_ UBtIt ¥t 3 Ga25C T
Pt &L efjut 24 O mprue - R Z

20-2p GULzuo®poeRetcARJUI,IBEt i + C

Metpoloyia 2025
90 Zuvedplo Metpohoyiag

EGEY¥YGE L BIGTYOC

ANR MY [ C _
|\ ?Pes izt

JN ) e
RV AZ B M1 | i M1
N MZzN | A VJE &l
. 111 MR Y
1 I R[UE & { EMER S
¢ ‘E\ﬂ,?-
.— HellasLab %'z' 0, ol -)) EEAE



PTakTI KO ZuveEdprLo MetpoAoyi acg 20-21 |l ovviouv 2025,

UstIt ¥t 3 G a25C Tt
Ny Pt L& elivt 24 O) mprue - R Z A




PTakTI KO ZuveEdplro MetpoAoyi acg 20-21 |l ovviouv 2025,

{} ) doasa

poUes UsUyssad

\”/
" H
IS AlgoMetrics

j 1] guea

Mekrslab

DELIVERING VALUE

ROHDE&SCHWARZ
Make ideas real

EnvircSys & QControl cosmcreﬁ

& s We Mea

INAABOR

TESTING | INSPECTION | CERTIFICATION

A
SANTISEL

Calibration Services

¢) ACTA.. Z=S ZIMMER

Precision Power Measurement

Advanced Communications Testing Applications

] dey3oses

1 £\
LDEAEMKO \E
N/~

VECTOR ENCO

TECHNOLOGIES i

} Y9 93859

.
N BR/ GHI
VICTUS LABORATORY

NETWOR

.



PTakTI KO ZuveEdprLo MetpoAoyi acg 20-21 |l ovviouv 2025,




PToaKTI KO ZuveéEdpro MetpoAoyi ag 20-21 Il ouviouv

gU); sUcheUs U
R o T T A o 0 U 1 300 Y 2o SRS 5
o T 0 TN Y o T o TP 6
(O oIV GV AN = o 1 QT Ta 2 o RPN 7
[ O A T = AV T a0 T 1 A TR OPRR 8
MPOOTKEKANM.EMI Okl A 0 e e e e e e e e e sneee e 9
(o I \V/ P 0)Y/o Y0 Yo, NUNo A o NV AN 0 W0 W0 0 N U o O A ¢4 I o 1 o OO 13
DU O KEC HETL.PINGE LG 23
XNUI—KIEQPI BAAAOV T L.K.EGuoee s € TP} GeE G iee e 29
HAE KT Pl KE Guuoe BT g0 £l Gttt sttt ettt ata e st e e snt e et e e nnteeeneeans 37
XNHL KEQC HET PG b G 45
PUOILHEWO AL T KEG o E LoD TG leeGuree e eiie ettt eee ettt 53
Mept BAAAOV T I K.EG. ... &.L.AN.CE LGl 61
Ll G o R G S o | 30 o 0 o A 1 O o TP 69
) G I O T O A o | 0 v 3 o o 10 Y PO UUPRTPPPPRO 77
MeEPL BAAAOV T ILK.E. Gt M BT 0308l Gttt e e e e e nnaaeeaeas 83
) G I VO - o | 1 -0 o T o o 1 O PP PPRP 91
AV OPTNHEV EPOSIEEA. Y.l Ol Gttt 99

AV OPTNHEV EPOSIEERD. Y.l GGttt 111

2025,




PToaKTI KO ZuveéEdpro MetpoAoyi ag 20-21 |l ouviouvu 2025,

] heasg o268 (d

¢ Kooadsosoee OsrvidleKia®bhaog, ads Ky oUGUeysse AUls
gUcseasoalUd jUjeeiclUUcd 299U UUescGlGUsysayd oaUs
CpPg ZBTAL¢gBEe aUs dq Keadssose K sUje e | Uscsaed
gUoUsoafh AKdsosofh FEgsyityse zzUUjeasoalUd, Us 8 6a
UooaUUUGUYGUsd Uesg ATAGKA copfzIBITANLgBEER.

g8 Ogsyituyose, H vd aUs @5 "~y edoeiceUszld Usey) oUs
oaUs Udesegyoosaei UsUahoseg 29U hHhaegd hHOGes Uy |
FUheaed UasUs 30U aUsUsgjoetlUs ¥vd UGUaUey;se o959
g elieget s 00U U a Uie UyoU0GUd)sUsat s aUs eUU} gas
U} YaadalU, dU ~} USEURKE3 s szdqWas seclosa U, 6c U G UR G
0i 06} 83¥3 @8} 0Y3v¥3, gesat 3 alUs eUdhi¥yas “~e6g GG
Usategdd Uvys uU0Get 3 e¢U0U3i U sadUdecgasosaed o693
ZUe G 0P(Hagasfy,ti}j®a8 zUUjcagoaBYY aodilldediseepdyaUallieols
6 cdWa3Us ) déoblecsqayiaz) s20agUpllbe ysUd Uy oUGald
Uvys FKgsyityrs ey cl0U0Us U R Uy UgsdUsea¥ olyi
U0Us ) aUd.

isU oahoegd 6o9o963eealUd oUs @6osscasgossed UgUsdt
GosUUadU3U0Us U gealUstlUsayY GU deaUsaUjessse £a}y I
ZgsUltjaeg, GUds U added osGU0Us8UaatiU Udd K s
A} o2 UG U Htypsy/wwew.gteekmetrology.gr/conferences/@ibtrologyconference)
AgeUy s UaUd eGUaae3UUs:

T EUsgd Ggs3usasyoUsyUyd Umg Bgygutdedp, U slglae
ise)oy¥Ysvidd

T EUds BjyoUsyUsoe A' ”;G'e, W gdaiyaeld U0y d-
Usgd oaUs Usgd 6gd GUsosacid “~jebadeUUslcea
aUs Uds gee esadiq Ueg g3 Uil aeg

T EUds K s0GUdeessse K 9Uje e, UU eyad Udd e°
FgsUltjyaeg, Uszxsesasot3UUd Usd g ebaddUalUd U
"89AUqUU Uesg " jJ6oy)¥YeeUUsJd

T EUsgd 66} doeid Ueg FKFgsUujaeseg, 85 6 6ass 0Un
zUUjeaeoaUd, URGB8 6o206836e90aY hHte oaUs U Uds

T U haoasgd Usgd GgeelUUyeces3UUdg "8g U Usd ~ Uy ac
Uds U eUi ¥Gd Uxys “~jebadeUUsletr 3 Usg oaaYlag

(e} -~ o

U f Usd i oeyes3Ud "3 eoeoeulsd Udd geUU) @

(X

@
i

g
td

zU susUalU; d U

B YUy pl0u3ed Udd BjyoUsyUsosed 2
@) . T¥30U0048U0asisddd A

ATAKGKA ¢cmpdehay s



https://www.greekmetrology.gr/conferences/9th-metrology-conference/

PTakTI KO ZuveEdprLo MetpoAoyi acg 20-21 |l ovviouv 2025,

ByjoUsvyWs9H) 6 ©

T. KaUgdUATAKUK cmpdehoa) sBgdé&s gAphlBdg cad)
b, o Ydvy a3 e ( HellasLabSOLHellas

E. JooU0af KzBEcepalol) qallfdds®pdeU3d56a36009
tieahsed Az7BEccepalalU) qafde®adeUs 5636009
. ojasesc A1biUHMUs Usailid

¢. TUoesgeKjgz, GUssoah jdeUase Ueg 7Ty YUsgd
ATUp Ue yl Koad#sobt) BeedaggoUsUd

AsUsg e iUssofh jdeUas Usg Ty YUsgd
KzUdoesgoaY AT Kuggde hoy aUed

Co Co
(e =

0 zde9oYUdc¢ TUV Austria Labs

iz UeaUosyz UsvYedbxz Udeadabsdfi Us

7. ’Pseea»cAonEGep»3433fg)£J@e’ 80 2¥dicxB3 $@3ds U390
o Uy adjelicyoaaed 3 3

dBU3sUUscec A7YBFEGcepa) 83 Rhdda 80 )rdicxB3 9a3de U3 aa

Uﬁx’aq;eot’jeﬁ;saeg’u } )
] . Yeoago) AzYEcepaeUoa U] gafdesRadeU3dsea360250U
T. BeUd) cKkooad&sa®)e e jUsecoosed KsyjoUsUd
AKijJotUslFfFAzUEcepalol) qaffdds®adeUsdse6a36050U




XTAaKTIl KO

uvédplo

2025,

MeTpoAoyi ag 20-21 Il ouviov

K sa0Udek3mddpes e

J] oYdr3a
J GG U0y o
dbegUOY
doaasd
Gdahsed
pd i .
mp} asas U
Ure Ut td
TUsegaa
TUaUby 6
7U; Ug "y
Fuld
Te3Usoos
TgyalUdd
sUe e
sUeg 8"
Udsasga
Usei GU
deos¥Yld
99 R @

