TOU MPOCOUOIWTH) OCHWV XPNOIUOMOINONKE TO
oUoTNUa NAAUIKNG  delypaToAnwiac/(paopaToyeTpo palac nou nePIYpAPETAl  OTO
kepahaio 4.3.

7.2.3 YrioAoyiouol 1akpookonik@v e80WOEWY LETAPOPAC LIALac Kal OpUIic

>Tn Xpnon Tpixoeidouc owAnva (capillary) yia Tn peTapopd TwV ATHWV Mou
napayovral ato 6aiapo VGC npoc Tn por) ToUu (PEPOVTOC agpiou, EAIPETIKA ONUAVTIKOC
KPIVETAl 0 NPoadIOpPICHOC TNG OYKOWETPIKAG NAPOXNC TWV AEPiwV PECA OTO CWANVA.
And Tnv napoxrn auTr kal he Bacn To XPOvo Tou naApou €&aptdatal N noodTNTa TNG
ouciac/ouciwv nou Ba NEPAcOUV TNV Mapoxr TOU (PEPOVTOC AEPIOU Kal apa OTnv
€£000 TOU NPOCOMOINTH OOHWV. IMa TNV ekTiynon TN TaxUTNTAg TOU agpiou PEUNATOC
Kal apa TNG OYKOMETPIKNG MAPOXNG MECA OTOV TPIXOEION OWANvVa YiveTal PE Xpnon
€CI0WOEWV PEAETNG PAIVOPEVWV HETAPOPAG KAlag kal opung.

H pon Twv aepiwv péoa o€ Eva owAnva pnopei va eivar popiakr (molecular),
IEwdNG (viscous) N ouvduacopog kai Twv duo. [68 — 69]

Mopiakn pon

H popiakn pon unepioxUel OTav N YEan eAeUBepn diadpopn Twv Hopiwv (mean
molecular free path) eival peyaAn oe oxeon pe TIC dIAOTACEIC TOU XWPOU, Kal £TOI N
avTtiotaon oTtn pon Bewpeital 0TI NPOKAAEiTal anod TIC OUYKPOUOEI TWV Hopiwv PE Ta
TolXWKATa kalr AiyOTEPo anod TIG ouyKpoUoeIG WeTa&u Toug [70]. ZTn poplakn por) dev
IOXUEI N GUVONKN KN oAigBnonc,.

Me Baon Tov kavova Tou Knudsen, yia va eniteuxBei popiakn pon Ba npenel n
dIapeTpog TNG onng (d) va eival pIkpoTEPN ano To ¥, TnG peong eAeuBepng dIadpopng
Twv popiwv (L) iy 1Ic0dUvaya:

L
Kn=-=2>10
d

onou Kn, o apiBuog Knudsen. H péan ehelBepn diadpopn Twv Hopiwv SiveTal and T
oxéon:
L-_ KT _
nng\/E
onou: k n otaBepa Boltzmann,
T n Beppokpaaia,
d. n G1ApETPOG oUyKkpouong Twv popiwv (collision diameter) kai

P n nieon oTnv €icodo Tng onng.
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IEwdNG pon

H 1€ndNnc por) unepioxuel oTav n péon eAelBepn diadpopn Twv popinv (L) sival
OXETIKA MIKP ME TIC OIAOTACEIC TOU XWPOU Kal £TOI Ol OIAMOPIAKEC OUYKPOUOEIC €ival
HEYaAUTEPNG onoudaldTNTAc anod OTI Ol CUYKPOUOEIG PE TA TOIXWUATA. TNV 1IEHON pon
IoXU€I | oUuVONKN KN oAioBnong, a@ou To PEUOTO BEWPEITAI WG OUVEXEC HEDO.

Ma TouC UMOAOYIOPOUC TNG ponc MEOW and Tov TPIXOEIdr) OwANva Tou
NPOCOMOIWTI OCHWV, O MId NPWTN NPOCEyyion, Ba pnopolos va xpnoigonoindsi n
e€iowon Hagen — Poiseuille, n onoia ouoxeTiel TNV TaxUTNTA TOU PEUCTOU Kal Ta
(PUCIKOXNMIKG XapaKTNPIOTIKA TOU HE TA YEWHETPIKA XAPAKTNPIOTIKA TOU TPIXOEIOOUC
onwg ¢aivetal otnv €€iowan [10].

8uLQ
AP = 10
nR* [10]

onou: AP n nTwon nieong oTnv €icodo kal €£0d0 Tou aywyou,

M TO OUVAUIKO IEWOEG,

L To ynkog Tou aywyou,

Q n OYKOMETpPIKA Napoxn Kai

R n akTiva Tou KUKAIKoU aywyou.

Ma Tnv kataotpwon TG e&iowong Hagen — Poiseuille €yivav o1 akdAoubeg
napadoxeg: (a) otpwtnh pon, (B) Woviun por, (y) acupnieaTn pory, (3) MARPWG
avenTuydévn pon, (g) pon o opilovTio aywyo, (OT) VEUTWVIKO peuoTo kai (1)
OUMMNEPIPOPA TOU PEUCTOU WG OUVEXEG METO [71]. ZnueiwveTal OTI yia TO XAPAKTNPIOHO
MIOG PONG WG ACUMMIEDTNG 1} CUMMIECTNG XpNaolJonoleiTal o apiBpog Mach, M, o onoiog
opileTal and Tn oxéon:

[11]

QR|c

onou: U n Tonikn TaxUTNTa Tou PEUCTOU,

a n avrioToixn TaxUuTnTa Tou rxou.

>TnVv NpAa&n w¢ acupnieoTn pon XxapakTnpileral KGBe por) oTnv onoia o apiBPOC
Mach eival pikpoTepoG 1 icoc pe 0,3 (M < 0,3). MNa TIC poéC aépa n OuVONKNn
aouMNIEaTNG PONG IKavonoleiTal yia TaxUTNTEG MIKPOTEPEG Twv 100 m/s , agou oTIg
ouvnBeIg ouvenkeg n TaxUTNTa TOU NXOU OTOV agpa €ival nepinou 340 m/s.
H p€on TaxuTnTa Tou peuoToU BiveTal anod Tn oxEon:

_ 2
R 12
T i
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7.2.4 Toouyia padac
4 N
Fi, Cl—%b OdaAapog avapigng i F3, Co—>
i A %
} OdAapog i
Fa, C2 ! e€dTuIoNG i
o )

Zxnua 15. AlaypaupdTikr dneikovion NpogopoIwTH 0OUMVY Yia epapuoyn iooluyiwv palag

E@appolovTag 10oflyio palag wg npog Tn CUYKEVTPWON TnG ouadiag (ny.
BevlOAI0) aoToV OYKO EAEYXOU MOU (aiveTal oTo ZXNMa 15 npokunTel:

Eioodog + Mapaywyn = 'E€0dog
(F1 -C, +F, -C2)+ER =F-CG >

ER=F-C, =
ER
C, == 13
= [13]

onou Fy, F,, 0 puBuoc pong padac Tou BevloAiou oTo Baiapo avapiEng kai eEaTIong
avTioTolxa

Ci1, C;, n ouykevTpwan Tou BevloAiou aTo peupa 1 kal 2 avTioToIxa Kal

ER, 0 puBpog eEaTpiong Tou Bevlohiou (evaporation rate)

Eneidn oTtoug BaAauoug €I0EPXETAl OUVOETIKOG agpac, kabapog and BevlOAio,
loxUel 0TI C; = C, = 0.

rivetar @avepo, OTI N NApayopevn OUYKEVTPWON Tou aepiou Ba eEaptatal
KUPIwG anod To pubuo €EATHIoNG Tou avaAlTn oto Baiapo EATHIoNG, aAAa kal anod Tnv
puBuO pong padag Tou aépa Peoa oto Balapo avapigng, dedopevou OTI

F,=F +F, =F, Myw F, >F,

7.3 KaTtaokeun npoooHoINTH OCH®OV

H kaTaokeur) TOU NPOCOMOIWTH OOV EYIVE OE CUVEPYACia PE TO IVOTITOUTO
ISAS — Insitut fiir Analytische Wissenschaften, nou Bpiokeral atnv noAn Dortmund Tng

Meppaviac.
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>Tnv Eikdva 19 @aivovtal Ta Bacika TURKATA MOU anoTEAOUV TO NMPOCOHOIWTN
ooV, dnAadn:

1. O Baiapog €€aTuiong Tou uypoU avaAuTn

2. O BdAapog avapigng Tou agpiou avaAUTn PE OUVOETIKO agpa

3. H pepppavn (Upaopa) npoopdpnong Tou uypoU avaAuTn Wéoa oTo BAlapo
€EATHIONG

4a. Mass flow controller yia Tov €é\eyxo TnG napoxng cuvOsTIKoU agpa Weoa ano
TO BaAapo €EATHIONG

4b. Mass flow controller interface yia Tov XelpIono

5a. Ogpuaivopevoc KUAIVOPOC yia TnV TonoBETNan Tou BaAdpou eEATHIONG

5b. Interface yia Tov é\eyxo Tou BepUavOPEVO KUAIVOPOU kal Tov KaBopiopo
NG eMBUPNTAG Bepokpaaiag,.

Eikova 19. Baoikd TUAuaTa npooouoiwTr) 0OUGV

'Onw¢ ¢aivetal otnv Eikova 20, Ta TunuaTta and Ta onoia anoTeAsiTal o
Balapoc eEaTpiong sivat:

1. ©@aAapog €EaTpiong uypoU avaAuTn

2. ©aAapocg avauiEng agpiou avaAuTn PE OUVOETIKO agpa

3. Baon BaAdpou eEaTpiong

3a. MpoopoPnTiKA HepBpavn (Ueaopa)

3b. Bidec ouvdeonc TNG BAONC HE TO KUPIWG 0wUa Tou BaAapou eEATHIoNG
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Eikova 20. Enipgpouc Tunuata 8aldyou eEATUIONG

2TIG NApakdTw €IKOVEG PaivovTal SIAPOPETIKA OnyEia TNG NEIPAPATIKAG dIATagNG

TOU NPOCOHOIWTI) OOH®V.

, : . . Eikova 22, PoOUETPO kal pubUIOTNG NApoxng
Eikova 21. ©AaAaUol NPOgOUOIWTN OOUWY ouvBeTIKOU aépa oTnv €icodo Tou BaAduou

avauigng

Eikova 23. Mass flow controller interface Eikova 24. OdAayocg eEATUIONG EVTOC TOU

Bspuaivousvou KUAivdpou
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Kepalaio
21 Zepa Metprjosmv:
[MpokatapKTiKeg 8

perpnoseig &
BaOpovopnon
£0TI) AVA@POPAG
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8. 2" Zaipa Merpnoewv: lMPOKATAPKTIKEG HETPNOEIC KaI

Babpovounon aviXveuTn avapopac

8.1 Zkonog

>KonoC TWV MPOKATAPKTIKWY HETPHOLWV HE TOV MPOCOUOIWTH OOH®V ATAV N
€UPEON TOU €AAXIOTOU XpOvou Asiroupyiac Tou, dnAadr) Tou XpOVoU yid TOV Oroio
napayetar oTadepr] OUYKEVTPWON availuTn (ekppaocpévn G UWoC NaApou/oruaTog
OTOV QVIXVEUTH] avagopdac) yia OIapopeTIKOUC ouvOUaoHoUC Ouvenkwv, Onwc n
Beppokpaacia Tou Balapou €EATHIONG Kal N NOCOTNTA TOU UYpoU avaAuTn.

EninAedv, okonoc Twv METPROEwWV NTav n Pabuovounon Tou avixveuTn
avagopdac (ouotnua naAdikng OeiydaToAnwiac — @acpaTtopeTpo padac) yia Tn
OUOXETION TOU ONUATOG OTNV €€000 TOU QVIXVEUTN ME TIC NAPAYOUEVEC GUYKEVTPWOEIG

OUCIQV WE TNV TEXVIKN TOU ZTATIKOU Aoxeiou Apaiwong,.

8.2 YAIka - 'Opyava
Ma TNV €KTEAEON TWV MPOKATAPKTIKWV HETPACEWV KAl TNV MPOETOINACIA TWV
NPoTUNWV AEPiwV 0€ 0TaTIKA dOXEia apaiwong XpnoILonoINenkav Ta NapakaTw UAIKA:
e TudAiveg @IaAeg Oykou 2,82L
e Mikpo-ouUpIyya yia Tn WeTayyion noAU pikpou Oykou (Mepika HL) uypwv ouciwv
Kal TNV €l0aywyn Toug oTo BaAapo eEATHiong
e TUGAIVN OYKOMETPIKN PIGAN 5mL
e Bevlohio C¢Hg , Special for Chromatography, BDH laboratory reagents, BDH
Chemicals Ltd, Poole England
e MeBavoAn CHsOH
e  ®IaAn He 99,999% yia Tov avixveuTn avagopac, Air Liquide
e [1POCOHOINTAC OOHWV
e ZUVOETIKOG agpag (zero air), Air Liquide
e AvixveuTnc avagopdac (ouotnua naAgikng OsiygatoAnwiac — (paopaToueTpo
palag PSS-MS)

8.3 Nepiypapn
8.3.1 [poKaTapKTIKEG LETPIIOEIC LIE TOV MPOOOUOIWTI} OOLWV

Ma Tov npoadiopIoPd TOu €AAXIOTOU XPOVOU AE€ITOUPYIaC TOU MPOCOHOINTN
oOpwV Me OedopEV apXIKn noooTnTa uypoU avaAuTn, E€yivav  WETPROEIC HE

d1aPOPETIKOUC GUVOUACHOUC TWV NAPAUETPWV:
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e Yyprj noocoTNTa avaAuTn
e Oepuokpacia Baldpou €EATHIONG
e [apoxn ouveeTIkoU agpa oTo BAAapo eEATHIONG
e [apoxn ouveeTikoU agpa oTo BAAapo avapiEng
Ma TIC OOKIMEC aAUTEC €mIAEXONKe To PBevlOANIO, HIAC Kal aAnoTeAEl PETPIAC
NTNTIKOTNTAG OUCid and TO OUVOAO TWV OUCIWV NMOU UEAETABNKAV GTOV MPOCOHOIWTH
OOHWV Kal anavrartal oTIC NEPICOOTEPEG MNYEC MTNTIKWV OPYAVIKWV EVOOEWV MOU

€0TIA0TNKE N napouaa diaTpiBr.

8.3.2 BaBuovounon avixveuTr avapopac
ApxIkG napackeudaoTnke Nukvo didAupa BevloAiou ae dIaAUTN HeBavOAn TEAIKAG

OUYKEVTpwOnNG 1.000ppm cUUPwWva PE TOUG NAPAKATw UnoAoyiopoUc:

avapiEn 10° mg BevloAiou og 10° mg pedavorng =
1.140pL Bevohiou (desne = 0,877mg/pL)
o€ 1.265.823pL pebavoAng (deuson = 0,79 mg/uL) =

4,5 uL BevloAiou npoaoTiBevTal og 5mL psBavoin

2710 doxeio apaiwong Ooykou 2,82L JloXeTeUONKE OUVOETIKOG aépag oTabepnq
napoxng ion pe 2L/min pe napaAAnAn Bépuavon otoug 60°C yia TouAdayioTov 30min
onw¢ qaiveralr kal otnv Eikova 25 pe otoxo Tov kabapiopd Tou doxeiou kal Tnv
anopdakpuvon TUXOV UNOAEIMUATWV OUCIWV and NPonyoulevn Xpnaon. Xpnoiyonoinenke
OUVOETIKOC a€pacg w¢ PEPOV AEPIO agoU TETOIO XPNOILOMOIEITAl Kal OTIG HMETPROEIG TOU
NPOCOMOIWTH OCHWV Yid TNV MAPACKEUN AgpiwvV MIYMATwv. MeTd To népac Twv 2h
oQpPayioTnke n €icodog kal n £€000¢ Tou dOXEIOU apaiwoNG NPOKEINEVOU va gloaydei

0TN OUVEXEIQ O anapaitnTog Uypog OYKoC Tou avaAuTn. [77]

Eikova 25. >1aTikd doyeio apainonc (dilution bottle) yia Tnv napaokeun NpoOTUNOU aspiou
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Ma Tov UnoAoylopd Tou OYKOU Tou Mukvou peBavoAikou diaAupaTtog Bev{oAiou
nou npénel va gioaxBei oTo doXEI0 apaiwonG, NPOKEIYEVOU VA NAPACKEUAOTEI NPOTUMNO
QEPIO OUYKEVTPWONC 1ppm, akoAoubrbnke o NapakaTw GUAAOYIOHOC:

P-V=n-R-T [14]
1 ppm npo6Tunou aspiou Bevlohiou = 3,19 mg/m’® =
8,99 g Bevlohiou oe 2,82L agpa (ioo pe Tov Oyko Tou doxeiou apaiwong) =

11,4mL nukvou diahupaTtoc Bevloliou 1.000ppm

Enopévwe, Ba npenel va sioaxbolv 11,4mL nukvoU diaAupaTtog BevloAiou
1.000ppm oTo oTaTikd OoXeio apaiwong yia va napaxbei npoTtuno agpio Pev{OAio
ouykevTpwaong 1ppm. Opoiwg, yia Tnv napackeun npotunwv agpiwv Pev{ohiou ot
OIaPOPETIKEG CUYKEVTPWOEIG XpNalponoindnkav:

e 5,7uL dia\UpaTocg BevloAiou 1.000ppm yia TEAIKR) CUYKEVTPwON agpiou 500ppb
e 57uL diaAUpaTog BevloAiou 1.000ppm yia TENIKN CUYKEVTPWON AEpiou 5ppm
e 114yl diaAUpaTog Bevlohiou 1.000ppm yia TEAIKR GUYKEVTPWON agpiou 10ppm

Me Tn BonBeia pikpooUpPIlyyac WETAPEPONKAv ol unoAoyI(OPEVEC MOCOTNTEG
nukvoU dlaAUpaTog Bev{oAiou oTa doxeia apaiwong, ogEayioTnkav kKal oTn OUVEXEIQ
TONoBETNONKAV 0E XWPo BEpuavang oToug 60 °C dnou kal napepeivav yia 24h woTe va
eatpioTel OAN n NoooTNTa Tou UypoU. Madi Ye Ta Tpia €ninedd CUYKEVTPWOEWV MOU
napackeuaoTnkav, akoAoudndnke n idla Mopeia yia €va TETAPTO «TUPAO» OOXEIo
apainong oTo onoio dev TonoBeTrONke BevlOAIo.

MeTd and diaoTnua 24h, TonoBeTnONKAv OTO XWPO TOU €PYACTNPIOU WOTE va
Wuxbouv oe Bepuokpacia NepPIBANOVTOC. ZTn OUVEXEIQ NMPOOAPHOOTNKAV HE XPROoN
owAva Teflon (unkoug 30cm, eEwTepikng OlayéTpou 0,8cm) oTnv €igodo Tou
avixveuTr) avagopdc (naApikd ouotnua OsiypatoAnwiac/aopatopeTpo palac) kai
aQEBNKav yia nepinou 5min To kabéva kata osipa:

1" ogipa: TUPAO — 1ppm — 5ppm — 10ppm

2" ge1pd: TUPAO (x2) — 500ppb (x2) — 1ppm (x2)

H npwTn ogipd enavaAn®Onke dIAPOPETIKEC NUEPEC KATA TNV NEPIODO EKTEAEONC
TWV NEIPAPATWV yIa ToV EAEyX0 KAARG AEIToupyiag Tou oUCTAKHATOC.
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8.4 AnoteAéopara

8.4.1 AnoteAsouara LETPROEWV LIE TOV MPOCOLIOIWTI} OOUWYV

And Ta nNPOKATAPKTIKA MEIPAPATA MPOCOIOPIOTNKE O HEYIOTOG  XPOVOC
napaywyng oTabepnc CUYKEVTPWONG aepiou, yia DEDOPEVEC GUVONKEG Beppokpaciag Kal
napoxwv kai eEAaxioTn duvaTr NoooTNTa uypoU avaAuTn, NpoToU €EATHIOTEI NANPWG.

2710 XxNua 16 ¢aivetal evOeikTIKA €va ypagnua and Tn dokiur 40uL uypou
Bevlohiou oe Oeppokpacia BaAdyou eEaTtpionc 60°C, pe napoxn agpa Oalauou
€EaTpionG oTabepny kal ion pe 5 mL/min kai napoxn aépa OaAduou avapiEnc ion pe
6L/min. And TO OYAUa NPokUNTEl OTI yid MNEPINOU 5min napayeTal NpakTika oTabepn)

OUYKEVTPWON).

100
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80

70

60

50 -

40

30 A

20 A

‘Evraon oiparog avixveuTtn (x 1073)

10 A

O { T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20

Xpoévog (min)

Zxnpa 16. MeTpnon Bev{ohiou yia Tov NpoddIopIoUO PEYIOTOU XPOVOU NApaymyng
OTaBEPNC OUYKEVTPWONG UE TNV €AAXIOTN duvaTr) NocdTNTA Uypou availTn

8.4.2 AnoteAsouara Labuovounons aviyveuTri avapopdc
EvOeikTIKO XpwHaToypd®nua nou npoékuwe and Tn Pabuovounon Tou
avIXVEUTN avagopdac (paiveral oTo Zxnua 17.
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Zxnua 17. Metpnon Baduovounonc (m/z 78) ue 4 doxeia apaiwong BevloAiou:
TUQAO — 1ppm — 5ppm — 10ppm

Me Baon Ta ANOTEAEOUATA TWV WETPOEWY, UNOAOYIOTNKAV O HMECOI Opol ava

€NiNEdO OUYKEVTPWONG KAl MPOEKUWE N NApakaTw €iowon Babuovounong:
y = 357,25x + 535,36, R> = 0,9984

onou y: N £vTaon OnUaTog ToU aviXVeuTn

X: N ouykévTpwaon Bevl{oAiou o ppm

Mivetal @avepd and Tov OUVTEAEOTH YPAPMIKAG npooapuoync R? 611 o
aviXVeutTnc avagopdc napoucialel noAU KaAn  ypauuIKOTNTA  OTnV  NEPIOXN
OUYKEVTPWOEWV MOU EEETATTNKE.

To Oplo aviXveuong TOU QVIXVEUTN avagopdg npocdlopioTnke He Bacn Tn
oxeon:

3 SDblank

LoD = [15]

ornou LoD: TO Oplo avixveuong (Limit of Detection)
SDpjank: N TUMIKA anokAIoN Tou «TU@AOU» GNHATOC
a: N KAion TG kapnuAng avagopdag [78]
And Tnv Napanavw oxeon unoAoyioTnke OTI TO OPIO AVIXVEUGNG TOU QVIXVEUTN

avagopac ntav 250ppb.
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Kegpalaio
31 Xerpa Metproswv:

AxeTovn otoVv
IIPOCOPOLMWTI] OOP®WV
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9. 3" Zeipa MeTpOEWV: AKETOV OTOV NPOCOHOINTH OCH®V

9.1 Zkonog

konodg TG 3™ oeIpdc PETPNOEWV NTAV O MPOCOIOPIOHOC TOoUu NPOoPIiA TNG
napayopevng aepiag akeTovng and ToV MPOCOMOIWTH OOMWV YIa OlaPOpPETIKOUG
ouvduaopoUg Bepuokpaciac BaAdpou €EATHIONG, NApoxnG OuvleTikoU agpa and To

Balapo €EaTuiong kal Tov BaAapo avapigng.

9.2 YAIka - 'Opyava

Ma Tnv ekTeAean TnG 3™ 0€Ipag HETPNOEWY XpNalonoInenkav:

e Yypn aketovn CHeO, Fluka, Sigma-Aldrich Chemie, Germany

e Mikpo-ouUplyya yia Tnv eloaywyn 40uL akeTdvng oto Baiapo eEaTuiong

e JUVBETIKOC agpac uwnAnc kabapoTnTag (zero air), Air Liquide

e  ®IAAn He 99,999% yia Tov avixveuTn avagopac, Air Liquide

e AvixveuTnc avagopdag (ouotnua naApikng OdelydatoAnyiac — (paopaTOUETPO
padag PSS-MS)

e [1POCOHOINTAC OOHWV

9.3 Mepirypa®n

Me Baon Tov NapayovTiko oxedliaopo Tou Ke@aAaiou 5, eEETAOTNKE N AKETOVN
o€ d1IaPopETIKOUG ouvduaopouc Beppokpaaiag BaAdpou EATHIONG, NAPOXNG CUVOETIKOU
aépa oTo Bdhapo avapiEnc kar oto BAalapo €EATHIONG ONWG QPAivETAl NAPAKATW
(Mivakag 16). O kaBe ouvduaopog enavaAneonke 3 @opéG yia eniBefaiwon TwV

anoTeAEOUATWV.

Nivakag 16. MNeipapatikdg oxedIaouOg aKETOVNG OTOV NPOCOUOIMT OOUGOV

. O@sppokpacia Mapoxn agpa Mapoxn agpa
G ol (°C) avapming (L/min)  eEarpiong (mL/min)
1 AKETOVN 40 4 1,23,45
2 AKETOVN 40 6 1,2,3,4,5
3 AKETOVN 60 4 1,2,3,4,5
4 AKETOVN 60 6 1,2,3,4,5

Na v 3" osipd HETPAOEWV aAKOAOUONONKE OUYKEKPIMEVO  MEIPANATIKO
NPWTOKOAAO TO 0OM0I0 NePIEAGUBAVE TNV NPOETOILATIA KAl TOV EAEYXO TOU OUCTHHATOG,
TNV €KTEAEON TNG METPNONG KAl QUTOMATN KATAYPAPN TWV ANOTEAECUATWV Kal, TEAOG,
TOV TEAKO KaBapIOpO TNG OUOKEUNG, ONwC napoucialetal avaAuTikad napakaTtw
(Mivakag 17).
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MNivaxkag 17. Neipapatikd NpwTOKOMO LETPNONG AKETOVNG E TOV NPOCOUOINTI OOUGV

Nepiypagn

6.2

6.3

6.4

6.5

6.6

MposToINaCia TOU NPOCOHOIWTI OCH®V

"EAEYXOG OUVOECEWV TOU NPOCOHOIWTN OOHWV E TO JIACUVIETHO TOU QVIXVEUTH avapopac
PUBuIoON B=ppokpaciac Tou Balapou EATHIONC

"EAgyx0¢ nieong TnG napoxng ouveeTIkoU agpa GTOV MNPOCOHOIWTH OOHWV

PUBUION napoxng ouvBeTikoU aépa oTo BAAAHO avapIigEng

PUBUION PNdEVIKNC NAPOXNG OUVBETIKOU agpa oTo BAAapo eEATHIONG

MposToIpgacia Tou aviXveuTn avapopag

PUBuION Beppokpaciag diacuvdeapou (200°C)

PUBuION B=ppokpaciac ypaupung peragopacg (210°C)

PUBUION TV Nnapoxwv He aTo cUoTnua nahpikng derypatoAnwiag (PSS)

PUBUION TNC PEBODOU TOU PACHATOPETPOU padag (MS) yia Tnv Kataypagn Tou XapakTnpioTIKoU
IOVTOG

Exkivnon kataypa@ng avixveuTn ava@popag
Karaypan «Tu@AoU>» deiyparog yia 2min.

Eicaymyn uypoU avaAlTn oTOV NPOCOHOINTI OCH®OV
Eioaywyn 40uL avaAUTn oTo BAAapo eEATHIONG Ke XpNon EIBIKNAC MIKPo-aUpIyyag

Mapaywyr NPoQiA CUYKEVTPOOEWV AUEAVOHEVNG BNHATIKAG HETABOANG

Poeulo_r] napoxnc ocuveeTikoU aépa oTo Balapo €EaTHioNg o 1mL/min. Mapapovr oTnv TIPr auTh
\Iglsjjei?;frr]] lnapoxr']q ouvBeTIKOU agpa aTo Baiapo €&aTpiong o 2mL/min. Mapapovry oTNV TIKA AuTnh
\F(’Ejei?;: lnapoxr']q ouvBeTIKOU agpa aTo Bakapo €EaTpiong os 3mL/min. Mapapovr TNV TIKA auTh
\Iélicjlei:gfrr]] lnapoxr']q ouvBeTIKOU agpa aTo Baiapo €EATIoNG o€ 4mL/min. Mapapovry oTNV TIKA auTnh
\F(’Ejei?;: lnapoxr']q ouvBeTIKOU agpa aTo Bakapo €EATpIoNG os 5mL/min. Mapapovr TNV TIKA auTh
\Iélij]e;gfrr]] lnapoxr']q ouvBeTIKOU agpa aTo Baiapo €EaTpiong o O0mL/min. Mapapovry TNV TIKA AuTnh
yia 2min.

Alakonn KaTaypa@g aviXveuTn avagopag

PUBpION Nnapoxng cuvOeTikoU agpa oTto BdaAapo e§arpiong o 10mL/min yia 2-
3min yia Tov Ka0apIoHO TUXOV UNOAEIJHATWV 0TO oUCTHHA

9.4 AnoTteAéopara

Ta anoTeAéopaTa Twv MNEIPAPATWY HE AKETOVN OTOV MPOCOMOIWTH OCHWV YId

TOUG 4 ouvduaopouc NapayovTwy gaivovtal oTa napakatw ypagnuata (Zxnua 18 £wg

Zxnua 21).

®aivetal ypa@ika o1l otn Bepuokpacia Twv 40°C n PeTABOAN TNG NApoxng

ouvBeTIkoU aépa oTo Balapo avapiEng and 4 os 6 L/min dev £xel onuavTikn enidpaon

oTNV Napayopevn CUYKEVTPWAN Tou NpogopolwTn (UWog naApou/onuatoc). AvTifeTa,

oToug 60°C, n e€nidpacn e€ival onuavTiky a@ou n OUYKEVTpwON oXedOV uno-

TpINAaoialeTal yia TNV YeyaAn TIPn TNG NApoxnc.
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Zynua 18. Mpaenua avixveuTr) avapopdc via m/z 58, Bepuokpacia Balapou e&aTtuiong 40°C kal napoxn
ouvBeTikoU aépa Bahapou avauEng ion pe 4L/min
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Zxnua 19. Mpagpnua avixveuTr) avagopdc yia m/z 58, Bspuokpacia 8ahapou eEaTpiong 40°C kai napoxn
ouvBeTIKOU aépa Bahapou avapiEng ion pe 6L/min
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Zxnua 20. Mpagnua avixveuTn avaeopac yia m/z 58, Bspuokpacia Baiduou eEaTuiong 60°C kal napoxn
ouVOEeTIKOU aépa BaAapou avapiEng ion ye 4L/min
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Zxnpa 21. Fpdenua avixveuTn avagpopac via m/z 58, Bepuokpaacia Baldpou &aTpiong 60°C kai napoxn
ouvBeTIKOU aépa Bahapou avauiEng ion pe 6L/min
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Na onueiwBei 6T oTto ZxAua 20, nou agopd To cuvduaouo 60°C kal 4L/min,
(aiveTal Y1 AoUVNBIOTN CUMNEPIPOPA Yid TO oUOTNHA OTNV nNePIoXn Twv 5mbL/min
napoxnc ouveeTikoU aépa anod To BaAapo €EaTpiong (eppavion UPnAnc Kopupr, Xwpic
kapia aAayr) oTnv napoxn).

H oupnepipopd autr ogelAoTav oTtn évrovn ¢Bopd Tou septum nou
XPNOILONOINONKE YIa TO CUYKEKPIMEVO MEIPANA Kal NPOKAAESE diaTapayr oTnv napoxn
agpa péoa and 1o Baiapo €&aTuionc. MNa Tov nNpoadiopiopd Tou UYWouc Tou naApou
OTNV GUYKEKPIYEVN napoxr, ANeOnke Péoog 0pog and Ta npwTta 30s Tou naAdoU onou
dev €iXe NAPOUCIACTEI N CUPNEPIPoPd auTr. Karoniv, To septum avTikaTaoTabnke e

KaIvouplo Kal Guvexiobnke n neipapaTikn diadikaoia.
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Kegpalaio
4n Yerpa MeTprjocmv: 1 O

ESavio otov
IIPOCOHNOIWTI) OOP®V
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10. 4" Zeipa MeTpnoswv: EEavio oTtov NnpocoHoIWTH OCH®V

10.1 Zkonog

konodg TnG 4™ oelipdg HETPAOEWV ATAV O NPOcdIOPIoUOG TOU MPOMIA Tou
napayopevou aépiou €€aviou and Tov MPOCOMOIWTN OOMWV Yia JlapOPETIKOUC
ouvouaopoUg Bepuokpaaciac BaAdpou €EATHIONG, NAPOXNC OUVOEeTIKOU aépa and To

Balapo €EaTuiong kal Tov Baiapo avapignc.

10.2 YAika - 'Opyava

Ma TNV ekTEAEDN TNG 4™ O€IpAC HETPNOEWY XPNaIonoInenkav:

e Yypo €&avio CgH,4 , pro analysis, Riedel — de Haen, Germany

e Mikpo-ouUpIyya yia Tnv eloaywyn 40uL e€aviou oTo BaAapo eEATHIONG

e JUVBETIKOC agpac uwnAnc kabapoTnTag (zero air), Air Liquide

e  ®IAAn He 99,999% yia Tov avixveuTn avagopac, Air Liquide

e AvixveuTnc avagopdag (ouotnua naApikng OdelydatoAnyiac — (paopaTOUETPO
padag PSS-MS)

e [1POCOHOINTAC OOHWV

10.3 Nepiypa®n

Me Baon Tov napayovTikd oxediaoud Tou Kepahaiou 5, eEeTaoTnke To €€avio o€
dlaPOPETIKOUC ouvduaopouc Bepuokpaciac Baldpou €EATHIONG, NAPOXNG OUVOETIKOU
aépa oTo Bdahapo avapiEnc kar oto BAaAapo €EATHIONCG ONWG QaiveTal NAPAKATW
(Mivakac 18). O kaBe ouvduaopog enavaAneenke 3 @opéc yia emPefaiwon Twv

anoTeAEOUATWV.

Nivakag 18. MNeipapaTikdg oxediaopodg e€aviou gTOV NPOCOUOIWTT) OTUWV

. O@sppokpacia Mapoxn agpa Mapoxn agpa
G ol (°C) avapming (L/min)  eEarpiong (mL/min)
1 EEavio 40 4 1,23,45
2 EEavio 40 6 1,2,3,45
3 E€avio 60 4 1,2,3,4,5
4 EEavio 60 6 1,2,3,4,5

NMa Tnv 4" oecpd WJETPAOEWV aKOAOUBNONKE GCUYKEKPIMEVO MEIPANATIKO
NPpwTOKOAAO, napdpolo MPe autd Tng 3™ oeipdg, TO onoio nepliEAduBave Tnv
NPOETOINACIa KAl TOV €AEYXO TOU OUCTAPATOG, TNV EKTEAEON TNG METPNONG Kal
auTouaTn KaTaypa®@n TWV ANOTEAEOUATWV Kal, TEAOG, Tov TEAIKO kaBapiopd Tng

OUOKEUNG, 0nw¢ napouoialetal avaAuTika napakatw (Mivakag 19).
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Nivakag 19. MNsipapaTikd NpwWTOKOMO PETPNONG £EAVIOU IE TOV MPOTOUOIWTH) OCUWV

Nepiypagn

6.2

6.3

6.4

6.5

6.6

MposToINaCia TOU NPOCOHOIWTI] OCH®V

"EAEYXOG OUVOECEWV TOU NPOCOHOIWTY) OOHWV HE TO dIAOUVIECHO TOU AVIXVEUTH ava@opag

PUBION Beppokpaciag Tou Baldyou eEATHIONG

"EAgyx0¢ nieong TnG napoxng ouveeTIkoU agpa GTOV MNPOCOHOIWTH OOHWV

PUBUION napoxng ouvBeTikoU aépa oTo BAAAHO avapIigEng
PUBHION PNdEVIKNAC NAPOXNG OUVBETIKOU agpa aTo BAAapo €EATHIONG

MposToIpgacia Tou aviXveuTn avapopag

PUBuION Beppokpaciag diacuvdeapou (200°C)

PUBuION Bsppokpaciac ypaupng peragopacg (210°C)

PUBUION TV Nnapoxwv He aTo cUoTnua nahpikng derypatoAnwiag (PSS)

PUBuION TNC pEBOdOU TOU PacpaTopéTpou palag (MS) yia Tnv Kataypagn Tou XapakTnpioTIKoU

10VTOG
Exkivnon kataypa@ng avixveuTn ava@popag
Karaypan «Tu@AoU>» deiyparog yia 2min.

Eicaymyn uypoU avaAlTn oTOV NPOCOHOINTI OCH®OV

Eioaywyn 40uL avaAUTn oTo BAAapo eEATHIONG KE XPprion €IBIKNAC HIKpO-aUpIyYag

MNapaywyn Npo@iA CUYKEVTPOOEWV au§avopevng BnuaTiking HETABOANG

Poeulo_r] napoxnc ouveeTikoU aépa aTo Baiapo eEATHIONG o 1mL/min.
\Iglsjjei?;frr]] lnapoxr']q ouvBeTIKOU agpa aTo Baiapo €EATHIONG o 2mL/min.
\lg’léjjefj?;r? lnapoxr']q ouvBeTIKoU agpa aTo Baiapo eEATpiong os 3mL/min.
\Iélicjlei:gfrr]] lnapoxr']q ouvBeTIKOU agpa aTo Baiapo €EATHIONG o 4mL/min.
\F(’Ejei?;: lnapoxr']q ouvBeTIKoU agpa aTo Bahapo eEaTpiong og 5mL/min.
\Iélij]e;gfrr]] lnapoxr']q ouvBeTIKOU agpa aTo Baiapo €EaTpiong og OmL/min.
yia 2min.

Alakonn KaTaypagng avixveuTr ava@opag

Mapapovr aTnV TIKA auTh
Mapapovry TNV TIKA auTn
Mapapovr otV TIKA auTh
Mapapovry TNV TIKA auTn
Mapapovr otV TIKA auTh

Mapapovry TNV TIKA auTn

PUBpION Nnapoxng cuvOeTikoU agpa oTto BdaAapo e§arpiong o 10mL/min yia 2-
3min yia Tov Ka0apIoHO TUXOV UNOAEIJHATWV 0TO oUCTHHA

10.4 AnoTeAéopara

Ta anoTeAéopaTa TV NEIPAPATWY KE €EAVIO OTOV NMPOCOMOIWTN OCHWVY YId TOUG

4 ouvduaopoug napayovtwy @aivovral oTa NapakaTw ypagnuata (ZXnua 22 £wg
>xnua 25).

