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Introduction by the General Chairs 

Dear Colleagues, 

We welcome all the participants to the 2022 IMEKO TC11 & TC24 Joint Hybrid 
Conference organized by Croatian Measurement Society (Hrvatsko Mjeriteljsko Društvo, HMD) 
in Dubrovnik (Croatia) being a joint event aiming to promote "Measurement for a better life" 
and "Chemical measurements towards a sustainable future''. It is an honor and a privilege to 
welcome you to Dubrovnik, a city that has an outstanding history, declared a World Heritage 
Site, being a city renowned by the cultural life, the vibrant economic activity, the historical 
buildings, and the beautiful landscape in the Adriatic Sea. The event takes place from 16 to 19 
of October 2022 in the conference facilities at Hotel Croatia rising above a pine forested 
peninsula overlooking unspoiled Cavtat Bay. 

The IMEKO TC11 (Measurement in Testing, Inspection and Certification) and IMEKO 
TC24 (Chemical Measurements) are both newly formed Committees that are multidisciplinary, 
covering a wide spectrum of domains of activities where measurement plays a major role. In TIC 
Industry (Testing, Inspection and Certification), quality of measurement is considered key for 
assuring safety and quality of life. The importance of metrology in Chemical Measurements has 
been recognized as the basis for confirming the reliability and traceability of any test results. 

The Executive Committee and the Local Organizing Committee will do their best to offer 
you a memorable Conference, hoping to create a great opportunity to share knowledge and new 
ideas improving the growing interest in TIC industry and Chemical measurements. We hope that 
you will find the event technically fulfilling and highly entertaining and that it will be an 
opportunity for useful interactions and communications with colleagues from all over the world. 

A warm welcome to all of you coming to Dubrovnik, Croatia, for the 2022 IMEKO TC11 
& TC24 Joint Hybrid Conference! 

On behalf of the Organizing Committee 
Álvaro Ribeiro (IMEKO TC11 Chairperson) 
Tatjana Tomic (IMEKO TC24 Chairperson) 



Introduction by EUROLAB Secretary Laura Martin 

EUROLAB (The European Federation of National Associations of Measurement, Testing and 
Analytical Laboratories) is a not-for-profit organization composed of 25 national associations all over 
Europe and beyond, grouping more than 3.000 conformity assessment bodies members, over 9.000 
accredited laboratories and representing over 150.000 professionals, promoting cost-effective testing, 
calibration and measurement services, for which the accuracy and quality assurance requirements should be 
adjusted to actual needs. 

We are particularly glad to be co-organizers of the EUROLAB-IMEKO TC11&TC24 Joint 
Conference, as we strongly believe in the importance of representing our Members within the international 
community and working together with our key stakeholders to develop and put forward the joint voice of 
the laboratory community. 

Laboratories and the whole Testing, Inspection and Certification (TIC) Sector need to keep up with 
the challenges and opportunities of “The Lab of the Future”, therefore, events as such represent fundamental 
fora to disseminate the latest research, developments and innovations in the field. 

We are eager to contribute to the discussion and wish to all participants a fruitful engagement. 

Laura Martin, EUROLAB Secretary General 



Introduction by the Technical Program Chairs 

We would like to introduce the congress attendees to the scientific program set up for the 
IMEKO TC11-TC24 Joint Conference.  

This IMEKO event has been designed to be an eminent forum for both researchers and 
professionals working in the fields of ‘Testing, Inspection and Certification’ and ‘Chemical 
Measurements’. Even though this is the first event of this kind, we received good feedback from 
many experts in these two areas of metrology. TC11 received 35 contributions, while TC24 20. 
A good geographical diversity was achieved, with papers from more than 20 countries, covering 
three different continents. Before inclusion in the Conference program, all contributions 
underwent a strict peer-review process in order to assure a high scientific quality of the presented 
papers. 

As far as TC11 is concerned, the main topics are the regulatory framework for quality, 
safety, and security of products and services, management systems and quality in the testing, 
inspection, and certification (TIC) sector, innovation and validation of methods in TIC, 
metrological traceability, uncertainty and conformity assessment in TIC, certification of 
reference materials, PT schemes, inter- and intra-laboratory comparisons and other methods for 
quality assurance, and other TIC issues.  

From the TC24 side, the addressed topics spanned from traditional issues related to 
chemical metrology, such as measurement traceability, to new frontiers for analytical chemistry 
and medical measurements. Many authors presented their recent advances related to sensors and 
nanomaterials for sensing applications, then also environmental measurements received 
noticeable attention. Among the addressed topics, the scientific program included also 
contributions related to electrochemical measurements and corrosion. 

The Conference Program is completed by four keynote lectures. The first, scheduled after 
the Conference opening, is given by Laura Martin, Secretary General of EUROLAB providing 
an overview of the activities and initiatives carried out by this association. Then, Zeynep Yildizeli 
will present some of the opportunities given by European Union projects. In the second day of 
the conference, the invited lecture ‘Multiresidue Analysis of Pharmaceuticals in Water Samples 
- Pitfalls and Methodological Challenges’ will be presented by Mira Petrovic. In the third-day
keynote, Kruno Miličević will present the latest advances in ‘Blockchain for the Digital
Transformation of Metrology’.

In the frame of the conference a Workshop on ILAC G8:09/2019 Guidelines on Decision 
Rules and Statements of Conformity will be held, moderated by the scientific chairs Prof. DSc. 
Marija Čundeva-Blajer of TC11 and Prof. Dr. Leonardo Iannucci of TC24. 



 

We hope that this event will be the ideal occasion to inspire new studies in the field of 
measurements and instrumentation, to create new collaborations and to build active and 
cooperative groups in the fields of Testing, Inspection and certification as well as Chemical 
Measurements. 

 
The Conference Technical Program Chairs 

Marija Čundeva Blajer (TC11) 
Guo Su (TC11) 

Leonardo Iannucci (TC24) 
Hongmei Li (TC24) 

  



Introduction by the Local host 

Dear Guests and Colleagues, 

We would like to welcome the participants of the 2022 IMEKO TC11 & TC24 hybrid 
conference. Topic for the conference are "Measurement for a better life" and "Chemical 
measurements towards a sustainable future''. Conference is held in the beautiful city of 
Dubrovnik, pearl of Adriatic coast. But, Dubrovnik was not chosen by accident. It is the city of 
vibrant past, skilled bankers, cunning traders. City of outstanding economic and cultural past, 
touristic present and promising future. The conference takes place from 16 to 19 of October 2022 
in the conference facilities at Hotel Croatia in Cavtat. 

The IMEKO TC11 (Measurement in Testing, Inspection and Certification) and IMEKO 
TC24 (Chemical Measurements) are newly formed Committees covering a wide spectrum of 
domains of activities dealing with measurement.  

The Executive Committee and the Local Organizing Committee will do their best to prepare 
a well-organized Conference, with plenty of opportunities for shearing knowledge and new ideas. 
We hope that you will find the event useful and highly entertaining and that it will be an 
opportunity for useful interactions and communications with colleagues from all over the world. 

A warm welcome to all of you coming to Dubrovnik, Croatia, for the 2022 IMEKO TC11 
& TC24 hybrid Conference! 

On behalf of the Local Organizing Committee 

MSc Mladen Jakovcic, 
Croatian Metrology Society, president 
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EUROLAB: Developing an international cooperation. 

The Lab of the Future towards better efficiency and traceability 

As the European Federation of National Associations of Measurement, Testing and Analytical 
Laboratories, EUROLAB gathers 25 national associations all over Europe and beyond. One of its main 
goals is to cooperate with European and international stakeholders to represent the interests of the 
Members and raise visibility within laboratory communities, as well as to the external public on the 
added value and importance of testing for their safety.  

The first part of the presentation will be an introduction of EUROLAB, its added value for the members, 
including publications and technical reports, as the Cook Books, webinars and events on topics of 
interest for the laboratory community, and, in particular, insights regarding cooperation activities and 
strategies with EU institutions and international stakeholders, focusing on key organisations as TIC 
Council, EURAMET, IMEKO and Eurachem, including the new partners My Green Lab and the 
European Chemicals Agency (ECHA). 

The second part will present an overview of EUROLAB’s activities related to “The Laboratory of the 
Future”, one of the key priority areas of focus for 2022. In this field, EUROLAB is developing many 
initiatives, publications, and events, including the possible application for EU funded programs. The 
topic implies key elements as Digitalisation/ Robotisation, Artificial Intelligence, Cybersecurity, 
Remote testing, Blockchain, Laboratory Information Management System (LIMS)/ Big Data. 

Finally, relevant topics for the Conference will be touched upon, such as traceability, chemical testing, 
and validity of test reports, in relation with EUROLAB projects and activities. We will explore the 
ECVET-Lab project for the training of Environmental Testing Laboratories staff, and our cooperation 
with ECHA. The presentation will then conclude with some main remarks from two publications of our 
Technical Committee for Quality Assurance in Testing and Calibration (TCQA), the Cook Books on 
validation of tests and calibration methods, and on the key activities to ensure the validity of test results. 

About the speaker: 

Laura Martin, EUROLAB Secretary General 
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Opportunities from EU Funding Programmes 

Zeynep Yildizeli, B2EU Consulting 

 
The presentation will provide an overview of the selected EU funding programmes and opportunities 
specifically relevant to laboratories and conformity assessment bodies. It will particularly address the 
scope, budget, and timeline as well as suitable project examples for the audience. 
 
About the speaker: 

Zeynep Yildizeli, B2EU Consulting 
 

 
 
As an Account Manager at B2EU Consulting, Zeynep assists 
clients with EU funding and government relations issues. 
Before joining B2EU Consulting, she worked for an 
international trade association in a role focused on public 
affairs and coordination of technical committees. She holds an 
MA in European Political & Administrative Studies from the 
College of Europe in Bruges and an Executive Masters in 
Governance & Development Studies from the CERIS-ULB 
Diplomatic School of Brussels. In addition to her native 
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Blockchain for the digital transformation of metrology 

Kruno Miličević, Faculty of Electrical Engineering, Computer Science and IT Osijek, Croatia 

The traceability of the measurement result as one of the foundations of trust in the measurement results, 
and thus metrology in general, is also exposed to the opportunities and challenges of information and 
communication technology, i.e. digital transformation. 