N

N N N

zoey3Nd
Zz UaUos
@ealU0U(d

NOR COQANRSRTTTRTIR VOO TN GANC

it N
<
Y—
(O]

i. oy " Ug

K.gmMooL Ud

i EU;DuaU
U. j190U0R"
Ag f1o90Uge
Z. jeastUuU

HellasLab,SOL Hellas

] YU, ¢geeelU jdeosal 3
j BU, ¢eeeU jdeUald
ATAKUK pdehoayslUed
K79, Eceoe ¢aUalUjceahors zdcUs
Al #ceaoe KGUjecleysys ¢gUc3L 3
Ay oUGUe) sU0 gGUaUaalq

zdqeUsosal 3

ATY), ¢eceelU jdeUalgd

GUssafh jdeUaeg T3 ¥YUesgd

Al Y, Eceae UUUsait 3 K sGUdet 3
Kooadsosose KA sUje e jUseososed KAs

ATAKUK opdehoayslUaed

U3z U stGUeesas BUUy L 3,
K79, FEceoe AGUjceleysrs
GUssoh jdelUas T yYUsgd

j BU, ¢eeeU jdeUald
ATAKUK opdehoayslUaed

ATAKUK pdehoayslUaed

TUV Austria Labs

j BU, ¢eeelU ¢aloaUjeahors
3 easosu0UL 3

geeecU aU
zU0dde

zdeUs

ATY), ¢eeelU aUpelUaUgUsoaed

z UsyYoalUss 0gUe Udsacosoeaf t30GU
Az©9, FEceae |0oj63hevs olad 63 =
ﬂgx;aq;gﬁe;saeq” ) )
bUs U sl0Ueese BUUj 13, ¢geeeU 0U
AzY, FEceae |j0)Je3herys olad@lds =
G0y oadjelicyssed

geoagUUc3s UAees FpefdagaUysahoras 2
zQeUssets 3 easos0UL 3

"gUs U’ ques@%ewWLmauaUJGahoxs
¢Ueseaemmu@sﬁ L3

] BU, ¢geeelU jdeUalgd

] YU, grgekdeed

BU3s U sGUeeppme BWUjdsfaUd

AKzY, FKEceoe gaUaUjesahorys zdeUs
KE3I Y/ Kt 7




PTaKTI KO ZuvEdpPILO MetTpoAoyi ag 20-21 |l ouvviouvu 2025,

Uy gloUosadeysd 6esa



MpooKEKANPWEVN OMI Al a

ACCURATE REAL -TIME BIOAEROSOL MONITORING

ID: 095

Konstantina Vasilatou!, Christina Giannakoudaki'? Reto Abt}, Kevin Auderset, Beno 4 Cr ouz
Sophie Erl#5, Ahmed Oguzhan Erdogdd, Elias Graf®, Kenijiro lida 7, Langying Ou*?,
Hiromu Sakurai’, Julia Schmalé, Chr i st i, StafanWaréndeh | i
Department of Chemistry and Biology, Federal Institute of Metrology (METAS), Lindenweg 50, 3003
BernWabern, Switzerland
2EXtreme Environments Research Laboratory, £col e
Wallis, Sion, Switzerland
3Swisens AG, 6032 Emmen, Switzerland
‘Federal Office of Meteorology and Climatology MeteoSwiss, 1530 Payerne, Switzerland
SEnvironment al Remote Sensing Laboratory (LTE),
Lausanne, Switzerland
®.aVision GmbH, G°ttingen, Germany
"National Metrology Institute of Japan (NMIJ), National Institute of Advanced Industrial Science and
Technology (AIST), Tsukuba, Japan
email konstantina.vasilatou@metas.ch

Biological aerosols are released into the air by plants, fungi, and other living organisms. They
are ubiquitous in the atmosphere, although their concentration and composition can vary
significantly in time and by location. Bioaerosols can act as cloud condensation nuclei as well as ice
nuclei, influencing the hydrological cycle and climate. Moreover, pollen monitoring can underpin
ecology studies on vegetation shifts and invasive species, e.g. related to fragile ecosystems in high
Alpine regions or the Arctic which are greening rapidly due to climate change. Information on
bioaerosols is also crucial for agriculture and forestry, wheretirraldata about the presence of
pathogens, mostly fungi, are necessary for protecting agricultural production and developing
knowledgebased technologies.

For more than sixty years, bioaerosol monitoring networks were based on manual methods, i.e.
particles were collected on a suitable substrate and then counted with an optical microscope. These
methods suffer from poor time resolution (typically 24 hours) and long delays in data availability
(typically 7-9 days). Recent technological developments and machine learning (ML) have made it
possible to automate bioaerosol monitoring, revolutionising the information that can be made
available to endisers. In this work, we will present a laboratbased method for characterising
the performance of automated bioaerosol monitors as a whole unit (i.e. hardware plus identification
algorithms) based on the use of wadintrolled pollen aerosols and a reference method for particle
counting known as Lagrangian Particle Tracking using the Ddriblee Shakéhe-Box processing
algorithm. The experiments were carried out with the SwisensPoleno Jupiter bioaerosol monitor
(Swisens, Switzerland). This monitor combines light scattering, inline digital holography and
ultraviolet lasefinduced fluorescence with artificial intelligence, providing measurements of
particle size and shape, number concentration and particle identification/classification. The
performance of the ML algorithm was characterised in terms of ptabeon truepositive
classification rate under controlled environmental conditions, and the calibration of the total particle
number concentration was extended up tei#Oto cover almost the entire size range of airborne
pollen particles. Based on this, a new method been developed to determine taspecific
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calibration factors for the Poleno, which are traceable to national standards. The method can be
applied to any type of bioaerosol monitor.

Keywords bioaerosol, calibration, neural network, machine learning, pollen
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INTER -LABORATORY COMPARISON OF ED -XRF/PIXE ANALYTICAL
TECHNIQUES IN THE ELEMENTAL ANALYSIS OF FILTER -DEPOSITED
MULTI -ELEMENTAL CERTIFIED REFERENCE MATERIALS REPRESENTATIVE
OF AMBIENT PARTICULATE MATTER

ID: 101
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Veleva B, Sega K/, Samek L8 Samara C?, Kertesz Z1° Osan J!'and Eleftheriadis K.t
!ENRACT, Institute of Nuclear & Radiological Sciences & Technology, Energy & Safety, N.C.S.R.
fiDemokritoso, 15310 At hens, Gr eece,
’ nstitute of Nucl ear and Particle Physics, N .
3National Institute of Nuclear Physics (INFN), 50019 Sesto Fiorentino (FI), Italy,
“Nuclear Science and Instrumentation Laboratory, Physics Section, International Atomic Energyy Agency,
2444 Seibersdorf, Austria,
SInstitute of Applied Nuclear Physics, University of Tirana, Tirana, Albania,
®National Institute of Meteorology and Hydrology, 1784 Sofia, Bulgaria,
’Institute for Medical Research and Occupational Health, Ksaverska cesta 2, p.p. 291, 10001 Zagreb,
Croatia,
8AGH University of Science and Technology, Faculty of Physics and Applied Computer Science, Krakow,
Poland,
*Department of Chemistry, Environmental Pollution Control Laboratory, Aristotle University of
Thessaloniki, University Campus, 54124 Thessaloniki, Greece,
Wnstitute for Nuclear Research (Atomki);4H0 26 Debr ecen, Bem t ®r 18/
HCentre for Energy Research, Konkdiyh e g e  Mi 3., H§12EBuda@es, Hungary.
email: gini@ipta.demokritos.gr

The quantification of the elemental concentration of ambient particulate matter is a challenging
task, because the observed elemental loadings are not well above the detection limit for most
analytical techniques. Although naestructive nuclear techniques (i.e-ra¢ fluorescence,
Particleinduced Xray emission) are widely used for the chemical characterization of ambient
aerosol, only one mullement reference filter material that mimics ambient aerosol composition
has become recently available in the market for quality control and instruments calibration. In the
present study, an int@omparison exercise was performed to evaluate the measurement uncertainty
and instruments performance using maleément certified indoor dust samples deposited on PTFE
filler samples. The filter samples were produced by means of dust dispersion and subsequent
gravimetric collection, and further tested in terms of homogeneity and reproducibility as well as
longterm stadi i ty (& 80 mont h). Ei ght -tompaosoraandthel e s
evaluation of the results reported by all the participants was performed by using two sets of
reference values: a) the concentrations reported by the Expert Laboratdmg, loptist average
concentrations reported by all participants. As a general result, most of the certified and reference
elements were efficiently detected in the sample loadings prepared as representative for
atmospheric samples by the Expert Laboratory. The absolute value of relative difference between
the reported values and the reference values ranged between 0.1 % (Ti) and 33.7 % (Cr) (CRM
2584). All the participants were also able to efficiently detect most of the elements except from the
elements with atomic number lower than 16 namely, P, Al and Mg; light elements are difficult to
identify because of the low-Kay fluorescence cross sections and therefore must be analyzed with
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special care. The average percentage difference between the participants results and the assignec

value as derived by the expert | aboratory was
16.7 N 16.7 % (CRM2584; Cr and P excluded).
deviationo of the results reported by all p a

CRM 2584, respectively.