EpunvelovTac ypagikd Ta anoTeAEopaTa nPokUnTel OTI UNAPXOUV ONUAVTIKEG

JlaPOPEC OTNV NAPAYOHEVN CUYKEVTPWON €EAViOU, EKPPACHEVN O AUBAIPETEC OVADEC

Uyoug naApou, and Tnv enidpacn TnG HETABOANG oTnv nNapoxn agpa Balapou avauigng

yia dedopévn Beppokpacia kal oTa duo enineda Beppokpaciac.
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‘Evraon onparog avixveutn (x 107 3)

Zynua 22. Mpdenua avixveuTr) avapopdc via m/z 86, Bepuokpaaia Balapou e&aTtuiong 40°C kal napoxn
ouvBeTIKOU aépa Bahapou avapiEng ion pe 4L/min
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Zxnua 23. [pagnua avixveuTr) avagopdc yia m/z 86, Bspuokpdcia Bahapou eEaTpiong 40°C kai napoxn
ouvBeTIKOU aépa Bahapou avapiEng ion pe 6L/min

90



KE®. 10 4" EIPA METPHZEQN: EEANIO XTON MPOZOMOIQTH OZMQN

120

100 ~

80 A

60 -

40 A

‘Evraon onparog avixveuTtn (x 1043)

20 f

N

O T T T T T T T
0 2 4 6 8 10 12 14 16

Xpovog (min)

Zxnua 24. Mpdenua avixveuTn avapopdq yia m/z 86, Bsppiokpaagia Balapou eEaTuiong 60°C kai napoxn
ouVOEeTIKOU aépa BaAapou avapiEng ion ye 4L/min
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Zxnua 25. Mpdenua avixveuTr avapopdq yia m/z 86, Bsppiokpaagia Balapou eEaTuiong 60°C kai napoxn
ouvOEeTIKOU aépa BaAapou avapigng ion Ye 6L/min
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H kopu®r) nou napartnpeital oxedov oe OAa Ta ypa@nuaTa yia Xpovo nepinou
i00 PE 2min avTIOTOIXEI OTNV €10AywWyr TN UYPRC NooOTNTAC TOU avaAuTn oTov 6aAapo
€EATHIONG TOU MPOCOUOIWTN OOpwv. H gioaywyr) auTth S1IaTApAcosl TNV MiEon Kal
akapiaia PeTa@ePel avallTn OTOV aviXVEUTH ava@opdac ornou Kai AapBAveTal n oxeTIKN
anokpion.
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KE®. 11 5" ZEIPA METPHZEQN: BENZOAIO ZTON MPOZOMOIQTH OZMQN

Kegpalaio
51 Yepa Metprjoswv: 11

Bev(oAilo otov
IIPOCOHNOIWTI) OOP®V
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KE®. 11 5" ZEIPA METPHZEQN: BENZOAIO XTON MPOXOMOIQTH OZMQN

11. 5" Zeipa MeTprioewv: Bev{OAI0 OTOV NPOCOHOIWTH OCH®MV

11.1 Zkonog

konodg TnG 5™ oeipdg HETPAOEwvV ATAV O NPocdIOpIoUOC TOU MPOMIA Tou
napayopevou agpiou Bevl{oAiou and Tov MPOCOHOINT OOHWV Yia OlaPopETIKOUG
ouvouaopoUg Bepuokpaaciac BaAdpou €EATHIONG, NAPOXNC OUVOEeTIKOU aépa and To

Balapo €EaTuiong kal Tov Baiapo avapigng.

11.2 YAika - 'Opyava

Ma TNV ekTEAEDN TNG 5" 0€IpAg HETPNOEWY XpNaIonoInenkav:

e BevlOAo C¢Hs , Special for Chromatography, BDH laboratory reagents, BDH
Chemicals Ltd, Poole England

e Mikpo-oUpIyya yia Tnv eloaywyn Bev{oAiou oTo Baiapo eEATHIONG

e JUVBETIKOC agpac uwnAnc kabapoTnTag (zero air), Air Liquide

e  ®IaAn He 99,999% yia Tov avixveuTn avagopac, Air Liquide

e AvixveuTnc avagopdag (ouotnua naApikng OelypdatoAnyiac — (paopaToUETPO
padag PSS-MS)

e [1POCOHOIWTAC OOHWV

11.3 Nepiypa®n

Me Baon Tov 4’ NapayovTiko oxedliaopod Tou Ke@alaiou 5, €EeTAOTNKE TO
BevlOAIo o dlapopeTiKoUG ouvduacopoug Beppokpaciac BaAdpou eEATHIONG, NAPOXNAG
ouvBeTikoU agpa oTo Balapo avauigng kai oto BaAapo €&aTuiong Onwg gaiveral
napakatw (Mivakag 20). O kaBe ouvduaopog enavaAn@onke 3 Qopeg yia eniBePainon

TWV ANOTEAEOUATWV.

Nivakag 20. MNeipapatikdg oxediaopog Bevloliou OTOV NPOTOUOIWTH OOHMV

. Oeppokpacia Mapoxn agpa Mapoxn agpa eEarpiong
Ll e (°C) avépiEnc (L/min) (mL/min)
1 Bev{oAio 40 4 1,2,3,45
2 Beviohio 40 6 1,2,3,4,5
3 BeviOAio 60 4 1,2,3,4,5
4 Bev{oAio 60 6 1,2,3,4,5

Ma Tnv 5" ogipd PETPAOEWV aKOAOUBNONKE OUYKEKPIMEVO MEIPANATIKO
NPWTOKOAAO, NAPOUOIO PE AUTO TWV NPONYOUHEVWV OEIPWY, TO Oroio nepiEAduBave Tnv

NPOETOINACIA KAl TOV EAEyXO TOU OUCTNHUATOC, TNV €EKTEAEON TNG METPNONG Kal
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KE®. 11 5" ZEIPA METPHZEQN: BENZOAIO XTON MPOXOMOIQTH OZMQN

aQuTOMaTn KATaypa®n TWV ANOTEAEOUATWV Kal, TENOC, Tov TeEAIKO KaBapioyd Tng

OUOKEUNC, ONw¢ napoucialetal avaAuTika napakatw (Mivakag 21).

Mivakag 21. NeipapaTikd NpwTOKoAMO PETPNONG BevIOAiOU UE TOV NPOTOUOIWTH OOUMY
(a’ naoavowmgc oxsélaogbg)

Bua Nepiypagn

1 MposTOINACia TOU NPOCOHOIWTI) OCHMOV

1.1 'EAeyX0G OUVOEOEWV TOU NPOCOMOIWTH OCHWV HE TO OIACUVOECHO TOU AVIXVEUTH avapopdac
1.2 PUBuIon Beppokpaciag Tou Bardyou eEATHIONG

1.3 'EAeyxog nieong Tng napoxng ouvesTikoU aépa GTOV NPOCOHOIWTH OTH®OV

1.4 PUBpIon napoxng ouvBeTikoU aépa oTo BAlapo avapiEng

1.5 PUBuIoN PndevIKNC NapoXnG ouvBETIKoU agpa oTo BAAAO €EATHIONG

2 MposToIpacia ToU aviXVEUTH avapopag

2.1 PUBuIon Beppokpaaiac diacuvdeapou (200°C)

2.2 PUBuIon Bepuokpaaciac ypappng HeTapopag (210°C)

2.3 PUBuion Twv napoxwv He ato oUoTnua naAdikng deiydatoAnwiag (PSS)

2.4 PUBuIoN TNG HeBOdOU Tou PacpaTouETpou palac (MS) yia Tnv Kataypa@n Tou XapakTnpioTikoU
IOVTOG

3 Ekkivnion Kataypa@ng avixveuTr ava@opag
4 Kataypa@n «Tu@AoU» deiygarog yia 2min.

5 Eicaymyn uypoU avaAlTn 0TOV NPOCOHOINTH OCH®OV
5.1 Eioaywyn 40uL avaAUTtn oTo Balapo €EATHIONG PE XPron EIBIKNC HIKPO-CUPIYYag

6 Mapaywyr NPo@iA CUYKEVTPWOEWV AUEAVOHEVIG BNHATIKAG HETABOANG
6.1 PL'Jeplo_r] napoxng ouveeTikoU aépa aTo Baiapo €EaTiong o€ 1mL/min. Mapapovn oTny TIPr auTn
6.2 Efei?;lr? lnapoxr']q ouvBeTikoU aépa aTo Baiapo €EaTHioNS o 2mL/min. Mapapovr oTnv TIPR auTh
6.3 \Iéﬁei:glr? lnapoxr']q ouvBeTIKOU agpa aTo Baiapo €EATpiong o€ 3mL/min. Mapapovry oTNV TIKA auTnh
6.4 Efei?;lr? lnapoxr']q ouvBeTIKOU agpa aTo Bakapo €EaTpionG os 4mL/min. Mapapovr aTnV TIKA auTnh
6.5 \Iéﬁei:glr? lnapoxr']q ouvBeTIKOU agpa aTo Baiapo €EATpIonG o€ 5mL/min. Mapapovry oTNV TIKA AuTnh
6.6 \F(’If;]e;?:;r? lnapoxr']q ouvBeTIKoU agpa aTo Bakapo €EaTpiong os O0mL/min. Mapapovr aTnV TIKA auTh
yia 2min.

7 Alakonn KaTaypag@ng aviXveuTr avapopag

8 PUOpION NapoxnG ouvOeTIkoU aépa oTo BaAapo e§aTtpiong o 10mL/min yia 2-
3min yia Tov Ka0apIoUo TUXOV UNOAEIJHATWV 0TO oUOTNHA

11.4 AnoTeAéopara

Ta anoTeAéopaTa TwV NEIPAPATwV PE Bev(ONIO OTOV MPOCOMOIWTH) OOV YId
TOUG 4 ouvduaopoUg NapayovTwy (aivovTal oTd NapakaTw ypapnuarta (IxXNnua 26 £ng
Zxnua 29).
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KE®. 11 5" ZEIPA METPHZEQN: BENZOAIO XTON MPOXOMOIQTH OZMQN
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Zynua 26. Fpaenua avixveuTr) avapopdc via m/z 78, Bepuokpaaia Bahapou eEaTtuiong 40°C kal napoxn
ouvBeTIKOU aépa Bahapou avapiEng ion pe 4L/min
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‘Evraon oRparog aviXxveutn (x 1043)
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Zxnua 27. Fpagpnua avixveuTr) avagopdc yia m/z 78, Bspuokpacia 8ahapou eEaTpiong 40°C kai napoxn
ouvBEeTIKOU agpa Balapou avapiEng ion pe 6L/min
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KE®. 11 5" ZEIPA METPHZEQN: BENZOAIO XTON MPOXOMOIQTH OZMQN
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Zxnua 28. Mpagnua avixveuTn avaeopac yia m/z 78, Bspuokpacia Baiduou eEaTuiong 60°C kal napoxn
OUVBETIKOU agpa BaAapou avapigng ion pe 4L/min
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Zxnua 29. Mpagnua avixveuTr) avagopdc yia m/z 78, Bspuokpacia 8aiapou eEdTuiong 60°C kai napoxn
ouvBEeTIKOU agpa Baiapou avapiEng ion pe 6L/min

'Onw¢ npokUNTel and Ta dlaypdupaTa, n OUYKEVTpwon Tou BevloAiou oTnv
€€000 TOU MPOCOMOIWTH OOV €MNPEAleTal onUAvTIKG anod Tnv napoxn aépa oTo
Balapo eEartpiong kal ota duo enineda Beppokpaciwv axedov aTov idlo Badpuo.
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KE®. 12 6" ZEIPA METPHZEQN: 2-BOYTANONH ZTON MPOZOMOIQTH OZMQN

Kegpalaio
61 Xepa Metprjoewv: 1 2

2-Boovtavovn otov
IIPOCOHNOIWTI) OOP®V
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KE®. 12 6" ZEIPA METPHZEQN: 2-BOYTANONH XTON NMPOZOMOIQTH OZMQN

12. 6" Zeipa MeTprioswv: 2-BouTavovr OTOV NPOCOHOIWTN

OOH®V

12.1 Zkonog

konodg TnG 6™ OEIpAc WETPrOswWV NTAV O MNPOCdIOPICHOC TOUu MPoPiA TNG
napayopevng agpiac 2-pouTtavovng and TOV MPOCOMOIWTH OOHWV Yia dldpOpPETIKOUG
ouvduacopoUg Beppokpaciac Baldpou EATHIONG Kal NAPOXNC OUVOETIKOU agpa and To
Balapo €EaTpionc kal Tov Baiapo avapignc.

12.2 YAika - 'Opyava

Ma TNV €KTEAEDN TNG 6™ 0€IPAC HETPNOEWV XPNOILoNoINOnKav:

e Yypn 2-Boutavovn C4HsO , 99,7 %, Sigma-Aldrich, Germany

e Mikpo-ouUpliyya yia Tnv eioaywyn 40uL e€aviou oTo BaAapo EaTHIoONG

e JUVBETIKOC agpac uwnAnc kabapoTnTag (zero air), Air Liquide

e  ®IaAn He 99,999% yia Tov avixveuTn avagopac, Air Liquide

e AvixveuTnc avagopdc (ouotnua naApikng OeiypatoAnwiac — (paopaToUETpo
padacg PSS-MS)

e [1POCOHOIWTAC OOHWV

12.3 Nepiypa®n

Me Baon Tov napayovTiko oxedlacpd Tou KegpaAaiou 5, e€etdotnke n 2-
BouTavovn o dIaPopETIKOUC ouvOUAoNoUG Beppokpaciag Balapou eEATHIONG, NApoxng
ouvBeTikoU agpa oTo Balapo avaupiEng kair oto BaAapo €EATUIONG ONWG gaiveTal
napakatw (Mivakag 22). O kaBe ouvduaopog enavaineonke 3 Popeg yia eniBeBaiwon

TWV ANOTEAEOPATWV.

Nivakag 22. MeipapaTikog oxedidopog 2-BouTtavovng OToV NPOTOHOINT) OOHMY

. Oeppokpacia Mapoxn agpa Mapoxn agpa eEaTHIong
Ly e (°C) avap&ng (L/min) (mL/min)
1 2-BouTavovn 40 4 1,2,3,45
2 2-BouTavovn 40 6 1,2,3,45
3 2-BouTavovn 60 4 1,2,3,4,5
4 2-BouTtavovn 60 6 1,2,3,45

Ma Tnv 6" ogipd PETPAOEWV aKOAOUBNONKE OUYKEKPIMEVO MEIPAPATIKO
NPWTOKOAAO, NAPOUOIO PE AUTO TWV NMPONYOUHEVWV CEIPWY, TO OMoio nepiEAaUBave Tnv

NPOETOINACIA KAl TOV E€AEYXO TOU OUCTNAUATOC, TNV EKTEAEON TNG HETPNONG Kal
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KE®. 12 6" ZEIPA METPHZEQN: 2-BOYTANONH XTON NMPOZOMOIQTH OZMQN

aQuTOMaTn KATaypa®n TWV ANOTEAEOUATWV Kal, TENOC, Tov TeEAIKO KaBapioyd Tng

OUOKEUNC, ONw¢ napoucialetal avaAuTika napakatw (Mivakag 23).

MNivakag 23. MNeipapatikd NPWTOKOAO PETPNONG 2-BouTavovng UE TOV MNPOTOUOIWTT) OOHGV

Bua Nepiypagn

1 MposToINaCia TOU NPOCOHOIWTI OCH®V

1.1 'EAeyX0G OUVOEOEWV TOU MPOCOMOIMTI OOHMV HE TO dIAcUVOECHO TOU AVIXVEUTH avapopac
1.2 PUBuion Bspuokpaciac Tou Balayou EATUIONG

1.3 'EAeyxog nieong TnG napoxnc ouveeTIkoU agpa GTOV MNPOCOHOIWTH OOHWV

1.4 PUBuIoN napoxng ouveeTikoU aEpa aTo BAAAMO avapIigEng

1.5 PUBuION PNdeVIKNC NAPOXNG OUVBETIKOU agpa oTo BAAapo €EATHIONG

2 MpoeToIpacia Tou avixveuTh avapopag

2.1 PUBuIon Begppokpaaiag diacuvdeopou (200°C)

2.2 PUBpion Bspuokpaaiac ypapune peragpopac (210°C)

2.3 PUBpion Twv napoxwv He ato aloTnua nahikng derypatohnyiag (PSS)

2.4 PUBuIoNn TnNG YeBOdOU Tou (pacpaToueTpou palag (MS) yia Tnv KaTaypa@r) Tou XapakTnpioTIKOU
IOVTOG

3 Exkivnon karaypa@ng avixveuTr ava@popag
4 Kataypa@n «Tu@AoU>» deiygarog yia 2min.

5 Eicaywyn uypoU avaAlTn oTOV NPOCOHOINTI OCH®OV
5.1 Eicaywyn 40uL avaAiTn oTo 6aAapo €EATHIONG PE XPprion £IDIKNG HIKPO-oUpPIyYag

6 Mapaywyn Npopil CUYKEVTPOOEWV AUEAVOHEVNG BNHATIKAG HETABOANG
6.1 Poeulc_n napoxnc ouveeTikoU aépa oTo Balapo €EaTHiong o 1mL/min. Mapapovr oTnv TIPN auTh
6.2 \I;fei?:r? lnapoxr']q ouvBeTIKOU agpa aTo Baiapo €EATpIoNG o 2mL/min. Mapapovry oTNV TIKA auTnh
6.3 gﬁei:glr? lnapoxr']q ouvBeTikoU aépa oTo Bahapo €EaTpiong o 3mL/min. Mapapovr oTnv TIPM auTh
6.4 \Iéﬁei:glr? lnapoxr']q ouvBeTIKOU agpa aTo Baiapo €EATIoNG o€ 4mL/min. Mapapovry oTNV TIKA AuTnh
6.5 Efei?;lr? lnapoxr']q ouvBeTIKOU agpa aTo Bakapo €EATpIoNG os 5mL/min. Mapapovr TNV TIKA auTh
6.6 \éﬁ]e;glr? lnapoxr']q ouvBeTIKOU agpa aTo Baiapo €EaTpiong o O0mL/min. Mapapovry TNV TIKA AuTnh
yia 2min.

7 Alakonn KaTaypagng avixveuTr ava@opag

8 PUOuION NapoyxnG ouvBeTIKoU aépa oTo BaAapo EaTpiong o 10mL/min yia 2-
3min yia Tov Ka0apIoHO TUXOV UNOAEIJHATWV 0TO oUCTHHA

12.4 AnoTteAéopara
Ta anoTeAéopata Twv NEIPAPATWV PE 2-BouTavovn OTOV NPOCOMOIWTH OCHWV
yla Toug 4 ouvouaopoUg napayovTwy gaivovtal oTa napakdtw ypagnuata (Zxnua 30

€W¢ ZxNua 33).
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KE®. 12 6" ZEIPA METPHZEQN: 2-BOYTANONH XTON NMPOZOMOIQTH OZMQN
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Zxnua 30. Mpaenua avixveuTr) avapopdc yia m/z 72, Bspuokpaocia Balapou e&atuiong 40°C kal napoxn
ouvBeTikoU aépa Bahapou avauEng ion pe 4L/min
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Zynua 31. Mpdenua avixveuTr avapopdc via m/z 72, Bepuokpacia Balapou &aTtuiong 40°C kal napoxn
ouvBEeTIKOU agpa Balapou avapiEng ion pe 6L/min
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KE®. 12 6" ZEIPA METPHZEQN: 2-BOYTANONH XTON NMPOZOMOIQTH OZMQN

100

80 -

60 -

40 -

20 A

‘Evraon oApaTtog aviXveutn (x 1043)

0 T T T T T T T
0 2 4 6 8 10 12 14 16
Xpovog (min)

ZxAua 32. Fpdenua avixveuTr] avapopdac yia m/z 72, Bspuokpaaia Balapou eEatuiong 60°C kai napoxn
ouvBeTIKOU aépa BaAapou avapiEng ion ye 4L/min
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Zxnua 33. [pagnua avixveuTr) avagopdc yia m/z 72, Bspuokpdcia 8ahapou eEaTpiong 60°C kai napoxn
ouvBEeTIKOU agpa Baiapou avapiEng ion pe 6L/min

103



KE®. 12 6" ZEIPA METPHZEQN: 2-BOYTANONH XTON NMPOZOMOIQTH OZMQN

Ano Ta diaypdppata npokUNTel OTI N HETABOAN OTN OUYKEVTPWON TN 2-
BouTavovng oTnv £6000 TOU NPOCOMOIWTH 0OHWV (UWoc napayopevou naiyoU onpaTog
OTOV QVIXVEUTN avagopdc) sival peyaAlTepn oTav YeTaBAMETal n napoxr oTo Baiapo
avapiEng o uwnAn Bepuokpacia oe OXEON HE TO XaunAoTepo e€eTalopevo eninedo
Beppokpaaiac. Eniong, gaiverar 611 oTo £ninedo Twv 4L/min napoxnc aépa oto 6aAapo
avapiEng, n MeTapBoAn Tng Oepuokpaciac €midpd ONUAvTIKG OTNV HETABOAN TNC
OUYKEVTPWONG TNG 2-BouTavovng, KaTi nou dev enavaiapPaveral otov idio Babuo yia
napoxn ion pe 6L/min.
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KE®. 13 7" ZEIPA METPHZEQN: AIMEOYAO-AIZOYA®OIAIO XTON NMPOZOMOIQTH OZMQN

Kegpalaio
71 Xepa Metpnoewv: 1 3

AwpeBoAo-
O100DA@1010 OTOV
IIPOCOHNOIWTI) OOP®V
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KE®. 13 7" ZEIPA METPHZEQN: AIMEOYAO-AIZOYA®OIAIO XTON MPOXOMOIQTH OZMQN

13. 7" Zaipa MeTpnoewv: AipeBUAO-O100UAPIdIO aTOV

NPOCOHOIWTN OCH®MV

13.1 Zkonog

>konog TnG 7™ oeIpdg HETPROEWV NATAvV O MPOCdIOPIOHOG TOU MPO®IA TOu
napayopevou a€piou  dINeBUAO-OICOUAPIDIOU and TOV MPOCOMOIWTI) OCHWV YIid
d1apOopETIKOUC cuvduaopoUc Bepuokpaciac Balapou eEATUIONG Kal NApoXNG OUVOETIKOU
agpa anod 1o Baiapo €&aTpiong kai Tov BaAapo avapiEnc.

13.2 YAika - 'Opyava

Ma TNV ekTEAEDN TNG 7" 0€IpAC HETPNOEWV XPNOIKONoINOnkav:

e AlpebBulo-0ioouAidio (CHs),S; , Sigma-Aldrich, Germany

e Mikpo-ouUpliyya yia Tnv eioaywyn 40uL e€aviou oTo BaAapo EaTHIoONG

e JUVBETIKOC agpac uwnAnc kabapoTnTag (zero air), Air Liquide

e  ®IAaAn He 99,999% yia Tov avixveuTn avagopac, Air Liquide

e AvixveuTnc avagopdc (ouotnua naApikng OeiypatoAnwiac — (paopaToUETpo
padacg PSS-MS)

e [1POCOHOIWTAC OOHWV

13.3 NMeprypa®pn

Me Baon Tov napayovTiko oxedlaopd Tou Kepahaiou 5, €EeTdoTnke TO
OINEBUAO-OICOUAPIDIO 0 JIAPOPETIKOUG  ouvduaopoUs Bepuokpaciag  Balapou
€EATHIONG, NAapoxnG ouveeTikoU agpa oTo BaAapo avapiEng kalr oto Baiapo €EATHIONG
onwg gaivetal napakaTtw (Mivakag 24). O kabe guvduacpog enavarnPonke 3 QOPEG yia

enBeBaiwon TWV anoTEAEOUATWV.

Nivakag 24. MeipapaTikog oxediaopog dieBuAo-dIgOUAPIDIOU OTOV NPOCOUOIWTH OTHGOV

. Oeppokpacia Mapoxn agpa Mapoxn agpa eEaTHIong
Ly e (°C) avap&ng (L/min) (mL/min)
1 AlpeBUAO-JI00UAQIDIO 40 4 1,2,3,4,5
2 AigBuA0-0I00UAPIdIO 40 6 1,2,3,4,5
3 AiugBU0-3100UAPIdIO 60 4 1,2,3,4,5
4 AlgBUNo-3100UADIBIO 60 6 1,2,3,4,5

Ma Tnv 7" ogipd PETPAOEWV aKOAOUBNONKE OUYKEKPIMEVO MEIPAPATIKO
NPWTOKOAAO, NAPOUOIO PE AUTO TWV NPONYOUHEVWV CEIPWY, TO Oroio nepiEAdUBave Tnv

NPOETOINACIA KAl TOV EAEYXO TOU OUCTNAHUATOC, TNV €EKTEAEON TNG METPNONG Kal
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KE®. 13

7" ZEIPA METPHZEQN: AIMEOYAO-AIZOYA®OIAIO XTON MPOXOMOIQTH OZMQN

aQuTOMaTn KATaypa®n TWV ANOTEAEOUATWV Kal, TENOC, Tov TeEAIKO KaBapioyd Tng

OUOKEUNC, ONw¢ napoucialeTal avaAuTika napakatw (Mivakag 25).

Nivakag 25. Meipapatiko NpwToKoAO PETPNONC SisBUA0-dIGOUAPISIOU LUE TOV NPOTOUOIWTT) OOUMY

Biina Nepiypagn
1 MposToINaCia TOU NPOCOHOIWTI OCH®V
1.1 'EAeyX0G OUVOEOEWV TOU NPOCOMOIMTI OOHMV HE TO OIACUVOECHO TOU AVIXVEUTH avapopdac
1.2 PUBuion Bspuokpaciac Tou Balayou EATUIONG
1.3 'EAeyxog nieong TnG napoxnc ouveeTIkoU agpa GTOV MNPOCOHOIWTH OOHWV
1.4 PUBuIoN napoxng ouveeTikoU aEpa aTo BAAAMO avapIigEng
1.5 PuUBuIon PNdevIKNnG Napoxng ouveeTIKoU agpa aTo BAAapo eEATHIONG
2 MpoeToIpacia Tou avixveuTh avapopag
2.1 PUBuIon Beppokpaaiag diacuvdeapou (200°C)
2.2 PUBpion Bspuokpaaiac ypapune peragpopac (210°C)
2.3 PUBpion Twv napoxwv He ato aloTnua nahikng derypatohnyiag (PSS)
2.4 PUBuIon TnNG YeBOdoU Tou (pacpaToueTpou palag (MS) yia Tnv kaTaypa@r) Tou XapakTnpioTIKOU
I0VTOG
3 Exkivnon kataypa@ng avixveuTn ava@popag
4 Karaypan «Tu@AoU>» deiypaTog yia 2min.
5 Eicaywyn uypoU avaAlTn oTOV NPOCOHOINTI OCH®OV
5.1 Eicaywyn 40uL avaAlTn oTo 8AaAapo €EATHIONG PE XPron EIDIKAG HIKPO-oUpPIYYag
6 MNapaywyn npo@iA CUYKEVTPOOEWV au§avouevnG BnuaTikinG HETABOANG
6.1 PUBuION napoxnc ouvBeTikoU agpa oTo Bahapo €EaTuiong os 1mL/min. Mapapovr otV TIKA auTh
yia 2min.
6.2 PUBuION napoxnc ouvBeTikoU agpa oTo BaAapo eEaTuiong o 2mL/min. Mapapovry oTNV TIKA auTn
yia 2min.
6.3 PUBuION napoxnc ouvBeTikoU agpa oTo Baiapo €EaTuiong os 3mL/min. Mapapovr aTnV TIKA auTh
yia 2min.
6.4 PUBuION Napoxnc ouvBeTikoU agpa oTo Baiapo €EATuiong o 4mL/min. Mapapovry oTnV TIKR auTnh
yia 2min.
6.5 PUBuION napoxnc ouvBeTikoU agpa oTo Baiapo €EATpIong os S5mL/min. Mapapovr TRV TIKA auTh
yia 2min.
6.6 PUBuION Napoxnc ouvBeTikoU agpa oTo Baiapo €EaTupiong o O0mL/min. Mapapovry oTNV TIKA auTnh
yia 2min.
7 Alakonn KaTaypa@ng aviXveuTn avagopag
8 PUOuION NapoyxnG ouvOeTIKoU aépa oTo BaAapo EaTpiong o 10mL/min yia 2-

3min yia Tov Ka0apIoHO TUXOV UNOAEIJHATWV 0TO oUCTHHA

13.4 AnoTeAéopara

Ta anoTeAéopaTa TV NEIPAPATWV HE dINEBUAO-DICOUPAIDIO OTOV NPOCOUOINTN

OOpWV Yia Toug 4 ouvduaouoUc napayovtwv @aivovral oTa NapakdTw ypagnuarta

(ZxNua 34 cwg Zxnua 37).
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Zynua 34. Fpdenua avixveuTr) avapopdc via m/z 94, Bepuokpaaia Bahapou eEaTtuiong 40°C kal napoxn
ouvBeTikoU aépa Bahapou avauiEng ion pe 4L/min
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Zxnua 35. [pagpnua avixveuTr) avagopdc yia m/z 94, Bspuokpdoia 8ahapou eEaTpiong 40°C kai napoxn
ouvBeTIKOU aépa Bahapou avapiEng ion pe 6L/min
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Zxnua 36. Mpagnua avixveuTn avaeopac yia m/z 94, Bspuokpacia Baiduou eEaTuiong 60°C kai napoxn
oUVOEeTIKOU aépa BaAapou avapiEng ion ye 4L/min
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Zxnua 37. Fpagpnua avixveuTr) avagopdc yia m/z 94, Bspuokpdoia Baiapou eEdTuiong 60°C kal napoxn
ouvBeTIKOU aépa Bahapou avauiEng ion pe 6L/min
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®aivetal and Ta diaypdupaTta OTI N OUYKEVTPWON Tou OJINEBUAO-OICOUAPIdioU
oTnv £€000 TOU NPOCOMOIWTH) OOMWV (UWoG napayopevou NAAPOU ORUATOG OTOV
QVvIXVEUTH avapopdac) YETABAMETalI NEPIOCOTEPO O UYNAN Beppokpacia (60°C) oTav
HETABAMETaI n napoxn aépa oto BaAapo avapiEnc. Akoun, yia napoxn aépa 4L/min
oTo BdAapo avauiEng, napatnpeital YeyaAUTepn METABOAN OTN CUYKEVTpwWON OTav
HETABAMETaI n Beppokpacia os axéon We To uwnAo eninedo napoxnc. Miverar pavepn n
enidpaon TNG NTNTIKOTNTAG TNG 0UGIaC OTnNV NApayouUeEVn OUYKEVTPWON TOu

NPOCOMOIWTI OOMM®V.
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Kegpalaio
81 Xerpa Metprosmv: 1 4

[Tewpapata
IIAPAYOVTIKOD
€£01AOHPOD
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14. 8" Zeipa Merpnoswv: Meipapara B’ nNApayovtikouU

oxXed1aopoU

14.1 Zkonog
>TOXOC TNG 8™ ogipd HETPAOEWV ATAV N HEAETN TNC €naAvaAnwipoTnTac Tng
napayopevng CUYKEVTpwONG Bev{oAiou and Tov NPOCOPOIWTr) OOPWV HE Baon Tov B

NapayovTiko oxedIaopod Nou NepIypAPETAl 0TO KEPAAAIO 5.

14.2 YAika - 'Opyava

Ma Tnv ekTéAeon Tng 8™ oeIpag PETPNOEWVY Xpnaolonoinénkav:

e BevlOAo C¢Hs , Special for Chromatography, BDH laboratory reagents, BDH
Chemicals Ltd, Poole England

e Mikpo-ouUplyya yia Tnv eloaywyn Bev{ohiou oTo Baiapo eEATHIONG

e JUVBETIKOC agpac uwnAnc kabapoTnTag (zero air), Air Liquide

e  ®IAaAn He 99,999% yia Tov avixveuTn avagopac, Air Liquide

e AvixveuTnc avagopdc (ouotnua naApikng OeiypatoAnwiac — (paopaToUETpo
padacg PSS-MS)

e [1POCOHOIWTAC OOHWV

14.3 Nepiypa®n

Me Baon Tov B’ mapayovTikd oXedIAOMO TOou Ke@aAlaiou 5, €EeTAOTNKE TO
BevlOAIo 0€ OlaPOPETIKOUC ouvduaopoug 4 napayovtwy, NATol TG BepHokpaciag
Balapou €EATHIONG, NAPOXNG OUVOETIKOU agpa oto Baiapo avaupigng kar oto 6aiapo
€EaTHIONG KABWC €niong kal Oykou Uypng nocoTnTac avaAUTn nou €I0AyeTal OTo
Balapo €&atpiong. O kabe ouvduaopog enavaAneenke 3 @opeg yia emPeRaiwon Twv
anOTEAEOUATWV.

Mpénel va onueiwBei 6T Ta OUO €nineda TNnG nNaApoxng agpa oto OaAapo
€EaTHIONG €EETAOTNKAV OTO idI0 NEIPApa yia 6AoUG Tou ouvOUAGHOUC TWV TPIWV AAAWV
napayovTwv NPOKEINEVOU va eAeyXBei eninA&ov n andkpion TOU NPOCOMOIWTH OOHWV O€
EVAANAOOONEVEG HETABOAEC OTIC OUYKEVTPWOEIG EEODO0U.

To neipapaTikd NPWTOKOAO nou akoAouBnonke, dlagoponolsiTal anod &keivo
TOU a’ napayovTikou oxedlaopou Kupiwg oTo 6° PBnua kalr neplypagetal avaAuTika

napakaTw (Mivakag 26).

112



KE®. 14 8" EIPA METPHZEQN: NEIPAMATA B’ MAPATONTIKOY XXEAIAZMOY

Nivakag 26. MeipapaTiko NpwTOKoAO PETPNoNC BevloAiou Pe TOV NPocouoIwTr) oou®V (B’ napayovTikdg

gxaélaogég)

Bua Nepiypagn

1 MposTOINACia TOU NPOCOHOIWTI) OCHMOV

1.1 'EAeyX0G OUVOEOEWV TOU MPOCOMOIMTI OOHMV HE TO dIAcUVOECHO TOU AVIXVEUTH avapopac
1.2 PUBuIon Beppokpaciag Tou Bardyou eEATHIONG

1.3 'EAgyxog nieong Tng napoxng ouvesTikoU aépa GTOV NPOCOHOIWTH OTH®OV

1.4 PUBpIon napoxng ouvBeTikoU agpa oTo BAAapo avapiEng

1.5 PUBION PNdeVIKNG NApPOXNG OUVBETIKOU agpa aTo BAAapo €EATHIONG

2 MposToINaCia TOU AVIXVEUTH avapopag

2.1 PUBuIon Beppokpaaiag diacuvdeapou (200°C)

2.2 PUBIon Bepuokpaaciac ypappng HETapopac (210°C)

2.3 PUBuion Twv napoxwv He ato oUoTnua naAyikng delydatoAnyiag (PSS)

2.4 PUBuIoN TNG PeBOdOU Tou PacpaTouETpou palac (MS) yia Tnv KaTaypa@r Tou XapakTnpioTikoU
IOVTOG

3 EKKivnon KaTtaypa@ng aviXveuTr avapopag

4 Kataypa@n «Tu@AoU>» deiygarog yia 2min.

5 Eicaywyn uypoU avaAlTn 0TOV NPOCOHOIWTH OCH®V

5.1 Eicaywyn KaTtdMnAng noooTtntac Bevlohiou oTo BdAapo €EATHIONG ME Xprion E€IBIKNG MIKPO-
oUpIyyag

6 MNapaywyn npo@iA CUYKEVTPMOOEWV au§avouevng BnuaTikinG HETABOANG
6.1 PUBuION napoxnc ouvBeTikoU agpa aoTo Baiapo €EATpiong os 3mL/min. Mapapovr oTnV TIKA auTnh

6.2 \I;fei?:r? lnapoxr']q ouvBeTIKOU agpa aTo Baiapo €EaTpiong o O0mL/min. Mapapovry TNV TIKA AuTnh
6.3 gﬁei:glr? lnapoxr']q ouvBeTIKOU agpa aTo Baiapo €EATpIoNG os 5mL/min. Mapapovr TNV TIKA auTh
6.4 \I;fei?:r? lnapoxr']q ouvBeTIKoU aépa oTo Baiapo €EaTpiong o OmL/min. Mapapovn oTnv TIPr auTh
6.5 gﬁei:glr? lnapoxr']q ouvBeTIKOU agpa aTo Bahapo €EaTpiong os 3mL/min. Mapapovr TNV TIKA auTh
6.6 \Iéﬁei:glr? lnapoxr']q ouvBeTIKOU agpa aTo Baiapo €EaTpiong o OmL/min. Mapapovry oTNV TIKA AuTnh
6.7 Efei?;lr? lnapoxr']q ouvBeTIKOU agpa aTo Bakapo €EATpIoNG os 5mL/min. Mapapovr TNV TIKA auTh
6.8 \Iéﬁei:glr? lnapoxr']q ouvBeTIKOU agpa aTo Baiapo €EaTpiong o O0mL/min. Mapapovry TNV TIKA AuTnh
6.9 \l!’fei?grlr? lnapoxr']c, ouvBeTIKOU agpa aTo Baiapo €EaTpiong os 3mL/min. Mapapovry TNV TIKA auTh
6.10 \Iélslei?;l: lnapoxr']q ouvBeTIKOU agpa aTo Baiapo €EaTpiong o O0mL/min. Mapapovry TNV TIKA auTh
6.11 \Ii(’fei?;l: lnapoxr']q ouvBeTIkoU aépa aTo Balapo eEaTuiong e S5mL/min. Mapapovi aTnV TIUR AuTn
6.12 gﬁle;?;l: lnapoxr']q ouvBeTIKOU agpa aTo Baiapo €EaTpiong o OmL/min. Mapapovry TNV TIKA auTh
yia 2min.