Namely, according to [1], some future trends are already apparent: 
- the move to an increasingly paperless world, including reduced use of paper money;
- continued introduction of digitization in all areas;
- redefinition of the SI is likely to lead to increased availability of intrinsic standards;
- the “internet of things” will lead to increased size and complexity in measuring systems, with a
proliferation of sensors; and
- artificial intelligence will become an increasingly important feature in the software of measuring
instruments.
and is clear that in the future how calibration and verification is performed will have to adapt to meet
these developments.

According to [1], the digital transformation of scientific, industrial and legal metrology activities 
requires a holistic approach that includes all relevant aspects and activities: (re)calibration, (re)testing, 
(re)certification, (re)verification/inspection, market surveillance, accreditation, standardization.  
Thereby, the so-called FAIR+T approach is recommended for the data. It should be: Findable, 
Accessible, Interoperable, Re-usable, Traceable. Some issues must be resolved technically, and 
blockchain technology seems to have needed properties. 
Blockchain could ensure traceability of measurement results from the measured quantity and sensors 
up to the definition of the measurement unit, through all levels of the metrology pyramid, providing 
insight into the digital calibration documents as vertical links between adjacent pyramid levels [2]. In 
addition, it is technically feasible to ensure horizontal traceability as well, i.e. provide insight into a 
chronological succession of reliable measurement results. 
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Multiresidue analysis of pharmaceuticals in water samples. Pitfalls and methodological 
challenges 

Mira Petrovic, Catalan Institute for Water Research (ICRA), Girona, Spain 

 
Mira Petrovic, Catalan Institute for Water Research (ICRA), Girona, Spain 
In spite of apparent maturity of methods and protocols for the monitoring of pharmaceuticals in the 
environment, methodological challenges are still numerous. Main pitfalls that can lead to erroneous 
data and wrong interpretations are generally linked to the sampling strategy and representativeness of 
the samples, preservation of samples, stability of analytes in the sample, stability of standard solutions, 
possible losses of analytes due to sorption on the glassware and/or filter materials and matrix effects in 
MS detection; and each of these should be carefully studied and proper strategies to reduce the errors 
adopted. Many of these issues are not specific to the analysis of pharmaceuticals, but are common to 
environmental analysis of any trace organic micro-contaminant. Specificity of multiresidue analysis of 
pharmaceuticals lays in the diversity of chemical structures and physico-chemical properties of target 
compounds that may magnify some of the above mentioned pitfalls. 
This work aims to discuss the main methodological challenges in the quantitative analysis of 
pharmaceuticals in environmental samples using multiresidue methods by pointing out to some 
potential issues and giving recommendations how to avoid them. 
 
About the speaker: 
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chemistry, specifically chemical analysis of trace organic contaminants, such as pharmaceuticals, 
endocrine disrupting compounds and surfactants by advanced mass spectrometric techniques and the 
study of their fate and behaviour in the aquatic environment and during wastewater and drinking water 
treatment. Specific research lines are (i) study of biotic and abiotic transformation of emerging 
contaminants, identification of transformation products, elucidation of transformation pathways; (ii) 
study of occurrence and distribution of emerging contaminants in aquatic environment and 
environmental risk assessment and (iii) sustainable wastewater management; application of innovative 
wastewater treatment technologies; innovative practices for reuse of reclaimed waters. 
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Development of Internal Quality Control Material (IQCM) for As, 
Cd and Pb in Soil 

Admer Rey C. Dablio*1; Ruth L. Damian; Christy S. Daniel; Michael S. Lagmay; Mark 
Anthony M. Principe 

Abstract: 

Soil is an important component of food safety as plants obtain the needed nutrients in 
manufacturing food and for other metabolic processes from it. Due to the natural and 
anthropogenic factors, soil may become contaminated with levels of toxic substances such as 
arsenic (As), cadmium (Cd) and lead (Pb) beyond the maximum permissible levels which may 
be harmful for consumers in the food chain. Hence, there’s a need for testing in order to evaluate 
its applicability in agriculture. A sound conformity assessment is anchored on the ability of the 
testing laboratories to generate reliable results. Certified reference materials (CRMs) are used 
to establish the quality and metrological traceability of test results. The problem with CRMs, 
however, is its high cost and limited availability. Consequently, the laboratory developed an 
IQCM based on the ISO Guide 80.  The bulk loam soil material was prepared by spiking with 
the heavy metals dispersed in ethanol, expecting a concentration of 100 mg/kg for both Cd and 
Pb. Arsenic at 1000 µg/kg was naturally present. Ethanol was then evaporated and the soil was 
further dried, sieved through No. 70 mesh, homogenized and bottled. Each bottle contains 
approximately 20 g of soil. Selected bottles were obtained by stratified random sampling for 
homogeneity and stability assessment. HVG-AAS was used to analyze As, while Flame-AAS 
was used to measure the concentrations of Cd and Pb. It was found that the material is 
sufficiently homogeneous based on single factor ANOVA, and stable for at least three months 
based on t-test. 

1 arcdablio@itdi.dost.gov.ph 
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Developments of surface roughness measurements using different 
traceability routes to the SI within the scope of EMPIR 

ProbeTrace 
Fernanda Saraiva*1; Pedro Neves; Carlos Pires; João Alves e Sousa 

Abstract: 

Surface texture is of great importance in specifying the function of a surface. Form and surface 
measurement devices with contact probes and stylus are used to characterize the engineering 
surfaces. Currently, traceability in this domain is mostly performed through the calibration of 
artefacts: roughness standards, that, generally, only have a nominal value reference. With the 
aim of developing traceable and cost-effective measurement capabilities for the calibration of 
form and surface roughness standards with uncertainties in the range 10 nm–100 nm, ten (10) 
National Metrology Institutes, are involved in the EMPIR ProbeTrace project, to improve the 
scientific knowledge, instruments, methods and research capability in metrology for contact 
measurement probes and stylus. In the frame of this project, the IPQ length laboratory compares 
the roughness measurement performed by a stylus instrument, calibrated with different 
artefacts: depth setting (having only specific nominal values standards) and gauge blocks. In 
order to develop a new route for the metrological traceability in roughness, the calibration of 
stylus instruments using a portable displacement generator will be study. 

Using the roughness data obtained at IPQ laboratory with the calibrated artefacts, the surface 
texture measurement has been evaluated. The studies on portable displacement generator and 
their potential use for a new route to the SI in roughness measurement were performed. This 
article will present the main results already accomplished and the future developments to 
implement the displacement generator calibration, at IPQ, and to develop a new stylus 
instruments calibration method."

1 fsaraiva@ipq.pt 
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Comparison of dimensions, shapes and positions control using 
CMM and 3D scanner

Kenan Varda*1; Nermina Zaimović-Uzunović; Almira Softić; Ernad Bešlagić 

Abstract: 

The purpose of this paper is to compare the results of dimensions, shapes and positions 
measurement and control on a machine part using two different measuring instruments. The 
machine part, which consists of basic geometric shapes, nominally positioned and dimensioned, 
and which is made on a CNC machining center, was measured using a coordinate measuring 
machine and a 3D scanner. On the Carl Zeiss Contura G2 coordinate measuring machine, 
automatic standardized and non-standardized measuring strategies for measuring dimensions, 
shapes and positions were created and measured and controlled in Calypso software. On the 
other side, the Artec Eva scanner was used to scan the machine part and create a virtual CAD 
model in the STL file format. Control of dimensions, shapes and positions was performed 
virtually in the GOM Inspect software and standardized and non-standardized measurement 
and control strategies were created. A comparison of the obtained measured results was made 
and conclusions were made about the advantages and disadvantages of using one or the other 
approach for the required tolerances for a given machine part. 

1 kenan.varda@unze.ba 
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Quality assurance and testing of the ATLAS Liquid argon 
Calorimeter Power Distribution Boards 

Massimo Lazzaroni*1; Francesco Tartarelli; Stefano Latorre; Antonio Carbone 

Abstract: 

During the second Large Hadron Collider (LHC) Long Shutdown (LS2) the Liquid Argon 
(LAr) calorimeter of the ATLAS experiment at CERN, has been upgraded with new trigger 
readout electronics which provides digital information to the ATLAS trigger system with higher 
granularity than in the past. The new Lar Trigger Digitizer Boards (LTDB) will process and 
digitize the super cell signals come from the LAr trigger readout and send the processed data to 
the back-end electronics. The Power Distribution Board (PDB) is a mezzanine board that 
provides the power distribution to the LTDB. The use of a mezzanine board allows the re-design 
and replacement of only the PDB, if needed, without modifying the LTDB itself. The PDB, 
mounted on the LTDB, uses some of the existing voltages as input and converts them to the 
needed values using LTM4619 DC/DC converters for the digital part and LHC4913/LHC7913 
linear regulators for the analog part. All the PDB produced, have been tested in Milano by a 
custom test board controlled by an Arduino. The set-up allows an automated test of the output 
voltages and of the noise. A resistive load is mounted on the board to perform measurements 
also in the PDB operating conditions. The characteristics of the test set-up and the results of the 
tests of the more than 150 PDBs produced and tested will be shown. 

1 massimo.lazzaroni@unimi.it 
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Improving blood pressure measurements with an advanced 
oscillometric signal generator  

Vaclav Sedlak*1; Dominik Prazak; Dietmar Steindl; Alen Bosnjakovic; Ehlimana Jugo; Maria 
do Ceu Ferreira; Paul Hetherington; Alan Duffy; Michal Nawotka; Dana Maria Rosu; Stephan 

Mieke; Peter Pavlasek; Gregor Gersak 

 

Abstract: 

Hypertension affects significant part of the Europeans and is responsible for 13 % of all non-
accidental deaths. Hypertension increases the probability of many severe diseases. Reliable and 
accurate blood pressure measurements using sphygmomanometers are indispensable in the 
diagnostic and treatment of hypertension as its detection is very sensitive to measurement 
errors. Studies show that even small deviations can have critical consequences. 