Keywords Lab IntercomparisonMulti-element reference material®IXE, elemental analysis,
XRF
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IMPLEMENTATION OF SPATIAL TDR AND FDR
IN MONITORING SOIL WATER CONTENT

ID: 023

Chrysanthopoulos, E?, Floros, EZ, Perdikaki, M., Kofakis, P? and Kallioras, A.
!Laboratory of Engineering Geology and Hydrogeology, School of Mining and Metallurgical Engineering,
National Technical University of Athens, Athens, Greece
2Agricultural University of Athens, Thiva, Greece
e-mail: echrysanthopoulos@metal.ntua.gr

Monitoring the spatial distribution of the soil water content within the entire range of the
unsaturated zone is imperative for various hydrologic, geotechnical, and agricultural applications.
Commercial point sensors provide reliable measurements of soil water content; however, their
installation at multiple depths is a laborious and tooasuming work. Furthermore, the length of
profile soil moisture sensors, which are commercially available and measure soil water content at
specific points, does not exceed 1 m. and as a result essential soil hydrologic processes below that
depth cannot be captured. The development of custom length waveguides from flexible insulated
flat copper wires, in which signal attenuation in lengths over 1m. is not observed asrnsulated
rod waveguides, allow the monitoring of soil water content across the transmission lines through
inverse modeling of the reflected signal from profile reconstruction algorithms. TDR and VNA
devices can be employed to capture the reflection of the electromagnetic signal that penetrates the
custom waveguides. In this study, the measurements of TDR and NanoVNA devices connected
with custom waveguides, assembled with flexible insulated flat copper wires, are evaluated in
different soil media. Transmission to highly portable configurations for field installation from TDR
devices, which cost is even prohibitive for research purposes, can be achieved through the
implementation of lowcost NanoVNA devices, which can be used as virtual TDR devices. The
implementation of profile reconstruction algorithms, to determine dielectric permittivity in
infinitesimal segments of the transmission lines and to transform it to soil water content through
deterministic or empirical models, is fully automated through the development of a supportive
Python code. The code can be used either ircpitected data or can be integrated to embedded
computing systems for the capture and process of waveforms in the field. The proposed framework
facilitates monitoring of soil water content in the field, providing information on various
hydrological processes that take place in the soil matrix, achieving high spatial resolution
throughout the length of transmission lines.

Keywords Time Domain Reflectometry, Frequency Domain Reflectometry, inverse modeling, soll
water content, python
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LONG-TERM OPERATION AND EVALUATION OF AT oF-ACSM IN DIFFERENT
ATMOSPHERIC ENVIRONMENTS: SUBURBAN AND HIGH -ALTITUDE DEM
STATIONS

ID: 102

0. Zografou, M. Gini, z .t Manousakas A. Diapouli, P. Fetfatzis, ¥ . Eleftheriadis
IE?vironment al Radi o a cytfor atmosplyeric& Chneate inpacT LabtE&NRACT o | o g
I nstitute of Nuclear and Radiol ogi cal Science & T
15341, Greece
email: 0.zografou@ipta.demokritos.gr

Mass spectrometry plays a critical role in f#ade aerosol chemical composition monitoring. In
this study, we present an assessment of -teng deployment of a Timef-Flight Aerosol
Chemical Speciation Monitor (TeARCSM) in two different environments in Greece. The first
dataset was collected at the suburban station of NCSR Demokritos in Agia Paraskevi, Athens, over
a 12month period (October 2017November 2018), with the TeRCSM operating together with
co-located instruments. The second location was at the top of mount Helmos in Peloponnese,
Greece, at the Helmos Hellenic Atmospheric Aerosol & Climate Change station (orjjHAm}re
the instrument was deployed also for 12 months (August 282ptember 2022).

The performance of the Te&kCSM under the suburban and the hajtitude environment is
discussed, together with seasonal changes. Calibrations of the instrument were conducted by using
ammonium nitrate and ammonium sulphate mixtures. The study reportdelomgnstrument
stability, calibration procedures, detection limits, and sigoaloise ratios fornom ef r act or y
species. Mass closure was examined by comparison of the total mass concentration of PM
provided by the ToFACSM with colocated reference measurements (MPSSZOP

The study highlights the strengths of the FRESM to perform stable lorterm measurements
under different environmental conditions.

Keywords ToR-ACSM, ambient aerosol, chemical composition, calibration
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STABILITY OF THE ACTIVE INGREDIENT OF PLANT PROTECTION PRODUCTS
IN THEIR RESPECTIVE SPRAYING SOLUTIONS: THE CASE OF INSECTICIDES
USED FOR THE CONTROL OF OLIVE FRUIT FLY IN GREECE

ID: 071

G.P. Balayiannisand E. Bempelou
Benaki Phytopathological Institut8, Stefanou Delta Street, Kifissia, Athendb61
e-mail: G.Balayiannis@bpi.gr

The storage stability of pesticide formulation has been extensively studied since it is a stringent
regulatory requirement for granting authorization by EU. However, the stability of the spraying
solutions of formulations has not been considered as a compulsory regulatory requirement.

In agricultural practice, farmers and professional sprayers are often faced with the dilemma
whether a tank mix can still be used in the field after a period of time. How long is that period?
How does it affect efficacy? Are there any hydrolysis or photolysiproglucts formed? And
finally, are there any other unwanted seféects (toxicityecotoxicitypersistence etc)?

In the present study we investigate the stability of the active ingredients of the solutions of two
major insecticides, lambezyhalothrin and spinosad, used for the control of olive fruit fly in olive
orchards, in their respective mixes with insect attractants of food origin.

After the storage of the spray solutions under various controlled environmental conditions
(temperature and light) and the determination of the concentration of each active substance in
targeted time points, the results indicate that in all cases the concentration remained stable for a
minimum of 4 weeks. Therefore, it can be assumed that the tank sprays need not be disposed of,
circumventing all the negative environmental impacts such an action can have. Undoubtedly, these
results are the slstep for further investigation of the stability of tank mixtures in various
preparation storage conditions and periods.

Keywords lambdacyhalothrin, spinosad, spray solution, storage stability, storage conditions
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RELIABILITY OF FIELD CHEMICAL MEASUREMENTS: T4l FEMTOMACHINE
FOR QA/QC OF CHEMICAL DETECTORS AND ANALYTICAL INSTRUMENTS

ID: 033

George Psarras, Angeliki Antonopoulou, Julia Vamvakari, Lia Fotopoulou, George C. Pallis,
Miltiadis Statheropoulos
T4i engineering, Ergaton Typou 10, 16346, Athens, Greece
email: g.psarras@t4ieng.com

This study presents the use of the hpodable field calibrator, T4i FemtoMachine, for
chemical detectors. The calibrator generates stable vapour concentrations of a wide range of
environmentally significant compounds. It produces high and low concentrations in the ppb range
for Benzene, Toluene, and Xylene, as well as compounds like Acetone, Methyl Salicylate,
Dimethyl Methyl Phosphonate, Diethyl Malonate, and Diethyl Phthalate. The T4i FemtoMachine
has been continuously used for 2880 hours (24x7), demonstrating high stability and repeatability in
the generated concentrations. The calibrator operates in principles of permeation, heating,
successive dilutions with purified air and splitting to provide stable concentrations from low ppb to
low ppm ranges. No gas cylinders are needed as the calibrator generates its own zero air (purified
air). Engineered with special materials, its inner surfaces prevent chemical interaction of the
compounds used. The calibrator's oven cantr ol
1%. Applications include indoor and outdoor calibration of atmospheric pressure detectors (e.qg.,
Photoionization Detector, lon Mobility Spectrometer, Gas Chromatograph) and vacuum chemical
detectors and analyzers (e.g., Mass Spectrometer).

Keywords Field calibrator, chemical detectors, chemical analyzers, hamdable calibrator, zero
air, vapour generator
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DETERMINATION OF PARTICLE SIZE DISTRIBUTION AND NUMBER
CONCENTRATION OF NANOPARTICLES BY splICP-MS

ID: 076

G. Karanikolopoulos, P. Giannikopoulou, E. Skotidaki,
E. Stathoudaki, V. Schoina, E. Kakoulides
General Chemical State Laboratory, 16 A. Tsoha street, 11521 Athens
email;metrology.gcsl@aade.gr

Measuring the number concentration of nanoparticles in colloidal suspension is a major interest
for a large range of industries including pharmaceutical, personal care and cosmetics, food
packaging, biomedical, etc. Single particle inductively coupled plasma mass spectrometry (spICP
MS) is a method capable of detecting single nanoparticles at very low concentrations. The present
study describes an effort to develop and validate (identifying and quantifying the uncertainty
contributions) an analytical method for the determination of the nusberdistribution (nm) and
number concentration (Np mlor Np @) of Au (nano)particles (and/or other metals) using single
particle inductively coupled plasma mass spectrometry (SMSF in a timeresolved mode to
determine the mass of individual nanoparticles and ionic concentrations. The preliminary results
from the participation in the comparison CCE¥M66/P210, are also discussed.

Keywords nanoparticles, size distribution, number concentration, spM¥%
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OPERATIONAL CHECKS OF LASER TRACKER
USING DIFFERENT MOUNTING SYSTEMS

ID: 038

Stefania loannidou, Konstantinos Nikolitsag, George Pantazis
1School of Rural, Surveying and Geoinformatics Engineering, National Tethimneersity of Athens, 9
Iroon Polytechneiou Str, 15780, Zografos, Athens.

e-mail: k_nikolitsas@mail.ntua.gr

In today's era, due to the 4th Industrial Revolution, the need for quick and accurate
measurements is huge. Their application in a variety of industrial applications has led to the
established use of laser trackers, for measuring, aligning and verifying dimensions in large
constructions or objects with complex geometry. Laser trackers are portable coordinate measuring
systems which use laser technology to measure points in three dimensions with accuracies in the
range of micrometers. In order to receive extremely precise measurements, plenty of operational
tests must be taken before starting the measuring process. These tests include angular accuracy.
absolute distance or level checks, and must be performed in specific test fields, according to the
manufacturers.

In this research work, after creating the appropriate test fields, the necessary operational checks
of the Vantage Faro Laser Tracker took place. Each of them is described and performed in detail,
using five different | laesrderto use diferénemosnfing systams,tai n g
special support system has been created for the specific model of Vantage Faro laser tracker.