7 Alakonn KaTaypagng avixveuTr ava@opag

8 PUOuION NapoxnG ouvOeTIKoU aépa oTo BaAapo EaTpiong o 10mL/min yia 2-
3min yia Tov Ka0apIoHO TUXOV UNOAEIJHATWV 0TO oUCTHHA
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14.4 AnoteAéopara

Ta anoTteAéopata Twv NEIPAPATWV Tou B’ napayovTtikoU oXedlaopou oTov
NPOCOMOIWTH OCHWV Yid Toug 8 ouvduadouoUc Twv 3 napayovtwv ¢aivovral oTd
napakdTw ypagnuarta (Ixnua 38 €wg Zxnua 45).
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Zxnua 38. Mpdoenua avixveuTn avapopdq yia m/z 78, Bspuokpaagia Balapou eEaTuiong 40°C, 0ykog uypng
noodTNTAg avaAuTn 40yl kal napoxr ouvBeTikoU aépa Baiduou avapiEng ion pe 4L/min
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Zxnua 39. Mpdenua avixveuTr avagopag yia m/z 78, Bepuokpacia Barapou e€atuiong 40°C, 6ykog uypng
noooTNTAc avaAuTn 40Ul kal napoxr ouveeTIkou agpa BaAdyou avauiEng ion s 6L/min
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Zxnua 40. Mpdoenua avixveuTn avapopdg yia m/z 78, Bepuokpaagia Balapou eEaTuiong 40°C, Oykog Uypng
noodTNTag avaAuTn 20yl kal napoxr ouvBeTikoU aépa Baidpou avauigng ion ye 4L/min
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Zxnua 41. Mpagpnua avixveuTr) avagopdc yia m/z 78, Bspuokpaocia Bahapou eEaTtpiong 40°C, 6ykog uypng
noodTnTac avaAutn 20uL kai napoxn ouvesTikoU aspa Balauou avaméng ion pe 6L/min
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Zxnua 42. [pagnua avixveuTr) avapopdc yia m/z 78, Bspuokpaocia Bahapou eEaTuiong 60°C, Oykog uypng
noodTnTac avaAuTn 40uL kai napoxn ouveeTikoU agpa Balauou avapEng ion pe 4L/min
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Zxnua 43. Mpagnua avixveuTr) avapopdc yia m/z 78, Bspuokpaocia Bahapou gEaTtpiong 60°C, dykoc uypng
noodTnTac avaAuTn 40uL kai napoxn ouvesTikoU agpa Balapou avapeéng ion pe 6L/min

116



KE®. 14 8" EIPA METPHZEQN: NEIPAMATA B’ MAPATONTIKOY XXEAIAZMOY

1200

1000 A

800 -

600 -

400 -

‘Evraon ofparog avixveutn (x 107 3)

200 A

0 F= T T T T
0 5 10 15 20 25 30
Xpoévog (min)

Zxnua 44. Fpdoenua avixveuTn avapopdg yia m/z 78, Bepuokpaagia Balapou eEaTuiong 60°C, Oykog uypng
noodTNTag avaAuTn 20yl kal napoxr ouvBeTikoU aépa BaAdpou avauigng ion ye 4L/min
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Zxnua 45. [pdenua avixveuTr avagopag yia m/z 78, Bepuokpacia Balapou e€aTuiong 60°C, 6ykog uypng
noooTNnTag avaAutn 20yl kai napoxn ouvBeTikoU agpa Bahdpou avapigng ion pe 6L/min
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15. 9" Zaipa Merpnoswv: Miyyara ouciov OTOV

NPOCOHOIWTN OCH®MV

15.1 Zkonog

>konog TnNG 9™ osipag PETPNOEWV ATAV N MEAETN TOu NPOopiA TNG Napayouevng
OOMNG and TOV MNPOCOMOIWT) OOHMV MHE XPron MIYMATWV UYPWV MIYHATWV Mou
gloayovtal oTov BaAapo €EaTuionc. EnminAgov, n 9" oeIpd PETPACEWV E0TIAOTNKE OTNV
HEAETN TNG €nidpaonc Twv OOMIKWV UNIKWV Kal TNG Uypaociag oTnv napayouevo agpio

HiyHa OUCIQV.

15.2 YAika - 'Opyava
ra TNV eKTEAEON TWV WETPNOEWV OTOV NPOCOHOIWTH OOHWV Xpnaolponoinénkav
Ta NApAkaTw UAIKG:
e Mikpo-ouUplyya yia Tn €loaywyn noAU MikpoU Oykou (ML) uypwv ouciwv OTov
NPOCOMOIWTH) OOHWV
e AiGAupa NHs, 25% v/v, Sigma Aldrich
o AipgBuro TPIooUAQIdIO C,HS;, >98%, SAFC Supply Solutions
e ToAouohio CsHsCHs, p.a. FERAK,
e ZUAOMNIO CsH4(CHs),, Mallinckrodt
e Kookiva Test-Sieve, ASTM E11-61, 1680 — 1000micron
e Yahivn @uaoiyya, ID 4mm, pnkoug 115mm, SUPELCO
e AUTOMATEC MINETTEG YIA TNV HETAYYION HIKPWV OYKWV UYPWV

e [1POCOUOINTAC OOHWV

15.3 Nepiypa®n
15.3.1 MeTprioeic OuVBETIKWV LIyLIAT@V yid TNV POOOUOIWOT) TIG OCLIG

e Ioouopiakd Wiyua oounc anoguvesonc

MapaokeuaoTNKE 1I00MOPIAKO MiyHa 6 XapakTnpIoTIKWV Oouciwv (akeTovn, 2-
BouTavovn, ToAouoAio, EUAOAIO, BiEBUAO dIooUAPIdIo kal TpIEBUAO dIGOUAPIdIO) nou
npooopoialouv TNV 0oOWR TNG avlpwnivnGg anooUvBeong ME TIC MNOCOTNTEC MOU
napouaoialovtal oto KepaAaio 5 (Mivakag 14).

And TO I00MOpPIaKO Miypa An@Onkav 40uL kal ionxbnoav GTov NPOoooUoIWTA
OOMWV YIa TNV Napaywyn CGUVOETIKAG 0OWNG anoouvBeong oc Beppokpacia Balapou
€€aTpiong ion e 60°C kal napoxn agpa Baldpou avapiEnc 4L/min. Kata Tnv ekTéAeon
TOU nelpdpaTog kataypagnkav Ta 1ovra (m/z) 94, 126, 92, 106, 58 kai 72 (padi ye To
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16v 40) oToV aviXVeUTr ava@opac. AkoAoubrndnke To npoPiA Napoxnc agpa oTo BAAapo

€EATHIONG NOU £(PAPPOCTNKE KAl OTOV @’ NPWTO NAPAYOVTIKO OXedIaopo (Exnua 7).

e SUVBETIKO piyua ogunc oupwv

MapaokeuaoTnKe OUVOETIKO WiyHa PE 5 XapakTnpIoTIKG ouoTaTika (akeTovn, 2-
BouTtavovn, ToAouoAio, BevlOAio kai EUAONIO) yia TNV MPOCOMOIWCN TwV avepwnivwv
oupwv. O1 Oykol TwV oudiwv paivovtal oTo KepaAaio 5 (Mivakag 15).

‘Eyive eicaywyn 40uL and To OUVOETIKO Hiyda OTOV NPOCOMOIWTH OOPWV OF
ouvlnkeg 40°C Bepuokpacia e€Eatpiong kai 4L/min napoxny agpa avapiEng, evw
akoAouBnenke To NPOPIA Napoxnc aépa oTo BAAapo €EATHIONG NOU NEPIYPAPETAl OTOV
a’ napayovTikd oxedlaopo (Zxnua 7). Ta 1ovra (m/z) 58, 72, 92, 78 ka1 106 (padi pe To

10v 40) kaTaypapnkav anod Tov aviXVEUTr avagpopdac,.

15.3.2 MeTprioeic GUVBETIKWV LIyUIATWV LE EMIOPAOT OOUIKWV UAIKWV Kal Uypaolas

e SUVBETIKO piyua oopnc oupwV e aAnAsnidopaon SOUIKWV UAIK®V

MpooTEBNKe oTNV £€000 TOU NMPOCOUOINTH OOPWV EIDIKA PUOIYYA HUE NAKTWHEVA
OoMIKG UAIKA yia Tn MEAETN TNG aAAnAeni®paong Twv NapayopevwV aépiwV OUCIWV HE
autd.

TonoBethBnkav 900 mg Tolgévio aivouevng nukvotnTac 1,1 g/em® oe
QUOIYYa €0WTEPIKAG OIAUETPOU 4mm  Kal OUVOAIKOU pnkou¢ 115mm, n onoia
NPOOAPHOOTNKE OTNV €E000 TOU MPOCOMOIWTN OCHWV Kal Mnpiv TV €i0odo Tou
avixveuTn avagopdc. ‘Onwg ¢aiveral otnv Eikéva 15, Ta UAIKG oTnpixBnkav evrog Tng
puolyyag pe Tn PorBsia uahoBapPBaka ota dUo akpa. Ta douika UAIKG €ixav unooTei
€101k NpokaTepyaoia We AAeon Kal Xpnon KOOKIVWV yia va emTeuxBei n embupntn
KOKKOMETpIa dlapeTpou 1 — 1,68mm.

>Tn ouvexela, 40uL and To OUVOETIKO Miypa oUpwV MOU NAPACKEUAOTNKE O€
nponyoUlevn WETPNON €I0nNXbnoav OTov MPOCOMOIWTH OCOHWV Ot ouvOnkeg 40°C
Beppokpacia €€atpiong kar 4L/min napoxn aépa avapiEnc. AkoAoubndnke To NPOQiA
napoxnG agpa oto BAaAapo €EATHIONG MOU NEPIYPAPETAl OTOV @’ NAPAYOVTIKO OXedIAOHO
(Zxnua 7). Ta 16vra (m/z) 58, 72, 92, 78 kai 106 (padi pe To 106V 40) kaTaypdpnkav

ano Tov avixveuTn avagopdac.

e JUVOETIKO Wiyua oounc oUpwv UE NPOoBnKn uypaciac

3TO OUVOETIKO Miypua OOWAG OoUpWV MOU NAPACKEUACTNKE MPONYOUHEVWG
NpooTeONKe UdATIKO OIAAUMA NHs 25% v/v 0To piyua Twv oUpwv yia Tn MEAETN TNG

enidpaonc TnG uypaaciag oTnv Napaywyn Tne ooungc.
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40uL and To OuvOETIKO Miypa oUpwv MOU MAPACKEUAOTNKE OE MPONYOUHEVN
HETPNON €I0MXOnNoav oTov NPOCOUOIWTr 0COH®V 0Toug 40°C Beppokpacia eEATHIONG Kal
4L/min napoxn aépa avapiEnc. AkoAoubrbnke To mpogiA napoxnc agpa oTo Baiauo
€EATHIONG NMou nepIypAPETal oTov @’ napayovTikd oxediaopd (Exnua 7). Ta 1ovra (m/z)

58, 72, 92, 78 ka1 106 (padi e 1o 16V 40) kaTaypapnkav ano Tov avixVeUTH avapopdc.

15.4 AnoTteAéopara
15.4.1 Anotelcouara LETPHOEWV OUVBETIKWV MIYUATWV yia TNV [POoooLoiwor) TG
oopric

o Ioopopiakod piyua ooungG anoouvBeong

2T0 ZxNMa 46 @aivovral Ta NPo@iA TWV XapAKTNPIOTIKWV IOVTWV TWV OUCIOV
Mou Xpnaolgonoinénkav oTnv Napackeur) Tou GUVOETIKOU piydaTtoc. Eivalr @avepd ot
TOOO N NTNTIKOTNTA 00O Kal N NoooTNTa TG kABe ouoiag ennpedlouv To Napayouevo
NPOoPIA ToU agpiou piypaToc.

15

10 +

s

Xpoévog (min)

‘Evraon onparog avixveuTn (x 1043)

—— m/z: 58 —m/z: 72 m/z: 92
m/z; 94 — m/z;: 106 —ml/z: 126

Zxnua 46. Npoil Twv 10vTwy (M/z) 58, 94, 72, 106, 92, 126 yia TIG ougieC akeTovn, diueBulo-
dI00UAPIdI0, 2-BouTavovn, EUAOAIO, TOAOUOAIO, diuEBUAO-TPIOOUADIDIO OFE I00UOPIAKO Uiyd OO

anoouveeo!

2710 IXNMa 47 @aiveTal To OAIKO peUpa Twv 10vTwv (Total Ion Current) oTov

avIXVEUTH] avagopdc, Mou avTinpoowneUsl TO ABPOIOHA TwV NPoavapepBEVTWV
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XapaKTNPIOTIKWV 10VTWV KABe ouoTaTikoU TOU ICOPOPIaKoU HiydaTog anoouvBsonc. H
YEVIKN €IkOva unodnAWVel Jia oTabepoTNTA TOU NPOCOMOIWTH OCHWV OTNV NApaywyn

OUYKEKPIUEVOU NPOPIA CUYKEVTPWOEWVY (BNUATIKA QUENTIKO NPo@iA).

130

120 A

110 A

100 A

90 A

80 -

‘Evtaon onuarog avixveuth (x 1043)

60 T T T T T T T

0 2 4 6 8 10 12 14 16
Xpoévog (min)

Zxnua 47. Mpogik oAikou pelpaTog 1ovTwv (TIC) o€ Igopopiakd piypa ooung anoouvesong

e JUVOETIKO Yiyua ooung oupwv

2Ta NapakdTw oxNUaTa @eaivovral Ta NPO@IA TWV XapakTNPIOTIKWV IOVTWV TV
OUCI®V MOU XPNOIKUoNoINBnkav oTo GUVBETIKO Wiyua 0opnG oupwv. Fa AOyoug ypagIkng
aneikoviong e€aitiag TnG PeyaAng dlagopdg oTnv EvTacn TOU ONUATOG TOU AVIXVEUTN
avagopac PETAEU Tou XapakTnpIoTIKoU 10VTOG TNG aKETOVNG, m/z 58, (Zxnua 48) kai
TWV UNOAOINWV CUCTATIKWV TOU MiydaTtog (Zxnua 49), Ta npo®iA Toug napouaialovTal
EexwploTa.
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25

20 A

10 A

S R

‘Evraon onuarog avixveuth (x 1043)

0 2 4 6 8 10 12 14 16
Xpo6vog (min)

ZxfAua 48. Mpoi\ Tou 16vToc (M/z) 58 yia TNV aKETOVN O OUVOETIKO Wiyua oounc oupwv

0,3
® 0,25 -
e
X
g 0.2 1 | lW"l -
= iy ¢ A
8 0,15 - |
w
(]
5
=
T 01 -
f=n
6
=]
S
m 0,05
0 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16
Xpoévog (min)
—m/z: 72 m/z: 92 m/z. 78 —— m/z: 106

Zxnua 49. Npoil Twv 10vTwv (M/z) 72, 92, 78, 106 yia Ti¢ ougdieg 2-BouTavovn, ToAoUoAio, BevioNio,
EUAONIO O OUVBETIKO Wiya 0opNG oUPGV.

O1 XauNAEC MOOOTNTEG MOU XPNOIKONOINONKAV YId OUYKEKPIPEVEG OUGIEC OE
ouVvOUAOMO HE TIC OUVONKEC eKTEAEONC TOU MEIpAPAToC £0waoav noAU XaunAd onuara

OTOV QVIXVEUTH avagpopdc, nou ayyilav To OpIo avixveuonc Tou. ‘Onwc (paiveral Kal oTo
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2xnua 49, Ta xapakTnpioTika 16vta m/z 92 kai 106 nou avTioToIXoUV OTIG OUTIEG
ToAOUOAIO Kal EUAOAIO avTioToixa, Oev (aiveTal va akoAouBoUv Tn METABOAR OTIG
OUVONKEC Napaywync TOU HIiYHATOC OTOV MPOCOHOINTH] OCH®V KaAl NApapévouv
oTaBepéc kab' OAn Tn didpkela ekTEAEONC Tou neipduatoc. AvTiBeta, Ta 16vra m/z 72
kal 78 (2-Boutavovn kai BevlOAlo avTioToixa) Ocgixvouv va akoAhouBoUv, av Kal Ot
NEPIOPIOUEVN EKTACT, TO BNUATIKA AUENTIKO NPOMIA.

270 2xnua 50 gaiveral To oAikO peUpa 10vTwV (TIC) 0TO GUVOETIKO Wiyua OOMNG
oUpwv. H yevikr| €ikOva Tou MNpo®iA Tou MHiyHATog €ival napoyola HE eKeivn Twv
MEMOVWHEVWV OUCIWV MOU MEPIYPAPOVTAl OE NPONYOUUEVA KEPAAAI, EVR N AKETOVN,
AOYW Kal TNG MEYAAUTEPNC TNG agboviag oTo Wiypa, ENKpATel Twv AAAWV oucIwV Kal
OUVEICQEPEI GNUAVTIKA OTNV aneikovian Tou OAIKOU pEUNATOC IOVTWV.

60

50 A

40 A

‘Evraon ofparog avixveurn (x 1043)

e N

0 2 4 6 8 10 12 14 16
Xpo6vog (min)

30

Zxnpa 50. Mpoeil oAikoU petpaTog 1IGvTwy (TIC) og CUVBETIKO Pivpa 0opAG oUPwWV

15.4.2 AnoteAcopara LETPHOEWY OUVBETIKWV [IVIATWV LE EMIOPAON OOUIKWV UAIKWV
Kal vypaoiag

e JUVOETIKO Wivua oopnc oUpwv Pe aAANAEnidpacn SoUIKGV UAIK®V

>Ta napakdtw oxnuara (Zxnua 51 - 3xnua 52) napouaoialovral EExwpioTd Ta
NPOQIA TWV XAPAKTNPIOTIKWY IOVTWV TWV OUCIWV NMOU XPNoILonoinénkav oTo ouvOETIKO

MiyHa oopng oUpwv PETd and aAAnAenidpacr) Toug pe OOMIKA UAIKA.
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20

18

16 A

12 A

10 +

‘Evraon ofparog avixveuTr (x 1043)

O T T T T T T T
0 2 4 6 8 10 12 14 16

Xpovog (min)

Zxnpa 51. MNpogiA Tou 1dvToc (M/z) 58 via TNV akeTOVN O OUVBETIKO piyua oounc oUpwy YETA ano
aMnAenidpaon pe dopika UAIka

0,25

©

S 0.2~

5 ‘4"{"" 15, l | dl '1‘:"['r ¥ AI|“
= Sl T R T
=]

¥ 0,15 A

>
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w
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g_ 0,1 A

=
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f=

b

3]

S 0,05

w

O T T T T T T T
0 2 4 6 8 10 12 14 16
Xp6vog (min)
—m/z. 72 m/z: 92 m/z. 78 —— m/z: 106

Zxnua 52. Npoil Twv 10vTwv (M/z) 72, 92, 78, 106 yia Ti¢ ougdieg 2-BouTavovn, ToAOUOAIo, BevioNio,
EUNONIO Og OUVBETIKO Pivua 0ounC oUpwV PETA and alnAenidpaon Pe douika UNIKG

270 ZXNMa 53 @aiveral To oAIkd peUpa 10vTwv (TIC) 0To OUVOETIKO HiyHa OOHNG
oUpwV WETA and aAAnAenidpacn pe dopika UAIKG. H yevikny €ikova Tou npo®iA Tou
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MiyHaToG €ival napopola HE €KEIV TWV PEMOVWHEVWV OUCIWV MOU MEPIYPAPOVTAl OF
nponyoUeva KepAaAaia.

60

50 A

40

‘Evraon ofnpartog avixveutn (x 1043)

30 T T T T T T

0 2 4 6 8 10 12 14 16
Xpo6vog (min)

Zxnua 53. Mpo@il oAikou psUpaTog 10vTwy (TIC) £ CUVBETIKO Wiyud 00OuNG oUpwV UETa and
aMnAenidpaon pe dopika UAIka

e JUVOETIKO Wiyua oounc oUpwv UE NPOoBNKn uypaciac

>Ta Napakdatw oxnuarta (Ixnua 54 - xnua 55) napoucialovral EExwpIoTd TA
NPOQIA TWV XAPAKTNPIOTIKWY IOVTWV TWV OUCIWV NOU XPNoILonoinénkav oTo ouveETIKO
Miyua OOuNG oUpwv METG and npoobnkn uypaciac pEow udaTtikoU OIaAUPATOC
aupwviac.

20

18 A

14 -

12 4

10 -

‘Evraon ofuaTtog avixveuTr (x 1073)

] -

0 2 4 6 8 10 12 14 16 18 20

Xpoévog (min)

Zxnpa 54. MNpogil Tou 10vToc (M/z) 58 via TNV AKETOVN O OUVBETIKO Uivua oounc oUpwy PETA ano
npooBnkn udaTikoU SIaAUKATOC aupwviag
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0,25
pa 0,2 %
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w
O T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Xpoévog (min)
—m/z. 72 m/z: 92 m/z. 78 —— m/z: 106

Zxnpa 55. MNpogil Twv 1GvTwv (m/z) 72, 92, 78, 106 via Ti¢ ougieg 2-BouTavovn, ToAouohio, Bev{oAio,
EUAOAIO OE QUVBETIKO Piya 00uNG oUPwV PETA and npooBrkn udaTikoU dIaAUPATOC aupwviag

270 ZxnKa 56 @aiveral To NPoPiA Tou OAIKOU PEUNATOC TWV IOVTWV.

60

50 A

40 A

‘Evraon ofpaTog avixveutn (x 1043)

Lo N

30 T T T T T T T T T

0 2 4 6 8 10 12 14 16 18 20
Xpoévog (min)

ZXnua 56. MpoEil oAikou pelpaTog 16vTwv (TIC) o GUVBETIKO Wiva 00UAG OUPWV PETA and nNpoabnkn
udaTikoU dIaAUNATOG appwviag

Ma Tnv kaAUTePn oUYKPION TwV AnOTEAEOUATWY napoucialovTal aTo ZxNua 57
aMnAeenikaAunTOPeVa Ta NPOPIA TWV EVTACEWY TOU ONPATOC TOU AVIXVEUTH yia Ta

oAIka peupaTa 1ovTwv (TIC) nou agopouv (a) To GUVOETIKO Wiyda Twv oUpwv, (B) To
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i010 piypua oUpwv agou €xel aMnAenidpdoel pe dopika UAIKA Kal (y) To Hiypa Twv

oUpPWV OTO OMoio £XEl NPOCTEBEI PIKPr) NocdTNTa udaTIkoU SIAAUPATOC ApPWVidC.

60

55 -

50 o

40

‘Evraon onparog avixveuth (x 1043)
D
(63}

35—

30 T T T T T T T T
0 2 4 6 8 10 12 14 16 18

Xpovog (min)

— TIC: oUpa
— TIC: oUpa + dopikd UAIKG
— TIC: oUpa + udaTikd didAupa NH3

Zxnua 57. AMnAenikahuntopeva npogiA Tou OAIKOU pEUUATOC IGVTWY Yid TO OUVOETIKO Wiypad oUpwy, TO
i010 Yivua peta and aAAnAenidpaon e dopika UAIKA, Kal JETG anod npodBrkn nogoTnTac uddTikou
dlahlpaTog NH;

'Onw¢ avayevotav, €va MEPOC Twv OuCIWV Nou napdyovrar and Tov
NPOCOMOIWTH OOHWV, EITE KATAKPATEITAI and Ta JOMIKA UAIKA, €ite aAMnAenidpd Ye Tnv
uypaoia PEow QUOIKOXNHUIKWV Opacewv. Ta avTioToixa Onpata Tou oAIKoU PeUPaToC
IOVTWV €ival EN\a@pwG XapnAOTEPa ONWE PaiveTal Kal 0TO ZxNHa 57 o€ oxEon HE EKEiVO
TOU OUVOETIKOU HiyHaToG OOHNG oUpwV.

129






KE®. 16 2TATIZTIKH EMEZEPIAZIA TQN MEIPAMATIKQN METPHZEQN

Kegpalaio

2TATIOTIKI)

EMECEPYATLA TV
MEPARATIKOV
PETPOEWV
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16. ZTATIOTIKN ENEEEPYATIA TWV NEIPAHATIKOV HETPROEWV

16.1 ANyYn kail npo-ene&epyacia TV NEIPAHATIK®OV OESOHEVWV

>e k@Be évav and TOug ouvdUAoHOoUC Mou agopoUVv TOUuC 2 MnapayovTikoug
oXe0IaopoUC (OEIpEC PeTpnoswv 3 HéEXP! kal 8) &yivav 3 enavaAqyelic yia Tnv
eAaxioTonoinon Twv NEIPAPATIKWV OPAAPATWV Kal, apd, BeATiwon TG a&lomaoTiac Twv
aNOTEAEOUATWV.

Ta anoTteAéopaTta Twv avaAuoewv ARPONoav Ot WYn@PIakr HopPr HECW TOU
€101koU Aoylopikou Tng eTaipiag Agilent, MSD Chemstation E2.11.1177 pe To onoio €yive
kal n Baoikn eneEepyacia. Z€ kKABE ypAPNUA NoU KATaypaPnke anopovwdnke To onua
™G Madag Tou XapakTnploTikoU 10vTo¢ (M/z) TNG ouadiag mou evOIEPEPE Kal auTo
anoBnkeudnke o€ apIBUNTIKN pop®n Madi Pe Tov xpovo kataypagng Tou. O pubuog
KaTaypagng opiobnke ata 2 onpueia/deuTePOAENTO.

2T0 VEO apyeio, pe Tn PonBeia Tou Aoyiopikou nakeTou Microsoft Office Excel
2003, unoloyioTnkav yia kaBe eninedo napoxnc aepa oto BaAapo €EATHIONG, €vag
MECOG OpOG EvTaonG kabwg kai n oxeTIkA Tunikn anokAion (RSD) Tou onuaTtog autou
yia pia nepioxny 100 — 150 neipapaTikwv onueinv o kabe eninedo. O id10¢ akyopiBuog
akoAouBnenke yia Ta npwTa 100 — 150 neipapaTik@ onyeia npiv To €ninedo napoxng 1
mL/min yia Tn Afyn «Tu@AoU» onuatog (blank). ZTn ouvéxeia agaipednke anod kade
TIUA €vraong Twv emnedwv 1-5mbL/min To onfua Tou TUQPAOU Kal OTN OUVEXEID N
dlapopad diaIpeBNKe WE TN MEON TIUN Tou onuatog Tng padag 40 (avTioToIxel 0TO AEPIo
Apyd nou undapyel oTnv aTpoo@aipa). Me Tov TpONO aAuTO MPOEKUWAV Ol AVTIOTOIXEC
«OIOPOWUEVEC» OXETIKEC TIMEC EVTAONG YIa KABE éva anod Ta 5 enineda nou evdlapepouv
oc OAa Ta ypapnuata. Katoniv, unoAoyioTnKE O PECOC OPOC TWV 3 ENAVAANYEWV OE
kaBe ouvduaopd NapayovTwy, Kai £TG1 NPOEKUYAV Ol OXETIKEG TIUEG EVTAONG KaBwG Kal
avTIOTOIXEG TIMEG TNG OXETIKNG TumiknG anokAhiong (RSD) avTioToixa, oI Onoieg
Xpnoidonoinenkav otn ouvexela yia Avaiuon Tng Alakupavong (n-way ANOVA).

EvOelkTIkaG, oTo ZxnMa 58 @aivovTtal ol TPEIC enavaAnWeIS TwV EVTACEWV TOU
avixVveuTn yia Tnv akeTovn (m/z = 58) oe Beppokpacia Balapou e€aTpiong ion pe 40°C
Kal napoxn avapigng/apainong péoa and Tov Baiapo avapigng ion pe 6 L/min. Adyw
TEXVIKWV OUOKOAIWV UNnp&E kabuoTEpnon oTnV €vapen evog ek TwV MEIPAPATWY Mou

OMWG OV ENNPEACE TO TEAIKO ANOTEAEDTHA.
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Zxnua 58. AMnAenikdAUWn onudTwv avixveuTr) avapopd
yIa TPEIC eNavaANWEIC JETPNONC AKETOVNG

16.2 Ene&epyacia anoTeAEOCHATWV A’ NAPAYOVTIKOU OXESIAOHOU

Ta anoteAéopaTta TG HadnUATiknG eneEepyaoiac TwV NEIPAPATIKWOV OEDOPEVWV
Mou agopouv Tov a’ napayovTikd oxedlacuo napouaialovral oto MapdpTtnua M4.2.

>Ta napakdtw oxnuata (Zxnpa 59 - Ixnua 63) @aiveral n YetaBoAn ava ouacia
TNG OXETIKNG TUMIKAG anokAiong (kalr apa Tng dlakUPavong Tou ONUaToc) o€ KaBe
eninedo Beppokpaaiac, Nnapoxng aEpa avapiEng kai eEaTHIonG.

AkeTOVN

14,0

12,0 A

10,0 A

—e— 400C, 4L/min
&\ —=— 400C, 6L/min
6.0 600C, 4L/min

\\\ 600C, 6L/min

4,0 A

8,0 A

RSD (%)

2,0 A

0,0 T T T T T
0 1 2 3 4 5 6

Mapoxn aépa e§aTpiong (mL/min)

Zxnua 59. MeTaBoA OXETIKNG TUNIKNAG andkAIonG yid Toug SIAMOPETIKOUG guvOUATHOUG TNG AKETOVNG
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Egavio
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Zxnua 60. MeTaBoAr OXETIKAC TUNIKAC andkAIoNC Yia Toug diapopeTIKOUC ouvduaopoug Tou Eaviou

Bev{béAio
14,0
12,0
10,0
R —e—400C, 4L/min
e;’ 8,0 —=— 400C, 6L/min
@ 6.0 600C, 4L/min
——600C, 6L/min
4.0
2,0
0,0
0 1 2 3 4 5 6
Mapoxn aépa g§arpiong (mL/min)

Zxnua 61. MeTafoAr OXETIKAG TUNIKAG andkAIoNG yid Toug dIapopeTikoUg auvduaopoug Tou Bevioliou
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KE®. 16
2-Boutavévn
14,0
12,0 A
10,0 A
— —e— 400C, 4L/min
£ %0 \ = 400C, 6L/min
O .
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4,0 4 :
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ZxApa 62. MeTaBoAn OXETIKNAC TUNIKAC andkAIoNG yid Toug dIapopeTIKoUC auvdUAouoUC TS 2-Boutavovng

RSD (%)

AipeBuro-diocoulpidio

14,0
12,0 A
10,0 A
—e— 400C, 4L/min
8,01 —=— 400C, 6L/min
6.0 - 600C, 4L/min
& - _ 600C, 6L/min
2,0 A
0,0 T T T T T
0 1 2 3 4 5 6

Mapoxn aépa e§daTpiong (mL/min)

ZxNua 63. MeTaBoAr OXETIKAC TUMIKNG anokAIoNG Yid Toug 3IaMOPETIKOUC ouvVOUATHoUG Tou dipeBuAo-

dicouAgidiou

‘Onw¢ NPOKUNTEI and Ta ANOTEAEONATA YIa OAOUG TOUC OUVOUACHOUC TWV TPIWV

napayovtwv (Bepuokpacia, napoxrn agpa avapiEncg, ouaia), o€ XaunAEC NAPOXEC agpa
oTo BdAapo €EATHIONG KAl APA XAMNAEC NMAPAYOMEVEC CUYKEVTPWOEIC, AUEAVETAl N

dlakupavon TOUu ONUATOC TOU AVIXVEUTH avagopdac. H enidpaon auth eival

avapevopevn apou Pnopei va ogeileTar:
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1. oTov aviXveutn AOYyw TwV MNEPIOXWV aAnoOKpIoNG KOVTA OTnv MEPIOXN TOu
BopuBou,

2. og aduvapia napoxnG oTabePnG CUYKEVTPWONG 0TNV ££000 TOU NPOCOMOIWT)
e€aitiac TnNg duokoAiac puBMIONC O XAUNAEC TIMEC TNG NAPOXNG agpa oTo OdaAapo
€EATHIONG PE PEYAAN akpiBeia.

H OXeTIKl €vTaon TOU ONMATOC TOU QVIXVEUTH avagopdc yid OAOUC Toug
ouvouaopoUc nou PeAeTNBNKav napouaialovral napakdtw (Exnua 64 - xnua 68).

AKeETOVN
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1,400 A
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|5
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Zxnpa 64. MeTaBoAr OXETIKAC £VTAONC OAUATOC AVIXVEUTH YId TOUC SIAQOPETIKOUC OUVOUATUOUC TNG

akeTdVNg
Egavio
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ZXAua 65. MeTaBoAr OXETIKAC £VTAONEC OAUATOC AVIXVEUTH VIA TOUC SIaQOPETIKOUC 0UVOUACLIOUC TOU

g€aviou
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Bev{éAio

14,000
‘= 12,000
2
=
£ 10,000
o
g 6,000 —e— 400C, 4L/min
% ' —=— 400C, 6L/min
° 600C, 4L/min
§ 6,000 .
S ——600C, 6L/min
&
< 4,000
2
J
W 2,000

0,000

0 1 2 3 4 5 6
Mapoxn aépa e§aruiong (mL/min)

ZXNHa 66. MeTaBoAr OXETIKNG EVTAONG ONUATOC AVIXVEUTH YId TOUG JIaQOPETIKOUS guvduaguous Tou
BevloAiou

2-BouTtavovn

1,200

1,000

0,800

—e— 400C, 4L/min
—=— 400C, 6L/min

600C, 4L/min
—+— 600C, 6L/min

f éVvTaON OAPOTOG AVIXVEUTH

0,600

0,400

IXETIK
o
N
(=]
=)

0,000
0 1 2 3 4 5 6

Mapoxn aépa e§dTpiong (mL/min)

Zxnua 67. MeTaBoAr) OXETIKAC £VTAONE ONUATOC AVIXVEUTH YIA TOUG SIAQOPETIKOUC ouvduaopoug TNG 2-

BouTavovng
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AipeBuAo-B1c0UAQiIdIO
0,350
<= 0,300 +
=
=)
w
=
$ 0,250 -
5
w .
o —e—400C, 4L/min
g 0,200 H )
= —=—400C, 6L/min
° 600C, 4L/min
& 0,150 - i
S 600C, 6L/min
s
W
«= 0,100 A
X
W 0,050 -
0,000 /“/'/‘/J
0 1 2 3 4 5 6
Mapoxn aépa egarpiong (mL/min)

Zxnpa 68. MsTaBoAr OXETIKAC £VTAONC OAUATOC AVIXVEUTH YId TOUC SIaMOPETIKOUE ouvVdUATUoUC TOU
d1ugBUA0-B100UADIdIOU

3TN OUVEXeEla, ME xprnon Tou €1dikoU pabnuatikou Aoyiopikou MATLAB 7.5.0
(R2007b) eyive eneEepyaoia Twv dedopevwy yia epappoyr Avaiuong Alakupavong (n-
way ANOVA) Teooapwv napayoviwv. OI TEOOePIC NAPAYOVTEC MOU MEAETHBnKav
oupBoAifovTal wg €ENG:

X1:  Beppokpacia BaAdyou eEaTiong

X2:  napoxn agpa oto Baiapo avauigng

X3:  napoxn agpa oTo Baiapo €EATHIong

X4:  oucia (NTNTIKOTNTA)

Ta anoteAéopata TnG enefepyaciag TnG OXETIKAG €vTaong ONWATOC Tou

avixveuTn napouaialovTal napakatw (Mivakag 27).
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MNivakag 27. Anotehéopata avaluong Siakupavong a’ napayovTikoU oxediaopoU yid Tn OXETIKN EVTAon

TOU avIXveuTr

AvaAuon AiakUpavong

Mnyn P
X1 0.0112
X2 0
X3 0
X4 0
X1*¥X2 0.21
X1*¥X3 0.5222
X1*X4 0.0286
X2*X3 0.0008
X2*X4 0
X3*X4 0

Me Baon Ta anoteAéopata TnG Avaluong AiakUpavonG npokunTel OTI Ta
OlaopeTIKG €nineda Twv napayovtwv X1, X2, X3 kalr X4, dnAadn n Oeppokpacia
BaAapou €EATHIONG, N Napoxn agpa oto Baiapo avauigng, oto Baiapo EATHIONG Kal N
oucia divouv oOnUavTIKEG OIaPOopES oTnV €€apTnuévn METABANTA (OXETIKN €vraon
onuaTog avixveuTn) yia diaoTnua guniotoouvng 95% (p = 0,05). O1 avTioTOIXEG TILEG p
< 0,05 kal enopevwe anoppinTeTal n oTaTioTikr unobean Ho ;, oUpPwva pe Tnv onoia
Ogv uUNApYouUV OnUavTikeg dlagopeg oTnv  e€aptnuévn peTapAnTn  eEartiag Tou
napayovra i.

EminAéov, and Toug¢ ouvduacopoug TwV NapayovTwv NPokunTel OTI HOVO Ol
ahnAenidpaoeig Twv X1 * X2 kar X1 * X3 dev aivetal va ennpealouv onPavTtika Tnv
etaptnuévn petapAnTn (p > 0,05).

Ta anoTeAéopaTa TG eneSepyaaiag TNG OXETIKNG TuMIKNG andkAiong (RSD) Tou

ONUAToC TOU avixveuTn napoucialovTal napakatw (Mivakag 28).

MNivaxag 28. AnoteAéopara avaluong diakupavong a’ NapayovTikou oXedlaopou yia T OXETIKN TUMIKA
anokAIoN TOU ORPATOC TOU aVIXVEUTN

AvaAuon AiakUpavong

Mnyn P
X1 0.8038
X2 0
X3 0
X4 0
X1*X2 0.8659
X1*¥X3 0.0171
X1*X4 0
X2*X3 0.1434
X2*X4 0
X3*X4 0
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OpoIC PE MPONYOUHEVMC, MPOKUNTEI OTI AnoppinTovTdl ol UnobEoeic Hy yia
TOUC NApAyovTeG X2, X3, X4 aA\a kal Toug ouvduaopoUc X1 * X3, X1 * X4, X2 * X4 kai
X3 * X4, Noyw Tiyov p < 0,05. O1 napayovteg ota €nineda nou HPEAETHONKAV Kal ol
ouvduaopoi auToi ennpedlouv ONUAVTIKA TN OXETIKN Tuniki anokAion (RSD) Tou
ONUATOC TOU QVIXVEUTH.

>uvoyilovTac, o Mivakacg 29 nepIAaPBAVEI TOUG NAPAYOVTEC NMou €nnpPealouv T
OUYKEVTPWON TOU agpiou oTnv £€000 TOU MPOCOUOINTH OOHWV (OXETIKN €vTaon
ONUATOC TOU aVvIXVEUTH) Kal Tn diakupavon Tng ouykévtpwonc (1 10oduvapa Tou
ONMATOG TOU AVIXVEUTT)).

Divaxacg 29. Enidpaon 4 napaydvrwv (Beppokpaocia Barapou eEATUIONC, Napoxr agpa eEATUIONG KAl
avapinc, ouaia) Kal TV ouvOUACU®MY TOUC OTNV NApayOUEVN CUYKEVTPWON dEpiou Kal oTn diakUpavor)
NG

ZnuavTikn enidpaon oTn ZnuavTikn enidpaon oTn
Mapayovrag NAapayoMEeV CUYKEVTPWOT) diakupavon TngG
agpiou NapayoHEVNG CUYKEVTPWONG

1  ©eppokpacia BaAapou v x

€EATHIONG
2 Mapoxn aépa BaAdpou

€EATHIONG
3 Mapoxn aépa BaAdpou

avapigng
4 Oucia (NTNTIKOTNTA)

Suvduaopog 1 & 2
Suvduaopog 1 & 3
Juvduaouog 1 & 4
>uvduaouog 2 & 3
Suvduaopog 2 & 4
Juvduaopog 3 & 4

AR *x xS < X
AR A N NE NN

16.3 Ene€epyacia anoTeAeoHaTOV B’ NapayovTikoU oXE3IACHOU

Y& kGBe ouvOUAoNO NapayovTwy €yivav 3 enavarnWeIC yia eAaxioTonoinon Twv
NEIPAMATIKWY OPAAJATWV. Ta neipapaTika dedopeva dlopbwbnkav pabnuaTika, apxika
ME aaipeon Tou «TUPAOU» onuaTog (KA TOU aviXVEUTH HE napoxn agpa oto Bdiapo
€€aTpiong ion pe 0) kal oTn ouvexela Pe dlaipeon ME Tn HEON TIUN TNG €vTaong Tou
I6vTOG m/z 40 (Ar) Tou kaBe neipapaToc. Me Tov TpOMo auTtd npoekuwav 6 (2x3)
OXETIKEC EVTACEIG TOU ONUATOC TOU QVIXVEUTH yia Ta OUO €nineda Tpoxwv aépa
€EaTHIoNG yia kaBe neipapa. KaTomv, unoAoyioTnkav o WECOG OpOG Kal N OXETIKN
Tuniky anokAion (RSD) Tng «dlopBwpéVNG» OXETIKNAG EVTAONG TOU ONUATOC TOU

avixveuTn yia Ta dUo enineda napoxwv aépa oto Balapo €EATHIONG O KABE neipapa.
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TéAog, APONKe 0 PETOG OPOC TNG OXETIKNG TUMIKNAG andkAIoNG Yia TIG TPEIG ENAVAANWEIG
KGBe ouvduacpoU Kal n TIYA auTh Xpnoidonoindnke yia MeEPAITEP®W aAvAAuon Kai
ene€epyaoia.