While the legislation requires lengthy and costly clinical trials before a new 
sphygmomanometer enters European market, such trials are not performed on every 
manufactured device, but on single, well-maintained specimens. Although European Society of 
Hypertension recommends periodic calibrations of sphygmomanometers in use, most EU 
countries ignore this recommendation and only few countries adopt mandatory periodical 
checks for sphygmomanometers in operation. Currently these checks are only performed at 
static pressure and check the accuracy of the pressure sensor. The algorithm used for the 
determination of the systolic and diastolic pressure is ignored and consequently the accuracy of 
the whole device is never examined. The challenges in this area of measurements are 
exacerbated by an insufficient metrology infrastructure at NMI level, where blood pressure 
metrology is considered of secondary importance to pressure metrology.  

To rectify this situation, with a goal of faster and more affordable in-depth testing and 
improving the situation in this part of metrology, an EMPIR project adOSSIG has developed 
an advanced signal generator able to generate oscillometric BP signals indistinguishable from 
real-life human signals."  

1 vsedlak@cmi.cz  
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Problems of software processing of digital photography intended 
for determining the dimensional accuracy of a product 

Dražen Turinski*1; Ilija Svalina; Tomislav Šarić; Roberto Lujić; Sara Havrlišan 

Abstract: 

Problems that arise during the processing of the acquired photo are analyzed in this paper. 
Different software packages were used to process digital photos in several formats. The required 
dimensional accuracy of the product in mechanical engineering is within the range of a few 
microns to 100 microns. The pixel size of the acquired product is calculated depending on the 
specifications of the camera sensor and the ratio in which the product occupies the surface of 
the photograph. By satisfying the stated condition, before determining the dimensional accuracy 
of the product, it is necessary to process the photograph and prepare the variables used in 
determining the accuracy of the product. The most commonly used software tools in image 
processing require binary photography, and its conversion into the binary form is required first. 
Conversion problems, and their proper solution, are key to successfully determining 
dimensional accuracy. Removing smudges on binary photos and rotating displays for photo 
overlap methods are problems that are solved in the paper. In some software packages, there is 
a problem connecting functions from different libraries. Proper resolution of these problems is 
an essential prerequisite for the preparation of variables to determine the accuracy of the 
product. The knowledge gained in this paper will help scientists, and facilitate their software 
preparation and processing of photographs used to determine the dimensional accuracy of the 
product. 

Key words: Digital photography, image processing, dimensional accuracy, quality control 

1 dturinski@unisb.hr 
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Beyond the state of art: New metrology infrastructure for radon 
measurements at the environmental level 

Annette Röttger1*1; Stefan Röttger1; Claudia Grossi2; Ute Karstens3; Giorgia Cinelli4; Chris 
Rennick5 

1Physikalisch-Technische Bundesanstalt (PTB), Germany; 

2Universitat Politècnica de Catalunya, Spain;  

3Lunds Universitet, Sweden;  

4ENEA, Italy;  

5NPL Management Limited, United Kingdom 

Abstract: 

Radon gas is the largest source of public exposure to naturally occurring radioactivity. 
Radon activity concentration maps, based on atmospheric measurements, as well as radon flux 
maps can help Member States to comply with the EU Council Directive 2013/59/Euratom and, 
particularly, with the identification of Radon Priority Areas. Radon can also be used, as a tracer 
to improve Atmospheric Transport Models and to indirectly estimate greenhouse gas (GHG) 
fluxes. This is important for supporting successful GHG mitigation strategies. One approach to 
estimate GHG fluxes on local to regional scale is the so-called Radon Tracer Method (RTM), 
which is based on the night-time correlation between atmospheric concentrations of radon and 
GHG measured at a given station together with information on the radon flux data within the 
station footprint. Thus, atmospheric monitoring networks are interested or are already 
measuring atmospheric radon activity concentrations using different techniques but a 
metrological chain to ensure the traceability of all these measurements was missing.  

Since 2020 a large consortium engaged in the project traceRadon to develop the missing 
traceability chains to improve the respective sensor networks. The achieved results are making 
new calibration services far beyond the state of art possible.  

1 annette.roettger@ptb.de 
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Calibration procedures for Laser Doppler velocimeter: challenges 
and drawbacks 

Nerijus Pedisius; Agne Bertasiene*1 

Abstract: 

Calibration of LDV recently comes into deep focus. The single national laboratory 
performing air/gas speed measurements owns a particular LDV system that indeed aims the 
calibration system. Assurance of international traceability of the reproduced reference value put 
interlaboratory comparisons under an obligation. This results in a diversity of LDV systems, 
their types of calibration or test equipment, and procedures. They are discussed in the paper 
focusing on separate issues and accuracy levels. Indeed, the calibration system used by the 
Laboratory of Heat-equipment Research and Testing at Lithuanian Energy Institute, the 
Designated Institute at Lithuania for maintenance of the national standard for air speed is 
represented. The calibration constant here is directly related to disc rotation stability, disc 
dimensions, commercially available burst data acquisition system, and the accuracy of focusing 
the measurement volume of LDV on the disc. The components of the system are precisely 
calibrated by specific accredited laboratories to evaluate the measured values accordingly. The 
results gained during the calibration process are in line with the level of other National 
Metrology Institutes. 

1 agne.bertasiene@lei.lt 
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Computer-aided dimensional optical measurement for license 
plates conformity assessment 

Luís Lages Martins*1; Álvaro Silva Ribeiro; António Santos 

 

Abstract: 

 
Road signs, namely, license plates have a relevant contribution for road safety. Within 

the Portuguese national legal framework, a set of dimensional requirements is defined for 
vehicles licence plates, which support their conformity assessment. In this context, the 
dimensional testing of these road signs is manually performed with working standards such as 
graduated scales or callipers. This approach is often considered time-consuming due to the high 
dimension of the experimental samples retrieved from manufacturers and the high number of 
measured quantities.  In addition, the corresponding measurement uncertainty has a large 
contribution from the operator visual observation. 

This paper presents a computer-aided dimensional optical measurement approach for 
license plates, aiming the reduction of testing time and the improvement of the measurement 
uncertainty. The approach is based in an orthographic camera model with uniform scaling, 
implemented in a computational routine which allows the user to retrieve interest point 
coordinates from the licence plate image.  

Being a key element for conformity assessment, the evaluation of the dimensional 
measurement uncertainty related to the proposed method is also performed, based in the 
application of the GUM method for the uncertainty propagation from the input quantities 
(image coordinates and scaling coefficient) to the output quantity (dimensional measurement). 

The validation of the proposed method is also described, being supported in the 
calculation of the normalized error, considering the estimates and measurement uncertainties 
obtained from the proposed approach and from a reference method (optical three-dimensional 
coordinate machine), applied to the same license plate.  

1 lfmartins@lnec.pt  
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Environmental Wireless Sensor Monitoring and Estimation of 
Green Infrastructure Location Impact on Particulate Matter 

Reduction for Improved Air Quality 
Mare Srbinovska*1; Vesna Andova; Aleksandra Krkoleva Mateska; Maja Celeska Krstevska; 

Marija Cundeva-Blajer 

Abstract: 

Low quality of the air is becoming a major concern in urban areas. High values of 
particulate matter(PM) concentrations and various pollutants may be very dangerous for the 
human health and the global environment. The challenge to overcome the problem with the air 
quality includes efforts to improve healthy air not only by reducing emissions, but also by 
modifying the urban morphology to reduce the exposure of the population to air pollution. 
Various methods to deal with the air pollution mitigation are on disposal. One of the methods 
for particulate matter reduction is by implementing green walls or green infrastructure such as 
plants, known for absorbing the PM concentrations through their leaves. The aim of this paper 
is to analyze the influence of the green zones on air quality mitigation through measurements, 
and to identify the correlation with the meteorological factors. The originally developed 
measurement system based on wireless sensor network technology is composed of particulate 
matter and gas sensors for monitoring the parameters of the air quality.  

In the paper researches related to the estimation of the impact of the relative position of 
the measurement sensors and the disposition of the green zones will be presented. The 
investigations will provide analysis on the particular influences of the meteorological factors, 
such as wind speed and direction, relative humidity, and temperature on air quality and their 
impact on particulate matter mitigation, based on measurement data, and argumented prognosis 
which parameter has the highest effect on particulate matter reduction will be given. 

1 mares@feit.ukim.edu.mk 
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Implementation of Noise Reduction to roundness measurement in 
Croatian National Laboratory for Length 

Vedran Šimunović; Gorana Baršić*1 

Abstract: 

Measurement devices for form and roughness uses measurement probe that converts the 
displacement into an electrical signal. In addition to the form/roughness information, the 
measurement signal can contain undesirable noise due to mechanical, electrical, thermal, and 
other influences that can lead to an error in the measurement result. Given the growing demands 
to reduce measurement uncertainty especially in the form and roughness measurement, noise is 
found to be a limiting factor. 

In 2019 the EMPIR project entitled Traceability for contact probe and stylus instrument 
measurements (18PRT01 ProbeTrace) was launched. The overall goal of this project is to 
develop traceable and cost-effective measurement capabilities for the calibration of form and 
surface roughness standards with uncertainties in the range 10 nm – 100 nm. To achieve 
targeted uncertainties noise reduction software with numerical methods for random noise bias 
reduction must be developed to be used to pre-process roughness and form profile data. 

Novel method that will be investigated in ProbeTrace project is based on Random Noise 
Bias Removal where only a few repeated measurements are needed to obtain unbiased results. 
Software based on random noise bias reduction will be presented in this paper along with the 
results of applied noise reduction to roundness measurement data in Croatian National 
Laboratory for Length. 

1 gorana.barsic@fsb.hr 
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Industry 4.0 legacy systems integration 
G. Esteves Coelho*1; A. Ribeiro; J. dos Reis; C. Simões

 Abstract: 

In the industry 4.0 era, the demand for modernization of laboratory testing and 
calibration infrastructures poses new challenges. The growing capabilities, along with the 
reduction of unit costs, of ubiquitous computing devices—such as Industrial Internet of Things 
(IIoT) devices, sensors networks, etc.—, are leading to an unprecedented ability of machines 
and devices to connect, communicate, and generate valuable heterogeneous big data sets. Thus, 
recently, intense efforts towards the digital transformation in metrology and especially in the 
Digital Calibration Certificates are being developed. Yet, legacy systems—hardware, software 
and communication field protocols—are often found in current laboratory facilities. This leads 
to poor system integration and blocks laboratories from capitalizing on the advantages that 
digitalization creates. 