So, the main purpose of this study is to examine how these mounting systems may respond to
these tests and if the achieved accuracy by using theongstent with the specifications of the
laser tracker

Kewords laser tracker, mounting systems, compensation, operational checks
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COMPARISON OF 3D OBJECT MODELS CREATED
USING LOW-COST SMARTPHONE APPLICATIONS
AND PORTABLE COORDINATE MEASURING MACHINES

ID: 039

Konstantinos Nikolitsas,Aikaterini -Theoni Kantzouri
School of Rural, Surveying and Geoinformatics Engineering, National Technical University of Athens, 9
Iroon Polytechneiou Str, 15780, Zografos, Athens
e-mail: k_nikolitsas@mail.ntua.gr

Today, a surveying engineer can select from a wide range of advanced technologies to create
easily a 3D model of a specific space or object, in a relatively short timeframe and often with
sufficient accuracy. Gradually, such technologies have also started to become accessible to the
general public, with smartphone applications for the creation of 3D models, serving as a prime
example.

In this research work the methodologies which are used by these applications to create 3D
models, through smartphone apps are highlighted. In addition, the operation principle of the non
contact Portable Coordinate Measuring Machines and the achieved accuracy in 3D scanning with
these devices are described.

To evaluate the effectiveness of these smartphone applications in the creation of 3D models,
one of the most widely used applications on the market has been selected (Polycam). The
smartphone application has been used with a midrange Android Smartphone (Samsung A52 5G).
Two objects, made from different materials, were selected for analysis (a wooden owl figurine and
a GNSS antenna).

These generated 3D models have been compared with the 3D models which have been created
from the non- contact portable coordinate measuring machine (fFataser Libe Probe). The
scaling of the 3D models which have been created by the smartphone application was mandatory
for making the comparison. To minimize the error during the scaling, a geometrically known object
used as a scale bar has been created. The characteristics of this object are described in detail in this
paper.

By comparing the respective 3D models (smartphone application V& contact PCMM), it
has been emerged an overview of the achieved accuracy of each method tested, which provided
insight into both the limitations and the potential of this technological advancement.

Keywords 3D models, smartphone applications, raontact probe
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A COMPUTATIONAL METHOD FOR QUANTIFYING THIN FILM THICKNESS ON
ROUGH SUBSTRATES USING TOP-DOWN SEM IMAGES

ID: 015

A. Kondi!? E.-M. Papia'?and V. Constantoudis?
Department of Physics, School of Science, University of Athens, 15784 Athens, Greece
?Institute of Nanoscience and Nanotechnology, NCSR Demokritos, Agia Paraskevi, 15341, Greece
SNanometrisis p.c., Agia Paraskevi, 15341, Greece
email: a.kondi@inn.demokritos.gr

Measuring thin film thickness on highly rough substrates remains a critical challenge in
metrology, as conventional techniques such as ellipsometry and profilometry lose effectiveness
with increasing surface roughness. To address this, we propose a computational methodology based
on topdown Scanning Electron Microscope (SEM) images, transforming roughmaepsrceived
obstaclé into a measurable advantage. The method calculates the film thickness by analyzing the
enhancement of bright areas in SEM images before and after deposition, correlating this
enhancement to the ratio of bright area change and the average perimeter of these regions. This
approach leverages the assumption that the substrate roughness exceeds the deposited film
thickness, simplifying the 3D geometry to a computationally efficient 2D representation.

To validate this methodology, we employed synthetic SEM datasets with predefined thicknesses
and morphologies ranging from simple shapes to complex structures simulated using DBiffusion
Limited Aggregation (DLA) techniques. Further analysis incorporated realistic rough surfaces
characterized by scalenited fractality and varying correlation lengths. Experimental validation
was conducted on two case studies: plastohed polymer (PMMA) surfaces coated with silver
(Ag) nanopatrticles and titanium dioxide (TiO2) nanorods coated with nickel oxide (NiO). The
results demonstrated the methodés capability
measurements without the need for additional sample preparation csectismal imaging.

This methodology offers significant advantages for metrology, enabling efficient and accurate
thickness measurements on rough surfaces while overcoming limitations associated with traditional
and crosssectional imaging techniques. Future work will explore the integration of neural networks
trained on synthetic datasets to further enhance predictive accuracy and automate SEM image
reconstruction prior to deposition. This innovative approach represents a significant step forward in
advancing the metrology of thin films on complex surfaces, offering a scalable and computationally
efficient solution for a wide range of industrial and research applications.

Keywords roughness metrology, thin film metrology, Scanning Electron Microscope (SEM)
imaging
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ASSESSMENT OF THE PERFORMANCE OF PORTABLE INSTRUMENTS
FOR REAL-TIME AEROSOL MONITORING UNDER REAL -WORLD AMBIENT
CONDITIONS

ID: 103

S. Katsikari?, S. Vratolis!, K. Granakis?, V. Vasilatou!, A. Massling, K. Vorkamp?,
C. PogneP, R. Mikk ola*, S.M. Almeida®, M. Viana®, M. Lazaridis’,
H. Salonert, K. Eleftheriadis* and E. Diapouli*
IENRACT, NCSR fADemokritoso, Athens, 153.
2Department of Environmental Science, Aarhus University, Roskilde, 4000, Denmark
SAIT Austrian Institute of Technology GmbH, Tulln, 3430, Austria
‘Department of Civil Engineering, Aalto University, Espoo, 02150, Finland
S nstituto Superior T®cnico, Un(d6e&, Rorttgal d ade de L
®IDAEA-CSIC, Spanish Research Council, Barcelona, 08034, Spain
"Technical University of Crete, Chania, 73100, Greece
email: s.katsikari@ipta.demokritos.gr

Within the InChildHealth project, a field comparison of reale portable and fixed aerosol
monitors was conducted in summer 2023 at the
where the reference instruments (Aethalometer Model AE33, MAGEE SICENTIFIC, CPC 3772,
SMPS: DMA 3081 CPC 3750, TSI, LAS 3340A, TSI) are permanently installed.

The measured parameters included black carbon (BC) (microAeth MA200 and AE51,
AETHLABS), ultrafine particle number (UFP) and number size distribution (PNSD) (Partector 2 &
Pro, NANEOS patrticle solutions) and particle mass concentration (PM) (Dust Monitor Me@el 11
GRIMM, DustTrak DRX 8533, TSI, AQ Guard, PALAS). -bbur averages of PM2.5 and PM10
mass concentration were also compared to reference gravimetric measurements (PM10/2.5 SEQ
47/50CD with Peltier cooler, SVEN Leckel). The comparability of the measurements was
evaluated among: (a) units of the same instrument, (b) instruments of different producers measuring
the same aerosol parameter and (c) portable monitors and the respective reference
instrument/method.

Results showed very good agreement regarding BC and UFP, PNSD, both among units of the
same brand and between portable and reference instrumentsl(R2 typically exceeded 0.90).

The corresponding regression lines of portable versus reference instruments displayed negligible
intercepts and slopes equal to-2.2 for BC and 141.3 for UFP. However, the performance of PM
mass monitors varied significantly, depending on portable instrument and size fraction. In general,
PM1 concentrations measured by portable instruments displayed very good correlation with
reference data whereas the measured levels were significantly overestimated (up to a factor of
around 2.5). The correlation of portable and reference data was weaker for larger particle fractions,
especially in the case of DustTrak.

Keywords inter-comparison, black carbon, particle mass, particle number, udga
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HARMONIZATION OF MPSS INSTRUMENTS WITH RESPECT TO DATA
INVERSION BIAS BY INTERCOMPARISON AGAINST A REFERENCE MPSS

ID: 104

S. Vratolist, J. Ondracek’, Pe t r Rovz. t o dizlm@irit, and K. Eleftheriadis®
ENRACT, Institute of Nuclear & Radiological Sciences & Technology, Energy & Safety, National Centre
for Scientific Resear mtkeviiAdkinGCoekcei t os 0, 1531«
?Institute of Chemical Process Fundamentals of the Czech Academy of Sciences, Prague 165 02, Czech
Republic Associated conference topics: 3.1, 3.2, and 3.5
email: vratolis@ipta.demokritos.gr

I n the context of the pr eREEATED ARNMOLILUTEONTN NG T
EUROPE MITRAP) 6, an MPSS calibration workshop to
November 25, 2024 to December 2, 2024.

One of the participating instruments (a negative polarity MPSS) displayed significant difference
(~25%) from the reference MPSS (positive polarity).

In order to correct the discrepancies between the two instruments, Tikhonov regularization we
used so as to fit the measurement data for the period from November 29, 2024 to December 2,
2024. The initial MPSS inversion matrix, calculated according to (Peters, 2021) was the starting
point and the generalized cross validation method was used to determine the optimum result.

This work has received funding from the European Union's Horizon Europe program under
grant agreement No 1011384d9MI-TRAP.

References:

Petters, M. D.: Revisiting matrlgased inversion of scanning mobility particle sizer (SMPS)
and humidified tandem differential mobility analyzer (HTDMA) datdmos. Meas. Techl4,
7909 7928, https://doi.org/10.5194/arhtl-79092021, 2021.