>Ta napakatw oxnuata (Exnua 69 - Zxnua 70) ¢aiveral n PeTapoAn ava
Beppokpacia TNG OXETIKAG TUMIKNAG anokAiong (dlakupavonc) Tou OnPaToC O KABe
eninedo napoxnc aépa avapiéng, napoxnc agpa €EATUIONG KAl EI0AYOPEVOU OYKOU TNC
ouaiac (BevloAio).

Bev{6Mhio, 400C

4,0

3,5 1

3,0 1

2,5 1 —e— 40pL, 4L/min

—=— 40pL, 6L/min
20uL, 4L/min
1,5 - 20uL, 6mL/min

2,0 1

RSD (%)

1,0 A1

0,5 1

0,0 T T T
2 3 4 5 6

Mapoxn aépa e§aTpiong (mL/min)

Zxnpa 69. MeTaBoln) OXETIKNG TUMIKAG anokAIONG yia dIapoPETIKOUG ouvdUaguoug Tou BevloAiou oe
Bepuokpacia 40°C

Bev{6Aio, 600C

18,0

16,0 -

14,0 4

12,0 4

—e—40pL, 4L/min
—=—40uL, 6L/min
8,0 - 20uL, 4L/min
20pL, 6mL/min

10,0 4

RSD (%)

6,0 1

4,0 A

2,0 1

0,0 T T T
2 3 4 5 6

Mapoxn aépa e§arpiong (mL/min)

Zxnua 70. MeTaBoAr OXETIKAC TUNIKNG anokAIoNG yid diapopeTIKoUS auvduaapouc Tou Bevioliou og
B=puokpaaia 60°C
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Me xprion Tou padnuaTikou AoyiopikoU MATLAB 7.5.0 (R2007b) &yive
ene€epyaoia Twv Oedopévwv yia e@appoyn Avaluong Aiakupavong (n-way ANOVA)
TEOOApWV Napayovtwyv. O TECOEPIC NAPAYOVTEC MOU MEAETHONKAV OE AUTOV TOV
napayovTiko oxediaoud auppoAifovTal we ENc:

X1:  Beppokpacia BaAdyou eEATHIONG

X2:  napoxn agpa oTo Baiapo avapiEng

X3:  napoxn agpa oTo BAAapo eEATHIONG

X4:  Oykoc uypoU avaAuTn Mou €I0AYETAl OTOV NPOCOMOIWTH OOHMV

Qc €Eaptnuévn PeTaBAnTn Xpnoigonoinénke n dlakupavon (OXETIKN TUMIKN
anokAion) TOu ONUATOG TOU QVIXVEUTH Yia TIG TPEIG ENAVAANWEIG TNG NApoxXng agpa
€EATHIONG O€ KABs oUVOUACHO CUVONKWV.

Ta anoTteAeéopata TnG ene€epyaaniag TNG OXETIKAG TUMIKAG anokAiong (RSD) Tou

ONUAToC TOU avixveuTn napouaialovTal napakatw (Mivakag 30).

Nivakag 30. Anote\éopata avaluong diakupavong B’ napayovTikou oxediaopoU yia Tn OXETIKN TUMIKK
andkAIoN TOU ORAUATOC TOU AVIXVEUTH KATA T SIAPKEIQ EVOC NEIPAUATOC

AvaAuon AilakUpavong

Mnyn P
X1 0.0435
X2 0.087
X3 0.5351
X4 0.1845
X1*X2 0.0455
X1*X3 0.8638
X1*X4 0.1387
X2%X3 0.5653
X2*X4 0.0504
X3*X4 0.7493

Ma Toug NapAyovTeG TWV OMoiwv Ol AvTIOTOIXEG TIHEG p < 0,05 anoppinTeTal n
oTaTIoTIKA unoBeon Hy ;, oUPQwva Pe Tnv onoia dev UNAPXOUV ONUAVTIKEG DIAPOPES
oTnv €€aptnuévn petaBAnTn £€aitiag Tou napayovTa i. AKoAouBwvTac Tov aAyopiBuo
auTod npokunTel OTI anoppinTovTal ol unobeoeig Hy yia Tov napdyovra X1 kai Toug
ouvduaopod X1 * X2 Adyw TiHwv p < 0,05. Enopévwg n YeTaBoAn Tng Beppokpaaciag Tou
Baldpou €EATHIONG Kal 0 ouvdUAOHOC TNG ME TNV Napoxn agpa oto BAAapo avapiEng
ennpealouv onNPAvTika Tn oxXeTIKN Tunikn anokAion (RSD) Tou GruaToc TOU QVIXVEUTH.

O Mivakag 31 nepiAapBavel Toug NapayovTeg nou ennpealouv Tn diakupavon
TNG OUYKEVTPWONC TOU AEPIOU OTNV £€5000 TOU NMPOCOUOINTH OOMWV (OXETIKA €vTaon

ONUATOC TOU AVIXVEUTN) KaTa Tn dIapKeIa VoG NepduaToc.
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Nivakag 31. Enidpaon 4 napayoviwyv (Bepuokpacia Bahapou eEaTuiong, napoxn aépa eEATUIONG Kal
avapiEng, dykog uypou avaiiTn) Kai ToV ouvdudou®mV Toug oTn diakupavon TnS Napayopevn
0u¥KéVTgwog asgiou KaTd 1 6|dgK£la Evbg I'IEIEdEGTOg
ZnHavTIKn enidpacn oTn
Mapayovrag diakupavon TnG
NapayoHEVNG CUYKEVTPWONG
1  Oepuokpacia Baiapou v
€EaTyIoNg
2 TMapoxn aépa BaAdpou
€EATHIONG
3 Mapoxn aépa BaAduou

avapigng
4 'Oykoc uypoU avaAuTn

>uvduaouog 1 & 2
Juvduaopog 1 & 3
Suvduaouoc 1 & 4
>uvduaouog 2 & 3
Juvduaouog 2 & 4
Suvduaouog 3 & 4

x

X X X X X A\ %X %

Ta anoteAéopara TG HAdNUATIKAG ENe€epyaoiac TWV NEIPAPATIKOV OEDOPEVWV

nou agopouv Tov B’ napayovTikd oxediaouo napouaialovral oto Napaptnua M4.2.

143






KE®. 17 FENIKA XYMIMEPAZMATA KAI MPOOIMTIKEZ

Kegpalaio

I'svika 1 7

SOPOEPACPATA Kl
ITpoonmtikeg

145



KE®. 17 FENIKA ZYMIEPAZMATA KAI MPOOMTIKEZ

17. M'EvikG CUPNEPACHATA KAl NPOONTIKEG

17.1 M'evika cupgnepaocuara
Ta yevikd OUPNEPACHATA MOU MNPOEKUWav oTd nAdiola Tng napouodag
A1dakTopIkAG AlIaTpIBAG cuvowilovTal NapakaTw.

e O NPOCOUOIWTNAC OOWWV AMOTEAEI MIA MPWTOTUNN OCUCKEUN MOU MMOpEi va
xpnolgonoinBei yia TNV napaywyn aepinv HIyuatwv oto nedio yia TN
BaBuovounon avaAuTIKwV opyavwv (popnToi aiodnTrpeg, GpacuaToueTpa palag
KAM) Kal TNV eKnNaideuon aviXVEUTIKWV OKUAWV EPEUVAC Kal dIaowaonc.

e O NPOCOMNOIWTAG OOHWV MNPOCOMOIAlEl PE €AEYXOUEVO Kal avanapaywyicipo
TPOMNO TIC OOWEC TNC avBpwnivnG anoouvBeong kai avlpwnivwv oupwv Onwg
auTEG anodeopeUOVTal anod KTipla Nou €xouv KaTappeUoEl.

e O NpoCOUOIWTNG OCHWY HMopei va napdayel otabepod r PeTABANNOPEVO NPOPIA
OUYKEVTPWOEWV (transients) kaBapwv ouciwv Kal JIYHATwy.

e O NPooopoINTAC OOPWV Napoucialel NoAU KaAry cupnepipopd o€ O,TI APopd
TNV anokpion Tou KAaTw and OlapopeTIKOUG OuvOUACHOUG NEIPANATIKWV
ouvenkwv. AuTO yiveTal gavepd TOOO OTNV NAPAywyn HEMOVWUEVWV AEPiwV
OuCIV 000 Kal OE agpia WiypaTa.

e H oxemikn TUMIK anokAion OTO ONPA TNG OOWNAG OTOV AVIXVEUTH avapopdag
€0eIe aTabepoTnTa TNG TAGENG Tou 11%.

e Avantuxbnke MEBOOOC yia TNV NAPAYwWyr OUVOETIKWV OCHWV avlpwniving
anoolveeang kai oUpwv.

e O npoOOHOIWTAG OCHWV €xel Tn OuvatotnTa OUVAMIKAG Napaywyng
OUYKEVTPWOEWV HE dIaPopeTIKA €nineda uypaciag. And Ta neipauara nou
&ylvav napaTtnpnBnke Wikpn enidpacn Tng uypng ¢pacng oTnv napayouevn ooun.

e O NPOCOMOIWTNG OOHWV €XEl TN OUVATOTNTA NAPAYWYNC OCHWV APOU AUTEG
Exouv npwTa aMnAemdpaocel pe dopIka UAIKA. Meipapatika napartnpnonke pia
MIKpN €nidpacn Twv OOMIKWV UNKWV OTIC NAPAYOUEVEC OOCHEC aMoO  ToV
NPOCOMOIWTH MBavoTaTa AOyw QUOIKOXNHIKWY OpATEWV.

e H avaluon diakUpavong oTIC aveEapTnTeg METABANTEC kal OTa €nineda nou
auTeg €€eTdoTnkav €0WOAV OUYKEKPIYEVOUG napdyovTeg (eite TIG idIEG TIG
ave&apTnNTeC PETABANTEC €iTE oUVOUAOHOUC AUTWV) NOU enNnPealouv onUavTika
TNV évTaon TOUu ONMaTog Tou avixveutn (kai dpa Tnv napayopevn
OUYKEVTPWON) [ TNV TUumKR Tou anokAion (kai apa Tn oTabepoTnTa Tng

OUYKEVTPpWONG). H €oTiaon oToucg napayovteg auTtoug Oeixvel TNV KaTeubuvaon
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Npo¢ Tnv onoia XpelaleTal NEPAITEPW EPEuva yia Tnv PeATioTOnoINon TOU

NPOCOMOIWTI OOM®V.

17.2 NMpoonTIKEG

Avap@iBoAa, ol Oe€IpéC PETPROEWY MoU MnpayuaTonoinénkav MnpoKEIJEVOU Va
MEAETNOEI NEIpaAPATIKA N NAPAYWYr GUVOETIKNAG OOUNAG anod TOV NPOCOMHOIWTH) OOHWV eV
kKaAUnTouv OA0 To €UpOC TwV OCHWV MOU CUVAVTWVTAI OF XWPOUG EYKAWRIGHOU.
AnoTteAoUv OPwG TO €pEBIOUA YIa NEPAITEPW EPEUVA, BEATIOTONOINGN TOU CUOTAMATOG
akoOpa Kai Ynopikn a&ionoinon Twv anoTEAEGUATWY.

Mo OUyKeKpIYEVa, EVOIAPEPOUTEC MPOONTIKEC TOU MPOCOMOIWTN OCHWV
anoTeAouv:
A. Z& 6,11 apopd TO UAIKO:

e KaTaokeur) kal npooapuoyn napdAnAa oTnv unapxouod GCUOKEUR €VOG
deUTepou Balapou eEaTpiong (evaporation chamber) yia Tnv nNpooopoiwon
oopnpou unoBdabpou (ny. eyKAWRIOPEVOC avOpwnoc o NePIBANOV UE OIKIOKA
anoppigpaTa) n TNV €AeyXOMevn NPooBNKn uypaciag oTnv napayouevn oopn
(ATo1 yIa TNV NANPwG eAeyXOUevn napaywyn piydatog 5 ouotatikwv XpeialeTal
5 BaAapoug eEaTpiong).

e X0vdeon TNG Movadac napaywyng OUVAMIKOU MPOMIA CUYKEVTPWOEWV HE TN
povada napaywyng otabepol NPOoPIiA CUYKEVTPWOEWV Kal Xprnon Toug w¢ Mia
eviaia guokeun oTo nedio

e [pooappoyn QuUolyyag OOMIKWV UANIKWV HE DIapOPETIKA XapakTnplioTika (€idog,
KOKKOMETPIA, (aIlvOPeVN NUKVOTNTA KAM) oTnv €€000 TOU NPOCOUOINTH OCHWV
yla HEAETN TNG €NiGPACTG TOUG OTIC NAPAYONEVEG OTHEG

e BeATioTOMOINON XPOVOU AEITOUPYIAC MECW QAUTORATOMOINKEVNC €I0AYWYNG TNG

uypnG NoodTNTag Tou avaAuTn oTo BAAapo €EATHIONG

B. Z€ 0,71 apopd To AOYIOHIKO:

e Babpovounon Tou NPOCOUOIWTH OOMWV HE aAvANTUEN HABNUATIKOU HOVTEAOU
MOU VA OUOYXETICEl Tn OUYKEVTPWON €EODOU |E OUYKEKPIUEVEG OUVONKEG
Napoxwv apa kal BepPokpaciac yia diapopeTIKEG OUTIEG.

e AvanTtuén AoyiopIKOU yia Tov €AeyXo Kal Tn pUBMION TwV NAPAPETPWV TOU
NPOCOMOIWTH OoOpWV oTo nedio, eite Tomika (local) €iTe anopakpuopeva

(remotely)
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I. € 0,TI apopa TNV EPpapuoyn:
e Xpron TOU MNPOCOMOIWTH OCHWV Yia TNV €KNAIOEUCN AVIXVEUTIKWV OKUAWV
dldowong, onwc oxedialeTal va npayuparonoindei oTa nAaiola Tou gupwnaikou

gpeuvnTiKoU npoypappatog “Second Generation Locator for Urban Search and
Rescue operations”

e Xpnon yia Tn BaBuovounon avaAuTIkwv opyavwy oTo nedio
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MAPAPTHMA 4 — APXEIO MEIPAMATIKQN METPHZEQN

MNapapTnpa 4. ApXEio NEIPAHATIKOV HETPROEWV

N4.1 AiaypAupaTa avixveuTn avapopdag
[14.1.1 A’ napayovTikoc oxedIaoO¢

Oucia

XapaxkTnpIioTIKO
10v (m/z)

OepHoKpacia

Napoxn
apainong

BevlOAio

78

40 °C

4 L/min

uuuuuuuuuu

nnnnnn

(L6 cm s

0): 0D _siM 35 .0 \data.ms

uuuuuu

uuuuuu

nnnnnn

uuuuuu

oooooo

nnnnnn

xxxxxxxx

uuuuuu

nnnnnn

nnnnn

uuuuu

nnnnn

nnnnn

uuuuu

ooooo

nnnnn

Abundance

SIM55.D\data.ms

[_GCMS_SMT]lon 78.00 (77.70 to 78.70): OD _

200000

180000

160000

140000

120000

100000

80000

60000

40000

-

20000

T T T T T
9.00 10.00 11.00 12.00 13.00
Time-->

Abundance

[_LGCMS_SMTIJ]lon 78.00 (77.70 to 78.70): OD _SIM 60.D\data.ms
500000
450000
400000

350000

300000

250000

200000

150000

100000

50000

1000 12000 1400

Time-->
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A/A

Oucia

XapakTnpioTIKO
16v (m/z)

Oeppokpacia

Napoxn
apainong

BevlOAio

78

40 °C

6 L/min

Abundance

Time-->

Abundance

Time -->

Toimoe o>

[_GCMS_SMT]l]lon 78.00 (77.70 to 78.70): OD _SIM 34.D\data.ms

[LGCcMms _

o

SM T]lon 78.00 (77.70 to

8.70): 0D

T T
10.00 12.00

14.00

_SIM 57 .D\data.ms

VAMNAIMABtapy

1000 1100 1200 13.00 14 00
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A/A

Oucia

XapaxkTnpIioTIKO

10v (m/z)

OepHoKpacia

Napoxn
apainong

BevlOAio

78

60 °C

4 L/min

Abundance

Tim e --

2800

Abundance

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

Tim e -->

Abundance

Tim e --

24000

22000

20000

18000

16000

14000

12000

10000

168

[LGCMS_SMTJllon 78.00 (77.70 to 78.70): OD _SIM 40.D\data.ms
T T T T T
2.80 240 6.d0 5.0 1000 1200 1400
lon 78.00 (77.70 to 78.70): 0D _SIM 49.0 \data.m
2.00 2 . do 5 0o 8 .00 10 .00 12 .0 14 00 '
[LGCMS_SMTJllon 78.00 (77.70 to 78.70): OD _SIM 52.D\data.ms
2.do0 280 6.d0 s .00 10 00 1200 1400 16 .00
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A/A Ouoia Xupt':K'rnpw'nKo nu?oxn
10v (m/z) apainong
4 Bev{OAio 78 60 °C 6 L/min

(LG cmM S _smM Tjllon 78 .00 (77 .70 to 78 .70): 0D _SIM 41.0 \data.ms

OepHoKpacia

Timoe -->

Abundance

[_GCMS_SMT]J]lon 78.00 (77.70 to 78.70): OD _SIM 45.D\data.ms

T T T T T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.0011.0012.0013.0014.00
Time-->

Abundance

[LGCMS_SMTIJllon 78.00 (77.70 to 78.70): 0D _SIM 51.D\data.ms

5000 A

T T T T T
1.0 2.d0 3.0 4.0 5.60 6.00 7.00 8.00 ©.00 10.00 11.0012.00 13.00 14.00

Time -->
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. XapaxkTnpIioTIKO - Mapoxrn
A/A Ouoia 1oV (m/z) Oeppokpaacia apaiwong
5 EEavio 86 40 °C 4 L/min

Abundance

[_GCMS_SMT]lon 86.00 (85.70 to 86.70): OD_S123.D\data.ms
130000

120000
110000
100000
90000
80000
70000
60000
50000
40000
30000
20000
10000

e

T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00
Time-->

Abundance

[_GCMS_SMT]lon 86.00 (85.70 to 86.70): OD_S119.D\data.ms
110000

100000
90000
80000
70000
60000
50000
40000
30000
20000
10000

o FF—Fr T T T e
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00

Time-->

Abundance

[_GCMS_SMT]lon 86.00 (85.70 to 86.70): OD_S121.D\data.ms
110000

100000
90000
80000
70000
60000
50000
40000
30000
20000
10000

0 T T T T T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00

Time-->
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A/A Oucia XapaxkTnpIioTIKO Mapoxrn
10v (m/z) apainong
6 EEavio 86 40 °C 6 L/min

OepHoKpacia

Abundance

(LG cM S _sM Tllon 86.00 (85.70 to 86.70): 0D _S116 D \data.ms

Abundance

40000 [_GCMS_SMT]lon 86.00 (85.70 to 86.70): OD_S120.D\data.ms

35000

30000

25000

20000

15000

10000

5000

T T I T T N T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.0012.00 13.00
Time-->

Abundance

[LGCM S_SMTiJllon 86.00 (85.70 to 86.70): 0D _S122.D\data.ms

Time -->

171



MAPAPTHMA 4 — APXEIO MEIPAMATIKQN METPHZEQN

A/A Oucia XapaxkTnpIioTIKO Mapoxrn
10v (m/z) apainong
7 EEavio 86 60 °C 4 L/min

OepHoKpacia

G c M s _SM Tlion 85 .00 (85.70 to 86 .70)- 00D _5128.0 14

Abundance

[_GCM S_SMTIJllon 86.00 (85.70 to 86.70): OD _S130.D\data.ms

T T T T T T T T
2.00 4.00 6 .00 8.00 10 o0 12 oo 14 00 16 00

Abundance

[ GCMS_SMT]lon 86.00 (85.70 to 86.70): OD_S132.D\data.ms
110000

100000
90000
80000
70000
60000
50000
40000
30000
20000
10000

-V
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00

Time-->
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A/A Oucia XapaxkTnpIioTIKO Mapoxrn
10v (m/z) apainong
8 EEavio 86 60 °C 6 L/min

OepHoKpacia

Abundance

[_LGCMS_SMTl]lon 86.00 (85.70 to 86.70): OD_S129.D\data.ms
45000

40000

35000

30000

25000

20000

15000

10000

5000

T T T T T T T T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00
Time-->

Abundance

[LGCMS_SMT]lon 86.00 (85.70 to 86.70): OD_S131.D\data.ms

25000
20000
15000
10000

5000 L

0

0 9.00 10.00 11.00 12.00 13.00

o

8.
Time-->

Abundance
[_GCMS_SMT]lon 86.00 (85.70 to 86.70): OD_S137.D\data.ms

4500

4000

3500

3000

2500

2000

1500

1000

500

o
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00

T T
9.00 10.00 11.00 12.00 13.00
Time-->
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. XapaxkTnpIioTIKO - Mapoxrn
A/A Ouoia 1oV (m/z) Oeppokpaacia apaiwong
9 AKETOVN 58 40 °C 4 L/min

Abundance

300000

250000

200000

150000

100000

50000

Time-->

Abundance

50000

45000

40000

35000

30000

25000

20000

15000

10000

5000

Time-->

Abundance

Time -->

[_ GCMS_SMT]lon 58.00 (57.70 to 58.70): OD_S125.D\data.ms

T L DR A
9.00 10.00 11.00 12.00

0O 2.00 3.00 4.00 5.00 6.00 7.00 13.00
[ GCMS_SMT]lon 58.00 (57.70 to 58.70): OD_S133.D\data.ms
T T T T T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00
[LGCMS_SMTIJlion 58.00 (57.70 to 5§8.70): 0D _S135.0D\data.ms
1780 2.do s.80 4.dc s5.d0 6.0 7.0 do 9.do 10600 11 00 1200 1300 14 .00
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A/A Oucia Xupt':K'rnpw'nKo nu?oxn
10v (m/z) apainong
10 AKETOVN 58 40 °C 6 L/min

OepHoKpacia

Abundance

[LGCMS_SMTJllon 58.00 (57.70 to 58.70): OD _S124.D\data.ms

2.d0 4 .do 6.do0 s .do 10 .00 12 00 1400 16 .00
Tim e -->

Abundance

[_GCM S_SMTJllon 58.00 (57.70 to 58 .70): 0D _S134.D \dacta.ms

17°d6 2.06 3.d6 4.80 5.do6 ©6.d6 7.60 8 dc ©.006 10 00 11 0o 1200 13 00 14 00

Tim e -->

Abundance

(LG CM S _SMTiJllon 58 .00 (57 .70 to 58 .70): 0D _S136.D\data.ms

Tim e -->

175



MAPAPTHMA 4 — APXEIO MEIPAMATIKQN METPHZEQN

A/A Oucia Xupt':K'rnpw'nKo nu?oxn
10v (m/z) apainong
11 AKETOVN 58 60 °C 4 L/min

OepHoKpacia

Abundance

[_GCM S_SMTJllon 58.00 (57 .70 to 58.70): 0D _S127.D \data.m

©oo0o00000c0000000000000000O0G0 G0
cococoococccocooooooocooooo0o0o0o oo o

Tim e -->

Abundance

[_GCMS_SMT]lon 58.00 (57.70 to 58.70): OD _S138.D\data.ms

T T T T T T T T T T T T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.0011.0012.0013.0014.00
Time-->

Abundance

[_GCMS_SMT]lon 58.00 (57.70 to 58.70): OD_S140.D\data.ms
650000

600000
550000
500000
450000
400000
350000
300000
250000
200000
150000

100000

50000

o T T T T T T T T T T T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00

Time-->
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MAPAPTHMA 4 — APXEIO MEIPAMATIKQN METPHZEQN

A/A Oucia Xupt':K'rnpw'nKo nu?oxn
10v (m/z) apainong
12 AKETOVN 58 60 °C 6 L/min

OepHoKpacia

Abundance

[LGCM S _SMTllon 58.00 (57 .70 to 58 .70): 0D _S126.D \data.ms

80000

75000

70000

65000

60000

55000

50000

45000

40000

35000

30000

25000

20000

15000

10000

5000

Tim e -->

Abundance

[ GCMS_SMT]lon 58.00 (57.70 to 58.70): OD_S139.D\data.ms

25000

20000

15000

10000

5000

0 10.00 11.00 12.00 13.00

© |
o

Time-->

Abundance

[_LGCMS_SMT]lon 58.00 (57.70 to 58.70): OD_S141.D\data.ms

25000

20000

15000

10000

5000

ol e T T T e e
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10,00 11.00 12.00 13.00

Time-->
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MAPAPTHMA 4 — APXEIO MEIPAMATIKQN METPHZEQN

o :
q XapakTnpIoTIKO q Mapoxn
A/A Ouoia : Oeppokpaacia o
10v (m/z) apainong
: -
13 2-BouTavovn 72 40 °C 4 L/min
° 90 2 d5 599 i 99 595 509 739 5 d9 535 19 00 17 e 77 0o 13 00 T4 0

Tim e

Abundance

[_LGCMS_SMTllon 72.00 (71.70 to 72.70): OD_S145.D\ data.ms

55000
50000
45000
40000
35000
30000
25000
20000
15000
10000
5000

0 T T T T T T T T T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11!00 12,00 13/00

Time-->

Abundance

[ GCMS_SMT]lon 72.00 (71.70 to 72.70): OD_S147.D\data.ms

50000
45000
40000
35000
30000
25000
20000
15000
10000

5000 k\WN~«»~pA

0= e
8.00 9.00 10.00 11.00 12.00 13.00

Time-->
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MAPAPTHMA 4 — APXEIO MEIPAMATIKQN METPHZEQN

A/A Oucia Xupt':K'rnpw'nKo nu?oxn
10v (m/z) apainong
14 2-BouTavovn 72 40 °C 6 L/min

OepHoKpacia

Abundance

15000 [_GCMS_SMT]J]lon 72.00 (71.70 to 72.70): OD _S144.D\data.ms

14000
13000
12000
11000
10000
9000
8000
7000
6000

5000

4000

3000

2000

1000

1780 260 3.00 4.60 s5.60 6.00 7.60 8.00 9.60 1000 1100 12100 13.00 14.00
Time-->

Abundance

[LGCMS_SMTJlon 72.00 (71.70 to 72.70): OD _S146.D\data.ms
15000

14000
13000
12000
11000
10000
9000
8000
7000
6000

5000

4000

3000

2000

1000

T T T T T T T T T T T T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00
Time-->

Abundance

[_GCMS_SMT]lon 72.00 (71.70 to 72.70): OD_S148.D\data.ms
14000

12000

10000

8000

6000

4000

2000

o
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00

Time-->
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MAPAPTHMA 4 — APXEIO MEIPAMATIKQN METPHZEQN

A/A Oucia Xupt':K'rnpw'nKo nu?oxn
10v (m/z) apainong
15 2-Boutavovn 72 60 °C 4 L/min

OspHoKpacia

Abundance

[LGcM s _SM Tllon 72.00 (71.70 to 72.70): 00D _S149.D1\data.ms

Toim e

Abundance

[_GCMS_SMTllon 72.00 (71.70 to 72.70): OD _S151.D\data.ms

400000

350000

300000

250000

200000

150000

100000

50000

T T T T T T T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00
Time-->

Abundance

[_GCMS_SMT]lon 72.00 (71.70 to 72.70): OD _S154.D\data.ms
350000

300000

250000

200000

150000

100000

50000

T
.00 12

00 13.00

b

0.00 1

Time-->
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MAPAPTHMA 4 — APXEIO MEIPAMATIKQN METPHZEQN

A/A

XapakTnpIoTIKO @cppokpacia Mapoxn

e 10v (m/z) apainong

16

2-Boutavovn 72 60 °C 6 L/min

Abundance

Time-->

160000

140000

120000

100000

80000

60000

40000

20000

Abundance

Time-->

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

Abundance

Time-->

110000
100000
90000
80000
70000
60000
50000
40000
30000
20000
10000
0

[_GCMS_SMT]lon 72.00 (71.70 to 72.70): OD_S150.D\data.ms

10. 00 11 00 12. OO 13.00

[_GCMS_SMTllon 72.00 (71.70 to 72.70): OD _S152.D\data.ms

T T T T T T T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00

[LGCMS_SMT]lon 72.00 (71.70 to 72.70): OD_S153.D\data.ms

e

1.00 2.00 3. OO 4.00 5. 00 6.00 7.00 8.00 9. OO 10.00 11.00 12. 00 13.00
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MAPAPTHMA 4 — APXEIO MEIPAMATIKQN METPHZEQN

XapaxkTnpIioTIKO

Oucia el

A/A

OepHoKpacia

Napoxn
apainong

AipeBulo-

17 OIoOUAQPIdIO

94

40 °C

4 L/min

Abundance

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

[_LGCMS_SMTl]lon 94.00 (93.70 to 94.70): OD_S163.D\data.ms

Time-->

Abundance

[_GCMS_SMT]lon

94.00 (93.70 to 94.70): O D _

™ T T
10.00 11.00 12.00 13.00

S165.D\data.ms

Time-->

Abundance

[_GCMS_SMTIlion

94.00 (93.70 to 94.70): O D

do 9.0 1000 1100 120013001400

sS167.D\data.ms

Time -->
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MAPAPTHMA 4 — APXEIO MEIPAMATIKQN METPHZEQN

Napoxn
apainong

XapaxkTnpIioTIKO
10v (m/z)

94 40 °C 6 L/min

A/A Oucia

AipeBulo-
OIgoUAQIdIo

OepHoKpacia

18

Abundance

[_LGCMS_SMT]lon 94.00 (93.70 to 94.70): OD_S164.D\data.ms

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

T T T T T T T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00

Time-->

Abundance

[_ GCMS_SMT]lon 94.00 (93.70 to 94.70): OD_S166.D\data.ms
4000

3500
3000
2500
2000
1500

1000

500 LW"W

.

T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.0011.0012.0013.00

Time-->

Abundance

[_GCM S_SMTlilon 94.00 (93.70 to 94.70): OD _S168.D\data.ms

F N WA G o N ® B O R NG AN D N ® OO RN @

©cooococoooocoooooooooo oo oo

1 do 2.00 s.d06 4.dc 5.006 6.006 7.0 8.60 ©9.00 10600 11.00 12.00 13 100 14 .00
Tm e -->
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MAPAPTHMA 4 — APXEIO MEIPAMATIKQN METPHZEQN

XapaxkTnpIioTIKO
10v (m/z)

Napoxn
apainong

94 60 °C 4 L/min

A/A Oucia

AipeBulo-
OIgoUAQIdIo

OepHoKpacia

19

Abundance

[_GCMS_SMT]Jlon 94.00 (93.70 to 94.70): OD _S162.D\data.ms
13000

12000
11000
10000
9000
8000
7000
6000
5000

4000

3000

2000

1000

T T T T T T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00
Time-->

Abundance

[_GCMS_SMT]lon 94.00 (93.70 to 94.70): OD _S169.D\data.ms
28000

26000
24000
22000
20000
18000
16000
14000
12000
10000

8000

6000

4000

2000

T T T T T T T T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00
Time-->

Abundance

[_GCMS_SMT]lon 94.00 (93.70 to 94.70): OD_S171.D\data.ms
110000

100000
90000
80000
70000
60000
50000
40000
30000
20000
10000

O o e
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00

Time-->
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MAPAPTHMA 4 — APXEIO MEIPAMATIKQN METPHZEQN

A/A

Oucia

XapaxkTnpIioTIKO - Mapoxn
10v (m/z) CERIERE R apainong

20

AipeBulo-
OIgoUAQIdIo

94 60 °C 6 L/min

Abundance

22000
20000
18000
16000
14000
12000
10000

8000

6000

4000

2000

Time-->

Abundance

40000

35000

30000

25000

20000

15000

10000

5000

Time-->

Abundance

14000

12000

10000

8000

6000

4000

2000

Time-->

[_GCMS_SMT]lon 94.00 (93.70 to 94.70): OD_S172.D\data.ms

4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00

[_LGCMS_SMT]lon 94.00 (93.70 to 94.70): OD_S173.D\data.ms

.00 1000110012001300

©
o
o4
©
o

[_ GCMS_SMT]lon 94.00 (93.70 to 94.70): OD_S170.D\data.ms

| ———— |

1.00 2.00 3.00 400 5.00 600 7.00 8.00 900 10.00 11.00 12.00 13.00
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MAPAPTHMA 4 — APXEIO MEIPAMATIKQN METPHZEQN

[14.1.2 B’ napayovTiko¢ oxediaouoq

A/A Oucia Xupc':K'rnpurnKo OepHoKpacia OYKOS nu?oxn
10v (m/z) uypou apainong
1 Bev{oAio 78 40 °C 40 uL 4 L/min

Abundance

[_GCMS_SMT]lon 78.00 (77.70 to 78.70): OD_SIM90.D\data.ms
1100000

1000000
900000
800000
700000
600000
500000

400000

300000

200000

100000 \\'\‘\

0 b= e
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00

Time-->

Abundance

[_GCMS_SMT]lon 78.00 (77.70 to 78.70): OD _SIM96.D\data.ms

1300000
1200000
1100000
1000000
900000
800000
700000
600000
500000

400000

300000

200000
100000
o T T T T T T T T T T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00

Time-->

Abundance

[_GCMS_SMT]lon 78.00 (77.70 to 78.70): OD_SIM98.D\data.ms
900000
800000
700000
600000
500000
400000

300000

200000

100000

0 ===

T
4.00 6. 00 8. OO 10. 00 12.00 14.00 16.00 18.00 20.00 22.00 24. OO 26. OO

Time-->
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MAPAPTHMA 4 — APXEIO MEIPAMATIKQN METPHZEQN

XapakTnpIoTIKO ‘'Oykog Mapoxn

A/A Ouocia 16V (m/z) Ogppokpacia uypou apaiwonc

2 Bev{oAio 78 40 °C 40 pL 6 L/min

Abundance

[_GCMS_SMT]lon 78.00 (77.70 to 78.70): OD_SIM93.D\data.ms

1800000
1600000
1400000
1200000
1000000
800000
600000
400000

= e e

200 400 600 8.00 100012001400160018002000220024002600

Time-->

Abundance

[_GCMS_SMTl]lon 78.00 (77.70 to 78.70): OD _SIM95.D\data.ms
380000

360000
340000
320000
300000
280000
260000
240000
220000
200000
180000
160000
140000
120000
100000

80000

60000

40000
20000

T T T T T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00

Time-->

Abundance

[_GCMS_SMTllon 78.00 (77.70 to 78.70): OD_SIM99.D\data.ms

300000

250000

200000

150000

100000

50000

oL —F L e St —
2.00 4.00 6.00 8.00 1000 1200 14/00 16.00 18.00 20.00 22/00 24.00 26.00

Time-->
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MAPAPTHMA 4 — APXEIO MEIPAMATIKQN METPHZEQN

. XapakTnpIioTIKO . ‘OykoG Mapoxn
A/A Ouoia 16V (m/z) Oeppokpaocia uypou apaieonc
3 Bev{ohio 78 40 °C 20 yL 4 L/min

Abundance

[_LGCMS_SMT]lon 78.00 (77.70 to 78.70): OD_SIM91.D\data.ms
1100000

1000000
900000
800000
700000
600000
500000
400000

300000

200000

100000 \\

- - ———————————————————————————
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00

Time-->

Abundance

[_GCMS_SMT]lon 78.00 (77.70 to 78.70): OD_SIM94.D\data.ms
1300000
1200000
1100000
1000000
900000
800000
700000
600000
500000
400000
300000
200000
100000 \,\\

o T T T T T T T T T T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00

Time-->

Abundance
[ GCMS_SMT]lon 78.00 (77.70 to 78.70): OD_SIM1A.D\data.ms

1000000
900000
800000
700000
600000
500000

400000

300000
200000

100000 K‘\

0 e T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00

Time-->
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MAPAPTHMA 4 — APXEIO MEIPAMATIKQN METPHZEQN

XapakTnpIoTIKO ‘'Oykog Mapoxn

A/A Ouocia 16V (m/z) Ogppokpacia uypou apaiwonc

4 Bev{oAio 78 40 °C 20 pyL 6 L/min

Abundance

[_GCMS_SMT]lon 78.00 (77.70 to 78.70): OD_SIM92.D\data.ms
340000
320000
300000
280000
260000
240000
220000
200000

180000
160000
140000
120000
100000
80000
60000
40000
20000
4.60 6.60

[0

T T T T T T T T T T
8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00
Time-->

Abundance
[_GCMS_SMT]lon 78.00 (77.70 to 78.70): OD _SIM 97.D\data.ms

400000
350000
300000

250000

200000
150000
100000
50000
" " A
T T T
2.00 4.00 6.00

T T T T T T T T T
8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00

Time-->

Abundance

[_GCMS_SMT]lon 78.00 (77.70 to 78.70): OD_SIM2A.D\data.ms
900000
800000
700000
600000
500000
400000
300000
200000

100000

0 ==

T T
4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Time-->
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A/A

Oucia

XapakTnpIoTIKO ‘'Oykog Mapoxn

1ov (m/z) e uypou apainong

Bev{ohio

78 60 °C 40 pL 4 L/min

Abundance

2000000

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000

[_GCMS_SMT]lon 78.00 (77.70 to 78.70): OD_SIM82.D\data.ms

[

0l—

Time-->

Abundance

300000

250000

200000

150000

100000

50000

2.00 4.00 6.00 8. 00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26 00

[_GCMS_SMT]lon 78.00 (77.70 to 78.70): OD_SIM85.D\data.ms

-

Time-->

Abundance

Time--

6500000

6000000

5500000

5000000

4500000

4000000

3500000

3000000

2500000

2000000

1500000

1000000

500000

o

T
6.00 8.00 10.00 12.00 14.00 16 00 18. 00 20 00 22. 00 24 00 26. OO

[_GCMS_SMTllon 78.00 (77.70 to 78.70): OD _SIM 3A.D\data.ms

>

T T T T T T T T
.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
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A/A

Ouocia

XapakTnpIoTIKO ‘'Oykog Mapoxn

1ov (m/z) e uypou apaiwong

Bevlohio

78 60 °C 40 pL 6 L/min

Abundance

Time-->

90000

80000

70000

60000

50000

40000

30000

20000

10000

[_GCMS_SMT]lon 78.00 (77.70 to 78.70): OD _SIM84.D\data.ms

Abundance

Time--

>

800000

750000

700000

650000

600000

550000

500000

450000

400000

350000

300000

250000

200000

150000

100000

50000

T T T T T T T T T T T
.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00

[_GCMS_SMTllon 78.00 (77.70 to 78.70): OD _SIM86.D\data.ms

MMMMMF

Abundance

Time-->

400000

350000

300000

250000

200000

150000

100000

50000

vOD 10. 00 12. 00 14. 00 16. 00 18. 00 20. 00 22. 00 24, 00 26 . 00

[_GCMS_SMT]lon 78.00 (77.70 to 78.70): OD_SIM4A.D\data.ms

Wil

0 ===

T
8.00 1000 12.00 14.00 1600 18.00 2000 22.00 24.00
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XapakTnpIoTIKO ‘'Oykog Mapoxn