In the last decade, microcomputers have become more powerful and affordable. 
Nowadays, a single embedded device (e.g., Raspberry Pi) has several physical interfaces, and 
enough computing power to perform message broker functions—thus enabling the linkage of 
the legacy systems with modern industry 4.0 systems. Combined with industry environment 
open-source software (e.g., OpenSCADA), this forges a path for modern and cost-effective 
Supervisory Control and Data Acquisition (SCADA) systems implementations and enables the 
extension of the legacy industrial devices’ life cycle. 

A legacy SCADA system upgrade case study, at LNEC’s laboratory infrastructure, is 
presented. The constraints experienced with legacy industrial devices and the strategies 
implemented to modernize this facility and enable future upgrades are also discussed.

1 gfcoelho@lnec.pt 
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Metrology Ambiguities in Protocols for Trans-conductance 
Amplifier Calibration by Using High Current Energy Comparator 

Kiril Demerdziev*1; Marija Cundeva Blajer 

Abstract: 

In this contribution, an original protocol for trans-conductance amplifier calibration is 
presented, developed and carried out by an accredited laboratory for electrical quantities 
instruments calibration. The main metrological ambiguity in the establishment of such a 
calibration procedure, taking into account that this type of measuring equipment comprises of 
both input and output electric circuits, is whether the amplifier is supposed to be examined as 
an integrated device in a measurement system, or whether it is to be tested as a standalone 
instrument. The first approach would result in performance evaluation of a measurement system 
as a whole, while the advantage of the single unit examination scenario is that the derived results 
will later be applicable for broader usage. This dilemma is further related to the appropriate 
quantity selection on the basis of which the calibration protocol will be developed, i.e. the 
amplifier’s output current or its transformation coefficient, related to the current gain or the 
trans-conductance magnitude. The selected calibration method will affect the measurement 
uncertainty evaluation procedure, both in terms of dominant influential factors determination, 
and in overall uncertainty budget distribution modelling adequacy. Another important issue 
which should also be taken into account is the appropriate selection of measurement points 
which will cover the whole range of transformation of both DC and AC, voltage and current 
input signals. The overall discussion will be experimentally illustrated and verified with a real 
case study of trans-conductance amplifier calibration by using high current energy comparator, 
considering the two possible testing scenarios.  
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Performance Evaluation of LED Lamp under Pulse Current Mode 
Operation  

P V S Chandra; N Bharathidasan; C R Jeevandoss*1 

Abstract: 

An integrating sphere is used to spatially integrate the light and produce diffuse 
radiation to average the radiation emitted into the sphere, resulting in equal radiance at any 
point on the sphere wall. The distribution of radiance inside an integrating sphere would depend 
on the distribution of incident flux, the geometrical details of the actual sphere design, and the 
reflectance distribution function for the sphere coating in the integrating sphere. The integrating 
sphere is most often used in the steady state condition, i.e operating the LED lamps in constant 
direct current. The performance and application assume that the light levels within the sphere 
have been constant for a long enough time so that all transient response has disappeared. If 
rapidly varying light signals, such as short pulses or those modulated at high (radio) frequencies, 
are introduced into an integrating sphere, the output signal may be noticeably distorted by the 
“pulse stretching” caused by the multiple diffuse reflections. Hence there is a need for 
validating the integrating sphere measurement for the pulse current operation of LED lamps. 
There are measurement challenges in measuring the lumens output of LED lamps under pulse 
current mode operation to evaluate the performance of LED lamps. This paper describes and 
validates integrating sphere measurements for lumens flux of LED lamp under pulse current 
mode operation. It also evaluates the performance of LED lamp dimming operation using pulse 
current mode operation.
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Static Method for Taximeter Verification  
Miryana Masheva*1 

 

 Abstract: 
 

The purpose of the paper is to represent a method for taximeter verification. Taximeters, 
as special measurement instruments, are subject to metrological control in order to protect the 
rights of taxi customers. Тhe methodology applied for the theoretical study of the proposed 
method is derived from Measurement Systems Analysis, Root Cause Analysis, and similar 
taximeter verification methods applied in other European countries. The presented method is 
innovative for Bulgaria and about to be introduced for the needs of metrological control. 
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Validation of non-standard PV (solar) panels by IEC 61215 
Szabolcs Benedek*1 

Alap Inspektor Calibration Laboratory, Hungary, Veszprem 

Abstract: 

The widespread of Photovoltaic (PV) systems as Solar Panels can be observed around 
the entire world. A typical example of the usage of solar panels on the roofs of industrial 
buildings or family houses can be seen. Besides these applications, non-standard size PV panels 
can be found on other various surfaces such as cars, roof tiles, paving stones, etc. The product 
authorization and validation process in the case of standard-size roof solar panes are well 
developed. Many service providers and laboratories are able to perform it. On the other side of 
the coin is the endless variation of the non-standard size PV panels. The validation of these 
units is not always clear and straightforward since sometimes it is not clear what a PV panel is: 
electrical device or building material? 

This paper summarizes a possible methodology of validation of non-standard size PV 
elements according to IEC 61215 standard. 
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Management for Quality and Innovations 
Tzvetelin Gueorguiev*1 

Abstract: 

The purpose of this paper is to outline the advantages of integrating quality management 
systems with innovation management systems. The paper presents the chronology of ISO 
standards for management systems, the evolution from quality management systems based on 
ISO 9001 to innovation management systems based on ISO 56002. The discussion evolves into 
a summary of the lessons learned from the implementation of such systems. The conclusions 
highlight a number of opportunities for improvement and suggestions for practical 
implementation of innovation management systems in universities. 
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Experiences of IMBiH in prediction of life time of non-automatic 
weighing instrument 

Haris Memić*1; Zijad Džemić; Jasmin Kevrić; Dejan Jokić 

Abstract: 

Institute of Metrology of Bosnia and Herzegovina (hereinafter IMBiH) is independent 
administrative institution responsible for management and maintenance of legal metrology 
system in BiH. Legal metrology is one of the metrology areas especially dedicated to consumer 
protection. The task of legal metrology is to provide measurement results of the necessary 
accuracy and reliability wherever there is a public interest or a need for consumer protection. 
IMBiH is responsible for nomination and surveillance of metrology laboratories performing 
verifications of measurement instrument under legal metrology in accordance with national 
legislation. With the aim to provide high reliable measurement to citizens of BiH and to protect 
them, IMBiH has established data base maintained over the years with registered measuring 
instruments used in legal metrology in BiH. All measurement instruments in data base are 
associated with measurements recorded during the process of verification. This paper will 
describe how to predict a life time of precise non-automatic weighing instruments based on 
measurements in strictly regulated environmental conditions (reference conditions) comparing 
those with results got from verifications performed by nominated laboratories in working 
conditions which are stored in IMBiH data base. Based on analysis, the algorithm will be 
developed that will enable prediction whether the measuring instrument will, with stated 
probability coefficient, in the future meet the prescribed maximum permissible errors with its 
metrological characteristics and at the prescribed verification periods. 
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Guard banding applied in the legal metrology requirements of 
weighing instruments 

Omar-Jair Purata-Sifuentes*1; María-del-Socorro Vieyra-Cabrera; Elvia-Andrea Purata-
Funes; Ramón Navarrete-Reynoso; Luis-Armando Torres-Pérez 

Abstract: 

For any manufactured non-automatic weighing instrument (NAWI), there are risks of 
concern to both the manufacturer and its end-user, which are combined into the so-called global 
risk. These risks have to do with wrong decision-making, for example, accepting (approving) 
an instrument that does not conform to the requirements set out in (consumer's risk) or rejecting 
a compliant device (manufacturer's risk). It has been reported that the risk to the manufacturer 
of NAWI can be as high as 40%. Guard band techniques, which have been studied for several 
years, seek to reduce the risks of the consumer and the manufacturer by establishing acceptance 
limits, which cushion the effect of the overlap between tolerance limits and measurement 
uncertainty. Additionally, guard bands are one of the strategies that must be considered to 
comply with the new requirement established in the ISO/IEC 17025:2017 standard regarding 
the decision rules on how to involve measurement uncertainty in the evaluation of the 
accordance. 

The present work analyzed different guard band strategies to address reducing these risk 
levels for manufacturers without compromising the low levels of risk for the consumer that 
legal metrology demands. A validated free software developed by several NMIs was used. Of 
the guard banding strategies studied, the called ""managed risk"" showed the best performance. 
In addition, the guard banding approach allows for preventing economic consequences during 
lubricating grease production. 
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Role of the measurement uncertainty in cone penetration test 
results of lubricating grease 

Omar-Jair Purata-Sifuentes*1; Luis-Eduardo Hernández-Balandrán; Mirna-Guadalupe 
Tornero-Navarro; Mónica-Esmeralda Antolín-González 

Abstract: 

One of the main tests for lubricating grease production release is the cone penetration 
test, which determines the consistency of the grease. The consistency of lubricating grease is 
its most important rheological property. The NLGI (National Lubricating Grease Institute, 
USA) assigns the cone penetration test result to one of nine specification intervals to designate 
the grade of the lubricating grease, which determines its suitability for the specific use. 
Considering the measurement uncertainty of the cone penetration test when assigning the NLGI 
grade has not been well studied. A wrong grade designation could result in re-processing the 
grease to reach the desired consistency as a finished product (producer risk) or grease release 
for an application where the actual grade is not enough (consumer risk). This work tested guard 
banding formulae to select the best one that accounts for a minimal global (producer + 
consumer) risk. Of the guard banding strategies studied, the called “managed risk” showed the 
best performance. These results could help the grease manufacturers make better decisions 
regarding using the cone penetration test results. In addition, the guard banding approach allows 
for preventing economic consequences during lubricating grease production.  
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A comparative analysis of different methods of surface plates 
flatness calibration 

Maja Aleksic*1; Milos Bjelic; Marina Dolinic 

MAGAT Tech d.o.o., Calibration Laboratory, Belgrade, Serbia 

Abstract:

This paper describes a comparative overview of different methods of surface plates 
flatness calibration in the accredited Calibration Laboratory MAGAT Tech. A parallel analysis 
of the methods, together with calculation of the measurement uncertainty, will be presented in 
detail in the paper. The conclusion of the paper refers to the author’s position for the application 
of the most suitable calibration method of surface plates used in industry, taking into account 
the measurement uncertainty of calibration and the statement of conformity, in accordance with 
the level of risk and the requirements of the customer. 
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Accuracy evaluation of rainfall forecast models based on data 
measurement uncertainty analysis 

Catarina Simões*1; Álvaro Silva Ribeiro; Maria do Céu Almeida; Didia Covas 

 

 Abstract: 

Rainfall measurement is key for studies in Hydrology, Meteorology and Climatology, 
providing information of increasing importance for the management of water resources, used 
in rainfall forecasting and in assessment of climate change. Rainfall is a time-dependent 
quantity; the use of mathematical models allows understanding the behaviour and identification 
of patterns to support climate and meteorological phenomena and to allow robust rainfall 
forecasting.  