Vratolis, S., Diapouli, E., Manousakas, M. |., Almeida, S. M., Beslic, |., Kertesz, Z., Samek, L.,
and Eleftheriadis, K.: A new method for the quantification of ambient particulate matter emission
fluxes,Atmos. Chem. Phys$ttps://doi.org/10.5194/aep3-6941 2023

Keywords MPSS harmonization, MPSS intercomparison, MPSS inversion bias
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MEASUREMENT OF RADON CONCENTRATION AND DOSE ASSESSMENT
IN THERMAL SPRING FACILITIES

ID: 063

K. Theodorou, M. Kolovou, K. Potiriadis
Greek Atomic Energy Commission (EEAE)
e-mail: kostastheodoroyl3@gmail.com

Accor di ng t o t he ACounci | Directive 2013/ 5¢
Commi ssion, as well as the | AEAOs recommendat
an established national action plan to minimize the occupational exposure due to radon and
maintain a national reference level of 300 Byimdwellings and workplaces. The workplaces in
which an increased radon concentration is anticipated, are mostly located underground or use and
process underground water sources. Thermal spring facilities (spas) are considered as such
workplaces in the national legislation and the monitoring of those facilities is part of the national
action plan. In this work, two thermal spring facilities are reviewed regarding their radon
concentration levels, according to the national legislation and the guidelines published by the Greek
Atomic Energy Committee (EEAE). The measurements were conducted by placing passive
SSNTDs (CR39) in all indoor areas of the facility. The minimum and maximum values of the
radon activity concentration in Spand were. 7
1374Bg/m, whil e in Spa B the respectivandal@?2s2
19.0 Bg/m. The radon activity concentrations, in every area of Spa B measured, were below the
national reference limits, so no further investigation was needed. In Spa A, the radon activity
concentration exceeded the reference leved@® Bg/ni in multiple areas. Thus, the facility has to
be authorized by the EEAE through the Notification process and the annual effective dose that is
received by the workers of Spa A was estimated. Additionally, some corrective measures in order to
reduce the radon concentration inside the areas of the facility are proposed. Finally, an investigation
regarding the sensitivity of the CB9 sensors to the humidity of the environment that are exposed
to, is conducted.

s y 3- e § s Riado¥, Thermal Spa, Occupational exposure, Dose estimatiGBOCR
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ESTIMATION OF THE IMPACT
OF CHROMATOGRAPHIC CALIBRATION CURVES
ON THE UNCERTAINTY OF CIGARETTE MAINSTREAM SMOKING ANALYSIS

ID: 037

Panagiotis Vlachos
61100 Agios Panteleimonas, Kilkis, Greece
email: p.vlachos@realtobaccogr.com

The determination of nicotine and water in cigarette smokecistical component of smoking
analysis, providing insights into product characteristics and potential health implications. This
analysis is conducted in accordance with ISO 10315 (nicotine determination) and 1SG1AD362
(water determination), which outline standardized methods for measuring these constituents in
mainstream smoke. Using a smoking machine compliant with ISO 3308, smoke is generated under
controlled conditions, and the particulate matter collected on a Cambridge filter pad is analyzed.
Nicotine and water are quantified via gas chromatography coupled with FID and TCD, as specified
in the standards. The current study aims to assess the impact of chromatographic calibration curves
on the overall uncertainty associated with cigarette mainstream smoking analysis (i.e. smoking
nicotine and smoking water). The primary factors that are examined and contributing to the
estimation of overall expanded uncertainty (k factor = 2) include: (i) reproducifriépeated
measurements under reproducible conditions), (ii) preparation of the extraction solution (dilution
steps, volumetric accuracy), (iii) preparation of calibration standards (errors in weighing and
diluting high-purity reference materials) and (iv) development of calibration curves (standard error
of the regression and residuals, impact of the calibration range and weighting strategy on the curve's
precision).

The results indicate that approximately 10% of the overall expanded uncertainty for smoking
nicotine analysis originates from the nicotine calibration curve, while approximately 35% of the
overall expanded uncertainty for smoking water analysis is attributable to the water calibration
curve. The lower contribution and superior performance in the case of nicotine (3.5 times less) can
be attributed to the higher linearity of the nicotine calibration curves, as demonstrated by the
correlation coefficient values (R] for water

Conclusively, the calibration curves are a critical component in cigarette mainstream smoking
analysis. Their accuracy and precision significantly impact on the overall measurement uncertainty.
Systematic assessment and minimization of uncertainties associated with calibration curves are
essential to ensure reliable and reproducible resTitts. current analysis highlights the need for
robust calibration practices as part of an effective quality assurance program.

Keywords Smoking Analysis, Uncertainty, Calibration Curves, Nicotine, Water
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METHOD DEVELOPMENT AND VALIDATION FOR THE DETERMINATION
OF PLANT PROTECTION PRODUCTS IN THEIR RESPECTIVE SPRAYING
SOLUTIONS: THE CASE OF INSECTICIDES USED FOR THE CONTROL
OF OLIVE FRUIT FLY IN GREECE
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Most plant protection products (ppps) are applied in the field as spraying solutions. The
concentration of these solutions is predetermined for each application from the regulatory process
depending on the outcome of the evaluation of a variety of parameters, primarily efficacy but also
toxicity, ecotoxicity, residual persistence and environmental fate and behavior. In order to ensure
compliance with these regulatory prerequisites it is necessary to develop reliable methods for the
determination of the active ingredient (a.i.) in the spraying solution. This is particularly challenging
in the case of insecticide sprays annually used for the control of olive fruit fly. These tank mixes,
except for the a.i., include also attractants that make up a very complex matrix resembling that of
food matrices.

A simple robust and accurate methodology was developed for the determination of-lambda
cyhalothrin and spinosad in their respective tank mixes with attractants, under controlled
temperature and light conditions. The same fast and easy sample preparation was applied for both
active ingredients, followed by GEID and HPLGUV determination, respectively. Linearity was
studied in a wide range of concentrations-{B0 eg/mL and 140 eg/mL) respectively for each
compound and resulted in R>0.99 in both insecticides. Additionally, the mean recovery values
obtained were above 90% in all cases for spinosad and above 85% for-layhhtidhrin

The developed analytical methadll be further applied in additional spray solutions providing
data on the accuracy of their preparation as regards the a.i., in accordance with the authorized
label.

Keywords pesticides, HPLC, GC, spray solution, application, validation
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MEASURING THE RANDOMNESS OF PORES AND JUNCTIONS IN FIBROUS
MATERIAL NETWORKS
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Fibrous networks, widely used in scientific and industrial applications such adiltersoand
neuromorphic circuits, require precise characterization to optimize performance. Despite their
structural similarities, the key metrological focus varies by application. For membranes and filters,
pore distribution among fibers is critical, whereas neuromorphic networks depend on the behavior
of nanowire junctions simulating synaptic functionality. Both systems share geometric features,
consisting of interwoven 1D fibers forming complex 2D or 3D layers. Approximating these
structures using infinite straighbe segments enables accurate simulation of-woven and
electrospun materials with substantial or continuous fiber lengths.

This work presents a metrological framework to investigate the stochastic properties of point
patterns derived from pore (ppp) and junction (ppi) distributions in fibrous networks. The study
evaluates how fiber randomness influences these patterns. Results show distinct tendencies: ppi
exhibit strong aggregation, while ppp display a slight periodicity, contributing to pore size
uniformity. Both patterns demonstrate unique collinearity effects among neighboring points, which
conventional anisotropy analyses fail to capture. To this end, a novel Local Collinearity (LCL)
analysis method is introduced to quantify these effects by detecting collinear triplets of nearest
neighbor points and defining an appropriate metric. These findings highlight the importance of
advanced metrological approaches in understanding the strpctyoerty relationships of fibrous
networks.

Keywords fibrous materials, stochastic properties, point pattern analysis, local collinearity,
metrological framework




PTaKTI KO ZuUvEdPILO MetTpoAoyi ag 20-21 |l ouvviouvu 2025,

QUANTITATIVE CHARACTERIZATION OF VERTICALITY OF NANOWIRES
USING SCANNING ELECTRON MICROSCOPY IMAGES

ID: 018

E. Stai*?, V. Constantoudis-®, D. Nioras'*, E. Gogolides?®
Ynstitute of Nanoscience and Nanotechnology, NCSR Demokritos, Aghia Paraskevi 15341, Attiki, Greece

2Department of Physics, National and Kapodistrian University of Attthgns,Greece
3Nanometrisis p.c., Agia Paraskevi, Attiki 15310, Greece
“Physics Department, National Technical University of Athens, Zografou Campus, Athens, Greece
email: e.stai@inn.demokritos.gr

During the last few decades, nanowires have been used in various fields of applications from
electronics and photonics to hievices and energy harvesting systems. One of the critical
properties of nanowire patterns on surfaces is their verticality since it tunes the contact area with the
attached body and hence the nature of their interactions. For example, when they are perfectly
vertical, the contact area with the attached droplet or bacteria is minimized leading to the
enhancement of their superhydrophobic or bactericidal behavior. Therefore, the metrological
characterization of nanowire verticality can empower the evaluation of their performance in many
applications.

The main technique used for the inspection of nanostructured surfaces is Scanning Electron
Microscopy (SEM) which however suffers from the fact that depicts a 3D surface as a 2D image.
Hence, it is not a straightforward task to quantify the verticality of the nanowires on a surface
(which is a 3D feature) by using SEM images (which is 2D). The obvious solution is to obtain and
inspect crossection SEM images. This can cause damage to the depicted nanowires and also
usually cannot provide sufficient statistical data for reliable conclusions.

In this work, we propose a methodology for characterizing quantitatively the verticality of
nanowires (NWSs) by hybridizing the analysis of tilted anddogrn SEM images of NWs. The key
idea of our approach is to exploit the link between the verticality of NWs and the anisotropy of the
2D Fourier Transform (FT) of SEM images. In particular, we apply a threshold on FT values to
identify the lowfrequency region in 2D Fourier spectrum with Fourier amplitudes higher than this
threshold. The anisotropy indéxis calculated by ellipticity of the loMrequency region in Fourier
spectrum. In the case of tilted SEM imagkslose to 1 means aligned NWs wher@adose to 0
leads to the conclusion that NWs are randomly-aligmed. For the cases th& 1 in tilted SEM
images, we then calculate the 2D FT of the-dogyn SEM images of the same surfaces. When
AA 0 (isotropic FT) the NWs are vertical. On the other haddl (anisotropic FT) means the NWs
are aligned with no being verticalhe abovedescribed methodology was applied for the
characterization of the verticality of NWs of Polymethyl methacrylate (PMMA) surfaces treated
with oxygen plasma and further coated with a carbikeelayer to increase its durability during
water immersion.