A/A Oucia 16V (m/z) Ogppokpacia uypou apaieonc

7 Bev{oAio 78 60 °C 20 pyL 4 L/min

Abundance

[_GCMS_SMTJ]lon 78.00 (77.70 to 78.70): OD_SIM81.D\data.ms
300000

280000
260000
240000
220000
200000
180000
160000
140000
120000
100000

80000

60000

40000

20000

[E — - e
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

A RS e e e
22.00 24.00 26.00

Time-->

Abundance

[_GCMS_SMT]lon 78.00 (77.70 to 78.70): OD_SIM87.D\data.ms
1200000

1100000
1000000
900000
800000
700000
600000
500000
400000

300000

200000

100000

0 D — =
2.00 4.00 6.00 8.

T T T T T T T T
0 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00

o

Time-->

Abundance

[_GCMS_SMTllon 78.00 (77.70 to 78.70): OD _SIM5A.D\data.ms
6500000

6000000
5500000
5000000
4500000
4000000
3500000
3000000
2500000

2000000

1500000
1000000
s00000 m
T T T
2.00 4.00 6.00

o T T T T T T T T T
8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00

Time-->
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XapakTnpIoTIKO ‘'Oykog Mapoxn

A/A Ouocia 16V (m/z) Ogppokpacia uypou apaiwonc

8 Bev{oAio 78 60 °C 20 pyL 6 L/min

Abundance

[_GCMS_SMTllon 78.00 (77.70 to 78.70): OD _SIM83.D\data.ms
80000

75000
70000
65000
60000
55000
50000
45000
40000
35000
30000
25000
20000
15000

10000
5000 k\
[o]

T T T T T T T T T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00

Time-->

Abundance

[_GCMS_SMT]l]lon 78.00 (77.70 to 78.70): OD_SIM88.D\data.ms
700000
650000
600000
550000
500000
450000
400000
350000

300000
250000
200000
150000
100000
50000 _..,MW,,,L

0o
2.0 DO 10. 00 12. 00 14. OD 16. OO 18. 00 20. 00 22. 00 24. 00 26. 00

Time-->

Abundance

[_ GCMS_SMT]lon 78.00 (77.70 to 78.70): OD_SIM6A.D\data.ms
450000
400000
350000
300000
250000
200000

150000

100000

\ N

0L

T
4.00 6. 00 8. 00 10.00 12.00 14. 00 16.00 18.00 20.00 22. OO 24.00
Time-->
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N4.2 NMivakeg eneEepyaociag NEIPAPATIK®OV JESOHEVWV

[14.2.1 A’ napayovrikoc oxediaoLioc

Méon évraon ofparog | ZxeTikA éviaon ofuarog | — -
= = 8 E
3 §_E 3 E - ~ ) - ~ ) :% é
5|5 E g3 = c c c c o e =
3 |32/ 3E| 2 2 2 z z z | 25
2 dloglev| 3 3 3 3 3 3 ey
o 1SS %§ > > > > > > e
o|las3| 28 (5 < o o o () o
& Q5 Q E- E E E E E E g~%
Sz 2| &k w w 7] w w w £
o|F S| = wr =
0S035 | OS055 | OS060 | OS035 | OS055 | OS060
m/z=40] 23.441] 21.638| 20.495
1 Bev{oAio 40| 4 0 1.554 1.309| 11.757
1 22.840| 22.522 0,908 0,980 0,944
2 67.322| 65.698 2,806 2,976 2,891
3 112.229] 109.249| 105.161 4,721 4,988 4,557 4,756
4 157.378| 152.937| 146.236] 6,648 7,007| 6,561] 6,739
5 201.569| 196.806| 187.916 8,533 9,035 8,595 8,721
0S034 | OS057 | OS072 | OS034 | OS057 | OS072
m/z=40| 22.881| 20.078| 14.648
2 Bev{oAio 40| 6 0 889| 4.052 465
1 6.845 9.133 5.192 0,260 0,253 0,323] 0,279
2 20.381| 21.650( 15.759 0,852 0,876 1,044 0,924
3 33.888| 35.972 26.181 1,442 1,590 1,756] 1,596
4 49.377| 49.867| 36.271 2,119 2,282 2,444] 2,282
5 63.601| 64.206 46.443] 2,741 2,996 3,139] 2,959
0S040 | OS049 | OS052 | OS040 | OS049 | OS052
m/z=40] 21.912| 19.874| 18.822
3 BevoAio 60| 4 0 1.501| 15.115| 13.297
1 28.026 28.856 1,211 0,827] 1,019
2 84.113| 85.960( 74.887| 3,770 3,565 3,272 3,536
3 142.990| 139.376 6,457 6,252 6,355
4 205.598| 196.717| 175.496 9,315 9,137 8,618] 9,023
5 268.712| 252.820| 224.002] 12,195 11,960 11,195] 11,783
0S041 | OS045 | OS051 | OS041 | OS045 | OS051
m/z=40| 20.187] 19.848] 17.651
4 Bev{oAio 60 6 0 657 772 5.496
1 7.560 7.793| 10.113 0,342 0,354 0,262] 0,319
2 27.256| 28.556( 23.829 1,318 1,400 1,039] 1,252
3 47.339| 50.469| 39.767| 2,312 2,504| 1,942 2,253
4 67.649| 70.738| 55.854| 3,319 3,525 2,853] 3,232
5 87.421| 90.595( 72.026] 4,298 4,526 3,769] 4,198
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10

11

12

O o ~=|>2 Méon évraon onuarog | Ixerikn évraon ofparog w
0ol O |0 = O
s|& £ gue| <« N © - o~ ) ¥ B -
2 tl52|55E| 5| s | 5| 5| 5| 5 [525
b 8|l w|® 5 E c c = c c c &b
=) QS| B3 < < < < < < ° %
o 2Sw|%s 3 3 3 3 3 8 |=sg2
8|5 5|lawEl = S S S S S 55 3
Zlas|a 5 5] 2] <] 5] S L B
w|o 3|o E E E E E E =5
olE 5|E 7] w w IT] w w W
0S123 | OS119 | OS121 | OS123 | OS119 | OS121
m/z=40] 336.607| 344.966| 339.208
E¢avio 40| 4 0 3.655( 3.722| 3.990
1 15.344| 13.944| 14.593 0,035 0,030 0,031] 0,032
2 37.465| 34.297( 35.719 0,100 0,089 0,094] 0,094
3 59.798| 55.371| 57.392 0,167 0,150 0,157] 0,158
4 82.419| 77.155( 79.914 0,234 0,213 0,224] 0,224
5 104.930| 99.799| 102.582 0,301 0,279 0,291] 0,290
0S116 | OS120 | OS122 | OS116 | OS120 | OS122
m/z=40] 340.347| 324.885| 318.233
E¢avio 40 6 0 3.824 3.711 3.632
1 5.994 6.756 6.155 0,006 0,009 0,008] 0,008
2 13.387| 13.668| 13.034 0,028 0,031 0,0301 0,029
3 21.772| 20.422( 20.353 0,053 0,051 0,053] 0,052
4 30.095( 27.165| 27.048 0,077 0,072 0,074] 0,074
5 38.006| 34.262| 33.888 0,100 0,094 0,095] 0,097
0S128 | OS130 | 0OS132 | OS128 | OS130 | OS132
m/z=40] 309.513| 207.141| 223.173
E¢avio 60| 4 0 3.031 2.291 3.476
1 20.213| 10.169| 13.742 0,056 0,038 0,046] 0,047
2 50.973| 25.501| 34.827 0,155 0,112 0,140f 0,136
3 83.925| 43.528| 56.592 0,261 0,199 0,238] 0,233
4 63.051| 80.521 0,293 0,345] 0,319
5 156.144 105.081 0,495 0,455] 0,475
0S129 | 0OS131 | 0OS137 | OS129 | OS131 | OS137
m/z=40] 294.855| 209.017| 69.144
E¢avio 60| 6 0 3.352 2.405 733
1 7.353 4.774 1.293 0,014 0,011 0,008] 0,011
2 16.266| 10.923 2.594 0,044 0,041 0,027] 0,037
3 25.300( 16.942 3.658 0,074 0,070 0,042] 0,062
4 34.658| 23.269 0,106| 0,100 0,103
5 44.249 0,139 0,139
0S125 | 0S133 | 0OS135 | OS125 | OS133 | OS135
m/z=40] 293.634| 76.986| 72.873
AKeTOVN 40| 4 0 6.017 988 1.313
1 28.486 8.705 7.247 0,077 0,100 0,081] 0,086
2 86.110| 23.687| 22.227 0,273 0,295 0,287] 0,285
3 150.533| 41.187| 37.192] 0,492 0,522 0,492] 0,502
4 217.179 51.896 0,719 0,694] 0,707
5 285.753 66.192 0,953 0,890] 0,921
0S124 | OS134 | 0OS136 | OS124 | OS134 | OS136
m/z=40] 300.541| 72.303| 68.930
AKeTOVN 40| 6 0 3.865 1.134 897
1 10.202 2.299 2.332 0,021 0,016 0,021] 0,019
2 25.542 6.114 6.744 0,072 0,069 0,085] 0,075
3 43.566( 10.271| 11.193 0,132 0,126 0,149] 0,136
4 62.593| 15.112 15.838 0,195 0,193 0,217] 0,202
5 81.646| 19.438| 20.318 0,259 0,253 0,282] 0,265
0S127 | 0S138 | 0S140 | 0S127 | 0S138 | ©S140
m/z=40] 283.667| 66.108] 69.431]
AKeTOVN 60| 4 0 7.019 886 3.291
1 38.391 8.431| 12.378 0,111 0,114 0,131] 0,119
2 126.323| 25.484| 36.013 0,421 0,372 0,471] 0,421
3 228.269| 44.931| 61.916 0,780 0,666 0,844] 0,764
4 329.811 88.588 1,138 1,229] 1,183
5 441.866 115.540 1,533 1,617] 1,575
0S126 | 0S139 | 0S141 | 0S126 | 0S139 | 0S141
m/z=40] 268.081| 66.763| 64.885
AKeTOVN 60| 6 0 3.552 868 892
1 11.136 2.652 2.793 0,028 0,027 0,029] 0,028
2 28.644| 7.893| 8.356] 0,094 0,105 0,115} 0,105
3 49.487( 13.652| 14.400 0,171 0,191 0,208] 0,190
4 19.296| 20.621 0,276 0,304] 0,290
5 25.671| 27.007 0,372 0,402] 0,387
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O o ~=|>2 Méon évraon onuarog | Zxerikn évraon ofparog w
CR RN K] < 8
5|5 E T v - o~ © - o~ © ¥ 5
2 tl52|355| 5| s | 5| 5| 5| 5 [525
<} (o w|® 5 E c = c c c c f; o ¥
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o sl xe|%5g 3 3 3 S S 8 |§65
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w|o 3|5 E E E E E E =5
o|E B|C w IT] [IT] w w w w
0S143 | 0S145 | 0S147 | 0S143 | 0S145 | 0S147
m/z=40] 91.459| 90.844| 89.490
2-Boutavévn 40( 4 0 640 747 1.106
1 7.133| 9.006| 8.491} 0,071 0,091 0,083] 0,081
2 15.689( 19.667| 18.591} 0,165/ 0,208/ 0,195 0,189
3 24.887| 31.417| 29.626] 0,265 0,338 0,319] 0,307
4 34.206| 43.262| 40.833] 0,367| 0,468 0,444] 0,426
5 43.623| 56.222| 52.665] 0,470 0,611 0,576] 0,552
0S144 | 0S146 | 0S148 | 0S144 | 0S146 | ©S148
m/z=40] 88.545| 87.301|] 86.360
2-Boutavovn 40| 6 0 638 705 849
1 2.873| 2.668| 2.664] 0,025 0,022 0,021] 0,023
2 5.723| 5.340| 5.220}] 0,057 0,053] 0,051] 0,054
3 8.521 8.332| 8.050} 0,089 0,087 0,083] 0,087
4 11.311| 11.446| 11.124 0,121 0,123 0,119] 0,121
5 14.397 14.762| 14.310f 0,155 0,161 0,156] 0,157
0S149 | 0OS151 | 0OS154 | 0S149 | 0OS151 | OS154
m/z=40] 90.878| 89.437| 87.568
2-Boutavovn 60| 4 0 952 1.076] 2.055
1 13.059( 12.935| 13.087} 0,133 0,133 0,126] 0,131
2 31.443| 30.093| 28.980] 0,336 0,324 0,307] 0,322
3 51.566| 47.045( 57.342 0,557 0,514 0,631] 0,567
4 71.764| 64.672| 68.8200 0,779 0,711 0,762] 0,751
5 92.946| 92.554 88.130] 1,012 1,023 0,983] 1,006
0S150 | 0S152 | 0S153 | 0S150 | 0OS152 | 0OS153
m/z=40] 87.653| 86.598| 84.452
2-Boutavovn 60| 6 0 1.144 710| 1.056
1 3.891 4.247| 3.760] 0,031| 0,041 0,032] 0,035
2 8.124 8.908| 7.717] 0,080 0,095 0,079] 0,084
3 12.747( 13.764| 12.239} 0,132 0,151 0,132] 0,139
4 17.813( 18.560 17.129} 0,190 0,206/ 0,190} 0,196
5 23.615| 23.441| 22.981] 0,256 0,262 0,260] 0,259
0S163 | 0S165 | 0S167 | 0OS163 | 0OS165 | OS167
m/z=40] 77.732| 78.567| 73.652
AlyeBuro-O1o0UAQidIo [ 40| 4 0 684 534 529
1 1.181| 1.274] 1315} 0,006/ 0,009] 0,011} 0,009
2 1.929| 2.274] 2424 0,016/ 0,022 0,026] 0,021
3 2.894 3.602| 3.890] 0,028/ 0,039] 0,046] 0,038
4 4.150| 5.378| 5.856] 0,045 0,062 0,072] 0,060
5 5.207| 7.757| 8.453] 0,058 0,092] 0,108] 0,086
0S164 | 0S166 | 0S168 | 0OS164 | 0S166 | OS168
m/z=40] 73.764| 73.736| 70.991
AipeBuho-8100UA@idio | 40 6 0 552 516 490
1 734 737 748 0,002 0,003] 0,004] 0,003
2 995/ 1.019| 1.074] 0,006 0,007 0,008] 0,007
3 1.296| 1.325/ 1425 0,010/ 0,011} 0,013] 0,011
4 1.648| 1.656/ 1.815| 0,015/ 0,015 0,019] 0,016
5 2.006| 2.016] 2.246] 0,020 0,020 0,025] 0,022
0S162 | 0S169 | OS171 | 0S162 | 0OS169 | OS171
m/z=40] 66.375| 72.639| 68.787
AipeBuho-0100UA@idIo | 60 4 0 598 671 628
1 1.482| 2.224] 1.899| 0,013 0,021 0,018] 0,018
2 2.827 5.085| 4.027] 0,034 0,061 0,049] 0,048
3 4.907| 9.216f 7.315] 0,065 0,118 0,097] 0,093
4 7.948( 15.634| 12.058} 0,111 0,206/ 0,166] 0,161
5 12.005( 25.695| 25.774] 0,172| 0,345 0,366] 0,294
0S172 | OS173 | OS170 | 0OS172 | 0OS173 | OS170
m/z=40] 66.045| 65.660| 68.337
AipeBuAo-dicoulgidio | 60| 6 0 522 492 515
1 886 794 910] 0,006/ 0,005/ 0,006] 0,005
2 1.316| 1.193] 1.370f 0,012 0,011} 0,013] 0,012
3 1.806/ 1.648/ 1.917| 0,019| 0,018] 0,021} 0,019
4 2375 2.169| 2511} 0,028/ 0,026/ 0,029] 0,028
5 3.049( 2.723| 3.241] 0,038/ 0,034 0,040] 0,037
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[14.2.2 B’ napayovriko¢ oxediaoiioc
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Méon évraon onpaTog fxs‘rlkr'] évraon g =
~| = _ = S E
g § ~ §_ E § E - ~ © - ~ o % ;§<
5 SH4G5E| T3 c c c c c c = =
2 |elk3d33|ZE| 2 2 2 = | 2| 2|23
) Sl SHe w| @& < < =< < < < 5w
> a>wIdec| =L B B N 8] B B % o
O |8PZFXY| xo 5 5 & 3 3 3 55
o3| o=
S| §48¢| 82| £ | E | E | & |5 | & [§8
S| 89&5| &8 2%
(0] s “,:'_.f =
0S090 0S096 0S098 | 0OS090| 0S096| OS098
m/z=40| 473.458| 546.474] 390.535
BevCohio| 40| 40 4 0 8.606 74.152 14.438
3 558.771| 633.273| 458.173] 1,162 1,023| 1,136 1,107
5 1.031.605] 1.191.135] 904.173| 2,161| 2,044| 2,278 2,161
3 561.815| 676.026] 502.038] 1,168| 1,101| 1,249 1,173
5 1.004.988( 1.229.219| 917.676] 2,104| 2,114| 2,313} 2,177
3 557.094| 685.059| 506.246] 1,158 1,118| 1,259 1,179
5 1.004.953| 1.252.057| 904.204| 2,104| 2,155| 2,278 2,179
Mean relative 3] 1,163| 1,081 1,215¢ 1,153
RSD relative 3 0,4 4,7 5,6 3,6
Mean relative 5] 2,123| 2,104| 2,290] 2,172
RSD relative 5 1,5 2,7 0,9 1,7
0S093 0S095 0S099 | 0S093]|0S095| OS099
m/z=40 479.148| 516.870] 383.735|
BevCohio| 40| 40 6 0 21.683 11.191 9.118
3 170.042( 190.241| 157.898] 0,310| 0,346] 0,388] 0,348
5 314.542| 345.577| 293.974] 0,611| 0,647 0,742] 0,667
3 169.957| 189.765| 159.121] 0,309| 0,345| 0,391] 0,349
5 314.244| 347.420| 288.258| 0,611| 0,651| 0,727 0,663
3 168.107| 188.540( 156.715] 0,306| 0,343| 0,385 0,344
5 313.831| 346.515| 282.797|] 0,610 0,649 0,713] 0,657
Mean relative 3] 0,308| 0,345| 0,388] 0,347
RSD relative 3 0,7 0,5 0,8 0,7
Mean relative 5] 0,611| 0,649] 0,728] 0,662
RSD relative 5 0,1 0,3 2,0 0,8
0S091 0S094 OS01A | 0S091|0S094| OS01A
m/z=40| 470.258| 526.112| 404.027
BevCohio| 40| 20 4 0 27.081 72.231 12.023
3 547.753| 692.528| 544.459] 1,107 1,179| 1,318 1,201
5 1.006.240] 1.273.884| 969.664| 2,082| 2,284 2,370 2,245
3 567.525| 696.398| 532.545| 1,149| 1,186| 1,288| 1,208
5 1.023.033] 1.258.863| 961.130] 2,118] 2,255| 2,349] 2,241
3 568.152| 697.403| 530.742] 1,151| 1,188 1,284] 1,208
5 1.032.075| 1.256.611| 953.911| 2,137| 2,251 2,331] 2,240
Mean relative 3] 1,136] 1,185| 1,297} 1,206
RSD relative 3 2,2 0,4 1,4 1,3
Mean relative 5] 2,112| 2,264| 2,350] 2,242
RSD relative 5 1,3 0,8 0,8 1,0
0S092 0S097 0OS02A | 0S092]| OS097 | OS02A
m/z=40| 469.106| 544.926] 389.449
Bevlohio| 40| 20 6 0 6.760 26.319 5.710
3 169.691( 217.524 162.699] 0,347| 0,351] 0,403] 0,367
5 316.597| 397.170| 306.369] 0,660 0,681 0,772] 0,704
3 173.939| 212.404| 166.839] 0,356] 0,341| 0,414] 0,371
5 322.348| 391.108| 306.437| 0,673| 0,669 0,772] 0,705
3 173.877( 213.921| 158.091] 0,356] 0,344| 0,391 0,364
5 322.528| 388.766| 297.570] 0,673| 0,665 0,749] 0,696
Mean relative 3] 0,353| 0,346] 0,403] 0,367
RSD relative 3 1,5 1,4 2,8 1,9
Mean relative 5] 0,669| 0,672| 0,765 0,702
RSD relative 5 1,1 1,2 1,7 1,3
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Méon évraon ofparog ZYETIKA évTaon § <
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3 |epides| s ¢ g s [ 88| % (&
o o953l o8 ] ] ] o o o o
S| E48E[ 8| & | & | & | E|E| & |§s
wl 6 |28| 28 2 o
(0] = = =
0S082 0S085 OS03A | 0S082| 0OS085|0S03A
m/z=40 18.497 18.117] 417.095
BevloAio| 60| 40 4 0 748 5.724 22.627
3 157.693( 150.511| 840.115] 8,485| 7,992| 1,960] 8,238
5 284.876| 273.791]1.574.698| 15,360] 14,797 3,721] 15,078
3 160.988| 156.284| 878.733] 8,663| 8,310 2,053 8,487
5 285.943] 1.600.295 15,467| 3,783| 15,467
3 160.687( 161.895| 853.318] 8,647| 8,620| 1,992 8,633
5 283.683| 288.142| 1.588.265| 15,296| 15,589| 3,754| 15,442
Mean relative 3] 8,598| 8,307| 2,001] 8,453
RSD relative 3 1,1 3,8 2,4 2,5
Mean relative 5] 15,328| 15,284| 3,752| 15,306
RSD relative 5 2,8 0,8 2,8
0S084 0S086 0OS04A | 0S084| OS086 | OS04A
m/z=40 17.041 16.943| 393.053]
BevCohio| 60| 40 6 0 698 6.132 5.062
3 42.367 50.512| 198.982| 2,445| 2,619| 0,493 2,532
5 79.782 93.231| 392.621| 4,641 5,141| 0,986 4,891
3 44.104 50.488| 222.290| 2,547| 2,618 0,553] 2,583
5 82.139 88.790| 410.963| 4,779| 4,879 1,033] 4,829
3 45.507 47.968| 228.177] 2,630 2,469| 0,568 2,549
5 82.857 86.235| 419.192] 4,821| 4,728] 1,054 4,775
Mean relative 3] 2,541| 2,569| 0,538] 2,555
RSD relative 3 3,6 3,4 7,3 3,5
Mean relative 5] 4,747| 4,916] 1,024] 4,832
RSD relative 5 2,0 4,3 34 3,1
0S081 0S087 OS05A | 0S081| OS087| OS05A
m/z=40 18.804 17.821] 410.163
BevloAio| 60| 20 4 0 5.046 15.705 89.778
3 160.173| 142.346| 791.391] 8,250| 7,106] 1,711 7,678
5 288.675| 262.149| 1.506.240| 15,083| 13,829| 3,453| 14,456
3 161.181| 150.598| 853.482] 8,303| 7,569| 1,862 7,936
5 286.325| 275.395| 1.580.603| 14,958| 14,572| 3,635| 14,765
3 159.831 883.127| 8,231 1,934] 8,231
5 285.882| 280.213|1.589.971| 14,935| 14,842| 3,658| 14,889
Mean relative 3] 8,261 7,338| 1,836] 7,800
RSD relative 3 0,5 6,2 0,5
Mean relative 5] 14,992| 14,414 3,582| 14,703
RSD relative 5 0,5 3,6 3,1 2,1
0S083 0S088 OS06A | 0S083| OS088| OSO6A
m/z=40 17.089 16.474] 393.556)
BevCohio| 60| 20 6 0 531 5.842 30.208
3 28.010 44.610| 245.213] 1,608 2,353|] 0,546] 1,981
5 74.444] 449.924 4,164 1,066 4,164
3 36.397 38.444| 244.732] 2,099| 1,979 0,545] 2,039
5 65.367| 448.960 3,613| 1,064] 3,613
3 41.291 35.030| 240.527| 2,385| 1,772 0,534] 2,078
5 61.758| 443.045 3,394| 1,049] 3,394
Mean relative 3] 2,031 2,035| 0,542] 2,033
RSD relative 3 19,4 14,5 1,2 16,9
Mean relative 5 3,724] 1,060 3,724
RSD relative 5 10,7 0,9 10,7
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MAPAPTHMA 5 — SXETIKA ®ASMATA MAZAZ

MNapapTnua 5. ZxeTika Pacpara Malag
>1o Mapdptnua 5 napatiBevrar Ta @docyata paldac yia TIC OUCIEC Mou
€€eTaoTnNKav Kata Tn OIAPKEId TwV MNEIPAPATWY TOU MPOCOMOIWTH OOHWY, ONwc auTtd

ouykevTpwOnkav and Tn BiBAI0BKN paopuatwv Wiley138.

A/A Oucia Xa;:gc'?::;cz;;'mo CAS number
1 Bev{OAio 78 71-43-2

®dopa Magag BevioAiou

Library: Wiley138
10000 - y y

8000 -

6000 -

4000 A

AuBaipeTeg povadeg

2000 A

0 .....'..||,,I,‘,,|||.I,|I
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

m/z

A/A Oucia Xapc_lK'rnplcrlKo CAS number
1ov (m/z)
2 EEavio 86 110-54-3
®daopa Madag eaviou
Library: Wiley138
10000 -
8000 -
w
)
o
3 6000
=
v
8
5 4000 -
2
<
2000 A
0 T T T T T : T T T T T |I T II T T :I 1
0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
m/z
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m/z

A/A Oucia XapakmpIGTIKO | ¢pg number
10ov (m/z)
3 AkeTovn 58 67-64-1
(2-nponavovn)
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As the body decays shortly after death, a variety of gases and volatile organic compounds (VOCs)
constantly emanate. Ethical and practical reasons limit the use of human corpses in controlled, time-
dependent, intervening experiments for monitoring the chemistry of body decay. Therefore the
utilization of pig carcasses serves as a potential surrogate to human models. The aim of this work was to
study buried body decay in conditions of entrapment in collapsed buildings. Six domestic pigs were used
to study carcass decay. They were enclosed in plastic body bags after being partially buried with rubbles,
resembling entrapment in collapsed buildings. Three experimental cycles were performed, employing
two pig carcasses in each cycle; VOCs and inorganic gases were measured daily, along with daily visible
and thermal images. VOCs were collected in standard sorbent tubes and subsequently analyzed using a
Thanatochemistry Thermal Desorption/Gas Chromatograph/high sensitivity bench-top Time-of-Flight Mass Spectrometer
TD/GC/TOF-MS (TD/GC/TOF-MS). A comprehensive, stage by stage, detailed information on the decay process is being
VOCs presented based on the experimental macroscopic observations, justifying thus the use of pig carcasses
Collapsed buildings as surrogate material. A variety of VOCs were identified including almost all chemical classes: sulfur,
Visible images nitrogen, oxygen compounds (aldehydes, alcohols, ketones, acids and esters), hydrocarbons, fluorides
Thermal images and chlorides. Carcasses obtained from a pig farm resulted in more sulfur and nitrogen cadaveric
volatiles. Carbon dioxide was by far the most abundant inorganic gas identified along with carbon
monoxide, hydrogen sulfide and sulfur dioxide. Visual monitoring was based on video captured images
allowing for macroscopic observations, while thermal camera monitoring which is mostly temperature
dependent, resulted in highlighting the local micro-changes on the carcasses, as a result of the intense
microbial activity. The combination of chemical and optical methods proved very useful and informative,
uncovering hidden aspects of the early stages of decay and also guiding in the development of combined
chemical and imaging methods for the detection of dead bodies.

© 2011 Elsevier Ireland Ltd. All rights reserved.
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Decomposition
Putrefaction
Swine carcass

1. Introduction

The human body after death does not always decay in a
predictable way. Despite recent scientific progress in forensic
entomology, certain aspects still remain unclear [1]. The variability
of the cases (indoor, outdoor in the field, in the sea), the variety of
internal factors correlated with the human body and the external
factors associated with the prevailing conditions, all affect the
decay process [2].
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E-mail address: agapiou@central.ntua.gr (A. Agapiou).
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Although it may take days to several months for a body to be
fully decomposed, depending on the prevailing environmental
conditions, each stage is associated with different insect activity, as
insects are attracted by “the scent of death” in a relatively
predictable sequence (entomofaunal succession). Therefore, fo-
rensic entomology is a historic and overall acceptable method for
estimating the postmortem interval (PMI - through larval age
determination and arthropod succession) indicating also the
original location of the death (blowflies are often the first to
arrive at the scene). However, forensic entomology has some
drawbacks such as lack of well-based data, quality assurance,
standards and certification [1]. Moreover, the mechanism which
attracts the blowflies, insects and arthropods to the decomposing
body is not well known.
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Table 1
The distinct phases of human decomposition.
Stage Description Time after death Literature
Fresh Autolysis. 1h to 3 days [7-9]
From the moment of death to the first signs of bloating.
There are few distinctive, gross decompositional changes, during this stage although
greenish discoloration of the abdomen, liver and skin cracking may be observed.
The first organisms to arrive are the blowflies (Calliphoridae).
Bloated Breakdown of the body continues because of bacterial activity or putrefaction. 3-10 days [7,8,10]
The bloated stage is characterized by colour changes as well as onset of marbling and
bloating or swelling with bubbles of blood forming at the nostrils. In the later part
of this stage odour becomes noticeable and purge fluids seep out.
The first signs of the bloated stage appear in the abdomen. Then the whole body swells.
Anaerobic fermentation occurs.
This stage ends when the body deflates.
More blowflies are attracted to the body. There are fly eggs and larvae and other insects
(family: Muscidae, Silphidae, Sarcophagidae, Histeridae, Staphylinidae).
Active decay Black putrefaction. 10-20 days [7,8,10]
Darkening of the skin. The skin is breaking up and the body begins to deflate because of
feeding Calliphoridae larvae. The strong putrefaction odour is associated with tissue liquefaction.
Muscles’ proteins are broken down into amino acids and other decomposition products such as
skatole, indole, cadaverine and putrescine.
This stage ends as the bones become apparent.
Greater invasion of scavengers and intense insect activity. There are Calliphoridae larvae and
insects of the families: Staphylinidae, Histeridae, Muscidae, Silphidae, Sarcophagidae.
Advanced decay Butyric fermentation. 20-50 days [7,8]
Later stage of decay. Corpse dries and the remains are skin, cartilage, hair, bones and some
fragments of flesh.
The best indicator of this stage is an increase in the presence of beetles and a reduction of the
flies (Diptera) on the body. Insects of Nitidulidae and Cleridae are present.
Skeletonization Diagenesis. 50-365 days [7,8]

At this stage the body is only hair and bones.

At the dry decay stage commonly found insects are Cleridae, Dermestidae and Scarabaeidae.

Current scientific research for developing field methods in
identifying clandestine graves is expanding. Beyond the traditional
approaches (e.g. canines), it involves a variety of scientific
disciplines and modern technologies including ground penetrating
radars [3], remote sensing technology [4] and field chemical
analysis [5,6].

Human decomposition is a long and complex biological
procedure. The large macro molecules of the human body break
down to simpler forms of organic and inorganic matter liberating a
foul odour; this is the result of the production of volatile organic
compounds (VOCs) and inorganic gases. Starting immediately after
death, decomposition takes place over five distinct phases
(Table 1). Namely these stages are fresh, bloated, active decay,
advanced decay and skeletonization [7-10]. The present study
focuses on the first two stages of swine carcass decay as a surrogate
to human body decomposition.

The potential use of VOCs emissions from dead bodies is so far
examined using combined analytical instrumentation such as TD/
GC/MS utilizing both active [5,6] and passive [11] samplinginto solid
sorbents, solid phase micro-extraction (SPME-GC-MS) [12] and
electronic noses [13]. However, most of these studies are conducted
on advanced decay cadaveric VOCs. Nevertheless, the early stages of
human decomposition are also a challenging and promising area,
especially for victim recovery in cases of natural disasters and in
identifying clandestine burial sites [14,15]. Although canines are
considered the “gold standard” in urban search and rescue
operations, limitations still exist; they are considered costly and
time consuming to train, difficult to “calibrate” or “standardize” and
can only perform for a limited time.

Earthquakes and other natural disasters, technical failures and
explosions are responsible for entrapped victims and casualties. So
far, only video devices (e.g. telescopic cameras, fiber optic devices,
etc.)and canines have been employed in searching for dead people in
disasters. However, as part of a multidisciplinary research project

aiming in the location of entrapped victims and dead bodies under
the ruins of collapsed buildings, combination of chemical, video and
audio methods are investigated. More specifically, for location of
dead bodies chemical and video methods are examined for
complementarity and for minimizing false signals. As victims’
survival rate dramatically decreases after the first 48 h of the
disaster (“golden 48 h”) [16], the rapid location of dead victims in
such cases is crucial for ethical, legal and social reasons.

The location of dead victims under the ruins of collapsed
buildings utilizing video cameras strongly depends on posture
recognition and visibility, while using thermal camera is mostly
temperature dependent. Thermal imaging cameras are widely
used for security and surveillance applications due to their ability
to detect potential threats in total darkness, through light fog or
smoke, in practically all weather conditions. According to our
knowledge, they are rarely employed in forensic applications, as
the temperature of the cadaver rapidly tends to equalize to that of
the environment. Local micro changes on the corpse in time are
usually unpredictable and therefore hardly observed on visual
inspection.

The aim of this study is firstly to correlate thermal and visually
recorded changes with evolved gases and VOCs and secondly to
investigate the combination of chemical and video signals for the
detection of dead bodies. In the present work, pig carcasses are
examined as surrogate dead bodies.

Research work associating dead pig decay with released VOCs is
limited [11]. On the other hand, the use of domestic pigs (Sus scrofa
domesticus) as body analogs to humans is commonly encountered
in human decomposition studies [17,18]. This is mainly due to
ethical restrictions, which preclude the use of human bodies in
decomposition trials in most countries. However, human and pigs’
internal organs, hairless skin, gut fauna (omnivorous diet), tissue,
muscular structure and progression of decomposition present
similarities [19,20]. Additionally, similarities exist on the chemical

209

Please cite this article in press as: M. Statheropoulos, et al., Combined chemical and optical methods for monitoring the early decay
stages of surrogate human models, Forensic Sci. Int. (2011), doi:10.1016/j.forsciint.2011.02.023



http://dx.doi.org/10.1016/j.forsciint.2011.02.023

G Model
FSI-6370; No. of Pages 10

M. Statheropoulos et al./Forensic Science International xxx (2011) XXx-xxX

composition of a human and a pig carcass; indicatively an adult
human cadaver contains approximately similar amount of water
(70%) as a pig carcass (80%, 56 days old) and a fairly similar C/N
ratio (5.8 in humans, 7.7 in pigs). Furthermore, similarities seem to
exist in the amount of cadaver/carcass N, P and K [21-23].

2. Experimental Part

Three experimental cycles were performed for reproducibility reasons. Two
domestic pigs (Sus scrofa domesticus) were utilized in each experimental cycle.
Swine carcasses (average weight 20 kg) were supplied either from the department
of experimental surgery of the University of Athens Medical School (DESUA,
experimental cycles A and B) or directly from a pig farm (experimental cycle C). The
carcasses were transferred to the morgue freezer where they remained for a short
time at —11 °C.

Pigs provided from the piggery were accidently crushed by other pigs. Straw
and mud could be observed on their bodies. Their diet included bran, corn, grains,
barley, oats and wheat. Pigs provided from the DESUA were previously used for
experiments by the department and they had an abdominal incision, as some
internal organs were removed (heart, lungs, part of the brain). Instead of being
disposed, they were provided for mapping the chemical profile during the early
stages of decomposition. Potentially a number of drugs were used in the DESUA
pigs for anesthesia and euthanasia purposes; ketamine hydrochloride, mid-
azolam, atropine sulfate, xylazine hydrochloride, propofol and barbiturate
solution. The overall keeping, feeding, reproduction and use of these animals
are all conducted according to Greek and European Union standards for the
DESUA.

After defrosting in room temperature, each pig was transferred to a standard,
unused, sealed polyethylene body bag (Peva, 90 cm x 230 cm, EQE Medical SA,
Greece), and was then partially buried with approximately 10 kg of rubbles
derived from a local construction site. The rubbles contained fragments of cement,
bricks, soil and cement dust in order to simulate the environment of entrapment
after collapse of a building. The enclosing of the carcass in a sealed body bag
provides minimum aeration, darkness, increased temperature and humidity,
enabling at the same time, the accumulation of evolved gases and VOCs;
conditions that might occur in the voids of collapsed structures. Special care was
taken to partially cover the body with rubbles, in order not to hinder visual carcass
inspection and thermal camera imaging. The body bags were then closed and left
for equilibrium.

One of the two body bags was kept closed for the whole nine days of the
experiment. Daily measurements of inorganic gases and VOCs were drawn through
a1 cm opening of the zipper. At the end of the experiment, it was opened for visual
inspection, photographs and thermal images. The zipper of the second body bag was
fully opened every day for a short time for visual and thermal images. Temperature
and humidity readings were also obtained daily from the room.

2.1. Data collection

2.1.1. VOCs sampling

VOCs measurements were undertaken using preconditioned standard (3.5 in.
long x 0.25 in. external diameter) stainless steel thermal desorption sampling
tubes packed with two sorbent beds (total mass of sorbents 300 mg); Tenax TA
(mesh: 35/60) and Graphitised Carbon Black (mesh: 40/60), supplied by Markes
International, UK. The combination of Tenax TA and Carbopack X was selected
because both sorbents are hydrophobic and can offer quantitative retention and
release of compounds ranging in volatility from 1,3-butadiene to the highest boiling
components (~n-C20). Prior to the experiment, in order to insure sample integrity,
the tubes were further reconditioned using 70 ml/min He for 25 min at 320 °C,
capped with 0.25in. brass storage caps and PTFE ferrules and wrapped with
aluminum foil prior to been placed in the refrigerator at 4 °C.

During VOCs measurements, the one body bag was opened 1 cm and a Teflon
tube (0.8 cm external diameter, 50 cm long) was inserted for air sampling.
Approximately 1L of air was drawn (flow rate 100 ml/min, sampling time
10 min) from the body bag with the use of a portable air pump (FLEC 1001
pump, Markes International, UK). The measurements were taken daily along
with blank samples.

2.1.2. Inorganic gas sampling

Daily inorganic gas monitoring was performed with the use of portable gas
detectors. A multi-gas detector (QRAE Plus, RAE Systems, Inc., CA, USA) was utilized
for monitoring the evolved carbon monoxide, hydrogen sulfide, methane and
oxygen, while carbon dioxide was monitored through Anagas CD 98Plus detector
(Environmental Instruments, UK). All the above sensors were electrochemical with
the exception of CO, sensor that was infra-red. Temperature and humidity
measurements were also obtained using Kestrel-4500 thermometer (Nielsen-
Kellerman Co., Philadelphia, USA).