These mathematical models use measurement data, organized in time series, from 
measurement instruments having errors and uncertainties. Thus, the starting point to discuss 
accuracy is the instrumentation quality used for measurement, defined by its traceability and its 
uncertainty. Knowledge of measurement uncertainty is a requirement to know the accuracy of 
the model parameters and to evaluate the output results uncertainty of the model.  

In rainfall forecasting, different types of probabilistic models can be used based on 
known probabilistic distribution functions (PDFs). When probabilistic models are used to 
obtain predictions about future scenarios, uncertainty is important to improve the conditions for 
informed decision-making. Thus, this research aims at the develop an approach for evaluating 
the quality of fit of probabilistic models, having as key the evaluation of the uncertainty of the 
parameters. The used methods and the results are presented herein, including: the evaluation of 
the measurement uncertainty associated with the data; the evaluation of the parameters 
uncertainty using PDFs fit to the data series; the evaluation of the adjustment’s quality using 
goodness-of-fit tests; and compare models and validate decisions with the developed approach."   
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Active Power Measurements Uncertainty Budget Modelling in 
Case of Harmonically Distorted Voltages and Currents 

Kiril Demerdziev*1; Vladimir Dimcev 

Abstract: 

The harmonic distortion of electrical network waveforms results in a need for 
performance evaluation of the measuring equipment in non-sinusoidal conditions. Instruments’ 
specifications, valid for sinusoidal input voltages and currents, should not be applied directly 
for uncertainty evaluation in case of harmonics, due to the non-linear dependence between the 
measured quantities and the single harmonic components’ magnitudes and phase shifts. The 
uncertainty calculation is especially challenging in case of power and/or energy measurements, 
because the corresponding instruments are used for legal metrology purposes i.e. in the 
regulated trade of electrical energy. The starting point for measurement uncertainty evaluation 
is related to determination of the influence factors, which affect detection and recording of 
single harmonic components magnitudes and phase shifts. For the overall uncertainty 
calculation, mathematical modelling, based on existing relations between single harmonic 
components and the measured power or energy, is performed. A GUM based method for 
combined uncertainty evaluation is implemented and a simplified approach for correlation 
coefficients calculation between the single influence factors is adopted. The validation of the 
model, as well as the uncertainty propagation due to single harmonic components alteration, is 
backed up by real time measurements. The measurements are performed with a high accuracy 
class reference standard for electrical power and energy, by using voltages and currents with 
random harmonic share and phase shifts. 
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Evaluating the Uncertainty of a Virtual Power Quality 
Disturbance Generator 

Bodan Velkovski*1; Marija Markovska; Zivko Kokolanski; Vladimir Dimchev; Dimitar 
Taskovski 

Abstract: 

Due to intensive use of non-linear loads problems defined under power quality (PQ) 
arise in modern electrical grids. To address this, real-time monitoring and PQ disturbance 
classification systems are needed at numerous locations in the power grid. Industrial grade 
instrumentation specifically designed for PQ monitoring is relatively expensive, hence the 
focus on development of algorithms for fast and accurate detection and classification of PQ 
disturbances in recent years. Using such algorithms combined with virtual instrumentation can 
provide more flexible, cost-effective and decentralized solutions. However, the development of 
these algorithms requires a large amount of curated PQ disturbance data. This paper will present 
the hardware and software design and realization of a virtual signal generator capable of 
reproducing voltage disturbances according to the European standard EN50160. Although 
various types of PQ disturbance generators are commercially available, they are relatively 
expensive and not adequate for research purposes. The main focus of the paper is to prove the 
capability of the proposed signal generator to reproduce standard PQ disturbance combinations. 
In order to perform a metrological assessment of the proposed generator, calibration and 
measurement uncertainty calculation have been carried out in accordance with the ISO Guide 
to the Expression of Uncertainty in Measurement. The obtained results show that the 
measurement uncertainty of the PQ disturbance generator for all reference points is satisfactory, 
which makes it suitable for generation of PQ signals for research purposes, especially in the 
development, testing and improvement of PQ event classifiers. 
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Measurement uncertainty: decision & risk  
José Luis Prieto Calviño*1 

Abstract: 

Industries use measurements to determine the specifications of products/processes. 
These ones are set by assigning tolerances. This allocation of them is an action of absolute 
effect, does not leave room for ambiguity. If the product/process is within the tolerance range 
it is admitted as compliant/under control, and if it is outside it is rejected/out of control. 
However the difference between these two situations may be small. There is no solution of 
continuity in the definition. 

When it is measured, one moves within the world of variability, of statistical variability. 
It is also the world of probabilities and confidence levels, decisions are no longer as firm, no 
matter how certain the results are. Although a lot of experience and great knowledge are 
accumulated and a lot resources are invested as well in measurement systems, there is always 
room for doubt, however it may be small or may seem to us. 

This area of doubt caused by uncertainty is in turn broken down into two smaller zones 
according to whom it is appropriate to adopt the risk of misclassification of a product/process, 
depending on where the measurement result falls. 

Thus, there is a need to adopt a decision rule that describes how measurement 
uncertainty is accounted for when stating conformity with a specified requirement (see 
definition 3.7 ISO 17025:2017 and Guidelines on Decision Rules and Statements of Conformity 
(ILAC-G8:09/2019)). 

Without forgetting the other side of the coin, which is the risk associated with the 
decision rule.
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Uncertainty from sampling in food microbiology 
Ivana Ljevaković-Musladin*1 

Abstract: 

Sampling as an initial step in any analysis inevitably introduces some level of 
uncertainty which contributes to overall measurement uncertainty. In food microbiology, 
uncertainty from sampling can be high due to heterogeneity of sampling target caused by a 
random distribution of microorganisms in a food matrix. The aim of this study was to estimate 
uncertainty arising from the sampling of food for microbiological analysis. A duplicate method 
with a balanced experimental design was a method of choice for empirical estimation of 
uncertainty. The duplicate method considered a duplication of sampling procedure on at least 
ten sampling targets. A balanced design required that both of the duplicated samples of each 
sampling target were subjected to sample preparation, resulting in two separate test samples. 
Duplicate test portions were drawn from both test samples and analyzed in duplicate. This 
approach allowed the estimation of overall measurement uncertainty and its components; 
analytical uncertainty and sampling uncertainty. Classical ANOVA and Robust ANOVA were 
used for the calculation. Based on 12 sampling targets of minced meat, uncertainty from 
sampling was estimated as 0.1 log10 cfu/g for microbiological parameter aerobic mesophilic 
count, while analytical uncertainty was 0.04 log10 cfu/g. Estimated uncertainties proved to be 
fit-for-purpose. Results showed that uncertainty from sampling is the major contributor to 
overall measurement uncertainty. 
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β-risk in proficiency testing in relation to the number of 
participants 

Louis-Jean Hollebecq*1 

Abstract: 

Proficiency tests are widely used to assess the performance of laboratories. Participating 
to such programs is required by ISO 17025, which is the accreditation standard for laboratories. 
Reference standards for ILC, ISO 5725 and ISO 13528, specify limits for computing the alerts, 
related to specified risks (usually 5% and 0,3%). Even if this is not written in the standards, 
these risks are of α-type (risk to trigger a warning that should not). There is actually another 
risk, usually called β-type (risk not to trigger a warning when it should). However, even if this 
question is of main importance, this β-type risk is quite hard to compute, and for this reason, is 
almost always just ignored, including in the reference standards. Everybody knows that an 
enough number of participants is necessary to ensure the efficiency of the PT, but nobody has 
any clear view of what should be “an enough number”. On the other hand, test methods for 
which there are very few potential participants to a PT are quite numerous. There is then no 
opportunity for them to get the usual advantages of the organization of a PT. This paper 
proposes to overcome the difficulty of computing the β-risk by using a Monte-Carlo method 
and to provide a beginning of answer to the question: does it make sense or not to organize PTs 
with 5 or 8 or 12 participants, especially when there are few potential participants? 

1 ilc@compalab.org 

37

mailto:ilc@compalab.org


Evaluation of Interlaboratory Comparisons on Pressure 
Measurement in the Philippines of 6 years interval  

Mary Ness Salazar*1 
 
 

 Abstract: 
 

This paper presents the comparison between two intercomparisons in pressure 
measurement, 6 years apart, using the same artifact characterized at the beginning of each 
proficiency testing (PT) scheme. Both intercomparisons aimed to determine the performance 
and technical capabilities of the individual laboratories and provide them access to 
intercomparison for their compliance with the ISO 17025 requirements. The performance of 
each participating laboratory was evaluated in terms of the En value, the normalized deviation 
with respect to the stated measurement uncertainties. The satisfactory performance of 
participating laboratories evaluated was 40% (2 out of 5 laboratories) and 88% (14 out of 16 
laboratories) in the 2010 and 2016 PT schemes, respectively. The increase in satisfactory results 
and the number of participating laboratories in the latter PT scheme is due to laboratories’ 
improved awareness of their commitment to quality and their augmented proficiency by 
personnel training. Also, the competence of the NML as the pilot laboratory was enhanced by 
experience from the previous PT scheme improving in factors such as consideration of the 
seasoned artifacts’ drift, provision of a preparatory workshop where agreement on harmonized 
and validated procedure is finalized, and the conduct of a concluding workshop where 
feedbacks and recommendations are discussed. At present, the National Metrology Laboratory 
of the Philippines has a regular offering of PT schemes for local calibration and testing 
laboratories for different scopes and aims to sustain and continuously develop this service to 
support further progress in the calibration and measurement capabilities of these laboratories.   