Keywords Surface anisotropy, Fourier spectrum, Nanowire verticality, nanotechnology, SEM
imaging
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DEVELOPMENT OF A dtbESTRADIOL BIOSENSOR FOR ENVIRONMENTAL
MONITORING IN THE FRAME OF MOBILES PROJECT

ID: 064

Antonios Georgas Maria Zavali, Angelo Ferraro, Evangelos Hristoforou
Laboratory of Electronic Sensors, National Technical University of Athens, Athens 15772, Greece.
email:antonisgeo@ntua.com

The presence of endocrhdei sr upti ng ¢ he mi c-estrasliol (EE)DnCwajer s u c
sources is a serious threat to both environmental and public health. Traditional detection techniques,
using LGMS for example, show very high sensitivity but require laboratory facilities, specialized
personnel, and timeonsuming procedures. To address this challenge, we report the development
of a novel portable electrochemical biosensor within the MOBILES project.

The biosensor utilizes the capacitive transduction mechanism, where -@steadiol aptamer
receptor is immobilized on a gol d i nitedradbli gi t ¢
present in water samples. This event, related to the binding of the receptor, changes the capacitance,
thus enabling redime, labelfree detection with high selectivity and sensitivity.

It is designed to achieve a detection limit in the nanomolar range, featuring rapid response times
along with robust selectivity against interfering compounds. The biosensor is envisioned to be of
low cost, simple to operate, and deployable under field conditions to meet relevant needs of the
European Zerdollution strategy. In this regard, the combination oftised recognition elements
with portable electronics develops a sustainable approach toward environmental monitoring of
EDCs.

This work represents an important advance in environmental metrology and delivers a valid tool
for regulatory agencies, organizations performing water quality monitoring, and stakeholders in
industries desiring rapid and reahe detection of emerging contaminants. Further work is devoted
to full miniaturization and integration into le@ased monitoring networks, extending their scope of
applications to the ambient environment.

Keywords b-estradiol, biosensor, electrochemical detection, capacitive sensor, environmental
monitoring
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NEAR REAL -TIME & BENCHTOP XRF INTERCOMPARISON FOR PM
ELEMENTAL ANALYSIS: A CASE STUDY ACROSS THREE EUROPEAN CITIES

ID: 105

Stefanos Papagiannis?, Manousos loannis ManousakasDimitrios Anagnostopoulog,
Michael Pikridas®, Rima Baalbaki, Niall O'Sullivan4, John Wengef,
Konstantinos Eleftheriadis!, Evangelia Diapoult
IE?vironment al Radioactivity & Aerosol Technol ogy
Institute of Nuclear and Radiological Science & Technology, Energy & Safety, NCSR Demokritos, 15310,
Athens, Greece
2Department of Materials Science & Engineering, University of loannina, loannina, 45110, Greece
Climate and Atmosphere Research Center, The Cyprus Institute, Nicosia, 2121, Cyprus
4School of Chemistry and Environmental Research Institute, University College Cork, Cork, Ireland
email: s.papagiannis@ipta.demokritos.gr

Accurate elemental analysis of ambient aerosols is vital for understanding emission, transport,
and deposition processes, which can fluctuate rapidly due to meteorological factors. Recent
advances in highime-resolution energy dispersive-tdy fluorescence (EXXRF) spectrometers,
such as the Xact 625 and 625i, have significantly improved source tracing capabilities. These near
reattime XRF(NRFXRF) instruments also facilitate aut
enhancing aerosol composition data.

While previous studies have compared NRRF with ICRMS, earlier comparisons included a
benchtop EBXRF and the older Xact 620. However, updated direct comparisons with current
systems are lacking. This study addresses this gap by intercomparing a benchtop XRF and the Xact
625/625i across Athens (March 2024), Nicosia (Mabdrember 2022), and Dublin (December
2022 February 2023), focusing on Si, S, Cl, K, Ca, V, Ti, Mn, Fe, Cu, Zn, Sr, and Pb on PTFE and
Quartz fiber filters. Results indicate that filter type significantly influences measurement agreement.
Quartz fiber filters present challenges such as-ambrption and matrix effects from their
thickness, which can lead to significant inaccuracies in concentration measurements, particularly for
lighter elements; corrective methods are therefore essential to ensure accurate results. A thorough
analysis and comparison of the collected data is presented.

Keywords PM25, XRF spectrometry, Intercomparison, Near rgale monitoring, Spectrometer
evaluation
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MONITORING OF TRIHALOMETHANES
FOR WATER TREATMENT PLANTS OF CYPRUS

ID: 011

Spyros Nikolaou Chrystalla Charalambous, Maria Tiggiridou, Maria Christou, Petri Efstathiou,
Christoforos Papachrysostomowand Rebecca Kokkinofta
State General Laboratory, Nicosia, Cyprus,
email: *snikolaou@sgl.moh.gov.cy

Public water syst e mssuriage, g@Ouyngrrdesalinad veateRrinkipgp | 1 e d
water is mainly provided through Water Treatment Plants (WTP) and Desalination Plants. Water is
stored in water reservoirs situated in different areas of the island and is transferred through piping
systems to the WTP. During 2024, five conventional filtration WTP and three mobile WTP are
operating in all island districts under the supervision of Water Development Department (WDD).

Chlorine is one of the most common substances used for the disinfection process. However, the
chlorination process has been reported to formpioyglucts such as trihalomethanes (THMg#)en
chlorine reacts with the organic matter naturally present in water like humic and fulvic acids.
General formula of THMs is CHXwhere} is a halogen or a combination of halogens with
trichloromethane (CHG), bromodichloromethane (CHBrgl dibromochloromethane (CHE:)
and triboromomethane (CHBto occur more frequentifthe State General Laboratqi$GL) is the
Official Government Laboratory of the island for water quality controlprelr f or ms t h e
analysis on behalf of the WDD under a cooperation protocol, whielstablished yearly between
the two Departments. Since January of 2022, WTP water is monitored on a monthly basis in order
to comply with the European Directive 2020/2184 and the National Law on the quality of water
intended for human consumption. These legislations define the level ofj/L0&s a parametric
value of the Total THMs, being tlsaim of the concentration of the above four compounds.

The chemical analysis of THMs in water is performed using lidjgidd microextraction of

water samples with hexane. For both the qualitative and quantitative analysis of the THMs, the
extract is then injected to a gas chromatography system consisting of two different capillary
columns coupled with two electron capture detectors (ECDs). The method quantification limit is
5eq/L.

The method is validated and accredited and the laboratory successfully participates in
interlaboratory comparisons every year. Expanded Uncertainty was calculated according to the ISO
11352. The results derived under the previously mentioned protocol are presented. Specifically, 32
samplings, from January 2022 to September 2024 and a t®8Whofiater samples were collected
from the WTP and were analyzed by SGhe total THMs concentration range is 5,4 to 163/P.

Keywords Trihalomethanes, Drinking Water, Water Treatment Plants
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THICKNESS EVALUATION OF MULTILAYER POLYMERIC FILMS
OF PHARMACEUTICAL BLISTER
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Stefani Fertaki'?> and Christos Kontoyannis'?
!Department of Pharmacy, University of PatrasZ#804 Rio Achaias, Greece
’ICE-HT/FORTH, Platani Str, GR6504, Rio, Greece
e-mail: kontoyan@upatras.gr

The characterization and thickness of polymeric films used in pharmaceutical packaging is
critical for ensuring product protection (resistance to moisture, oxygen, light, and other
environmental factors that could degrade the drug), barrier properties (flexibility, puncture
resistance, and tear strength), and regulatory compliance [1].

Among the available methods for identification, separation and thickness measurement of the
different layers of polymeric films, the most common consist of microtome sectioning followed by
microscopy for thickness measurement while AFRR spectroscopy is usually used for the
characterization of layers through comparison to spectra database. The separation of the different
layers is usually achieved by taking advantage the different solubility properties of each layer which
allows dissolvation of each one separately [2]. These techniques are not always applicable though
and can be time consuming.

In the current study, we managed to cut vertically and separate the polymeric layers of the
packaging blisters from a generic and RLD (Reference Listed Drug) drug product without
dissolving any of the layers or using microtome. For this, immersion in liquid nitrogen was applied.
For the thickness measurement of the composite film four techniques (digital caliper, optical
microscopy, stereoscope and scanning electron microscopy) were used and compared against eact
other. Measurement of individual layers was also performed and the obtained values were
compared against those of the producer. In order to identify each polymeric film, ATR spectroscopy
was applied. Possible differences between the composite and pocket part of the material were also
evaluated.