During the three experimental cycles, temperature and humidity values varied
as follows: (a) T=19.6-21.7 °C, %RH = 30.3-43.5, (b) T=25.9-27.6 °C, %RH = 34.5-
43.3 and (c) T=22.4-25.6 °C, %RH = 48.1-75.4.
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2.2. Visible and thermal images

After the chemical measurements, the one body bag was fully opened daily for
visual inspection, still photographs (Nikon Coolpix 8800 camera, Tokyo, Japan) and
thermal video recordings (FLIR Systems Inc., CA, USA) for about 5-10 min. Actually
two thermal cameras were tried for capturing video recordings: FLIR SR-19
(320 x 240 pixels detector, 19 mm lens, 36° field of view) and FLIR VSR-6
(160 x 120 pixels detector, 6.3 mm lens, 52° field of view); finally FLIR VSR-6 model
was selected. It should be noted that the second body bag was opened only at the
last day of the experiment, on day nine for visual examination, photographs and
thermal recordings.

2.3. Chromatographic and mass spectrometric analysis

The sorbent tubes were analyzed using a Thermal Desorption (Unity 2, Markes
International, UK)/Gas Chromatograph (Shimadzu GC 2010, Japan)/Time of Flight-
Mass Spectrometer (ALMSCO International, Germany) system. The TOF system is, in
general, areal step up in performance compared to quadrupole technology, in terms
of full spectrum sensitivity and scan speed.

Sampled VOCs were desorbed for 25 min at 320 °C, concentrated onto a
graphitized carbon cold trap at —10 °C and then rapidly heated for 3 min at 300 °C.
The original chromatograms were automatically converted to Shimadzu GC-MS
solution data format and further processed. On-line spectral dynamic background
compensation (DBC) was also used for enhancing the chromatographic analysis.
SPB-624 capillary column (60 m) with 1.4 mm stationary phase and an internal
diameter of 0.25 mm (Supelco) was utilized for the chromatographic separation.
The GC program selected was: 35 °C initial for 5 min, ramp of 4 °C/min up to 180 °C,
hold for 20 min. MSD mass range was set from 35 to 350 amu. Chromatographic
peaks were identified with the help of Wiley 138 and NIST 21 spectral libraries.

3. Results and discussion
3.1. Camera images and macroscopic visual observations

Decomposition in pigs provided from the farm progressed more
rapidly and their odour was more intense. This is attributed mainly
to the different skin microbial flora and the environment from
which the pig originated. Pigs from DESUA were obtained under
relative aseptic conditions while in the pig farm the conditions
were open nature.

On macroscopic observation pig decomposition appears similar
to human body decay. In particular, a greenish discoloration of the
right side of the abdomen appeared in the first day, which spread to
the thorax, neck, head and limbs over the next three days. On the
second day bloating was most prominent. Over the following days,
dark green discoloration became more pronounced, as the decay
process continued. Purge fluids were also noticed in the body bag.
Changes in skin texture of the head (liquefaction of soft tissue) and
over the whole body (detachment of the epidermis) subsequently
took place. Macroscopic observations for all experimental cycles
are presented in detail in Table 2 for opened body bag and in
Table 3 for closed body bag.

A variety of factors affect the decay process. Oxygen appears to
be an important factor for buried victims in collapsed buildings, as
well as, for field crime scenes, where the majority of victims are
clothed, wrapped, or placed in a plastic bag. Availability of oxygen
acts catalytically in the decay process slowing or accelerating the
decomposition rate. Thus, the daily opening of the one body bag
enriched the oxygen concentration of the pig carcass, in contrast
with the closed bag. Consequently, decay reached the bloated
stage, in contrast to the sealed bag, where decay progressed further
to the post bloated stage. The lack of oxygen favors anaerobic
fermentation performed by different microorganisms in the body;
thus increasing the rate of putrefaction. On the other hand, the
presence of oxygen promotes activities of various organisms in the
surface area of the body (aerobic bacteria, fungi, insects), thus,
enhancing the decay progress. As it was observed, a fungal growth
appeared in the open body bag. Fungi are commonly found on the
skin and exposed surfaces of decomposing remains. Most fungi
encountered are aerobic and are therefore restricted to surfaces
whereby little or no penetration of the tissue takes place [24].

Please cite this article in press as: M. Statheropoulos, et al., Combined chemical and optical methods for monitoring the early decay
stages of surrogate human models, Forensic Sci. Int. (2011), doi:10.1016/j.forsciint.2011.02.023



http://dx.doi.org/10.1016/j.forsciint.2011.02.023

€20°20°1 10ZUIDSION/9101°01:10p ‘(1 10Z) U] "1DS JISUI0 ‘S[apow uewny 23eS0.LIns Jo sagels

Ae29p AL1e9 ay1 SuLIoIIUOW 10J SpoyIaW [ed13d0 PUE [BIIWAYD PAUIqIO) “[e 39 ‘so[nodolay3els A :se ssaid ul 9[d1Ie SIyl 331D 3sea|d

Table 2 MAPAPTHMA 6
Macroscopic observations obtained from the opened pig body bag.
Farm carcass DESUA carcass
Colour Odour Skin texture Insects Other Stage of Colour Odour Skin texture Insects Other Stage of
preservation preservation
Day 0 Green discoloration  Little No changes No - Fresh No changes No No changes No - Fresh
at the abdomen
Day 1 Green discoloration Little No changes No - Fresh No changes No No changes No - Fresh
at the abdomen and
the thorax
Day 2 Green discoloration  Strong No changes Blowflies Bloating Bloated No changes Very No changes No - Fresh
at the abdomen, (odour little
thorax, neck and of decay)
little in the limbs
Day 3 Dark green Strong No changes Blowflies Bloating, fungal Bloated Whitish Little No changes No - Fresh
discoloration of growth at the
the whole body right ear
Day 4 Dark green Very No changes Blowflies and Bloating, fungal Bloated Green discoloration  Strong No changes No Bloating, fungal Bloated
discoloration of strong fly eggs growth at the at the abdomen growth on the
the whole body left front limb, head
purge fluids at
the head area
Day 5 Dark green Very Tissue liquefaction Blowflies, fly eggs Bloating, purge  Bloated Green discoloration Very No changes  Blowflies Bloating, fungal Bloated
discoloration of strong in some parts of and larvae fluids at the abdomen strong growth on the
the whole body the head head, back and
legs (Phylum
Zygomycota and
Deuteromycota)
Day 6 Dark green Very Tissue liquefaction Blowflies, muscid Bloating, purge  Bloated Green discoloration Very No changes  Blowflies Bloating, extensive Bloated
discoloration of strong in some parts of flies, fly eggs and  fluids at the abdomen strong fungal growth,
the whole body the head larvae purge fluids
Day 7 Dark green Extremely Liquefaction of soft Blowflies, muscid Bloating, purge  Bloated Dark green Very Skin Blowflies Bloating, extensive Bloated
discoloration strong tissue around the flies, fly eggs and  fluids discoloration strong slippage fungal growth,
of the whole body face (snout) larvae of the whole body purge fluids
Detachment of
epidermis
Day 8 Dark green Extremely Intense liquefaction  Blowflies, muscid Bloating, purge  Bloated Dark green Extremely Skin Blowflies Bloating, extensive Bloated
discoloration of strong of soft tissue around flies, fly eggs and  fluids discoloration strong slippage and larvae fungal growth,
the whole body the face (snout) larvae of the whole body purge fluids
Detachment of
epidermis
Day 9 Dark green Extremely Intense liquefaction  Blowflies, muscid Bloating, purge  Bloated Dark green Extremely Skin Blowflies Bloating, extensive Bloated
discoloration of strong of soft tissue in the  flies, fly eggs and  fluids discoloration strong slippage and larvae fungal growth,

head
Detachment of
epidermis

the whole body

larvae

of the whole body

purge fluids
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Table 3
Macroscopic observations obtained from the closed pig body bag.
Farm carcass DESUA carcass
Colour Odour Skin texture Insects Other Stage of Colour Odour Skin texture Insects Other Stage of
preservation preservation
Day 0 Green Little No changes No - Fresh No changes No No changes No - Fresh
discoloration
at the abdomen
Day 9 Dark green Extremely Intense Blowflies, Purge fluids, Post bloated Dark green  Extremely Skin Blowflies  Bloating, Bloated
discoloration strong liquefaction muscid bloating, discoloration strong slippage and larvae fungal
of the whole of soft flies, moisture on of the whole growth,
body tissue of fly eggs,  the surface body purge fluids,
the head, larvae and of the body moisture on
detachment pupas bag the body bag

of epidermis,
skin slippage

Although the experiment was conducted indoor, blowflies, fly
eggs and larvae were also observed. The latter, were more
abundant in the fifth day, enhancing decomposition through the
production of proteolytic enzymes causing autolysis of soft tissue.

3.2. Thermal imaging

Thermal images provide a picture of the body’s temperature,
which is related to the progress of decomposition. On the first three
days the carcass temperature was low and almost the same across
the body surface. However, in the fourth day temperature
increased slightly and became more obvious over the fifth day
and in the following days of the experiment, as shown in Fig. 1. The
increased temperature was observed mainly in the surface layers
of the carcass. The hottest spots were initially at the abdomen
followed by neck, head, thorax and finally the rest of the body.
Temperature increase seems to follow the process of greenish
discoloration which is also characteristic in human decomposition.
Increased temperature indicates active microbial activity in the
micro area associated with decomposition progress.

3.3. Chemical analysis
A variety of volatile substances were identified during the early

stages of pig carcass decay; over 150 VOCs were detected in total.
For each TD/GC/TOF-MS analysis, the thirty most abundant GC

peaks were selected and a final table (Table 4) was compiled by
merging these peaks. Almost all chemical classes of VOCs were
determined; sulfur, nitrogen, oxygen compounds (aldehydes,
alcohols, ketones, acids and esters), hydrocarbons, fluorides and
chlorides. Typical chromatograms of VOCs identified during the
early decay stages of pig carcasses (5th day) are presented in Fig. 2.
In Fig. 2a the chromatogram of a DESUA pig carcass analysis is
presented, whereas, in Fig. 2b the chromatogram of a piggery farm
pig carcass analysis is shown. In general, the most prominent VOCs
evolved from the DESUA pig carcass were dimethyl disulfide
(DMDS), pyridine, 1-hexanol 2-ethyl, dodecane, hexane, benzene,
benzaldehyde, dimethyl trisulfide (DMTS), acetone, 1-propanol 2-
methyl and 3-pentanone 2,4-dimethyl. From the piggery farm
carcass prominent VOCs were DMTS, DMDS, formamide N,N-
dimethyl, dimethyl sulfoxide, benzene, methyl ethyl disulfide,
trimethylamine (methenamine N,N-dimethyl), m-xylene, toluene,
benzaldehyde and 1,2,3-trifluorobenzene. Hydrocarbons that were
mostly prevailed the first three days of the experiments were
enriched by sulfur, nitrogen and oxygen compounds the following
days. The identified cadaveric VOCs are in general agreement with
similar studies performed with swine carcasses in different
biotopes [11,25].

Some representative VOCs, with particular interest, were
selected for further elaboration and discussion (closed body bag,
DESUA pig). DMDS and DMTS were selected as representatives of
sulfur compounds, pyridine and trimethylamine as representatives

Fig. 1. In each row, visible and thermal images of the early stages of pig decay are presented; on the 1st, 5th and 9th day. The thermal camera represents the coloured image
from the colder to the warmer areas: blue to green to red scale, respectively. On the fifth day, the first red “spots” occurred, indicating microbial activity on the micro area and
probably inducing VOCs and inorganic gases; this became more prominent and obvious on the 9th day.
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Table 4
VOCs evolved from the early stages of pig carcasses’ decay; merging the thirty most abundant peaks of each chromatogram.

VOCs DESUA pig carcass Farm pig carcass
Day1 Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day1 Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day?9

Sulfur compounds

Dimethyl disulfide X X X X X X X X X X X X X X X
(DMDS)

Dimethyl trisulfide X X X X X X X X X X X X
(DMTS)

Methyl ethyl disulfide X X

Benzothiazole X X X X X X X

Methanethiol X

2,4-Dithiapentane

Dimethyl sulfoxide

Methyl (methylthio) X
methyl disulfide

Dimethyl tetrasulfide X

Dimethyl sulfone X X

Dimethyl sulfide (DMS) X

Methyl disulfide X

Methyl propyl disulfide

Dimethoxy sulfone X

1,2,4-Trithiolane X

2-(Methylthio), phenol X

Methyl thiourea X

>
>
>
x
>

X X X

X XX X X

X X XX X X

X X X X X X X
X x

x XX X X

Nitrogen Compounds
Pyridine X X X X X X X X
Trimethylamine X X X X
Formamide, N,N-dimethyl X X
Acetonitrile

(dimethylamino)
Methanamine X

XX X
XX X
XX X
XXX

Ketones

Acetone X X X X X
Acetophenone X X X X
2-Butanone

3-Pentanone, 2,4 dimethyl X X X X
Cyclohexanone X X X X
3-Buten-2-one

2-Pentanone X X
2-Butanone, 3-methyl X

XX X X X
XX
XX X X X X

Alcohols

1-Propanol, 2-methyl X
1-Hexanol, 2-ethyl X
1-Butanol

Phenol

2-Propanol X X X X

1-Octen-3-ol X X

2-Butanol X X
2-Pentanol X X
1-Hexanol X

1-Pentanol, 2-methyl X

1,2-Propanediol X

XXX X
XXX
>
>
XXX
>

X X
>
X X X
x
>
>
>

Aldehydes
Benzaldehyde X X X X X X X X X X X X X X X
Butanal, 3-methyl X X
2-Propenal, 2-methyl X
2-Pentenal

Butanal

XX

Hydrocarbons

Benzene

m-Xylene

Hexane

Decane

Dodecane

Benzene, 1,3,5-trimethyl

Benzene, ethyl

Styrene

Isoprene X

Toluene

a-Pinene X X X

Benzene, X X X
1-methyl-4-(1-methylethyl)

Nonane, 5-propyl X X X X X X X

Undecane X X X X X X X
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XX X X X X
XXX X X X

x

XXX XX X X
XXX X X X

X X

> XXX XX
XXX XK X X X
XXX X X X X
XX X

XX X

XX XX X X
XX X

X

b

x

b

>
XXX X X X X X X

X X
XXX X X X X X X
XX X X X X

X X

XX

x

>

X

x

x

>

X

X X
X X
>
X X
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VOCs DESUA pig carcass

Farm pig carcass

Day1 Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day1 Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day?9

dl-Limonene X X X X X
Pentane, 2-methyl X

Tridecane X X X
Naphthalene X X
Furan, tetrahydro

o-Xylene

Pentane

Undecane, 3-methyl X X X X
Heptane

Nonane, 3-methyl
Tetradecane
Undecane, 5-methyl
Cyclohexane
Pentane, 3-methyl X

Butane, 2-methyl X

Pentadecane X X
Octane 2,2,6-trimethyl

Benzene, propyl

Cyclopentane, methyl

Undecane, 2-methyl X

1-Heptene

1-Hexene

Nonane

Benzene, 1-ethyl-3-methyl

Hexane, 3-methyl

1,2-Butadiene

XX X
XX X

XX X
XX X
X

Esters

Acetic acid, ethyl ester X X

Butanethioic acid,
S-methyl-ester

Butanoic acid, 3-methyl
ethyl ester

Acetic acid, butyl ester

Acetic acid, propyl ester

Methanesulfonic acid,
methyl ester

Acids

Acetic acid, mercapto-

Acetic acid

Miscellaneous

1,2,3-Trifluorobenzene X X X X
Benzene, chloro X X X X
Trichloromethane X

Methane, tetrachloro

X X
X X X X X

X
X
X X X X X
X X X X X
X X X X
X X
X
X
X X
X X
X
X
X
X
X
X X X X X X X
X X X X X X
X X X X X
X X X
X X
X
X X X
X
X X X X X X X X X
X X X X
X X X
X

X corresponds to an arbitrary threshold calculated 1/10 of the most abundant peak height.
Empty spaces indicate substances with X lower than the peak height threshold or substances that were not identified at all.

of nitrogen compounds, acetone and 2-butanone as representative
of ketones and isoprene (1,3-butadiene, 2-methyl) as representa-
tive of hydrocarbons. Among them, DMDS was by far the most
abundant VOC identified, followed by pyridine, acetone, DMTS,
isoprene, 2-butanone and trimethylamine, as shown in Fig. 3.
The selected VOCs were further examined based on their origin
and uniqueness. The selected sulfur compounds are also found in
low concentrations in the expired air of human individuals (e.g.
liver patients, mouth halitosis) [26], in the headspace of human
urine [27] or from other biological processes including waste water
treatment plants, sewage systems and waste decay [28,29].
Moreover, trimethylamine is highly evolved in the breath of
patients with uremia [30]. Additionally, acetone and isoprene are
also found on human exhaled air and are present in the gas phase of
urine and blood [31]. Finally, acetone and 2-butanone are common
ketones evolved from human urine [27]. According to Fig. 3, DMDS,
DMTS, isoprene and 2-butanone appeared with, more or less, the
same time profile whereas pyridine and acetone presented a
completely different elution profile. The time profile monitoring of
the above selected VOCs, might indicate a common or different
source (e.g. common decay pathways, similar microbial origin).

214

Volatile sulfur compounds (VSCs) were among the most
abundant VOCs identified in all experimental cycles. The most
prominent of them were DMDS, DMTS, methyl ethyl disulfide,
benzothiazole, methanethiol, 2,4-dithiapentane, dimethyl sulfox-
ide and methyl (methylthio) methyl disulfide. It is of interest that
the most prominent VOC evolved from the DESUA pig was DMDS,
whereas, from the piggery farm carcass it was DMTS. Both VSCs are
evident also in the early stages of human decomposition appearing
under aerobic and anaerobic conditions [5,14]. Additionally, a
variety of odorous VSCs emanated especially from the piggery farm
carcass, including dimethyl sulfide (DMS), methyl propyl disulfide,
dimethoxy sulfone, methyl disulfide and dimethyl tetrasulfide,
explaining therefore the intense foul smell.

VSCs are produced by microbial decomposition of sulfur-
containing amino acids under aerobic and anaerobic conditions. As
proteins are broken down to peptides and further degraded to free
sulfur-containing amino acids, they result in the production of
methyl mercaptan (methanethiol), DMDS and DMTS by oxidation
and enzymatic activity. Cysteine and methionine are the main
metabolic precursors of methanethiol. Consequently, the presence
of sulfur-containing VOCs as marker compounds of swine tissue
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Fig. 2. Typical TD/GC/TOF-MS chromatograms of VOCs identified during the early stages (5th day) of pig carcass decay (Sus scrofa domesticus). (a) DESUA pig; the numbered
peaks indicate the following VOCs: 1 = dimethyl disulfide, 2 = pyridine, 3 = benzene, 4 = 1-hexanol 2-ethyl, 5 = dodecane, 6 = benzaldehyde, 7 = acetone, 8 = 3-pentanone 2,4-
dimethyl, 9 = m-xylene, 10 = 1-propanol 2-methyl, 11 = decane, 12 = dimethy] trisulfide, 13 = undecane, 14 = benzothiazole, 15 = acetophenone. (b) Pig from piggery farm; the
numbered peaks indicate the following VOCs: 1 = dimethyl trisulfide, 2 = methyl ethyl disulfide, 3 = formamide N,N-dimethyl, 4 = dimethyl sulfoxide, 5 = trimethylamine,
6 = benzene, 7 = toluene, 8 = m-xylene, 9 = methanethiol, 10 = butanethioic acid s-methyl ester, 11 = 3-buten-2-one, 12 = dimethyl disulfide, 13 = methyl (methylthio)

methyl disulfide, 14 = Isoprene, 15 = 0-Xylene.

decay is reasonable. Sulfur makes up about 0.15% of swine tissue
mass and it is widely distributed throughout the body since sulfur-
containing amino acids (e.g. methionine, cystine, and cysteine) are
components of almost all proteins (0.6-0.8% of a protein) [25].

There is a strong association of the decay process with forensic
entomology, as the released chemical cues attract carrion beetles.
The specific role of DMS, DMDS and DMTS was examined as
triggering volatiles for carrion beetles in field experiments,
suggesting a synergistic effect of DMDS and DMTS [32]. Since
DMDS and DMTS were the most prominent VOCs identified in the
present study, their specific role as key “infochemicals” is again
raised.

Nitrogen compounds are also widely produced during the early
stages of pig decay. The most prominent of them were
trimethylamine, pyridine, N,N-dimethyl formamide, acetonitrile
(dimethylamino) and methanamine. The metabolic precursors of
trimethylamine is choline [27], whereas for pyridine is niacin. The
latter was not identified in the pig farm carcass, because of possible

Time profile of selected VOCs (DESUA pig carcass)
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Fig. 3. The time profile of selected VOCs of particular interest emanating from the
DESUA pig carcass is being presented. In the fifth day, there is a clear rise of VOCs
profile, which is in accordance with the presented thermal images.

coelution with toluene or it may originate from an exogenous
source; however its cadaveric emanation has previously been
reported [11]. Comparing the nitrogen chemical profiles of the
carcasses, more nitrogen compounds were overall identified in the
pig farm carcass. It is of interest that the commonly associated with
the decay process diamines, cadaverine and putrescine, were not
detected in the present study; thus, confirming the findings of
previous similar studies [11,25].

Various oxygen species are mentioned in Table 4 including
short chain ketones, aldehydes, alcohols, acids and esters. The most
prominent ketones were acetone, 2-butanone, 3-pentanone 2,4-
dimethyl, 3-buten-2-one and 2-pentanone. Acetone might origi-
nate from decarboxylation of acetoacetate, whereas, 2-butanone
and 2-pentanone from the degradation of fatty acids [26]. Although
the metabolic origin of ketones mentioned in Table 4 is mostly
unknown, 2,3-butanedione might be a metabolic byproduct of
human skin microflora [33].

The most important aldehydes detected were benzaldehyde,
butanal 3-methyl, 2-propenal 2-methyl, 2-pentenal and butanal.
The most prominent alcohols were 1-propanol 2-methyl, 1-
hexanol 2-ethyl, 1-butanol, phenol, 2-propanol and 2-butanol.
The origin of most of them is unknown. Phenolic compounds might
originate mainly from protein and fat decomposition [10].
Additionally, 1-octen-3-ol, mentioned in Table 4, is considered a
byproduct of skin microbes [33].

Acids and esters were also identified in the process including
mainly acetic acid mercapto-, as well as, acetic acid ethyl ester,
butanethioic acid S-methyl ester, butanoic acid 3-methyl ethyl
ester, acetic acid butyl ester and acetic acid propyl ester. These
odorous products probably originated from the breakdown of
muscle and fat tissue [10].

Many hydrocarbons were also present in the early stages of pig
carcass decay, including several alkanes and benzene derivatives.
The most abundant of them were benzene, m-xylene, hexane,
decane, dodecane, toluene and isoprene. Isoprene is considered the
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Fig. 4. Concentration of carbon dioxide evolved from pig carcasses at time of VOC
sampling, during the three experimental cycles. In the first two experimental cycles,
pig carcasses were provided from the DESUA, while in the third experimental cycle,
the carcass was provided from a pig farm (average weight 20 kg). The elevated CO,
concentration in the fifth day is an indication of accelerated catabolism.

most abundant biogenic VOC emitted also from terrestrial
vegetation (beyond human breath) [34]. On the other hand,
benzene derivatives (e.g. benzaldehyde, phenol, acetophenone) are
known artifacts of Tenax sorbent material (formed by oxidation of
the Tenax polymer).

How chlorides and fluorides are produced in the decay process
is still of question. The most prominent were 1,2,3-trifluoroben-
zene, benzene-chloro and trichloromethane. Their origin might be
from the ingested water, which is widely fluorinated and
chlorinated; thus, accumulated into bone and soft tissue and
subsequently released [6]. Similar fluorinated and chlorinated
cadaveric VOCs have been reported evolving from human cadavers
[5,6,15].

A variety of inorganic gases (CO,, H,S, CH4, NH3, SO,, Hy) are
emitted, along with VOCs, during the human decay process
distending the tissues [10]. CO,, CO, SO, and H,S were also part of
the chemical profile emitted from the pig carcasses as they were
identified in the present study. However, one must be careful with
values of electrochemical sensors as they suffer from cross-
sensitivities. Nevertheless, SO, was detected by TD/GC/TOF-MS
and CO,, measured by an infra-red sensor, was by far the most
abundant gas.

The lack of oxygen defines anaerobic conditions and enhances
the activity of anaerobic microorganisms. This results in the
acceleration of the decomposition rate by increasing the concen-
tration of carbon dioxide. CO, increases as a result of breakdown of
carbohydrates, proteins and fat. In the farm carcass, the
concentration of CO, was greater than in the DESUA pig, because
there was more organic load, as shown in Fig. 4. Thus,
decomposition progressed more rapidly resulting in increased
carbon dioxide concentration. The concentration of CO, is
considered high enough, reaching toxicity levels (mainly in the
third experiment). Symptoms of carbon dioxide toxicity include
dyspnea, headache, visual disturbances, tinnitus, tremor and loss
of consciousness if exposed at a concentration >10% [35]. Some of
these symptoms such as dizziness, difficulty in breathing and
sweating were experienced by the experimenter shortly after
opening the sealed body bag for visual and thermal imaging.
However, the evolved inorganic gases cannot be considered unique
chemical markers of entrapped dead victims, as they are also
emitted from normal exhalation of humans (e.g. breath CO,, CO as
a result of smoking).

For a holistic study of human body decay in the voids of
collapsed buildings, it is absolutely necessary to understand the
chemistry in the voids. Very little is known about the chemistry of
voids in collapsed buildings. Dead victims are either entrapped in
voids or buried. The prevailing chemistry in voids seems to be
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surface chemistry, and/or wet or thin-layer water chemistry and/or
gas phase chemistry; similar perhaps to indoor chemistry [36]. A
totally different case is that of buried victims, where soil chemistry
seems to be prevailing. In general, chemistry in the voids strongly
relates to the entrapment environment, where surface to volume
ratio is a very important factor.

4. Conclusions

The complex chemical mixture emanating from pig carcasses
consists of a variety of inorganic gases and VOCs. Hyphenated
techniques, such as thermal desorption coupled with GC/TOF-MS
have been demonstrated powerful tools for complex mixture
odour investigation. The multiple volatile products identified
provide an important information not only for the detection of
buried bodies, but also for documenting some commonly
encountered products when performing toxicological analyses
on decomposing material. Monitoring decay based on visible
images strongly depends on macroscopic observations, while
monitoring using a thermal camera is mostly “microbial depen-
dent”; their combination can provide a fuller picture of the
biological process of decay offering complementarity and confir-
mation. Thermal images might provide important information in
medico legal examinations highlighting unclear caveats, thus
improving the quality of forensic science. The combination of
chemical with imaging methods enhances the monitoring of the
decomposition process providing useful and sometimes vital
information directly applied for safety, security and medical
applications.
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Abstract

In the present study, the time profile, measured as “accumulation”, of volatile organic compounds (VOCs) produced during the
carly stages of human decomposition was investigated. A human cadaver was placed in a sealed bag at approximately the 4th day
after death. Evolved VOCs were monitored for 24 h by sampling at different time intervals. VOCs produced were analyzed by
thermal desorption/gas chromatography/mass spectrometry (TD/GC/MS). Over 30 substances were identified in total. These
included mainly aliphatic and aromatic hydrocarbons, oxygenated compounds (alcohols, aldehydes, ketones) and organic sulfides.
The last were the most prominent class of compounds identified. Eleven compounds were present in all the sampling cycles and
constitute a “common core”: ethanol, 2-propanone, dimethyl disulfide, methyl benzene, octane, 2-butanone, methyl ethyl disulfide,
dimethyl trisulfide and o-, m- and p-xylenes. The last sampling cycle yielded the most abundant compounds in number and
quantities. Inorganic gases such as CO,, CO, NH; and H,S were also determined. The fundamental physicochemical properties of
the evolved VOCs were used for evaluating their environmental impacts. It appears that the decay process, which is a dynamic
procedure, can provide chemical signals that might be detected and properly evaluated by experts in the fields of forensic sciences,
search and rescue units and environmental scientists.
© 2007 Elsevier B.V. All rights reserved.

Keywords: VOCs; Human decay; Cadaver; Physicochemical properties; Environmental impact

1. Introduction begin to decay releasing amino acids. Protein and fat
decomposition yield phenols and glycerols. Nitrogen
Human decomposition begins almost immediately containing substances, including indole, methyl indole,
after death and is characterized by spontaneous postmor- skatole, putrescine and cadaverine are also produced.
tem changes (Dent et al., 2004). Autolysis of individual Insects and protozoa further enhance the decomposition
cells occurs leading to tissue breakdown. Fungi and process (Vass et al., 2002).
bacteria of the intestine and outer environment contribute The large biological macromolecules of the human
to the process (Knight, 1996). Due to gas and liquid pro- body, e.g. carbohydrates, proteins, nucleic acids and lipids,
duction, tissues distend and sometimes rupture. Muscles breakdown into simpler forms of organic and inorganic
matter liberating a characteristic foul odor. Nevertheless,
* Corresponding author. Tel.: +30 210 7723109; fax: +30 210 7723188. limited information is available in the literature regarding
E-mail address: agapiou@central.ntua.gr (A. Agapiou). the volatile substances produced after death; probably
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because of the analytical methodology needed (Zum-
walt et al., 1982), constraints in sample availability and
bioethics. Statheropoulos et al. (2005) reported more
than 80 VOCs evolved during human decomposition.
Vass et al. (2004) reported the presence of aliphatic and
aromatic hydrocarbons, oxygenated substances (alco-
hols, aldehydes, ketones), sulfur, nitrogen, acid/esters,
halogens and other compounds as the main classes of
VOC:s released at the surface of shallow burial sites.

It is known that volatile substances produced attract
a variety of insects. Forensic entomology, based on the
species and families of insects that feed on the corpse
(mainly the orders of Diptera and Coleoptera), estimates
the postmortem time interval (time since death) (Amendt
et al., 2004). Even though extensive work has been done
for the identification and association of different types of
insects in relation to time after death, there has been
limited correlation between the volatiles produced and
the specific insects attracted by their odor.

Human decomposition is a complex phenomenon af-
fected by a variety of internal and external factors. Enzy-
matic and bacterial actions as well as environmental
conditions encapsulate the origin of these factors. Ac-
cording to Dent et al. (2004), an oxygenated environment
will increase the rate of decomposition during the initial
aerobic phase. Temperature, humidity, soil composition,
clothing and obviously physical characteristics such as
age, body size, weight, as well as stomach content affect
the postmortem processes (Vass et al.,, 2002). Other
external factors, such as rodent and carnivore activity,
also play an important role. As soon as the temperature of
the cadaver equalizes to that of the environment, it is
extremely difficult for forensic science to estimate a re-
liable postmortem interval (Amendt et al., 2004).

So far, the “scent of death” has been familiar only to
forensic specialists and police experts. However, the re-
cent devastating physical disasters that shocked the global
community (Asian tsunami, flooding in New Orleans
caused by hurricane Katrina), reinforced scientific interest
in volatile substances released by dead organic matter in
general, causing air, water and soil pollution, thus threat-
ening public health (Presley et al., 2000).

Furthermore, VOCs’ on-site analysis could provide
crucial information in urban search and rescue opera-
tions for people entrapped under the ruins of collapsed
buildings after an earthquake (Statheropoulos et al.,
2006) or even for locating buried human remains for
criminological purposes. Although canine dogs have
been used in the field successfully for years, a portable
field chemical analysis unit could be a very successful
alternative. Short work time period, performance
variability, lack of training standardization and limited
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availability are some of the main disadvantages of using
canines in the field (Ghosh et al., 2002).

The aim of the present study was firstly to examine the
VOCs and inorganic gases evolved during the early stages
of human decomposition. Secondly, to investigate if there
is a common core of volatile substances during the ex-
amined time period and thirdly to define the analytical,
toxicological and environmental profile of VOCs evolved.

2. Case profile and autopsy findings

The cadaver belongs to an unknown white young
Caucasian man, aged about 30—40 years old. The victim
was found dead next to a beach in eastern Attica. The
time of death was approximately 3 days prior to body
discovery. Decomposition was not in a progressed stage.
The body was sent to the Department of Forensic
Medicine in Athens, for medico-legal examination. It
remained in a refrigerated cabinet (0—4 °C) for 1 day
prior to chemical and forensic analysis.

3. Experimental
3.1. Chemicals

The internal standard (ISTD) used was a methanolic
standard solution (50 mmol L™ ") of deuterated chloro-
benzene-d5 (99% purity) provided from ITChem
(Greece). In addition, external standard mixtures pur-
chased from ITChem (Greece) and Sigma-Aldrich (UK)
were applied for the identification of the substances eluted.

3.2. Sorbent tube preparation

Three-layer sampling sorbent glass tubes, containing
300 mg Carbopack C, 200 mg Carbopach B and 125 mg
Carbosieve S-III, were used (Supelco, USA) for sampling
VOCs. Sorbent tubes were conditioned for 2 h at 300 °C
with constant supply of He at 150 mL min'. They were
then sealed by both Swagelok fitting and PTFE ferrules
and stored at 4 °C prior to use. Before sampling, 1 uL of
the above mentioned methanolic ISTD of deuterated
chlorobenzene-d5 was added by means of a microsyringe
in each pre-cleaned sorbent tube, for monitoring the
subsequent chromatographic procedure and serving for
semi-quantitative analysis of the compounds.

3.3. Sampling
The body was removed from the morgue’s refrigerator

and placed inside a sealed body bag (1.87 mx0.87 m;
Adamedical, Hellas). It was left in the morgue for 2 h,
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prior to sampling, in order to equilibrate to room tem-
perature. A Teflon tube (0.8 cm external diameter, 145 cm
long) was inserted in the bag containing the body and a
sorbent tube was placed on its end, for pumping the
headspace air (flow rate of 200 mL min ', sampling
volume 5 L).

Four sampling cycles were carried out at various time
points; the starting point of 0 h is considered as the time
of equilibrium, while the others were taken after 4 h, 8 h
and 24 h of the initial sampling cycle. Each sampling
cycle consisted of two distinct measurements in order to
avoid statistical error. Blank measurements were also
taken to determine the chemical background of ambient
air inside the morgue and possible VOCs migration
from the plastic body bag.

Throughout the sampling cycles, a portable ther-
mometer—hygrometer (model H 270, Dostmann Elec-
tronics, Germany) was used to measure ambient morgue
temperature and humidity. For each cycle, the average
temperature values ranged between 23 and 30 °C,
whereas 35% to 50% was the respective range for the
relative humidity.

Moreover, a portable multi gas detector (MX 2100,
Oldham, France) was used to measure H,S and NHj,
while a second detector (Anagas CD 98 Plus, Environ-
mental Instruments, England) was applied for monitoring
CO, and CO. For CO,, the IR gas analyzer of the device
was utilized, while for the rest inorganic substances the
detectors’ electrochemical sensors were applied.

3.4. Chromatographic analysis

Sorbent tubes were thermally desorbed to an HP 5890/
5972 GC/MS system using an in-house-made thermal
desorption unit (Statheropoulos et al., 2005) which stands
on top of the gas chromatograph. Prior to analysis, the
system was tested for its analytical performance. The
validity of the method was checked using a standard mix-
ture of hydrocarbons in four replicates of 1 pL. Indica-
tively, for hexane (C=3.508 mg mL™ "), the R.S.D. was
found to be 4.96%, linearity (range 1-5 pg) R*=0.899,
sensitivity 6x107 au pg ' (arbitrary units detected as
signal intensities) and recovery 70%; internal standard’s
recovery was 98%.

Desorption flow of He was set to 30 mL min™ ', while
the temperature was kept constant at 200 °C. Desorption
and refocusing duration was 20 min, in order to maxi-
mize recovery. The cryo trap capillary was a 22 cm part
of a 0.53 mm id, AT-Q, Q-PLOT column (Alltech
Associates); it was chosen in order to enhance the
trapping of ultra-VOCs and consequently the chromato-
graphic resolution. A 20-s heating pulse has proved to be
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adequate for flash desorption of trapped analytes in the
GC column; the heating time was short enough to
prevent extensive deterioration of the cryo trap column,
thereby limiting artifacts in the analysis. Cryogen used
was liquid nitrogen.

A 60-m SPB-624 capillary column with 1.4-um
stationary phase and an internal diameter of 0.25 mm
(Supelco) was utilized for high-resolution chromato-
graphic separation. Column head pressure of helium
purge gas was set to 25 psi. GC program was selected as
follows: 35 °C initial for 5 min, ramp of 4 °C min™~ ' up to
180 °C, hold for 20 min. Mass range was limited from 35
to 350 amu due to the expected detection of VOCs, but

with the benefit of 1.8 scans s~ .

3.5. Data processing

Chromatographic peaks were identified initially with
the help of Wiley 138 library and further enhanced by a
substance database through “Easy-ID” tool of HP
Productivity Chemstation. In order to evaluate whether
the VOCs were produced during the decay process or
migrated either from the body bag or the environment,
their gradient was calculated using the ratio of the area
(A) of each compound and the internal standard (ISTD):

Avocinbag  AvoC in blank

Substance gradient =

Arstp AISTD in blank

The substance gradient is actually a correlation of molar
concentration and is suggested in the literature to
estimate the relative abundance of each VOC (Phillips
et al., 1999a). Further semi-quantitative results might be
performed using the internal standard method through
relative response factors (RRFs), as described in detail in
the EPA-TO15 method (McClenny and Holdren, 1997).

4. Results and discussion

Over 30 volatile substances were identified during
the experiments. The majority of them were benzene
derivatives, while aliphatic hydrocarbons, oxygenated
substances (alcohols, aldehydes, ketones) and sulfur
compounds (sulfides) were also found (Table 1). It
should be emphasized that many of the substances found
were detected only in the last sampling cycle at 24 h. This
indicates that human decomposition is a process and not
a single event. Moreover, it shows that the evolution rate
during decomposition differs significantly between
classes of substances. On the other hand, this may reveal
a low equilibrium rate in the body and in the sampling
area. So far, the information regarding the biochemical
pathways generating these VOCs is missing from the
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Table 1
VOCs found in the present work and in the literature after blank subtraction, presented as substance gradient (correlation of molar concentration)
Substance Present work Literature

Time Morgue Body Statheropoulos Vass

blank bag et al. (2005) et al.