1 marynesssalazar@yahoo.com  

38

mailto:marynesssalazar@yahoo.com


Personal Dosimetry Intercomparison Analysis in Public Health 
Institute of Republic of Srpska 

Biljana Petrovic*1; Savka Strbac 

Abstract: 

Personal Dosimetry Laboratory of the Public Health Institute of Republic of Srpska 
(PHIRS) is estimating doses to approximately 1500 occupationally exposed workers to ionizing 
radiation on annual basis which represents 1/3 of occupationally exposed workers of Bosnia 
and Herzegovina. Health effects on human body and its correlation to magnitude of exposure 
to ionizing radiation are already accepted fact. Therefore, delivering precise and accurate 
measurement result is essential in control of occupational exposure. Intercomparison exercise 
plays an important role in testing laboratories to demonstrate technical competence. 
Participation in globally acknowledged and recognized EURADOS intercomparison exercise 
for whole body dosemeters in photon fields is being conducted in 2 – years cycle by the 
laboratory. This paper is focused on the analysis of the EURADOS intercomparison results. 
From 2014 to 2020, in total 4 intercomparison exercises have been conducted, each requesting 
circa 30 dosemeters to be labelled and dispatched for irradiations. Entire number of the 
dosemeters is divided into groups for irradiations to reference values with different irradiation 
qualities, dose ranges, angle of incidence and one group is kept to monitor the background. 
Statistical analysis of measured quantity Hp(10) has been reported with response values 
(arithmetic mean, median, minimum, maximum and coefficient of variation). All response 
values are inside the trumpet curve defined in ISO 14146, ranging in mean response from 0,85 
to 0,92. In addition, results are compared to En value and estimated uncertainty budget. This 
demonstrates that measured results are in compliance with recommendations on accuracy for 
radiation protection purposes.
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Conformity assessment under directive 2014/31/EU on the 
harmonization of the laws of the member states relating to the 

making available on the market of non-automatic weighing 
instruments 

Vicente Yagüe Alcaraz*1; Paula Sáez serrano; Carmen García Izquierdo 

Centro Español de Metrología 

Abstract: 

Directive 2014/31/EU of the European Parliament and of the Council of 26 February 
2014 on the harmonization of the laws of the Member States relating to the making available 
on the market of non-automatic weighing instruments (recast) has led to a variation in the 
legislative framework in which the non-automatic weighing instruments industry operates. It 
involves the adaptation of the non-automatic weighing instruments sector to the new European 
legislative framework established through: 

Regulation (EC) No 765/2008 of the European Parliament and of the Council of 9 July 
2008 setting out the requirements for accreditation and market surveillance relating to the 
marketing of products and repealing Regulation (EEC) No 339/93, which regulates the 
accreditation of conformity assessment bodies, adopting a framework for market surveillance 
of products and for controls on products from third countries and laying down the general 
principles of CE marking. 

Decision No 768/2008/EC of the European Parliament and of the Council of 9 July 2008 
on on a common framework for the marketing of products, and repealing Council Decision 
93/465/EEC, which establishes common principles and reference provisions applicable to all 
sectoral legislation in order to establish a coherent basis for the drafting, revision or recasting 
of such legislation. 

This poster presents the Directive scope which establishes non-automatic weighing 
instruments subjected to conformity assessment, essential requirements they must meet, the 
possible procedures that can be chosen to assess compliance with these essential requirements, 
and the conformity marking that must accompany the instruments once the instrument is put 
into service.
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Regulatory framework of water meters for uses other than clean 
water in Spain 

Maria Isabel Calzado Guijarro*1; Teresa Fernández Vicente 

Abstract: 

Water is not a commercial product but a public good and a limited resource that needs 
special protection and to be used in a sustainable way. However, water reserves are under 
pressure due to multiple uses in different sectors, such as agriculture, tourism, transport or 
energy. 

The regulation on water consumption and the need to make an appropriate exploitation 
of water, leads to a more widespread use of water meters in the agricultural sector. Regulations 
regarding water meters concern both, the kind of water and the intended use of the meter. In 
terms of placing on the market and putting into use, there is the European harmonized 
legislation for clean water meters and specific Spanish legislation for water meters intended for 
uses other than clean water. 

Spanish legislation Order ICT/155/2020, of February 7th, regulates the metrological 
control of the State of certain measuring instruments, particularly water meters for irrigation 
regarding placing on the market and putting into use phases and instruments in service phase. 

The Spanish National Metrology Institute, CEM, acts as 0300 notified body and 00-OC-
1000 control body at the national level for conformity assessment procedures of water meters, 
at the choice of the manufacturer. The conformity assessment procedures that the manufacturer 
can choose between are B + F or B + D or H1, for verification of compliance with both, the 
essential and specific requirements established in applicable regulations for each kind of water 
meter. 

The poster shows different approaches for water meters approval and control in Spain.
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Data Science for Testing, Inspection and Certification 
Marija Cundeva-Blajer*1 

Abstract: 

Many decisions in conformity assessment processes, especially in the testing, inspection 
and certification (TIC) sector are based on the measurement data. Measurements are vital in 
environmental protection, healthcare, industry, trade, energy sector etc. Like in many other 
fields, recently, the digital transformation has started to have significant impact on the TIC 
sector. Digital transformation is rapidly changing the world. Data is becoming more and more 
important in all sectors of life. Huge amount of data is produced, stored, processed, and utilized 
for increasing number of applications. Big data analytics, artificial intelligence (AI), machine 
learning, internet of things etc. are based on data, but the quality of the data is an issue not 
always properly addressed, especially in sectors with traditions based on empirical approaches, 
like the TIC. Poor data will produce poor models, incorrect results and finally wrong decisions. 
Recently, the revival of measurement and data science is caused by the revolution of sensory 
devices and the emerging data transmission, storage and processing capabilities available and 
variously deployed. Thanks to the huge amount of recorded information and the theoretical 
results of measurement and data science, numerous newly developed products are invented, and 
smart services and support are enabled. This contribution will conduct a survey of the 
possibilities for application of the latest data science achievements in the TIC decision making 
processes, based on conclusions with complementary usage of “measurements” as completely 
experimental and the “data science” as methodology oriented towards modelling and 
simulation, combined with high complementarity and synergy.  
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Comparative study of chemometric approaches and machine 
learning for Miniaturized Near-Infrared (MicroNIR) spectroscopy 

in plastic waste sorting 
Claudio Marchesi*; Monika Rani; Stefania Federici; Matteo Lancini; Laura E.Depero 

Abstract: 

The optimization of plastic waste sorting plays a crucial role in the improvement of the 
recycling process. In this scenario, plastic recycling industries necessitate fast and reliable 
methods to recognize the different types of polymers to improve their recycling capacity. In 
this contribution, we report a comparative study of multiple machine learning and chemometric 
approaches to categorize a data set derived from plastic waste analysis performed through a 
handheld spectrometer working in the Near-Infrared (NIR) spectral range. Conducting a cost-
effective NIR study requires the identification of suitable techniques to enhance commodity 
identification and categorization. 

Chemometric techniques, Principal Component Analysis (PCA) and Partial Least 
Squares – Discriminant Analysis (PLS -DA), and machine learning techniques such as Support-
Vector Machines (SVM), fine tree, bagged tree and ensemble learning were compared. 
Different pretreatments were tested on the NIR spectra collected. In particular, Standard Normal 
Variate (SNV) and Savitky-Golay derivatives as signal pre-processing tools were compared 
with feature selection techniques such as multiple Gaussian Curve Fit based on Radial Basis 
Functions (RBF). Furthermore, results were combined into a single predictor by using a 
likelihood-based aggregation formula.  

Predictive performances of the tested models were compared in terms of classification 
parameters as Non-Error Rate (NER) and Sensitivity (Sn) with the analysis of the confusion 
matrices, giving a broad overview and a rational means for the selection of the approach in the 
analysis of NIR data for plastic waste sorting.
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Comparison of gravimetry and dynamic dilution for the 
generation of reference gas mixtures with known composition of 

CO2 at atmospheric amount fraction  
F. Rolle; F. Durbiano*1; S. Pavarelli; F. Pennecchi; M. Sega

Abstract: 

Carbon dioxide (CO2) is the most important greenhouse gas from human activities. Its 
concentration has been growing continuously in the atmosphere reaching a current annual 
average of 410 micromol·mol-1. Reliable determinations of the atmospheric CO2 concentration 
are of great importance for both environmental protection and development of models used in 
climate change predictions. The production of reference mixtures of known concentration and 
the establishment of sound analytical methods are key activities for the achievement of reliable 
information on the pollution level and the improvement and maintenance of a worldwide 
coherent measurement system for the determination of greenhouse gases.  

The present work deals with the advantages and drawbacks of two methods that assure 
metrological traceability to SI to measurement results. 

The first method, more accurate, is based on the gravimetric preparation of gas mixtures 
in high pressure cylinders, but it requires long preparation procedures.  

The second one, based on dynamic dilution, represents a more flexible alternative for 
gas mixture generation. The method requires diluting devices such as mass flow controllers 
which canalize and portion the gas flows in a mixing chamber. This method enables to generate 
gas mixtures at the desired amount fraction and can be applied also for the production of 
mixtures with unstable or reactive components. However, it might lead to larger uncertainties.  