References:

[1] Binh-Minh Trinh et al, The Barrier Properties of Sustainable Multiphase and Multicomponent
Packaging Materials: A review, Progress in Materials Science, 133(1):101071 (2023)

[2] Anja Mieth, Eddo Hoekstra, Catherine Simoneau, Guidance for the identification of polymers
in multilayer films used in food contact materials, European Commission, JRC TECHNICAL
REPORT, (2016)

Keywords multilayer polymeric films, pharmaceutical packaging, thickness measurement,
characterization
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HRMS CHARACTERIZATION AND TOXICITY EVALUATION
OF PHOTOPRODUCTS OF PYRIMETHANIL

ID: 061

Dimitrios Tsibloulis?, Christina Efthymiou?, Vasiliki Boti'? Triantafyllos Albanis®?
Department of Chemistry, University of loannina, loannina, 45110, Greece
2Unit of Environmental, Organic and Biochemical higisolution analysi€OrbitrapLCi MS, loannina,
45110, Greece
email:talbanis@uoi.grvboti@uoi.gr

Pyrimethanil (PYR) is a phenylamind pyrimidine fungicide that is widely used for
monoculture cultivation and is commonly applied to control gray mold and Fusarium wilt and to
inhibit the development of the germ tubes and hyphae of Botrytis cifigfe®YR has been
extensively detected in fruits, vegetables, aquatic environments, and species, owing to its low water
solubility and relative resistance to hydrolysis and photoliisin this study, we examined the
abiotic phototransformation of PYR, identified its photoproducts (PPs), and evaluated their toxicity
after simulated solar irradiation. Different potential phototransformation routes were observed. The
tentatively identified PPs were structurally elucidated using LCAOmQitrap highresolution mass
spectrometry, focusing on the m/z values, and M&mentation patterns, indicatingiON bond
cleavage, heterocyclic ring opening and hydroxylatinnvitro toxicity evaluation indicated low to
moderate toxicity; nonetheless, some PPs demonstrated harmful or highly toxic effects on aquatic
life, as perin silico assessments. This extensive research clarifies the environmental behavior and
possible ecological effects of PYR and its PPs in aquatic habitats.

References:

[1] A. Vanni , L. Anfossi, A. Cignetti, A. Bagl i
in Soil: I nfluence of Li ghadfEnv.CGx & iglth Rast B,aol.d Mi
41, no. 1, pp. 670, Jan. 2006, doi: 10.1080/03601230500234927.

2] R. Chen, T. Liu, D. Deng, ReviewHRragress ,towatls Mi

research on the toxicology of pyrimethand Compar ati ve Bi ochemistr
Toxicology & Pharmacology, vol. 283, p. 109940, Sep. 2024, doi:10.1016/j.cbpc.2024.109940.

Keywords pyrimethanil; liquid chromatographfiigh resolution mass spectrometry; pesticides;
phototransformation products; toxicity assessment
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INTERCOMPARISON RESULTS FOR METAL CONCENTRATIONS
IN A CANDIDATE REFERENCE MATERIAL OF AIRBORNE PARTICULATE
FILTERS LOADED WITH INCINERATION ASH

ID: 029

Theopisti Lymperopoulou, Lambrini -Areti Tsakanika and M. OchsenkuehnPetropoulou
School of Chemical Engineering, National Technical University of Athens,
Heroon Polytechneiou 9, Zografou Campus, 15770 Athens, Greece
email: veralyb@chemeng.ntua,@xenki@central.ntua.gr

Quantitative chemical analysis of indoor and outdoor airborne particulate matter (PM) is vital
for understanding health effects and for enforcing the EU strict air quality legislation.
Measurements, usually focused on particulates with aerodynamic diameters lessethaantiO
2.5m (PM10 and PM2.5, respectively), have a high level of uncertainty and insufficient
traceability.

EURAMET EMPIR AEROMET project targeted in particular at the investigation of traceable
validated methods for chemical composition of PM on filters, including heavy metals. Concerning
method validation, appropriate Certified Reference Materials (CRMs) are required with similar
matrix and composition to the investigated real samples. Nowadays, there is a scarcity of CRMs of
PM on filter substrates although the type of sampling filter is critical for the digestion and
extraction procedures prior to chemical analysis.

In this study, a candidate reference material was prepared by loading incineration ash on
appropriate filters. Powder from a waste incineration plant was used, due to its similar
characteristics to airborne PM, regarding particle size and composition. Additionally, the
concentration of metals was comparable to the target values in the air quality EU Directives
eliminating the need of spiking. The experimentalugetfor sampling the incineration ash on to
quartz filters was based on the controlled deposition of the aerosol powder generated with an
aerosol disperser. A PM10/PM2.5 separator using different flow rates for PM10 and PM2.5,
respectively enabled the deposition of controlled mass of the powder on a quartz filter holder. The
detailed setp is presented elsewhere [A. Biscond et all.

An intercomparison test was conducted, among three separate laboratories of the project
consortium, including NTUA, for the determination of eight trace elements (Co, Cr, Mn, Cu, Ni,
As, Cd and Pb) of the prepared candidate reference material. Two different digestion methods
according to EN 14902:2005 and US EPA 3052, were implemented and compared. Metals
determination was performed using Inductively Coupled Pladiass Spectrometry (IGMS) by
different instruments and standardization methods.

Data evaluation revealed an overall relative standard deviation below 15% for all elements,
proving an ample, for reference material, homogeneity and reproducibility of the deposited aerosol.

Reference
A.Biscond et glAtmosphere 2021,12,67

Keywords particulate matter (PM10, PM2.5), heavy metal analysis,incineration ash,
ICP-MS intercomparison, reference material
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COMPREHENSIVE SCREENING AND RISK ASSESSMENT OF PESTICIDES IN
FOOD MATRICES USING HIGH -RESOLUTION MASS SPECTROMETRY

ID: 060

Dimitrios Gkountouras?, Vasiliki Boti?, Triantafyllos Albanis 2
Department of Chemistry, University of loannina, loannina, 45110, Greece
2Unit of Environmental, Organic and Biochemical higisolution analysi€OrbitrapLCi MS,
loannina, 45110, Greece
e-mail: vboti@uoi.gr talbanis@uoi.gr

The increasing awareness of pesticide residues in food highlights the critical need for advanced
analytical methods and risk assessment strategies. This study employed a robust approach
combining targeted analysis, suspect screening, and dietary risk assessment, usegphitgbn
mass spectrometry (HRMS) for fruits and vegetables commonly consumed in Greece. The
application of the validated QUEChERS extraction method, coupled withTiZOrbitrap MS,
enabled the detection of over 30 target pesticides and identification of 75 additional compounds
through suspect screening workflows. A key feature of this methodology was the integration of
measurement uncertainty (MU) as a central quantitative indicator. By incorporating MU, the study
significantly enhanced the reliability and reproducibility of residue quantification, ensuring
compliance with stringent EU regulatory standards and addressing critical aspects of laboratory
accreditation under ISO/IEC 17025. MU allowed for precise evaluation of analytical results,
mitigating potential discrepancies caused by variability in sample matrices. Dietary risk
assessments revealed that acute and chronic hazard quotients (aHQ, cHQ) and the cumulative
hazard index (HI) remained below critical thresholds, confirming food safety. Furthermore, the
suspect screening process has demonstrated its effectiveness in identifying transformation products
(TPs), which are often overlooked in traditional analyses. This study underscores the importance of
integrating MU into analytical workflows, not only to guarantee accurate quantification but also to
enhance trust in the overall food safety assessment process. By leveraging HRMS and emphasizing
MU, the methodology provides comprehensive insights into pesticide contamination while
supporting scalable, cosffective monitoring strategies for regulatory and public health
applications.

Keywords suspect screening, dietary risk assessment, measurement uncertainty,
LC-LTQ/Orbitrap MS, food safety
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DELIVERING VALUE

METROLAB IN. KAMNETHZ AE
Eumépio emiotnpovikwy opyavwyv Kat
eEomAIopoU epyaocTnpiwv

H METROLAB AE, gival 0 povadikog e§ouoioboTnHEVOC avTpOowtog
ONUAVTIKWY KATACOKEVAOTWY HE NYETIKA O£on oTnv naykéopia ayopd.
Meta0 GAAwv avinpoownelel TOUG:

Opyava & avaiwoa Yyprig, lovtiknic &
Aéplag Xpwuatoypadiag, Pacuatopetpiag Malag kat ZTolkelakrg Ava-
Auong (HPLC, UPLC, IC, GC, MS, MSMS, HRMS, ICP-OES, ICP/MS,
IRMS, CHNOS analyzers).

Métpnon EvSotofiviov, Autd-
patn MikpoBloAoyikry avaiuor), TauTtomoinon HIKPoopYavioHmV
Epyaotnplakog eEOMAIGUOC, 1aTPOTEXVOAOYIKA TIPOIOVTA, avaAw-
alya, mpdTuna
2vuotnuata diahutornoinoneg Siokiwv, Boavtidpaotripwy
kAt (Dissolution testing etc.)

‘Opyava
Avaiuong Nepwv-Auppdatwv, HAektpoxnueiag, Pwrtopetpiag kat Ala-
BAagetpiag/MoAwaiueTpiac.