0h 4h 8h 24h blank (2004)
Hydrocarbons
1 Hexane N.D.* 0.002 0.004 0.003 0.002 N.D. g N.D.
2 Heptane N.D. N.D. N.D. 0.016 N.D. N.D. g g
3 Octane” 0.038 0.014 0.009 0.028 N.D. N.D. g N.D.
4 Decane N.D. N.D. N.D. 0.005 N.D. 0.003 N.D. N.D.
5 Hexane, tetramethyl N.D. N.D. 0.012 0.026 N.D. N.D. N.D. N.D.
6 1-Undecene N.D. N.D. N.D. 0.004 N.D. N.D. N.D. g
7 Decane, trimethyl 0.016 0.010 0.004 0.009 N.D. N.D. N.D. N.D.
Alcohols
8 Ethanol ® 0.010 0.375 0.034 0.002 0.060 N.D. g N.D.
9 2-Propanol N.D. N.D. 0.008 0.080 N.D. N.D. N.D. N.D.
10 1-Hexanol, 2-ethyl N.D. N.D. N.D. 0.023 N.D. N.D. N.D. g
11 Phenol N.D. N.D. N.D. 0.009 N.D. 0.047 N.D. N.D.
12 Phenol, 4-methyl N.D. N.D. N.D. 0.038 N.D. N.D. N.D. N.D.
Aldehydes/Ketones
13 2-Propanone” 3.250 2.700 0.304 1.405 0.020 N.D. ’d g
14 Butanal, 3-methyl N.D. N.D. 0.017 N.D. N.D. N.D. N.D. N.D.
15 Ethanone, 1-phenyl N.D. N.D. N.D. 0.011 N.D. N.D. N.D. N.D.
16 2-Butanone® 0.660 0.147 0.035 0.042 N.D. N.D. g N.D.
17 2-Nonanone N.D. N.D. N.D. 0.010 N.D. N.D. N.D. N.D.
Sulfides
18 Dimethyl disulfide® 4.605 2.197 1.267 1.915 N.D. N.D. 4 g
19 Dimethyl sulfide N.D. N.D. N.D. 0.019 N.D. N.D. N.D. N.D.
20 Dimethyl trisulfide 0.014 0.016 0.033 0.594 N.D. N.D. g g
21 Methyl ethyl disulfide® 0.018 0.008 0.008 0.033 N.D. N.D. g N.D.
Benzene derivatives
22 Benzene, methyl® 0.001 0.001 0.001 0.046 0.020 N.D. g g
23 p-Xylene® 0.003 0.015 0.022 0.058 0.018 0.004 g g
24 Benzene, 1,2,3-trimethyl N.D. N.D. N.D. 0.004 N.D. N.D. g g
25 Di-limonene N.D. N.D. N.D. 0.005 N.D. N.D. d N.D.
26 Benzene, 2-ethyl-1,4-dimethyl N.D. N.D. N.D. 0.003 N.D. N.D. N.D. g
27 Naphthalene N.D. N.D. N.D. 0.026 N.D. N.D. N.D. g
28 Styrene N.D. N.D. N.D. 0.006 N.D. N.D. N.D. g
29 Benzene, (1-methylethenyl) N.D. N.D. N.D. 0.006 N.D. N.D. N.D. N.D.
30 0-Xylene® 0.001 0.001 0.002 0.013 0.003 0.001 g g
31 m-Xylene® 0.001 0.001 0.001 0.011 0.004 0.002 g g
Others
32 Ethane, tetrachloro N.D. N.D. N.D. 0.003 N.D. N.D. N.D. d

% N.D.: not detected.

° Substances constitute the common core of VOCs appearing in all four sampling cycles.

literature. A chromatogram of most abundant VOCs
chromatographic peaks evolving from the dead body left
outside the morgue’s refrigerator for 24 h (estimated time
of death=4 days) is presented in Fig. 1.

Four possible processes seem to explain the VOCs
profile observed during the experiments. The first one is
the chemical decomposition occurring inside the body
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bag carrying the cadaver. Secondly, the VOCs evolved
from the decaying human body, diffuse and mix in the
bag’s trapped atmospheric air. Minute amounts of VOCs
may be absorbed by the bag itself and consequently the
VOCs profile measured may be slightly different from
the one originally produced in the bag. Fourthly, possible
losses due to small, imperceptible pores in the bag could
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Fig. 1. A chromatogram of most abundant VOCs chromatographic peaks
evolving from the dead body left outside the morgue’s refrigerator for
24 h (estimated time of death=4 days). The numbered peaks indicate
the most prominent VOCs as presented in Table 1: (1) 2-propanone,
(2) dimethyl disulfide, (3) toluene, (4) nonane, (5) methyl ethyl disulfide,
(6) chlorobenzene-d5 (ISTD), (7) p-xylene, (8) hexane tetramethyl,
(9) dimethyl trisulfide.

affect the composition of VOCs. These processes, along
with occasional freezing of water in the cryo trap of
thermal desorption (TD) during cryofocusing, may be
responsible for the changes and fluctuations of VOCs
profile; freezing is a common problem for the TD
method and exists in samples with high water content.
A variety of organic sulfides were identified, including
dimethyl sulfide (DMS), dimethyl disulfide (DMDS),
dimethyl trisulfide (DMTS) and methyl ethyl disulfide
(MEDS). The production of these substances was also
reported in the literature regarding human decomposition
(Statheropoulos et al., 2005; Vass et al., 2004). The most
prominent amongst them appears to be DMDS, confirm-
ing previous observations (Statheropoulos et al., 2005).
Sulfur compounds are known for their foul odor and their
evolution is usually associated with bacterial fermenta-
tion. It should be emphasized that dimethyl sulfide and
dimethyl disulfide were identified along with other VOCs
in mid-city of New Orleans floodwaters originating from
the decay of organic matter under anaerobic conditions
(Pardue et al., 2005). On the other hand, in healthy hu-
mans, such sulfides have been associated with an un-
pleasant odor of breath as in “halitosis” (Rodriguez et al.,
2002). However, under pathological conditions they have
been considered as endogenous factors responsible for
various diseases such as liver cirrhosis (Manolis, 1983)
and hepatic coma (Zieve et al., 1974). In nature, expired
air of camels contains such organic sulfides probably
originating among others from dehydration. It should be
noted that a plant (fitan arum, one of the 170 species of
Amorphophallus found at the Royal Botanic Gardens in
Kew, UK) was named “corpse flower” after its smell
because of the sulfides evolved; among them DMDS and
DMTS (Kite and Hetterschieid, 1997). Moreover, sulfur
compounds are often implicated at sewage treatment and
disposal works (Leach et al., 1999; Muezzinoglu, 2003).
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Interestingly, nitrogen substances were not found.
Diamines such as putrescine (putrid, nauseating odor)
and cadaverine (putrid, decaying flesh odor) which are
produced by the breakdown of amino acids L-ornithine
and L-lysine, as well as, aromatic amines such as skatole
(fecal, nauseating odor) and indole (resulting from ex-
tended proteolysis), are usually correlated with human
decomposition in the literature (Dent et al., 2004; Vass
etal., 2002, 2004). However, none of these was detected
in the present study, probably because of their low
volatility or their fast metabolism by bacteria (Vass et al.,
2004). This is in agreement with previous results pro-
duced by the use of TD/GC/MS methodology in similar
applications (Vass et al., 2004; Statheropoulos et al.,
2005). Since these nitrogen substances have been as-
sumed to alert cadaver dogs, further investigation on this
phenomenon could lead to better understanding the way
dogs detect scent and, in particular, the “scent of death”.

A variety of alkanes and benzene derivatives were
also detected. Similar alkanes and benzene derivatives
were identified in the breath of patients with lung cancer
(Phillips et al., 1999b). The increased oxygen free-
radical activity could be the source of their evolution.
These free radicals convert through lipid peroxidation
the polyunsaturated fatty acids from cell membranes to
volatile alkanes.

It is referred that substituted benzene compounds, cy-
clohexanes, substituted naphthalenes, long-chain hy-
drocarbon acids and substituted ethane compounds are
probably generated by microbial modification of the
various base compounds. In addition, halogenated com-
pounds, such as ethene tetrachloro that was identified in the
present work, could be formed because of the significant
amounts of chloride ions in the human body. It is assumed
that the ingested fluoride or chlorine which is absorbed by
the bones and the soft tissues is liberated afterwards, during
chemical decomposition (Vass et al., 2004).

Along with VOCs, inorganic gases such as H,S,
NH;, CO, and CO, were also identified during human
decomposition. As the process progresses, various gases
(i.e. H,S, CO,, CHy4, NH3, SO,, H,) are produced in the
bowel and may result in tissue distension (Vass et al.,
2002). The average concentration of the four sampling
cycles for each gas ranged between 1.2% and 2.7% for
carbon dioxide, between 1 and 10 ppm for carbon mon-
oxide, between 1 and 3 ppm for hydrogen sulfide and for
ammonia between 30 and 64 ppm. However, because of
the instrumentation employed, cross sensitivity issues
may arise affecting the previous results.

Comparing the results of the four sampling cycles
for similarities and differences, eleven compounds were
found in common in all cycles, forming a “common core”.
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These included: ethanol, 2-propanone, dimethyl disulfide,
methyl benzene, octane, o-xylene, m-xylene, p-xylene, 2-
butanone, methyl ethyl disulfide and dimethyl trisulfide.
The presence of this common core indicates a prevailing
procedure or many processes that occur in parallel; this
definitely needs further investigation. It is of interest,
however, that these substances were also identified in a
previous work (Statheropoulos et al., 2005).

A more detailed study of VOCs evolved during human
decomposition, based on their fundamental physicochem-
ical properties, could provide interesting information
(i.e. analytical, toxicological, environmental), regarding
their impact on the environment (soil, liquid, air) and
humans. Compounds with close physicochemical prop-
erties tend to develop similar environmental impacts. This
is becoming quite interesting in the light of the recent
major disasters, which resulted in many human and ani-
mal dead bodies. As a consequence, decaying corpses
lying in soil or water might contaminate soil and water
sources (i.e. drinking water) or increase the toxicity of
a confined space. Physicochemical properties, such as
molecular weight, vapor pressure, Henry’s law constant,
octanol—-water partition coefficient and solubility, might
support researchers on evaluating the environmental and
human impacts of VOCs produced during human decay.

Further study of the physicochemical properties of
VOCs could enhance our knowledge regarding distri-
bution, transportation, enrichment and transformation of
volatile substances in the environment. The frequent ap-
pearance of VOCs determined in this work was used as a
tool for correlating various physicochemical properties (i.e.
molecular weight, vapor pressure, solubility, Henry con-
stant and octanol—water coefficient as log P). The results
were used for comparing among the four sampling cycles.

In all sampling cycles, the majority of the VOCs
identified, appeared with a medium molecular weight of
108 amu. Molecular weight distribution, revealed the
production of higher molecular weight VOCs, for decom-
position in time. Furthermore, the molecular weight range
was raised (46—184) as time passed, while the molecular
weight distribution remained unaffected.

In general, compounds with high molecular weight
have lower vapor pressures due to stronger intermolecular
attractions in the liquid phase. The vapor pressure reveals
the volatility of a compound and defines which substances
can be found in the atmosphere. The vapor pressure range
of the compounds evolved increased after the first 8 h;
from 6.4-232 mm Hg to 0.048—-502 mm Hg. Vapor
pressure values of the compounds determined indicate the
production of mainly volatile and semi-volatile substances.

The exchange rate of a chemical across the air—water
interface is correlated by vapor pressure through Henry’s
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law constant (Yang et al., 2003). High Henry’s law con-
stant values (>22 Pa m® mol ') define accumulation of
VOC:s in the atmospheric phase. Henry’s constant values
for the compounds identified in the first sampling cycle
were in the range of 5x 10~ ¢ — 3.21 atm (mol/m®) '. The
range became larger after the first 8 h; 2.89x 107 —
5.15 atm (mol/m®) .

The environmental distribution of hydrophobic organ-
ic chemicals in biota is related to the octanol-water
partition coefficient (K ). Kow is employed for measuring
non reactive toxicity and water solubility; it is the key
factor for the evaluation of the bio- and geoaccumulation
of a chemical. Substances with high values of K, are
usually highly lipophilic and bioaccumulate more. The
examination of octanol-water coefficient values
(expressed as log P) in the compounds determined in
this work, showed that mainly polar and intermediate
polar compounds are produced in time.

It should be noted that the K, for organic compounds
is mostly related to solubility in water, rather than solu-
bility in octanol. The water solubility values define which
VOCs accumulated in aqueous environments (i.e. rivers
and oceans) and provide useful information for im-
portant processes such as evaporation, absorption, bio-
accumulation and biodegradation (Pfeifer et al., 2001;
Yang et al., 2003). The majority of VOCs determined
in this work appear to have high solubility values (e.g.
0.052—1x10° mg L™ ). Due to some technical difficul-
ties of the methodology used (e.g. high water content),
there might be a missing of soluble compounds and an
underestimation of the detected values. In general, com-
pounds with low water solubility and higher molecular
weight tend to absorb easier to surfaces (Rafson, 1998).

Within the limits of this experimental set up, a pre-
liminary straightforward analysis of gaseous species emit-
ted on the early stages of human decomposition was
performed. Further research will be necessary to identify
the role and degree of pollution in all compartments of
environment. Novel on-site techniques and methods of
field analytical chemistry and technology applicable to
environmental problems and environmental health could
definitely contribute to this.

5. Conclusions

In the present study, a variety of volatile organic
compounds were found to accumulate in the body bag
during the early stages of human decomposition. Over 30
VOCs were detected during a period of 24 h. A common
core of substances found in all four sampling cycles were:
ethanol, 2-propanone, dimethyl disulfide, methyl ben-
zene, octane, 2-butanone, methyl ethyl disulfide, dimethyl
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trisulfide and o-, m- and p-xylenes. Additionally, a variety
ofinorganic gases including CO,, CO, NH; and H,S were
also identified. Aside from the macroscopic appearance
of the body, further identification of the dead body’s
chemical fingerprint could provide the pathologist with
important forensic details. Moreover, these chemical clues
could enhance a variety of vital applications, such as
search and rescue operations, medical and forensic
knowledge, as well as, environmental information.

In general, human decomposition is a long and scien-
tifically important process, not very well documented
from the chemical point of view. A novel approach for
correlating evolved VOCs and environmental pollution is
being presented through the fundamental physicochem-
ical properties. The procedure includes monitoring of
VOCs profile in time, determination of a common core of
compounds and examining physicochemical properties
of VOCs through their frequency distribution profile. The
monitoring of VOCs for days or even weeks (perhaps
through animal models) under controlled experimental
conditions could provide useful data for highlighting the
solution of the chemical puzzle of death.

Acknowledgements

The experiments were performed in compliance with
the relevant laws and biomedical ethical guidelines of
the Medical School of the National and Kapodistrian
University of Athens. Therefore, the facilities of the
Department of Forensic Medicine and Toxicology were
utilized and we are greatly thankful. No interference with
the dead body was carried out; only the headspace air of
the sealed bag was monitored. The experiment was
designed to last only 24 hours, so it would not interfere
with the medico-legal examination; although analytical-
ly speaking this time interval is considered short.

Additionally, the authors would like to thank the
General Secretariat of Research and Technology,
PENED 2001, for financially supporting this work.

References

Amendt J, Krettek R, Zehner R. Forensic entomology. Naturwis-
senschaften 2004;91:51-65.

Dent BB, Forbes SL, Stuart BH. Review of human decomposition
processes in soil. Environ Geol 2004;45:576—85.

Ghosh TK, Prelas MA, Viswanath DA, Loyalka SK, editors. Science
and technology of terrorism and counterterrorism. US: Marcel
Dekker; 2002. p. 373.

Kite GC, Hetterschieid WLA. Inflorescence odours of Amorphophallus
and Pseudodracontium (Araceae). Phytochemistry 1997;46:71-5.

224

Knight B. Forensic pathology. 2nd edition. Arnold Publications; 1996.
p. 64.

Leach J, Blanch A, Bianchi AC. Volatile organic compounds in an
urban airborne environment adjacent to a municipal incinerator,
waste collection centre and sewage treatment plant. Atmos Environ
1999;33:4309-25.

Manolis A. The diagnostic potential of breath analysis. Clin Chem
1983;29:5-15.

McClenny WA, Holdren MW, editors. Compendium of methods for the
determination of toxic organic compounds in ambient air. Compen-
dium method TO-15, Determination of volatile organic compounds
(VOC:s) in air collected in specially-prepared canisters and analyzed
by gas chromatography/mass spectrometry, 2nd edition. EPA; 1997.

Muezzinoglu A. A study of volatile organic sulfur emissions causing
urban odors. Chemosphere 2003;51:245-52.

Pardue JH, Moe WM, Mcinnis D, Thibodeaux LJ, Valsaraj KT,
Maciasz E, et al. Chemical and microbiological parameters in New
Orleans floodwater following hurricane Katrina. Environ Sci
Technol 2005;39:8591-9.

Pfeifer O, Lohmann U, Ballschmiter K. Halogenated methyl—phenyl
ethers (anisoles) in the environment: determination of vapor pres-
sures, aqueous solubilities, Henry’s low constants, and gas/water —
(Kgw), n-octanol-water — (K,,) and gas/n-octanol (K,,) partition
coefficients. Fresenius. J Anal Chem 2001;371:598—606.

Phillips M, Herrera J, Krishnan S, Zain M, Greenberg J, Cataneo RN.
Variation in volatile organic compounds in the breath of normal
humans. J Chromatogr B 1999a;729:75-88.

Phillips M, Gleeson K, Hughes JMB, Greenberg J, Cataneo RN, Bager
L, et al. Volatile organic compounds in breath as markers of lung
cancer: a cross-sectional study. Lancet 1999b;353:1930-3.

Presley SM, Rainwater TR, Austin GP, Platt SG, Zak JC, Cobb GP, et al.
Assessment of pathogens and toxicants in New Orleans, LA
following hurricane Katrina. Environ Sci Technol 2006;40:468—74.

Rafson HJ, editor. Odor and VOC control handbook. McGraw-Hill;
1998. p. 2.1-2.36.

Rodriguez J, Pereiro R, Sanz-Medel A. Determination of volatile
sulfur compounds in mouth air. Spectrosc Eur 2002;14:6-14.
Statheropoulos M, Spiliopoulou C, Agapiou A. A study of volatile
organic compounds evolved from the decaying human body.

Forensic Sci Int 2005;153:147-55.

Statheropoulos M, Mikedi K, Agapiou A, Georgiadou A, Karma S.
Discriminant analysis of VOCs data related to a new location method
of entrapped people in collapsed buildings of an earthquake. Anal
Chim Acta 2006;566:207—16.

Vass AA, Barshick S-A, Sega G, Caton J, Skeen JT, Love JC, et al.
Decomposition chemistry of human remains: a new methodology for
determining the postmortem interval. J Forensic Sci 2002;47:542-53.

Vass AA, Smith RR, Thompson CV, Burnett MN, Wolf DA, Synstelien
JA, et al. Decompositional odor analysis data base. J Forensic Sci
2004;49:1-10.

Yang P, Chen J, Chen S, Yuan X, Schramm K-W, Kettrup A. QSPR
models for physicochemical properties of polychlorinated diphe-
nyl ethers. Sci Total Environ 2003;305:65-76.

Zieve L, Doizaki WM, Zieve FJ. Synergism between mercaptans and
ammonia or fatty acids in the production of coma: a possible role
for mercaptans in the pathogenesis of hepatic coma. J Lab Clin
Med 1974;83:16-28.

Zumwalt RE, Bost RO, Sunshine I. Evaluation of ethanol concentra-
tions in decomposed bodies. J Forensic Sci 1982;27:549-54.



MAPAPTHMA 6

ATMOSPHERIC
ENVIRONMENT

Available online at www.sciencedirect.com

sc.euca@p.“cr.

LSEVIER Atmospheric Environment 39 (2005) 46394645
www.elsevier.com/locate/atmosenv
A study of volatile organic compounds evolved
in urban waste disposal bins
M. Statheropoulos, A. Agapiou™, G. Pallis
School of Chemical Engineering, National Technical University of Athens (NTUA), Sector I,
9 Iroon Polytechniou Street, 157 73 Athens, Greece
Received 6 January 2005; received in revised form 4 April 2005; accepted 12 April 2005
Abstract

Volatile organic compounds (VOCs) evolved in urban waste disposal bins in different situations were studied. Waste
of various loads (full, empty, partially filled bins), remained uncollected in the containers for variable time and under
different weather conditions. Analysis of VOCs was carried out by thermal desorption/gas chromatography/mass
spectrometry (TD/GC/MS). Over 150 compounds have been identified and the 30 most abundant were quantified.
Generally, VOCs were determined in the range of micrograms per cubic meter. Median concentrations of the most
prominent VOCs were: decane (694.9 ugm™), acetic acid ethyl ester (353.1 pgm™>), limonene (334.9 ugm™), nonane
(257.4pgm™?), ethanol (216.1 pgm ), benzene 1,2,4-trimethyl (212.6 pg m~>) and undecane (159.1 pg m~>). High levels
of alkanes, alkylbenzenes and terpenes are responsible for undesirable odours. The variety and concentration of VOCs
evolved depends on the prevailing conditions such as time of waste exposure, load and weather. When waste
accumulates in bins under unforeseen circumstances, some compounds produced may exceed olfactory and safety
thresholds representing a source of potential health impact.
© 2005 Elsevier Ltd. All rights reserved.

Keywords: Volatile organic compounds (VOCs); Waste bins; Household; Garbage; Odour

1. Introduction

Domestic waste is a mixture of packing materials,
food containers, biodegradable waste and garden waste.
Solid household waste is usually wet (40-90% moisture)
and contains levels of soluble organic compounds which
can contribute to the growth of undesirable microorgan-
isms (Peterson et al.,, 2004). These, in turn, may
transform degradation products to more toxic sub-
stances. Breakdown of urban waste usually takes place
in municipal waste landfills due to acidic anaerobic

*Corresponding author. Tel: +302107723109;
fax: +302107723188.
E-mail address: agapiou@central.ntua.gr (A. Agapiou).

fermentation (James and Stack, 1997). Gases generated
consist of methane (~50-60%), carbon dioxide (~40%)
and some non-methane VOCs (Kreith, 1995). Some
VOCs emitted from dumping sites (i.e. benzene, vinyl
chloride) are potentially mutagenic or carcinogenic to
waste collectors and nearby living inhabitants (Reinhart,
1993). Composition of VOCs from landfills has been
widely studied due to their toxicological nature and
environmental impact (unpleasant odours, poor air
quality, health problems). These include several hydro-
carbons, aromatic substances, oxygenated, chlorinated
and sulfur compounds (Zou et al., 2003; Kim and Kim,
2002; Leach et al., 1999).

People working with garbage collection often
have airway irritation, nausea, chronic bronchitis and

1352-2310/$ - see front matter © 2005 Elsevier Ltd. All rights reserved.
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gastrointestinal problems. Epidemiological studies have
looked at these symptoms in waste collectors (Poulsen
et al., 1995). Although these ailments have been ascribed
to VOC exposure, Wilkins (1994) showed that the
offending VOC concentrations were below the threshold
limit values (TLVs). On the other hand these medical
complaints were correlated with probable exposure to
organic sulfur compounds with even low TLVs (Wilkins
and Larsen, 1995; Wilkins and Larsen, 1996; Wilkins,
1997). Leach et al. (1999) reinforced the notion that
volatile organosulfides and various oxygenated com-
pounds produced by waste management operations may
occasionally exceed olfactory detection threshold.

Waste bins (wheel containers) are widely spread along
city streets serving as primary depository receptacles.
Although garbage is placed in nylon bags before it is
thrown in waste bins, VOCs soon posses the headspace
air inside the waste bin. They arise from volatilization of
compounds contained within the waste and those
formed during early decomposition. Initial degradation
of refuse material is primarily an aerobic process
followed by consumption by bacteria, mites, fungi and
parasites. Accumulation of solid waste over days, in
combination with hot weather, may create unpleasant
odours and could even impact public health. According
to Brosseau and Heitz (1994) increased VOC concentra-
tions, when combined with nitrogen oxides from other
sources (i.e. vehicle emissions), could lead to favorable
conditions for local production of ozone. Along with
NO, and sunlight, selected classes of VOCs (alkanes,
alkenes, aromatic hydrocarbons, oxygen and nitrogen
containing VOCs) participate in photochemical smog
episodes and contribute in the formation of secondary
air pollutants (i.e. ozone, peroxyacetylnitrate (PAN),
formaldehyde) in urban and regional areas as well as in
the troposphere (Jenkin and Clemitshaw, 2000; Atkin-
son 2000; Brocco et al., 1997).

Although qualitative information regarding types of
VOCs evolved in “regular” situations is well documen-
ted in literature, quantitative assessment is poorly
defined. At times of unforeseen circumstances such as
in physical catastrophes, where garbage remains un-
collected for a long time, VOCs have not been
thoroughly studied. The aim of this work was the
determination of types and levels of VOCs evolved from
urban household waste disposal bins under different
conditions (in real situations and in controlled experi-
ments).

2. Experimental

2.1. Field sampling

Garbage in plastic waste bins situated on city roads
with a maximum weight of 450 kg and capacity 1100 L
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were sampled. A Teflon tube (0.8 cm external diameter,
145 cm long) was inserted in the waste bin and a sorbent
tube was placed on its end for pumping the headspace
air (flow rate of 200 ml min~", volume sampled 5 L). The
waste bin was practically closed during sampling.
Measurements were carried out in four sampling cycles.

The first sampling cycle concerned four overloaded
waste bins that remained uncollected for 7 days
(autumn, moderately warm weather conditions). Two
samples were taken from each bin prior to garbage
collection (average ambient temperature 28.3 °C, relative
humidity 47.4%, portable thermometer-hygrometer,
model H 270, Dostmann Electronics, Germany).

The second cycle targeted the same waste bins after
they were emptied prior to washing (ambient tempera-
ture 23.2 °C, humidity 35.6%).

The third set of samples was taken from four empty
bins of the regular daily collection program (autumn,
partially filled waste bins, temperature 24.1°C and
humidity 52.5%).

The final group of data was collected in winter. Four
partially filled containers were allowed to remain closed
for 6 days in an open shelter (controlled experiment,
temperature 10.7 °C, humidity 30.8%, mild snowfall). In
this sampling cycle CO,, CO, NH; values were also
obtained. For monitoring CO,, a portable IR portable
gas analyzer was utilized (Anagas CD 98 plus, Environ-
mental Instruments, UK). For CO values, the electro-
chemical sensor of the same device was used. A portable
ammonia gas sensor without internal pump (Toximeter
TX 2000, Oldham, France) was employed to monitor
ammonia concentration.

2.2. Chromatographic analysis

Sorbent tubes were thermally desorbed to an HP
5890/5972 GC/MS system using an in-house-made
thermal desorption unit (Statheropoulos et al., 2005)
which stands on top of the gas chromatograph.
Desorption flow of He was set at 30mlmin~' while
the temperature was kept constant at 200 °C. Desorption
and refocusing duration was 20min in order to
maximize recovery. The cryo trap capillary was a
22cm part of a 0.53mm id, AT-Q, Q-PLOT column
(Alltech Associates); it was chosen in order to enhance
trapping of ultra-VOCs and consequently the chromato-
graphic resolution. A 20 s heating pulse has proved to be
adequate for flash desorption of trapped analytes in the
GC column; the heating time was short enough to
prevent extensive deterioration of the cryo trap column,
thereby limiting artifacts in the analysis. Cryogen used
was liquid nitrogen.

A 60m SPB-624 capillary column with 1.4um
stationary phase and an internal diameter of 0.25mm
(Supelco) was utilized for high-resolution chromato-
graphic separation. Column head pressure of helium



MAPAPTHMA 6

M. Statheropoulos et al. | Atmospheric Environment 39 (2005) 4639-4645 4641

purge gas was set to 25 psi. GC program was selected as
follows: 35 °C initial for 5min, ramp of 4°Cmin~" up to
180 °C, hold for 20 min. Mass range was limited from 35
to 350 amu due to the expected detection of VOCs, but

with the benefit of 1.8 scanss™ .

2.3. Data processing

Chromatographic peaks were identified with the help
of Wiley 138 library and enhanced by a substance
database through “Easy-1d” tool of HP Productivity
Chemstation. Quantitative results were generated with
the application of the internal standard method with the
use of external standards (McClenny et al. (EPA TO-
15), 1997).

2.4. Quality assurance and control

2.4.1. Sampling tube preparation

Three layer sampling sorbent glass tubes, containing
(60-80 mesh) 300 mg Carbopack C, 200 mg Carbopach
B and 125mg Carbosieve S-III, were used (Supelco,
USA). The sampling tubes were conditioned for 2h at
300 °C with constant supply of He at 150 mlmin~"'. They
were then sealed by both Swagelok fitting and PTFE
ferrules and stored at 4 °C prior to use. Before sampling,
1 pL of a methanolic internal standard of chloroben-
zene-d5 was added by means of a microsyringe.

2.4.2. Qualitative and quantitative analysis

The semi-quantitative determinations were performed
with the wuse of external standard mixtures
(C =50mmoll~") purchased from ITChem (Greece)
and Sigma-Aldrich (Dorset, UK). Relative response
factors (RRF) were determined for aliphatics, oxyge-
nated, heteroatoms and aromatic substances. Recovery
tests performed with standard mixtures showed over
95% desorption for VOCs. The breakthrough volume

w
o
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was also tested by applying standards into two sample
traps in a row and did not show any notable signal of
overload up to 500pgm™>. The relative standard
deviation (RSD) for three replicate standard mixtures
was estimated around 10%.

Duplicate samples were taken from each waste bin in
each collection cycle so as to verify the results. For
comparison, a single blank sample was taken 75 m away
from the sampling location.

3. Results and discussion

In every chromatogram the majority of substances
eluted in the time range of 20-40min; this is an
indication that these compounds are medium to heavy
molecular weight. A typical chromatogram of VOCs
identified during the first cycle is presented in Fig. 1. In
total, over one hundred and fifty volatile substances
were identified from overfilled and empty waste bins
(Table 1). The majority of them were benzene deriva-
tives. The variety included aliphatic and aromatic
hydrocarbons, terpenes (di-limonene, gamma terpinene,
2-f-pinene, o-pinene), oxygenated compounds (alde-
hydes, ketones, esters and acids) and sulfur compounds
(dimethyl disulfide). Quantification proceeded only for
those substances found in more than 50% of the samples
examined from the first and second cycles (totally 16
samples). These substances were subsequently moni-
tored in the third and fourth sampling cycles. Amongst
them, decane, acetic acid ethyl ester, di-limonene,
nonane and ethanol showed the highest concentrations.
Table 2 presents the concentrations (semi-quantitative
analysis) of the 30 main volatile substances identified.
Four of them are considered as priority pollutants:
benzene, toluene, ethyl benzene and naphthalene. It is of
interest that dimethyl disulfide was the only important
organic sulfur derivative identified.

l.i= A 'unl [n

Time (min)

Fig. 1. Typical chromatogram of VOCs evolved from a waste bin after seven days of waste accumulation. The numbered
peaks indicate the most prominent VOCs as presented in Table 2: (1) ethanol, (2) acetic acid ethyl ester, (3) chlorobenzene d-5
(internal standard), (4) nonane, (5) decane, (6) 2-B-pinene, (7) benzene 1,2,3-trimethyl benzene, (8) di-limonene, (9) gamma-terpinene,

(10) undecane.
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Table 1
VOCs evolved from overfilled and empty waste bins measured in the first and second sampling cycle
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(45)
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@47
(48)
(49)
(50)
(5D
(52)
(53)
(54)
(55
(56)

1-Propene

1-Propene, 2-methyl
1,3-Butadiene
Acetaldehyde

Butane, 2-methyl
Pentane

1,3-Pentadiene

Ethanol

Isoprene

Acetone

Acetic acid, methyl ester
2-Propanol

Pentane, 2-methyl
Pentane, 3-methyl
1-Hexene

Hexane

2-Hexanol
Cyclopentane, methyl
Acetic acid, ethyl ester
Hexane, 3-methyl
2-Butene, 2,3-dimethyl
Benzene

Cyclohexane

Heptane

Cyclohexane, methyl
Propanoic acid, ethyl ester
Butanal, 3-methyl
Acetic acid, pentyl ester
Heptane, 2-methyl
Hexane, 2,5-dimethyl
Heptane, 3-methyl
Disulfide, dimethyl
Cyclohexane, 1,3-dimethyl
Benzene, methyl
Octane

Butanoic acid, 3-Me, methyl ester
Acetic acid, 2-methylpropyl ester

Cyclohexane, 1,2-dimethyl
Heptane, 2,4-dimethyl
Octane, 2-methyl

Heptane, 2,6-dimethyl
Heptane, 2,5-dimethyl
Hexanal

Acetic acid, butyl ester
Cyclohexane, ethyl
Cyclohexane, 1,1,3-trimethyl
Cyclohexane, 1,1,2-trimethyl
Heptane, 2,3-dimethyl
Octane, 4-methyl

Octane, 3-methyl

Benzene, ethyl

Nonane

Cyclohexane, 1-ethyl-4-methyl
Benzene, 1,3-dimethyl
Hexane, 2,4-dimethyl
3-Heptene, 3,5-dimethyl

(57
(58)
(59)
(60)
(61)
(62)
(63)
(64)
(65)
(66)
(67)
(68)
(69)
(70)
()
(72)
(73)
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(76)
a7
(78)
(79)
(80)
(81
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(83)
(84)
(85)
(86)
87
(88)
(89)
90)
on
92)
93)
4
%)
96)
0
98)
99)
(100)
(101)
(102)
(103)
(104)
(105)
(106)
(107)
(108)
(109)
(110)
(111)
(112)

Cyclohexane, 1-ethyl-2-methyl
Benzene, 1,2-dimethyl
Octane, 2,5-dimethyl

Styrene

Octane, 2,6-dimethyl
Cyclohexene, 1-butyl

Octane, 3,6-dimethyl
Cyclohexane, propyl
Heptane, 3-ethyl, 2-methyl
Alpha pinene

Decane, 2,5,6-trimethyl
Nonane, 4-methyl

Ethanol, 2-butoxy

Nonane, 2-methyl

Nonane, 3-methyl
Cyclohexane, 1,1,2,3-tetramethyl
Benzene, propyl
Cyclohexane, I-methyl-4-(1-Me-ethyl)
2-Propanol, 1-butoxy
Benzene, 1-ethyl-3-methyl
Benzene, 1-ethyl-4-methyl
Decane

Cyclohexane, 1,4-dimethyl
2-Beta pinene

Benzene, 1-ethyl-2,3-dimethyl
Cyclohexane,1-E-2,3-di-Me
Benzene, 1-ethyl-2-methyl
Decane, 5-methyl

Benzene, (1-methylethenyl)-
Nonane, 2,6-dimethyl
Benzene, 1,2,4-trimethyl
Benzene, ethenylmethyl
Benzene, 2-propenyl

Benzene, 1-ethenyl-3-methyl
Nonane, 3,7-dimethyl
Benzene, (1-methylpropyl)-
Cyclohexane, butyl
Di-limonene
Benzene,1-Me-3-(1-Me-ethyl)-
Decane, 4-methyl

Sabinene

Decane, 2-methyl

Benzene, 1,2,3-trimethyl
Decane, 3-methyl

Gamma terpinene

Benzene, 1,2-diethyl

Benzene, 1,3-diethyl

Benzene, 1-methyl-3-propyl
Benzene, 2-ethyl-1,4-dimethyl
Nonadecane

Undecane

Benzene, 1-methyl-2-propyl
Benzene, 1-ethyl-2,4-dimethyl
Benzene, methyl-(1-Me-ethenyl)
Benzene, 4-ethyl-1,2-dimethyl
Benzene, 1-methyl-3-(1-Me-ethyl)

(113)
(114)
(115)
(116)
(117)
(118)
(119)
(120)
(121)
(122)
(123)
(124)
(125)
(126)
(127)
(128)
(129)
(130)
(131)
(132)
(133)
(134)
(135)
(136)
(137)
(138)
(139)
(140)
(141)
(142)
(143)
(144)
(145)
(146)
(147)
(148)
(149)
(150)
(151)
(152)
(153)
(154)
(155)

Benzene, 1-ethenyl-4-ethyl
Benzene, (2-methyl-1-propenyl)
1H-Indene, 2,3-dihydro-2-methyl
Benzene, (1-methyl-1-propenyl)
Ethanone, 1-phenyl

Naphthalene, decahydro-2-methyl
Nonanal

Cyclopropane, 2-methyl-1-butyl
Benzene, 2-ethyl-1,3-dimethyl
Cyclohexane, octyl-

2-Octene, 2,3,7-trimethyl

Benzene, 1,2,4,5-tetramethyl
Benzene, (1,3-diethyl-5-methyl)-
Undecane, 4-methyl

Undecane, 2-methyl

Benzene, 1,2,3,5-tetramethyl
Benzene, 1,3-diethenyl
Naphthalene, decahydro-1-methyl
Undecane, 3-methyl

Benzoic acid, 2,4-dimethyl
Benzene, diethylmethyl

Benzene, (1,1-dimethylpropyl)-
Benzene, 1,2,3,4-tetramethyl
Benzene, diethenyl

Benzene, 1,3-dimethyl-5-(1-methylethyl)
Benzene, 1,4-dimethyl-2-(1-ethylethyl)-
1-H-Indene,2,3-dihydro-1,2-Di-Me
1-H-Indene, 2,3-dihydro-5-Me
1-H-Indene,2,3-dihydro-1,3-Di-Me
Dodecane
Naphthalene,1,2,3.4-tetrahydro-1-Me
Benzene, 2-ethyl-1,3-dimethyl
Benzene, (1-methylbutyl)-
2-Pyrrolidinone, 1-ethenyl
Undecane, 2,6-dimethyl

Benzene, (2-methyl-1-butenyl)-
Naphthalene, 1,2,3,4-tetrahydro
1-H-Indene, 2,3-dihydro-1-ethyl
4-Propenyl, styrene

Decanal

1H-Indene, 1,1-dimethyl
Naphthalene

Tridecane

VOCs are presented according to their mean retention time.
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Table 2
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Range and median concentration (ugm™>) of most prominent VOCs evolved from urban waste bins in different situations

Substances Data collection cycle®

1t 2nd 3rd 4t
Decane 501.4-850.8 (694.9) Not Quantified® (NQ) ND Not Detected (ND)
Acetic acid ethyl ester 20.9-3356.8 (353.1) 17.9-63.5 (40.7) ND 43.6-243.2 (89.6)
di-Limonene 57.1-677.6 (334.9) 0.7-16.8 (7.1) NQ 0.3-757.1 (298.4)
Nonane 54.6-493.1 (257.4) ND ND ND
Ethanol 3.6-350.2 (216.1) ND NQ 8.7-59.4 (41.3)
Benzene, 1,2,4-Tri-Me 100.1-374.1 (212.6) NQ NQ NQ
Undecane 0.7-437.1 (159.1) ND 1.2-2.5(1.8) NQ
1H-Indene, 2,3-Di-H-2-Me 11.2-280.1 (146.4) NQ ND 5.5-9.5(5.7)
Benzene, 1,2,3-Tri-Me 46.1-88.4 (66.4) ND NQ NQ
Benzene, 1-ethyl-2-Me 17.3-56.1 (32.4) ND NQ ND
Benzene, 1-ethyl-4-Me 15.9-50.2 (28.1) ND NQ NQ
Butane, 2-methyl 16.4-30.7 (23.5) NQ ND ND
Benzene, 1-ethyl-3-Me 18.9-127.6 (22.8) 1.9-39.1 (23.3) NQ NQ
o-Pinene 18.2-55.1 (20.7) ND ND 0.9-38.3 (3.5)
2-pB-Pinene 9.9-87.9 (18.9) ND ND 1.6-133.6 (11.4)
Octane, 3-methyl 6.1-33.4 (18.3) ND 0.6-4.4 (3.6) ND
Disulfide dimethyl 0.7-90.7 (16.9) ND ND NQ
Benzene, ethyl 1.6-15.7 (12.7) NQ NQ ND
Acetaldehyde 4.3-25.1 (12.4) ND NQ NQ
Gamma terpinene 1.1-116.9 (11.8) ND ND 2.5-10.8 (4.1)
Pentane 5.1-13.1 (8.4) NQ NQ NQ
Pentane, 2-methyl 7.4-9.2 (8.3) ND NQ ND
Toluene 0.6-12.7 (8.1) NQ NQ NQ
m-Xylene 6.4-7.8 (7.1) NQ NQ 5.4-10 (6.2)
Benzene, 2-Me-1-propenyl 2.1-362.8 (5.4) ND ND NQ
Cyclohexane, 1-ethyl-4-Me 0.1-19.9 (3.1) ND ND ND
Benzene 0.8-12.7 (2.5) NQ NQ 0.8-1.6 (0.9)
Naphthalene 1.3-3.4 (2.4) ND NQ ND
Hexanal 1.1-3.6 (2.2) ND ND ND
Heptane 0.5-1.3 (0.9) ND ND ND

#Cycle number: 1st = Overloaded waste bins remained for 7 days in moderately warm weather (n = 4); 2nd = Empty waste bins of
first cycle in similar weather conditions (n = 4); 3rd = Empty waste bins of the daily collection program (n = 4); 4th = Partially filled
waste bins sitting for 6 days in a shelter at lower temperatures (n = 4).