At INRiM, these methods are used to prepare gas mixtures with specific CO2 amount 
fractions, which are periodically verified by a Non-Dispersive Infrared analyser to check the 
stability of the mixture composition over time. 
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Development and validation of HPLC method for the 
determination of N-nitrosamines in water 

S. Babić*11; V. Golub1; S. Morović2; K. Košutić2

 1Department of Analytical Chemistry, Faculty of Chemical Engineering and Technology, University of Zagreb, 10000 
Zagreb, Croatia 

2 Department of Physical Chemistry, Faculty of Chemical Engineering and Technology, University of Zagreb, 10000 Zagreb, 
Croatia

Abstract: 

The presence of N-nitrosamines in water is considered an emerging issue because they 
are highly carcinogenic and mutagenic to humans at trace levels. They can enter drinking water 
supplies mainly as a result of disinfection processes by the reaction between disinfectant 
(chloramine, chlorine and ozone) and the nitrogen-containing organic matter. Furthermore, 
nitrosamines are formed during some industrial processes such as cosmetics and food 
processing, leather tanning, rubber, pesticides and dyes manufacturing which can lead to their 
appearance in wastewater effluents. 

This work reports the development and validation of an analytical method for the 
quantitative determination of five N-nitrosamines namely N-nitrosomorpholine (NMOR), N-
nitrosopirrolidine (NPYR), N-nitrosodiethylamine (NDEA), N-nitrosodipropylamine (NDPA), 
and N-nitrosodibutylamine (NDBA). The method is based on high performance liquid 
chromatography (HPLC) coupled to photo diode array (PDA) detector using Kinetex C18 
column (150 mm × 4.6 mm, particle size 5 m, Phenomenex). Chromatographic separation 
was optimized regarding mobile phase composition and elution mode (isocratic and gradient). 
Prior to HPLC analysis, the off-line SPE preconcentration step was optimized to achieve low 
quantification limits. A coconut charcoal sorbent provided the best results in the 
preconcentration of 500 mL water samples. The optimized SPE-HPLC-PDA method was 
validated using tap water samples. A satisfactory linearity was obtained with R2 > 0.999 and 
limit of quantification at ngL-1 level. Validated method has been applied for the determination 
of N-nitrosamines removal efficiencies by reverse osmosis (RO) membrane treatment. 
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Nucleic acids as sensors – the need for metrological approaches in 
DNA extraction 

Alexandra Bogožalec Košir1*1, Viktorija Tomič2, Dane Lužnik2, Mojca Milavec1 
1National Institute of Biology, Department of Biotechnology and Systems Biology, Večna pot 111, 1000 Ljubljana 

2University Clinic of Respiratory and Allergic Diseases Golnik, Golnik 36, 4204 Golnik 

Abstract:

Infectious diseases are a major burden on national healthcare systems. As bacterial culturing, 
although most used, can take days and thus delay introduction of targeted treatment, faster 
molecular approaches have been introduced. However, these approaches also experience 
measurement challenges. An often-overlooked challenge is extraction of nucleic acids, one of 
the first steps in molecular diagnostics. Detection and quantification of molecular sensors relies 
heavily on the quality and quantity of the extracted nucleic acids, thus we assessed DNA 
extraction methods for the most common Gram-negative bacteria associated with hospital 
acquired infections and sepsis: Acinetobacter baumannii, Klebisella pneumoniae, and 
Pseudomonas aeruginosa. Five different methods were used: two automated methods that used 
GXT NA extraction kit on an Arrow system and QuickPick genomic DNA extraction kit on a 
KingFisher Duo system; two manual kit-based methods that used QIAamp DNA mini kit and 
DNeasy UltraClean microbial kit; and an ‘open’ CTAB method. The extraction methods were 
evaluated based on not only the yield of the target bacterial DNA (cp/mL), but also precision 
i.e. measurement uncertainty, repeatability and intermediate precision. To ensure a highly
sensitive and reliable quantification even at low concentrations, digital PCR was used. By
implementing a metrological approach in each step of the molecular diagnostics process, we
aim at providing metrological support for measurements that would assist in standardization of
molecular diagnostics.
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Quality assurance of measurements and sensors for health and 
medicine 

Alicia Sáez Serrano1*1; Carmen Sánchez Blaya1; María Ana Sáenz Nuño2; Teresa Fernández 
Vicente1 

1Centro Español de Metrología (CEM), Calle del Alfar, 2 28760 Tres Cantos (Madrid) 
2IIT-ICAI Univ. Pontificia Comillas de Madrid, Calle de Alberto Aguilera, 23 28015 (Madrid) 

Abstract: 

Nowadays, there is no metrological culture in the health field in Spain, so that 
measurements are not compared despite the great implications they have for citizen’s health. 
The development of a structure is needed in order to have under control medical devices 
intended for health diagnostics so that their measurements are reliable and provide traceable 
results to the International System of Units (SI). 

The Spanish National Metrology Institute, CEM, is the organisation responsible for the 
metrological infrastructure in Spain with the institutional representative role in regional and 
international organisations (Euramet, BIPM) and keeping close cooperation with another 
relevant national and international organisations for metrology. Among CEM’s responsibilities, 
the execution of research and developments projects (R+D+i) in the metrological field 
constitutes one of its strategic axes and for this reason CEM participates actively in different 
programs for European research in metrology (EMRP, EMPIR, EMP) and at the national level. 

CEM has promoved several internal R+D+I projects where a series of artifacts will be 
developed to be used as standards in order to allow comparability of measurements in a hospital 
and among hospitals and to provide metrological traceability in the field of health. 

Calibration and measurement capabilities associated to the development of a reference 
laboratory for health will allow the medical sector availability to instruments with traceable 
measurements to national standards, aligned to strategies of International Organisations such as 
BIPM (International Bureau of Weights and Measures) or the OIML (International 
Organization of Legal Metrology). 

Some conclusions will be shown in the poster.
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Chemiresistors with black metal active layers 
Jan Kejzlar*1; Martin Hruska; Premysl Fitl; Jaroslav Otta; Martin Vrnata; Joris More-

Chevalier Michal Novotny; Jan Lancok; Midori Kawamura 

Abstract: 

This contribution is focused on the application of nanostructured black metals, used as 
active layers in gas sensors. These sensors are functioning as chemiresistors, meaning that the 
change in the chemical composition of the atmosphere causes a certain shift in the electric 
resistivity of the sensor. Nowadays, monitoring of air pollutants is a very important task, due 
to the development of industry and traffic. Black metals are – thanks to their highly porous and 
fragmented structure, high sorption capacity and catalytic activity – ideal for trapping and 
detection of gas substances, therefore also appropriate candidates for usage in chemiresistors.  

The samples were prepared on the glass substrates equipped with golden electrodes, 
using thermal evaporation in the inert atmosphere of argon (100 Pa). Besides black metal layers 
consisting of single metal element, black metal compounds were also examined. These 
compounds were prepared using thermal evaporation system with two evaporation boats. As 
model gas pollutants, NOX and NH3 gases were selected. Prepared samples were measured for 
their sensory properties, their surface morphology via scanning electron microscopy (SEM) and 
their chemical composition by x-ray photoelectron spectroscopy (XPS).  

The samples of black gold showed a decrease in resistivity when exposed to the NOX 
gas, in the case of black silver, the trend was opposite. The SEM confirmed highly 
nanostructured surface, with the size of clusters being tens of nanometers. XPS data of black 
gold samples showed among 53% of gold a high percentage of carbon (30%), oxygen (14%) 
and trace amount of tungsten (3%).
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Effects of Laser Direct Write on the Morphology and Optical 
properties of Black Metals 

Jaroslav Otta*1; Jan Kejzlar; Martin Hruska; Premysl Fitl; Michal Novotny; Joris More-
Chevalier; Petr Pokorny; Jan Lancok; Midori Kawamura; Martin Vrnata 

Abstract: 

Black metals are materials with unique properties such as high porosity, large surface 
area and almost complete absorbance of incident light. Black metals are materials with big 
potiential not only for chemiresistor applications but for optical absorbance or diffractive 
sensors. 

Black metal layers from materials such as gold, silver, anthimony, palladium were 
prepared on fused silica and glass substrates by thermal evaporation from a tungsten boat in an 
inert atmosphere at process pressure in the range of 100 – 1000 Pa. These layers were modified 
and annealed using continuous wave laser direct write (LDW) deposition. The laser system 
consists of micro CNC machine equipped with the continuous semiconductor laser with 
wavelength 405 nm, adjustable power up to 200 mW and focusing optics enabling LDW spatial 
resolution of 3 µm. The laser energy was controlled by altering the laser scan speed in the range 
of 0.01 to 1 mm/s. 

The layers were characterized by SEM, AFM, UV-vis spectroscopy. With appropriate 
LDW properties, plasmon-like struchtures were achieved with potential use in optical sensor 
applications. Laser fluence and sensor substrate treatment before deposition have significant 
influence on formation of plasmon-like structures.
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Printed conformable electrodes to monitor skin hydration using 
Impedance Spectroscopy 

Leonardo Iannucci*1; Luca Lombardo; Nicolò Lago; Alessandro Pozzebon; Alessandra Galli; 
Sarah Tonello 

Abstract: 

The possibility to monitor continuously and non-invasively the health status of the 
elderly using home-based telemedicine is highly demanded to improve active aging and to 
reduce the number of hospitalizations. Focusing on the most frequent pathological conditions 
affecting aging adults, lack in the control of water balance represents one of the most significant 
indicators of critical status as dehydration or heart failure.  Among the opportunities offered by 
new technologies and interdisciplinary research, wearable devices integrating conformable 
printed sensors could represent a unique tool to enable non-invasive regular monitoring of water 
balance, avoiding urgent access to the emergency room. Water concentration in skin tissues 
strongly affects the thermal and electric properties of the skin, thus miniaturized wearable 
sensors can be employed to locally detect these changes on a small area of skin. In this work, a 
combination of printed electrodes for skin hydration monitoring with portable low-cost 
electronics to perform Impedance Spectroscopy measurement is proposed. The possibility to 
discriminate between different hydration statuses is performed by comparing IS measurements 
acquired on in vitro models realized using agar samples containing different amounts of water. 
Results obtained from these preliminary measurements represent a fundamental starting point 
required for the development of a fully operating device to be tested and employed in a real 
application scenario.  
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Utilization of nanostructured materials for gas sensor applications

M. Hruska*1; J. Kejzlar; J. Otta; P. Fitl; M. Novotny; J. More-Chevalier; P. Pokorny; J.
Lancok; M. Kawamura; M. Vrnata 

Abstract: 

Nanostructured and nanoporous metal and metalloid films, also called black metals 
(BMs), are highly promising materials for chemical gas sensor applications due to their fractal 
surface structure and high surface-to-volume ratio. A nanostructured surface can provide more 
bonding sites for molecules of analytes, thus increasing the sensor response. BMs can be 
prepared by thermal evaporation or magnetron sputtering, and the properties of BMs films 
(electrical resistance, porosity, and layer thickness) can be tuned by deposition conditions (used 
inert gas, deposition pressure), which is beneficial mainly for chemiresistors application. 