ZuoThpaTa Kal HeTpnTeS owpatidiakold ¢optiou oe
agpa Kal bypd TpoLovTa.
‘Opyava, otrAeg, avaiwoiua
Yypric & Aéplag Xpwpatoypadiag
ZtiAec Yyprig Xpwpatoypadiag
Zugtnuara Kat
npoétuna pacparouetpiac RAMAN.
E€onAlopoc & AvtiSpaotripia MikpoBioAoyiag
& Aodpdieiag Tpodiuwy
Aceikteg eAéyxou AnooTeipwong
Mpotuna kal KAAAEPYELES UIKpOOpYav-
OpWwV
Oepu1dopetpa, IEwddpeTpa, Opoyevonointée & Epyaotn-
plakée e€omAouog,
Zuyoi, Oeppoluyoi, Epyaoctnplakdg eomhiopds,
Avogronointés, Zuotfiuara Zupnikvwong delypdatwy
2uotrpata Mikpokupdtwy yia Mépn kat EkxOAon, AvtiSpa-
otripeg

Zuotnpara Extonwong/ZApavong Selyudtwy, OKELWV Kal XW-
pwv epyactnpiwv

2tnv METROLAB eoTialoupe Kupiwg OTOUG TOEIG:

DapuaKkeuTIKNC Kal BiopapUakeuTIKIIC avaAvong
Mpwteopikiiq kat MetaBoAopikig avaivong

AvaAuong KaAAvvtikwv kat Eidwv Yyiewviic

KAwviki¢ kai To€ikoAoyikric avaivonc

Aodaieiag, NoBeiac kat MpoéAevong TPoPipwy KAl MOTWV
MepiBaAdoviikig avaAuong vEPWV, AUUHAGTWV kKot edadoug
Avaivong Metpoxnuik@v, Xnuikwv Kai NMoAvuepmv
Avaluong MetaAAwv, Opuktav kai Fawv

mcEr ~ Iob NwARoeic: sales@metrolab.gr

vkl T MapayyeAieg: orders@metrolab.gr
Texvikn Yrootnpién: service@metrolab.gr
www.metrolab.gr Tel: 210 6468840 | Fax: 210 6463740

30 xpoOvia CLUVETEIC YE TNV
oo TNTA KAl TNV agipopia

Me 181aitepn xapa oag evipEPWVOULE OTL
extd¢ and Tnv enavarniotonoinon kara
1ISO 9001 kai TNV avavéwon tng Bepaiw-
ong Zuppopdwong ue Tnv Y.A. 1348/2004
yla TV MwWAnNon Kai unooTnpiEn mpoio-
viwv IVD & MD, 10 Z0otnua Alaxeipiong
Tn¢ METROLAB AE miotonoinénke kat
katd ISO 14001 yia Tnv mepIBarAovTIKi
Siaxeipion kal karda ISO 37001 yia tnv Ka-
TarnoAéunon Tne Swpodokiag. Ta oxeTika
TIOTOTIOINTIKG, IOV £K6GONKavV anod Tov
SamoTevpévo Popéa MoTtonoinong TUV
HELLAS (TUV NORD) 8a Ta Bpeite otnv
iotooeAiba Tng METROLAB.

TowoR Townoro

1509001 1S0 14001
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H etaipeia ACTA Ltd 15p00nke tov OktwBpro tov 2002, otnv ABRva.

Eival népoyog Abcewv AsttovpyLkng vtootnplng tnAen/kwv Siktowv (OSS/BSS)
KOL OUCTNHATWY NETPNOEWV & EAEYXOL IOV £0TLAJOVTAL OE TEXVOAOYLES
TnAemkowvwviwy, IT, HAektpovikwv, EMF & EMC kat Lasers.

Apaoctnplonoleital otnv EAAGSa, Kompo, AABavia & Bop. AwpikA.

AwaBétel Miotomontikd mowdtntag 1ISO9001 yia mwAACELS KAl TEXVLKA btocTAPLEN.
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Precision Power Measurement

WE’'RE PROVIDING

TOP TIER
SOLUTIONS

FOR PRECISION POWER
ANALYSIS

ZES ZIMMER stands for precision in power.
Our innovative solutions help you design more
efficient, accurate, and future-proof products.

&
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TECHNOLOGICAL
EXCELLENCE

For over four decades, ZES ZIMMER has
been developing high-precision power
analysis technology for industry and
research.

RELIABLE
RESULTS

Our power analyzers deliver top-level
accuracy for demanding applications

in electrical engineering, automotive,
and renewable energy.

TAILORED
SOLUTIONS

Whether it's a standard setup or a
custom solution — we support you
from planning to implementation.

Magnetic Flux Density:
Box = 383.856 mT
Magnetic Field Strength:

x = 86.5617 A/m

Secondary Voltage:

U = 448.971 mV

WHY CHOOSE ZES ZIMMER?

ZES ZIMMER Electronic Systems GmbH is the only
company world-wide exclusively dedicated to
precision power analysis. For 45 years we have kept
introducing innovative features that were often
adopted by other manufacturers over time. Our
dedication, focus and experience make sure that our
customers get the results they need in a timely,
reliable and precise manner.

ZES ZIMMER Electronic Systems GmbH,
PfeiffstraRe 12, 61440 Oberursel
Email: info@zes.com

Phone: +49 6171 88832-0

Website: www.zes.com
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Accredited Calibration Laboratories

Moidtnta, Kaivotopia ka1 Tuvéneia otig diakpifwoeig
and to 2007

Ynnpecieg YPnAnq Moidtntag

» Aianioteuon katd ISO 17025 yia diakpifwoeig ota nepiccdtepa QuUOIKA PeyEOn
(6ykog, pala, nukvotnra, Beppokpacia, uypacia, nieon, NAEKTPIKEG HETPNOEIS,
(PACHATOPWTOPETPIA, HETPHOEIC XPOVOU-GUXVOTNTAG).

« Xpnon e€onAicpou unAnc akpifeiac pe okond tnyv eniteuén xapunAng
afePaidtntacg pétpnong.

loxupn MNapoucia

Me dpactnpiotnta oe EAAGda kai e§wtepikd oe kKAAdouG ONWG:

» Epyaotipia Avalucewv & Aokipmv * Biounyavia Qappdkwyv & KaAluvtikov
e [avenmotiuia & Epeuvnuika [dpupata  Kévtpa E§wowpatikng Movigonoinong
e Anpdoia & I1diwtikd Noookopeia » Epyactnipia Tpogipwy, k..

» Ailayvwotika Kévipa

Kaivotopia

Zuveyng e&€AiI&n pe otoxo tnv enéktaon tou nediou dianicTeuoNG Kai TNV
KAGAuyn TV avaduopevey avaykwy tng ayopas.

* To povadikd SIanIcTEUPEVO EPYACTAPIO OTN XWPA Yia Tn dlakpifwon Ynelakwoy
MUKVOUETPWY KAl AAKOOAOMETPWY.

 To povadikd SIanIcTEUPEVO EPYACTAPIO OTN XWPA Yia duvauikn dlakpifwon
Beppikadv kukhonointav (PCR).

* To npwto epyactipio otnv EANGda nou dianioteuBnke otn diakpifwon mnettwy,
kaAuntovtag oykouc and O,1ul.

* To povadikéd dianioteupévo epyactnipio otny EANada otn diakpifwon ontikwv
Oeppopétpwv unépubpnc aktivoBoliag (IR).

KopyiaAeviou 20, 11526, ABriva

210 6990064
info@totalq.gr * www.totalq.gr
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EPFAZTHPIO EAEMXOY HAEKTPOMAINHTIKHZ AKTINOBOAIAZ MEPIBAAAONTOZ TOY OTE

To Epyagtnplo EAeyxou HAsktpopayvnuikrg AktivopoAiac MepidAioviog tou OTE oteAexwpPEvo amo entd
EMOTAUOvVEG Pe efeldlkeupeveg petamtuylakeg omoudeg (PhD kaw MSc), mpaypatomolel petproelg
NAEKTPOUAYVNTIKWY TESIWY ULYPNAWY CUXVOTATUIV (27 MHz - 6 GHz), oto mepBarov Kepawwv
ETIKOWVWVLWY, KEPALWY padLloGWVIKWV Kal TNAEOTITIKWY ctaBpwy, otaBpwy Baong Kivntng tnAsdwviag,
oTaBpwy pavtdp, oTabBpwyY acUPPATWY HIKPOKUHATIKWY JIKTUWY cupdwva pe ta potutta EAOT EN
61566:1999, EAOT 1422-3:2007, CEPT ECC/REC/(02) 04, 53571/3839/2000 kowr Ymoupylkn
Anodacn(PEK 1105 tevxog B/6-9-2000) kat Nopo 4635/2019 (PEK A 167/30-10-2019).

Eival diamoteupévo katd EAOT EN ISO/IEC 17025: 2017 (aplBu. TuotomolntikoL dwarictevaong 802-7)

EmumAcov 1o Epyactiplo EAcyxou HAektpopayvntikrg Aktwvoporiag MepiBairoviog tou OTE eival oe
cuvepyacia pe 1€coepa epyactnpla tTwv MNavemotnuakwy 1dpupdtwy AplototeAsiou MNavemaotnuiov
Oeocoalovikng , EBvikou Metocofeiou ToAutexveiou, [avemotnuiov Awyaiov kat lNMavemotnuiou
Mepawwe yia tnv 1omoBetnon  MOVIPWY JeTpnTkwy tou [MPOTPAMMATOLZ ZYNEXQN METPHZEQN
«[MEAION24» tAncilov cTaBuwy KvntAg thAsdwviag, ya kataypadn tou nAeKIpopayvnTikoL mediov amod
TIOAAATIAEG TTHYECG avd 6 AETITA, UE TAUTOXPOVN dNUOCIEVGH TWV ATOTEASCUATWY OTOV KOWO SLadIKTUAKO
Xwpo (www.pedion24.gr).

H £vapén tou mpoypappatog NMEAION24 payuatomoiBnke to Pefpouvaplo 2008 KL £we onuepa EXouv
eykataotabei 251 povipol otaBpol peTpnaong KL £xouv kataypadei 110.000.000 petproslc.

To epyactnplo mpaypatomolel HETPACELS Yia AdYyoug adelod0TNaNC TWY oTABUWY KvNTAC ThAsdwviag tou
OTE, aMd Kal yia AOyoucg EVNUEPWANC TOU KOWVOU, QVTATOKPWONEVD g altipata Totukwy Apxwy Kal
MEUOVW LEVWY TIOMTWV.

OPFANIZMOZ THAEMIKOINQNIQN THZ EAAAAOZ A.E. (6.1. "OTE A.E")
Asewd. Kndrolag 99, TK. 1561 24, Mapouot, ABrva, EANAaSa

cosmote.gr
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