®NQ = Identified but not quantified if found in less than half of the waste bins.

Zou et al. (2003) emphasized the seasonal variation of
VOC concentrations. This can also be noted in the present
study when the findings of the first sampling cycle are
compared with those of the fourth cycle (Table 2), in
which temperature and relative humidity were much lower.

Anaerobic and aerobic processes as well as “exten-
sive” decomposition of organic matter seem to be
responsible for the types of VOCs evolved during the
first sampling cycle. It has been referred that sulfur
compounds are produced in anaerobic conditions as well
as when aeration is insufficient (Muezzinoglu, 2003).
Incomplete aerobic process results in oxygen-based
compounds (alcohols, aldehydes, ester, ethers and acids)
during the initial fermentation stage. Furthermore, the
hydrocarbon-like structure of terpenoids is prominent in
gaseous effluent in contrast to oxygen compounds

229

produced in solid waste analysis (Pierucci et al., 2005).
At the second cycle aerobic conditions seem to prevail
and the evolved VOCs originate from residues on the
surface and bottom of the bin. The third cycle probably
gave VOCs from the early stage of decomposition or no
decomposition, whereas the final cycle gave VOCs of
mostly aerobic origin. In the last sampling cycle the
measured values of CO,, CO, and NHj; were close to
environmental baseline values. These gases are probably
present below the detection limits of the portable sensors
used (<1ppm) or may be produced later during the
decomposition process. It must be noted that in similar
landfill analyses the odours perceived do not derive from
the major constituents of landfill gas (CH4, CO,, H,) but
result from VOCs that are in a minimal proportion
(Brosseau and Heitz, 1994).
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The types of VOCs (aliphatics, aromatics, oxygenated
compounds and dimethyl disulfide) identified in the
present study are in general agreement with the works of
Wilkins (1997) and Wilkins and Larsen (1995, 1996).
Undecane, nonane, trimethyl benzenes, ethanol, pen-
tane, heptane, toluene, ethylbenzene, hexanal, dimethyl
disulfide, o-pinene, f-pinene and limonene are reported
in both Wilkins’ studies and were also found in the
present work. However, most studies refer to VOCs
identified in landfills. There is limited quantitative
information for VOCs evolved from waste bins. The
levels of substances reported in the present study were in
the range of micrograms per cubic meter and are in
agreement with Leach et al. (1999) and Zou et al. (2003)
reported for landfills. On the other hand Allen et al.
(1997) reported measurements in the level of milligrams
per cubic meter. The observed variations might be
attributed to differences in the composition of waste
regarding volume and type as well as weather conditions
and stage of decomposition.

Regarding the types of household waste, it appears
that mixed waste primarily yields aliphatic and aromatic
hydrocarbons, esters and alcohols. Packing materials
also contribute in the production of odours. These
include solvent residues from printing inks, lacquers,
glues, monomers and other trace constituents from
plastics (i.e. polyethylene, polystyrene, polyvinyl chlor-
ide, polypropylene) and from other materials (Wilkes et
al., 2000). Food residues contribute to the ‘“‘biological
volatiles”: alcohols, esters, acetic acid, ketones and
terpenes. Their origin might be the food flavors, the
growth of microorganisms and the oxidation of lipids or
even endogenous enzymatic decomposition. Biodegrad-
able waste results in alcohols, esters, acetic acid, ketones,
dimethyl sulfide and monoterpene hydrocarbons derived
from food and its spoilage by microorganisms. Garden
waste is dominated by alcohols, esters, ketones, dimethyl
sulfide and monoterpene hydrocarbons (Wilkins, 1997).

The priority pollutants identified in the present study
were benzene, toluene, ethyl benzene and naphthalene.
Regarding public health, benzene is a hazardous
compound with carcinogenic properties. Although ex-
posure to 1pugm~> produces a high lifetime risk for
leukemia (WHO, 1987), a practical limit is considered
5pgm™>. Benzene levels were found in the range of
0.8-12.7pgm™>, indicating that it is a possible health
hazard. Other priority pollutants identified were toluene
(8.1 pgm~) and ethyl benzene (12.7 pgm~>). Naphtha-
lene was determined in the range of 1.4-3.4ugm~>.
According to Zou et al. (2003) benzene and naphthalene
landfill concentration varies between 1.2-15 and
0.1-1.3 pgm ™, respectively. Furthermore, toluene and
ethyl benzene were reported at 6.63 and 0.78 ugm—,
respectively (Kim and Kim, 2002).

BTEX determined in the waste bins were at higher
concentrations from those found in blank samples
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representative of an urban area. The universal occur-
rence of BTEX was noted by Slack et al. (2005)
reflecting their wide use as solvents in a variety of
products and waste generation processes. Potential
sources of benzene are considered to be dyes, pesticides,
drugs, lubricants and detergents. Toluene, as well as
xylenes, are widespread solvents in paint, paint thinners,
nail varnish, etc. Ethylbenzene is used in pesticides,
varnishes, adhesives and paints. On the other hand,
naphthalene might originate from moth repellents, toilet
deodorizers and household insecticides (Slack et al.,
2005; Zou et al., 2003).

Other compounds found in this work were terpenes.
They likely derived from plant waste, shrubs and
vegetable waste. Other potential sources include emis-
sions from fragrant household detergents and air
fresheners. Among terpenes, limonene showed the high-
est concentration in all conditions examined. This might
be explained by the fact that citrus fruits are highly
consumed in autumn. It should be emphasized that even
though terpenes are particularly odorous, they have low
toxicity. Although terpenes have pleasant odour char-
acteristics, when mixed with other VOCs, the odour is
no longer agreeable. Thus, in combination with certain
microbial volatiles, they may play an important role in
the perception of waste odour (Muller et al., 2004).

The oxygenated compounds identified can be mainly
attributed to microbiological degradation taking place
in food residues (Wilkins and Larsen, 1996). However,
solvents, stain removers and preservatives are also
reported in literature as potential sources for ketones
and aldehydes (Slack et al., 2005).

Dimethyl disulfide was the only organosulfur com-
pound determined in this study. Its value of 16.9 pgm™>
exceeded olfactory threshold (12pugm™>) indicating
substantial nuisance impact on the receiving population.
Organosulfides may be generated from human faeces
and food wastes. Alkylsulfides arise from fermentation
processes and associated bacterial action is frequently
anaerobic and exothermic (Leach et al., 1999).

Organohalogens were not identified in the present
study. As indicated by Allen et al. (1997), potential
sources of halocarbons are: aerosols, paint remover, dry
cleaning agents, dyeing solvents, foam blowing agents,
soaps, paint and varnished refrigerators. This type of
waste is resistant to biological degradation and thus
their environmental effects should be seriously taken
into account.

4. Conclusions

Waste in bins is a source of VOCs; among them, some
are malodorous. When unforeseen conditions occur,
where garbage remains uncollected for several days in
the containers, the concentration of VOCs increases
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substantially and may have health impacts. Thus,
monitoring of volatile organic compounds from organic
waste material can be useful to assess the health risk of
exposure, not only to waste handling personnel, but to
the city population as well. Benzene and dimethyl
disulfide levels determined in this work were found
around safety and odour threshold levels. The high
levels of alkanes, alkylbenzenes and terpenes found are
responsible for the undesirable odours. It seems that
duration of waste exposure, along with load and
prevailing weather conditions, affect the evolution of
VOCs and their concentration.

This work provides early indications of types and levels
of VOCs produced in urban waste disposal bins. Large-
scale measurements would be required in order to establish
guidelines concerning urban health risk assessment.
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Odour Simulator for generating simulated chemical environments of

collapsed buildings
G.C. Pallis*, K. Mikedi, S. Giannoukos, A. Agapiou, A. Pappa , M. Statheropoulos

School of Chemical Engineering, National Technical University of Athens (NTUA),
Field Analytical Chemistry and Technology Unit, 9 Iroon Polytechniou Str.,
157 80 Athens, Greece
E-mail: gpallis@chemeng.ntua.gr

The chemical environment in the debris of collapsed buildings is extremely complex.
Various sources emitting Volatile Organic Compounds (VOCs) and gases, such as entrapped
victims, dead bodies, household wastes, construction materials, fires, gas leaks, contribute to
it. Concentrations of VOCs in the debris are usually in the area of ppt, to ppb, level and
potentially can increase to ppm, level after hours/days of entrapment. The chemical
environment in the debris is affected by a number of random, non-reproducible and
uncontrollable factors, such as the emission dynamics of VOCs and gases from the various
sources, the wind velocity, the temperature, the humidity and dust, the interactions between
the emitted chemicals or interactions of the emitted chemicals with the construction materials
and the indoor air quality as well as the urban pollution.

The “Chemical Environment Simulator” or alternatively the “Odour Simulator” is a
device which provides near-real simulation of the complex chemical environment in the
debris. The Odour Simulator generates the odour of a source by the production of a gas-phase
mixture consisting of a few characteristic analytes, low molecular weight chemicals, emitted
by the specific source.

The technical challenge in developing an Odour Simulator which can provide such
atmospheres is to minimize the interactions between the analytes and the apparatus which
contains them. As vapor phase concentrations reduce, these interactions become more
significant. Competitive absorption phenomena, temperature effects, gas-phase mixing all
combine to introduce significant uncertainty and non-reproducibility in the simulator.

The proposed simulator is being developed under the framework of an EC FP7 European
project titled “SGL for USaR” (http://www.sgl-eu.org/).
The proposed set up of the Odour Simulator, consists of:

e A stable concentration module (Module A) generating mixtures of stable ultra low
level concentrations.

e A dynamic concentration module (Module B) generating dynamic concentration
profiles for simulating transient phenomena. It will allow adding specific vapors to
the gas mixture produced by module A.

e A humidifier for introducing certain levels of humidity in the produced mixtures

e A Packed Construction Material Tube (PCMT). This serves the purpose of
receiving the gas-phase mixture produced by the two modules and making it interact
with different construction materials.

e A zero air cylinder

e A Reference Gas supply

e A Reference Detector for monitoring the effluent of the simulator, which is a Mass
Selective Detector with a special Pulsed Sampling System.
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Determination of Metal lons in River Water near an Operational Steel Mill: Preliminary Results, and Exploring
possible On-Site Analytical Methodologies
Mark T. Stauffer, Ph.D., and Michael A. Zukowski, University of Pittsburgh at Greensburg, Greensburg, PA

Abstract:

This paper deals with determinations of selected metal ions in water from the Allegheny River north of Pittsburgh, in the
vicinity of an operational steel mill. The purposes of this work are to determine the concentrations and extent of metals, commonly
associated with steel mill effluent, in the Allegheny River and nearby tributaries. This study will focus on selected metals, e.g. Fe,
Cd, Pb, Mn, Cr, Cu, Ni, and possibly As and Hg, in the Allegheny River and nearby creeks and effluent streams that are located
near the steel mill. The Pittsburgh region is known worldwide for its history of steelmaking and large number of steel mills, many of
which have disappeared with the decline of the steel industry over the past 30 or so years. There is still concern over the presence
of both toxic and relatively benign metals and other analytes that have been introduced into the Allegheny River and tributary
streams via effluent from previously and currently existing steel mills. Results for concentrations of the aforementioned metals will
be presented and discussed in view of the streams from which water samples were collected, and in light of historical steelmaking
activity in the Allegheny River Valley near such towns as New Kensington and Natrona Heights. Also to be presented and
discussed are possibilities for field determinations of some of the selected metals in this study as well as future plans for this work.

Key words: Water, Steel Mill, Effluent, Metals, Field Determinations

Modern Analytical Tools for Monitoring the Early Decay of Surrogate Human Models
M. Statheropoulos, A. Agapiou*, K. Mikedi, S. Karma and G.C. Pallis, National Technical University of Athens
(NTUA), School of Chemical Engineering, Field Analytical Chemistry and Technology Unit, Athens, Greece

Abstract:

Early detection of dead victims in natural or man-made disasters is crucial, not only for ethical and legal reasons but also
for social purposes, as well. However, ethical and practical reasons limit the use of human corpses for experimental purposes.
Therefore, the use of domestic pigs (Sus scrofa domesticus) as body analogs (surrogate human models), is commonly encountered
in human decomposition studies. Consequently, six pig carcasses were enclosed in plastic body bags and partially buried with
rubbles for over a week; thus simulating the entrapment environment after an earthquake. Macroscopic observations were daily
taken, along with samples of cadaveric volatiles in standard sorbent tubes (Thermal Desorption/Gas Chromatograph/Time-of-Flight
Mass Spectrometer, TD/GC/TOF-MS). Visible and thermal images were also recorded during the experimental procedure.
Macroscopically, pig decomposition appears similar to human decomposition. Thermal images revealed a relation with the carcass
body temperature, highlighting hidden aspects of the biological process. A variety of Volatile Organic Compounds (VOCs) were
identified during the early stages of pig carcass decay along with some inorganic gases (e.g. CO,). The novel combination of
chemical and optical methods proved very useful and informative, guiding field combined chemical analysis in using thermal images
for the detection of dead bodies.

A Combination of Methods for Enhancing Situational Awareness in Safety Applications

M. Statheropoulos, K. Mikedi, P. Stavrakakis, A. Agapiou, S. Karma, G.C. Pallis, S. Giannoukos, A. Pappa, National
Technical University of Athens (NTUA), School of Chemical Engineering,Field Analytical Chemistry and Technology
Unit, Athens, Greece

Abstract:

Mass spectrometer (MS), a powerful and widely applied chemical analytical instrument, is moving towards the field
serving safety, security, environmental and medical applications. Special sampling probes are being developed, enabling on-site,
near-real time sampling and analysis of gases and volatiles, under various environmental conditions. A commercial MS, coupled
with an in-house developed pulsed sampling system (PSS-MS) that allows sampling from oxidative or highly contaminated
environments, was evaluated for indoor fire detection. In order to increase situational awareness, a camera and a microphone were
simultaneously used for monitoring the event. Experimental scenarios of direct and indirect fire monitoring (use of obstacles) were
performed to evaluate this combined detection and monitoring system. Specific Volatile Organic Compounds (VOCs) evolved during
the fire were detected and monitored by MS in near real-time. Audio and video signals either reaffirmed the chemical detection
inferences or they provided complementary information when limitations in chemical detection occurred. The PSS-MS sensitivity to
a broader range of gases and VOCs compared to specific gas sensors and its enhanced selectivity, advocate towards the
significance of applying MS in the field for near real-time detection and monitoring. The combination of methods performing in
molecular (MS) and macroscopic scale (audio and video technologies), could lead towards the development of reliable, integrated
systems for enhancing situation awareness in safety applications.

Overview of the Test Grid System: A Real Time Chemical Vapor Test and Visualization Capability
Jay Pendell Jones, ITT, Abingdon, MD

Abstract:

We have recently demonstrated a fully integrated Chemical Vapor Tomography system consisting primarily of Field Test
Instrumentation and a Data Collection/Storage Network which includes Command & Control type elements. This system provides a
flexible data collection and analysis architecture for integration of multiple sensor types as well as time correlated integration of raw
instrument, processed visualization, instrument status, and scenario specific data. The presentation will include description of the
key elements that provide state of the art real time data collection and visualization capability from a remote command post. This
includes:
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Chemical Background in Collapsed Buildings: the household waste organic fraction
M. Statheropoulos, A. Agapiou, G.C. Pallis, S. Karma, National Technical University of Athens (NTUA),
School of Chemical Engineering, Athens, Greece

Abstract:

Collapsed structures after earthquakes, explosions or construction failures result in a ‘heavy” environment
(dust, debris) masking human signatures. The human chemical fingerprint, in the conditions of entrapped people under
the ruins, is mestly dominated by human expired air (and other biological fluids i.e. blood, urine, sweat). This is a result of
normal endogenous metabolic processes, as well as, of compounds inhaled. Identifying human chemical fingerprint, need
discriminating compounds originated from the “heavy” environment and especially from the organic fraction of household
waste. In 2 preliminary study, odours created from household waste organic fraction, were measured using headspace
SPME-GC/MS: evolved VOCs and gases determined are presented. Discriminating between humans’ chemical
signatures and chemical background in the ruins is also discussed.

Data Fusion for Monitoring Events in Collapsed Buildings
M. Statheropoulos. A. Agapiou, K. Mikedi, G.C. Pallis, P, Stavrakakis, S. Karma, National Technical
University of Athens (NTUA), School of Chemical Engineering, Athens, Greece

Abstract :
rch and Rescue (USaR) operations the routine methods used (e.g. cameras, microphones,
“ng information) are usually employed independently (on their own), and very rarely data from
sutomatically combined. In addition, events in the voids (e.g. smoldering fires, released gases,
£s) can threat the victims, as well as, the rescuers. The combination of data from different sources
7S 0 e ruins is discussed. Case studies are presented and discussed with the purpose of examining
ment imitations of data fusion.

canines, sonars, col
different sources

Field-portable Methods for Monitoring Occupational Exposures to Metals

Kevin Ashley Ph.D.. Centers for Disease Control and Prevention (CDC), National Institute for Occupational
Safety and Healih (NIOSH), Cincinnati, OH
Absiract

\Milions of workers are employed in manufacturing, mining, construction, and other occupations where
significant amounis of airborne metals and metal compounds are generated. Depending on the work practices,

nd locations, exposures to airborne and surface sources of a variety of metals can cause
S€ exposures can lead to a plethora of adverse health effects such as lung damage, anemia,
sensiiization, dermatitis and neural damage. A number of field-portable National Institute for
Health (NIOSH) methods and ASTM International consensus standards have been developed
'=d procedures describe field screening tests and on-site analysis for metals such as lead,

ent chros and beryllium. This presentation will give an overview of NIOSH research and development efforts
on field screening methods for metals in the workplace. The goal of such efforts has been to provide screening and
21 c2n be used on-site in the field to aid in the prevention of excessive exposures to toxic metals in the

A Real Time Neuraminidase Assay for Detection of Influenza Virus and Drug Resistance
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viral neuraminidase plays an essential role in the life cycle of influenza virus and is a target for a new
drugs and drug candidates. Two neuraminidase inhibitors - zanamivir and particularly
a7 & current mainstay of pharmacological intervention during an influenza epidemic and, if happened, a
= of drug resistant influenza virus variants heightens the concern about widespread use of these
istration of high level of oseltamivir carboxylate, the active form of oseltamivir, in sewage water
%y Tat drug resistant variants may arise naturally. Computer modeling studies also suggest that

aidi

srals during an influenza pandemic can result in rapid and widespread emergence of drug resistant

= or= imperative fo monitor the emergence of antiviral drug resistant variants. Both cellular and
have been used to determine viral susceptibility to neuraminidase inhibitors. Cellular assays
n of viral infectivity in the presence of an inhibitor. While cellular assays are effective in
T resistance phenotypes, they suffer from a number of drawbacks, including selection of
for neuraminidase inhibitor resistance during cell culture, long assay time, and tedious
ss suitable for large scale surveillance programs. In contrast, the biochemical assays directly

1 viral neuraminidase activities, which circumvents many of the problems associated with the

cellular assays.
Commonly used biochemical assays include various forms of fluorescence assays, which use a fluorogenic
subsirate, and =z chemiluminescence assay, which uses a dioxetane-derivatized substrate. These assays are still
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>5,000 pg/kg, with the C(-)P(-) being the most toxic isomer, and C(+)P(+) being the least toxic isomer. In experiments examining

‘the extraction of GD from concrete samples, apparent isomeric fractionation was observed, depending on how long the spike aged

before the extraction was started. These initial observations led to a more detailed examination of this isomeric fractionation, in a
variety of concrete sample matrices. A chiral GC/MSD method was implemented to achieve chromatographic separation of all four
GD isomers.

This talk will present data examining the isomeric fractionation of GD when interacting with monoliths of seven different
concrete matrices. The first phase of this study focused on solution phase sorption behavior, and measured both solution half-life of
total GD and isomeric excess (IE) of GD. Under the experimental conditions evaluated, the solution phase half-lifes for GD ranged
from 32 to 53 hours, with an apparent negative correlation with water/cement ratio wnen the same chemical composition was used
to prepare the concrete. The IE was calculated based on pairs of isomers:  [C(-)P(+) + C(+)P(-)] and [C(+)P(+) + C(-)P(-)], with
the second pair of isomers becoming depleted in solution relative to the first pair. Under the experimental conditions evaluated, the
overall average IE at the end of experiments was 52 o, There was no IE observed when GD solutions were only exposed to glass
vials as a control. Isomeric fractionation rates ranged from 0.11 to 1.44 % |E/hour, with an apparent positive correlation with
water/cement ratio when the same chemical composition was used to prepare the concrete. Additional experimental details and
results will be provided in the poster.

The second phase of this study focused on GD above contaminated concretes, and utilized solid-phase microextraction to
quantitatively determine GD in the head-space above contaminated concrete monoliths. After seven days, an overall average IE of
80 ° was achieved in the GD vapor above contaminated concrete. The |E values were significantly lower when GD vapor was
determined after simulated rain events. Long-term (30+ days) experiments examining the rebound of GD vapor from both concrete
and asphalt monoliths are in progress, and the results will be reported. Additional experimental details and results will be provided
in the poster. The toxicity of each of the four isomers varies, and implications for hazard assessments will also be discussed in the
poster.

OnSite Determinants: Key Note Homeland Security, Eorensics and Environmental Remediation
Milt Statheropoulos, Natl. Technical University of Athens, Greece

Introducing the latest high performance Thermal Desorption (TD) technology from Markes
International for automated DAAMS tube analysis - The 100-tube Auto-DAAMS and single tube
Uni-DAAMS TD systems

Gareth M Roberts, Markes International Ltd., Cardiff, S.Wales, UK

DAAMS (Depot Area Air Monitoring System) sampling is a pumped tube thermal desorption (TD) technique used
extensively to monitor for chemical weapons (CW) in both military and civilian defense locations. This includes CW stockpile sites,
non-stockpile sites, chemical demilitarization facilities, and homeland security applications. Chemical agents are typically monitored
by both on-line near real time (NRT) TD technology(eg Markes TT24-7), and DAAMS tubes for historical or confirmatory analysis. If
the on-line NRT system alarms the DAAMS tubes are then analysed as a backup sample to confirm the alarm status.

DAAMS tubes are also used in fence line monitoring around CW facilities, or in civilian locations, mobile or static, where
background analysis of the air is required. DAAMS tube sampling can vary from STEL AEL's values down to the low WPL and very
low GPL concentrations which cannot be detected by on-line technology. Sample volumes in the 10's of litres (or higher) can be
retained within the sorbent bed of a DAAMS tube enabling ihe low levels of detection. This poster looks at the new high
performance DAAMS technology now available from Markes International. This includes the unique Auto-DAAMS system for
maximum (100 tube) automation, and the Uni-DAAMS for single tube analysis. A popular dimension for DAAMS tubes is the 4.5-
inch (115mm)(L), Bmm O.D. straight glass tube and the 4.5-inch 6mm to 10mm high flow tubes. Auto-DAAMS accepts both styles
of tubes within a single tray enabling a pick and mix concept for up to 100 tubes. Several new features are now available with Auto-
DAAMS such as ISTD addition into each tube, and the use of a patented tube sealing technology DiffLok for maximum sample
protection. Where multi tube sampling is not required, the single tube Peltier cooled Uni-DAAMS system can also accommodate
either tube. Auto-DAAMS and Uni-DAAMS are based on the very successful highly inert ULTRA/UNITY, and UNITY TD system
from Markes International which accepts the 3.5-inch (89mm)(L), 6Brnm O.D. sample tube.

To compliment this new technology Markes has released a unique RFID tube tagging system TubeTAG for both 3.5-inch
and 4.5-inch DAAMS tubes. TubeTAG combines an RFID '"Tag" with innovative patented technology 1o record "on-tube"
identification information ie sampling and or analysis related parameters. Tube information is logged into a windows based software
system for storage and retrieval. The Auto-DAAMS, Uni-DAAMS and TubeTAG systems discussed in this poster now provide for
the first time highly automated innovative TD technology for exisiting DAAMS tubes which has previously not been available.

Second Generation Locator: a new approach for locating entrapped people in USaR operations
M. Statheropoulos, A. Agapiou, S. Karma, G.C. Pallis, K. Mikedi, School of Chemical Engineering,
National Technical University of Athens (NTUA), Athens, Greece

When solving critical problems following massive destruction and large scale structural collapses in urban locations, the
devotion, courage and expertise of rescuers need to be matched by tools, procedures and technologies that will enable safe and
effective responses if, or rather when, they are called upon to respond to a large-scale disaster. Combining chemical and physical
sensors integration with the development of an open IGT platform is important for addressing mobility and time-critical requirements
of Urban Search and Rescue (USaR) operations. The use of a multidisciplinary approach in order to advance the state-of-the-art
regarding a wide spectrum of USaR issues, includes: effective and reliable casualty location methods; interoperability of data and
systems; coordination between different units and disciplines; effective structural and environmental assessments of conditions in,
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and under ruins; medical monitoring of trapped casualties; and the location and differentiation of deceased casualties. Second
Generation Locator (SGL) addresses the development of a stand-alone FIRST responder device that integrates different location
methods; a networked rapid casualty location system (REDS) equipped with wireless sensor probes and a prototype mobile
operational command and contral platform for managing data and communications during USaR operations. SGL provides with
innovative and applicable methods, techniques, systems and devices that can be also applied in security, surveillance, forensics
and safety applications.

IMS and Non-rad Sources
Dan, K., W.J. Engineering

Chemiresistor Sensors for Hydrazine and Vocs
Bill Buttner, IIT, Chicago, IL

MEMS Sensor for Gas Purity Monitors
Mel Findlay, Transducer Tech

“PPB Level Field Analysis of Highly Reactive VOCs, and Breath Volatile Compounds”
Edward B. Overton, Kyle Schmidt, Robert Wong, Buffy Ashton and Scott Miles, Depart. Of Environmental
Studies, Louisiana State University, Baton Rouge, LA

“Progress towards the Development of a Micro GC Analyzer using High Aspect Ratio GC
Columns”

Edward B. Overton, Abhinav Bhushan, Scott McDaniels, Arun Paga, Dawit Yemane, and Jost Goettert,
Department of Environmental Studies and the Center for Advanced Micro-Structures and Devices,
Louisiana State University, Baton Rouge, LA

Development of a Portable DNA Sensor System

Dr. James J. Sumner, U.S. Army Research Laboratory, Adelphi, MD, Profs. Kevin Plaxco, H. Tom Soh,
Carl Meinhart, University of California, Santa Barbara, CA and Mr. Patrick Freudenthal, Nanex, LLC,
Santa Barbara, CA

This is a joint effort involving the U.S. Army Research Laboratory (ARL), the University of California - Santa Barbara
(UCSB) and Nanex, LLC where a portable electrochemically-based analyzer is in development that will be capable of performing
bioassays and molecular diagnostics. The sensor will detect femtomolar (fM) concentrations of DNA and/or RNA without the use of
optics or high voltages and with minimal use of reagents.

The sensor will incorporate on a single substrate both target amplification via polymerase chain-reacticn (PCR) and the
biosensing capabilities of electrochemical DNA (E-DNA) technology. All companents for sample control and delivery will be
integrated, including valves, pumps, mixers, and filters. Dielectrophoresis (DEP) is being used to remove cellular debris and other
contaminants. An AC electrokinetic mixer and electrorhelogic (ER) valves and pumps are being developed. The team includes
experts in the field of mechanical/microfluidic engineering, biochemistry, electrochemistry and electrical engineering. Investigations
include optimization of the response time, reusability and robustness of the E-DNA sensor, especially for operation in proximity to
the high-temperature PCR process.

A demonstration platform is being developed to enable testing of the complete sensor system. This platform will be
designed and constructed by Nanex, focusing on the system integration. The design will demonstrate a low cost, low power,
lightweight instrument with a long shelf-life that has a reusable sensor and is well-suited for bichazard detection in the field.

Ozone Sensor and Calibrator
Daniel Ebeling, Wisconsin Lutheran College; KWJ Engineering, Newark, CA

Abstract:

An electrochemical MEMS ozone sensor (weighing 1 g) and an ozone sensor calibrator have been developed. The ozone
sensor uses platinum counter and reference electrodes and a gold working electrode. The sensor has been incorporated into a key
chain-sized portable device that records and displays real-time ozone concentrations as well as dosimetry information. The ozone
source for the calibrator runs on 3 volts utilizing microwatts of battery power or it can be run off of an external power supply. The
DC voltage is converted to approximately 2000 volts AC and is applied across two electrodes that are separated by a dielectric.

This stable source of ozone has been made in several geometries-from a simple wire coil wrapped around an insulated wire, to a
microfabricated source using electrodes plated on a 3x7mm silicon chip. The ozone calibrator can be a hand held device separate
from the sensor, or it can be integrated as an on-board calibrator along with the ozone sensor.
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A preliminary study on using chemometrics for the integration of

acoustic and chemical data: Early detection of fires in confined spaces

M. Statheropoulos', K. Mikedi’, G. C. Pallis’, P. Stavrakakis®

! National Technical University of Athens, School of Chemical Engineering, Sector I,
9 Iroon Polytechniou Street, 157 73, Athens, Greece, stathero @chemeng.ntua.gr

? National Technical University of Athens, School of Chemical Engineering, Sector I,
9 Troon Polytechniou Street, 157 73, Athens, Greece, mikedi @chemeng.ntua.gr

* National Technical University of Athens, School of Chemical Engineering, Sector I
9 Iroon Polytechniou Street, 157 73, Athens, Greece, gpallis@chemeng.ntua.gr

* National Technical University of Athens, School of Chemical Engineering, Sector I,

9 Iroon Polytechniou Street, 157 73, Athens, Greece, stabanos @yahoo.gr

»

Keywords: Acoustic and Chemical data integration, Fire detection, PCA, FFT.

1 Introduction

The early detection of fires in confined spaces is usually achieved by smoke detectors. Most smoke
detectors work either by optical detection (light scattering in the presence of smoke) or by chemical reaction
(ionization). However, smoke detectors, depending on their type, can detect a limited spectrum of fires
(flaming, smoldering) with slow response times, not fast enough for early warning or even evacuation of the
area nearby. In order to increase capabilities, combinations of the previously mentioned smoke detectors
(photo-electric and ionization) are currently being introduced in the market. To further enhance these
methods by adding more sensory systems, heat detectors are also employed. Nevertheless, heat detectors
could potentially give false alarms when placed in confined spaces where temperature can be easily affected
by various external or internal sources [3].

In the present work, it is investigated whether acoustic signals could be integrated with chemical
sensors for the development of a more efficient fire detection system that would minimize false alarms and
offer fast response times. Both acoustic signals and chemical data, i.e. temperature and concentrations of
CO,, CO and H,S, were obtained during controlled lab experiments of various types of fire. Different
combustible materials dry or saturated with various types of fuels and lubricants were prepared so as to
examine a set of different types of fire.

Principal Component Analysis (PCA) is a multivariate data analysis technique that has been
previously applied in different applications [5, 8, 9, 10, 11]. In general, such techniques have been used in
the past for analyzing acoustic data [1, 2]. However, beyond the multivariate analysis of acoustic or chemical
data independently, it is necessary to correlate the output of this type of data for a number of reasons; to
determine common components in the two sets through component correlation, to interpret unknown
components by projecting from one data set to the other and to develop correlated training sets in both data
sets. It has to be pointed out that integration of acoustic and chemical data is a necessary step for integrating
acoustic and field chemical analysis devices. The integration of such devices can have applications in
security, search and rescue operations and safety [6].

Fourier Transformation (FFT) and PCA were preliminarily applied to the acoustic signals recorded
in lab fire experiments in order to derive characteristic frequencies for each type of fire. Correlation
coefficients between the extracted principal components and the chemical measurements were calculated in
order to study the possible correlation of the two types of data.
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2 Material and methods

Twelve different combinations of combustible materials were used so as to simulate in the lab
different types of fire and record the respective acoustic and chemical “environment”. These were
combinations of carton, rag and textile, either dry or saturated with diesel, new diesel engine lubricant (SAE
40) and a mixture of used lubricants, thus creating a set of 3x4 combustible materials. The instrumentation
that was used to monitor the chemical parameters consisted of a portable CO/CO, detector (Anagas CD 98
Plus, Environmental Instruments, England), a portable multi gas detector (MX 2100, Oldham, France) to
measure H,S and a thermocouple of type K with fire resistant probe. Especially due to the principles of the
CO and H,S (electrochemical) detectors, cross-sensitivities (from other compounds) have to be taken into
consideration. The technological equipment that was employed to record the audio frequencies included an
ACER notebook PC with special recording software (Audacity 1.2.4), a sound card (M-AUDIO, FAST
TRACK PRO) and a condenser / shot gun microphone (AKG C391B — SE300B).

The combustible materials were placed and set on fire on an aluminum foil, over which a special
tube apparatus was used to collect and draw the smoke and gases produced during the fire. The sampling of
the chemical parameters was performed inside the tube at a height of 72cm above the combustion area so as
to avoid instruments’ damage. Furthermore, filters were added to protect the CO/CO; and H,S detectors from
smoke particles filling the instrument tubing. The microphone was placed in a close but safe distance, i.e.
10cm away and 13cm high of the combustion point in an angle appropriate to focus on the fireplace and the
burning material.

When the combustible material was set on fire, the audio recording commenced. The first 30s were
used to acquire the background noise and at that point started the monitoring of the chemical parameters. The
latter were recorded every 10s (sampling interval) whereas the audio data was recorded continuously with a
sampling rate of 96000Hz at 32bit. The sampling time for each material burned was about Smin.

3 Results and discussion

In Table 1 the results of one fire experiment out of thirteen, concerning the textile saturated with
diesel, a very common cause of fire, are presented. The chemical parameters were recorded every 10s during
the first 2min of the fire.

No. | Time | Temperature | CO, | CO H,S
(s) (°C) (%) | (ppm) | (ppm)
1 0 24 0.09 0 0
2 10 28 0.23 23 0
3 20 32 0.38 45 0
4 30 36 0.52 68 0
5 40 95 0.65 80 0
6 50 155 0.79 92 1
7 60 147 0.92 | 104 1
8 70 132 0.85 83 2
9 80 114 0.77 62 1
10 20 96 0.70 | 41 1
11 100 82 0.65 36 1
12 110 76 0.59 32 0
13 120 71 0.54 27 0
243
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Table 1: Chemical data recorded in the first two minutes of a controlled

lab experiment of fire in textile saturated with diesel.

Thirteen sound waves corresponding to the recordings taken in the time intervals shown in Table 1
were imported in Matlab©. FFT of 19200 points was performed on each sound wave, thus resulting in 13
power spectra. In Fig. 1 a characteristic waveform recorded at the time interval of 57.5 — 62.5s and the

respective power spectrum obtained by FFT are given. In all power spectra frequencies lower than 1000Hz
showed high power values.
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Frequency [Hz)

(a) (b)
Figure 1: (a) Waveform, (b) power spectrum, of the acoustic si gnal

recorded at 57.5-62.5s of the textile-diesel] fire.

PCA (correlation around the mean) was performed on the 12 POWwer spectra (one spectrum was
rejected as an outlier), using the PONTOS software [7], in order to describe the acoustic signals in less
variables. Frequencies up to 2000Hz were used. PCA resulted in 9 Principal Components (PCs) describing

85% of the total variance. The first two PCs describe 23% of the total variance, In Fig. 2 the score plot of
PC1/PC2 is given.
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Figure 2: Score plot of PC1/PC2 for the 12 power spectra obtained in textile-diesel fire.
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It appears that PC1 could potentially be a measure of the fire intensity. The acoustic signals (4, 5, 6,
7 and 9) recorded around the “peak™ of the fire are located in the negative PC1 axis, whereas the majority of

the signals recorded at the early and later stage of the fire (2, 3, 10, 11, 12 and 13) are located in the positive
PC1 axis.

In Fig. 3 the loading plot of PC1 is presented. The frequencies that are mostly related to PCI are
labeled. These frequencies could potentially indicate a fire incident.

100 FC 1 Loading Plot

Loading Tcorrel. coeff ]

0 200 400 ©S00 8O0 1000 1200 1400 1600 1800 200(
Frequency (Hz)

Figure 3: Loading plot of PC1 for the 12 power spectra obtained in textile-diesel fire.

Possible relations between combinations of acoustic frequencies and chemical parameters were
preliminarily investigated. The correlation coefficients between PC1 and PC2 with each of the chemical
parameters of Table 1 are presented in Table 2.

Temperature CO, CcO H,S
PC1 0.44 0.35 0.51 0.31
PC2 0.00 0.00 0.01 0.10

Table 2: Correlation coefficients between PC1, PC2 of the power spectra

and the chemical parameters, for the textile — diesel fire.

It appears that there is a correlation, even though low, between PC1 and the chemical parameters.
This preliminary work shows a correlating trend between chemical data and acoustic signals. Further
investigation should be carried out to confirm and support these results. It is planned to exploratory analyse

the data using PCA with different types of preprocessing (e.g. correlation around the origin), projections of
score plots to 3D for increased resolution and rotation of the PCs.
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4 Conclusion

Chemometrics have being used as a part of a preliminary study to integrate acoustic signals with

chemical measurements for early and accurate detection of fires in confined spaces. The information of the
acoustic domain was projected in a simplified way to the chemical measurements space thus reinforcing or
complimenting the results. A more sophisticated approach including application of Canonical Correlation
Analysis [4, 12] between acoustic signals and chemical data is part of our future work with the purpose of
reinforcing interpretation of components in both domains or projecting interpretation of one domain to the
other. Moreover, on-site measurements of Volatile Organic Compounds (VOCs) could be used for increasing
the number of chemical parameters.
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