Nanostructured black metal layers (BAu, BAg, BSb) were deposited by thermal 
evaporation from a tungsten boat in an atmosphere of inert gas (He, Ar, N2) at an elevated 
pressure of 100 – 1000 Pa on quartz crystal microbalance (QCM) and chemiresistor substrates. 
The prepared layers were subsequently thermally and laser annealed to obtain different 
morphological structures with various pores sizes. The layers were characterized by SEM, 
AFM, and UV-vis spectroscopy. For further characterization, thermal and optical stimulated 
exo-electron emission followed by thermal stimulated desorption (OSEE, TSEE, TSD) was 
used. Prepared sensors were tested for several gas analytes, including NO2 and VOCs. It was 
proven that nanostructured metals and metalloids can provide more bonding sites for analytes 
and hence increase the response of QCM sensors. It was also observed that nanostructured metal 
layers exhibit higher electrical resistance than solid films and are therefore suitable as active 
layers for chemiresistors. Chemiresistors with nanostructured layers were tested for NO2 and 
VOCs detection with promising results.
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Chemiresistors for the detection of environmental pollutants and 
toxic gases 

P. Fitl*1; M. Hruška; J. Kejzlar; D. Tomeček; L. Fišer; M. Novotný; M. Vrňata

Abstract: 

One group of widely used gas sensors are chemiresistors. These sensors work on the 
principle of a change in conductivity caused by the interaction of the active substance with an 
analyte present in the air. The used active substances are based on inorganic and organic 
semiconductors. Inorganic semiconductors in the form of thin films must be used at elevated 
operating temperatures of 100-400°C. In the case of inorganic semiconductors, it is possible to 
reduce their operating temperature by suitable nanostructuring or by forming composite layers 
consisting of semiconductor heterojunctions. Organic semiconductor layers usually operate at 
room temperature, but slow desorption of the analyte is a problem. Here, we proved 
advantageous use of irradiation of active layer with a suitable wavelength of light to intensify 
desorption of analyte. 

Our team has developed chemiresistors capable of reliably and reproducibly detect 
(CN)2, CNCl2, O3 and NOx. The active layers are prepared by vacuum evaporation in the case 
of organic semiconductors and pulsed laser deposition in the case of inorganic semiconductors. 
For detection we use materials from the range of phthalocyanines, porphyrins, oxides of: 
indium, copper, zinc; with suitable catalytic dopants. These materials are deposited on the KBS-
4 sensor substrate developed and patented by our department and company Tesla Blatná. The 
detection limits are in the case of (CN)2 and CNCl2 detection, in the units of ppm and in the 
case of O3 and NOx detection in the subppm area. 
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Corrosion products on iron artefacts: a Raman spectroscopic 
investigation. 

Amina Vietti*1; Ilaria Corso; Nicola Donato; Emma Angelini; Sabrina Grassini 

Abstract: 

Buried metallic artefacts are subjected to corrosion phenomena of various entities 
whereby the original metal core is partially replaced by more stable forms. As a result, the initial 
chemical composition is modified, and the structure may be compromised. This process can 
take place both during the burial time and after the extraction from the archaeological site, 
implying the potential destruction of the artefacts. In this scenario, the identification of the 
corrosion products allows to determine the long-term mechanisms that occurred during the 
burial time thus allowing to plan protective strategies. In the present work, the Raman 
spectroscopy has been applied for the determination of corrosion products on archaeological 
iron nails. Raman spectroscopy is an analytical technique which allows to discriminate different 
compounds analyzing the vibrational modes. Indeed, the vibrational frequencies are typical of 
a specific chemical bond or of a structural symmetry, returning a “fingerprint” of the compound. 
The main corrosion products detected are mainly Goethite (α-FeOOH) and Magnetite (Fe3O4) 
mostly in the inner part of the artefact, Hematite (α-Fe2O3), Maghemite (γ -Fe2O3), 
Lepidocrocite (γ-FeOOH), and Akaganéite (β-FeOOH). These products are the result of a long-
period burial in a coastal soil where chlorides represent the main aggressive elements. The 
Raman spectroscopy has proved to be an efficient and versatile technique in the identification 
of iron corrosion products, without sample preparation. This is a favorable analytical condition 
concerning the Cultural Heritage field, where the possibility of performing in situ analysis 
without the need of a sample preparation is a key point. 
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Electrochemical Impedance Spectroscopy measurements for the 
characterization of bio-based organic coatings for corrosion 

protection  
Leonardo Iannucci*1; Camilla Noè; Valeria Gozzano; Marco Sangermano; Emma Angelini; 

Sabrina Grassini 

Abstract: 

In recent years, both the academic and industrial worlds have increased the efforts to 
develop and produce new polymeric materials from renewable resources, with the final goal to 
reduce oil consumption. In this new field, possible precursors are bio-based oils, i.e. organic 
compounds derived from vegetable sources. Scientific literature has already demonstrated the 
possible use of grapeseed, rosehip, and castor oil, among many others. In particular, great 
interest has been arisen by photocurable materials, which are particularly promising as coatings 
for corrosion protection. 

The present research work deals with the characterization of photocurable epoxy 
coatings derived from diglycidylether of vanillyl alcohol and epoxidized linseed oil. First, this 
novel material has been characterized by chemical-physical techniques, in order to determine 
its curing degree, crosslinking density, glass transition temperature, and water contact angle. 
Then, electrochemical measurements have been used to assess the corrosion protection 
effectiveness. Mild steel coupons have been coated using the formulation under study; after 
that, samples have been characterized using electrochemical impedance spectroscopy 
measurements in a classical three-electrode cell. All measurements were carried out in 3.5 wt% 
sodium chloride (NaCl) solution. Preliminary results showed good protective effectiveness for 
the metal substrate. Moreover, in order to further decrease the water absorption during the first 
stages of immersion in the electrolytic solution, different percentages of montmorillonite clay 
have been added to the formulation. 

Experimental results have satisfactorily shown the feasibility to use these innovative 
photocured materials for coatings applications, providing important benefits from the 
sustainability point of view. 
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In-situ solution concentration measurement techniques in the 
crystallization processes 

Matea Gavran*1; Nenad Bolf; Josip Sacher; Srečko Herceg 

Abstract: 

Crystallization in pharmaceutical industry is used as separation and purification process 
for the production of active pharmaceutical ingredients(APIs), during which multiple laboratory 
analysis has to be done to ensure the required product quality. Until recently, critical quality 
attributes(CQA), including concentration, were determined off-line, but improvements in the 
field of fiber optics and spectroscopic instruments has enabled in-situ measurements in real-
time, eliminating manual sampling and time delay influence affecting the analysis’ outcome. In 
this work, overview and good laboratory practice of spectroscopic techniques for solution 
concentration measurement is given. 

Ultraviolet-visible(UV-Vis) and Fourier transform infrared(FTIR) probes work on the 
principle of attenuated total reflectance(ATR) so that the incident light penetrates slightly into 
the solution and captures only the liquid phase of the crystallization system. Even though, ATR 
UV-Vis is cheaper than ATR FTIR, it is limited by the UV absorption capacity of the solute 
and hence not suitable for compound identification. In-line Raman spectrometers have the 
ability to simultaneously determine both, the solution and solid concentration using only one 
probe. Raman data is far more complex than IR and UV-Vis data, and extracting the information 
on the solution concentration is challenging due to high solid’s signal.  

The paper presents experiences and practical examples in the application of process 
analytical technology(PAT) methods for real-time monitoring and control of crystallization 
processes. The application of PAT requires a thorough knowledge of the crystallization system, 
the development of calibration models utilizing artificial intelligence and the application of 
advanced control strategies to obtain a high-quality product. 
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Development of nucleic acid analysis based reference 
measurement procedure for quantification of human 

cytomegalovirus 
Mojca Milavec*1; Alexandra Bogožalec Košir 

Abstract: 

Nucleic acid analysis-based methods, especially quantitative PCR (qPCR) are important 
tools for the detection of human pathogens. However, reference methods in this field are lacking 
and the availability of reference materials is limited, resulting in limited comparability between 
laboratories, which can lead to misdiagnosis and discrepancies in patient care. To better support 
diagnostics, we developed and evaluated a digital PCR (dPCR) based method for quantification 
of human cytomegalovirus (hCMV), as dPCR has already been used for quantification of 
pathogens by analysing nucleic acids and has the potential to provide robust and accurate 
quantification of nucleic acid sequences specific for certain pathogens. The method was 
evaluated in a small interlaboratory study and demonstrated adequate reproducibility (expanded 
measurement uncertainties below 15%) without calibration to a common reference material. 
Furthermore, the method was evaluated in 10 viral load comparison schemes (seven external 
quality assessment (EQA) and three additional training programs) organised by INSTAND e.V. 
over a period of four years (between September 2014 and March 2018). This work demonstrates 
that dPCR has the potential to serve as a calibration-independent reference measurement 
procedure for assigning value to hCMV calibration and reference materials in support of qPCR 
calibration and ultimately for routine hCMV load testing. The developed method has been 
published as a reference measurement procedure in the Joint Committee for Traceability in 
Laboratory Medicine database. 
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EDC-WFD: A project to deliver reliable measurements of 
estrogens for better monitoring survey and risks assessments of 

aquatic systems  
Sophie Lardy-Fontan*1; Christian Piechotta; Ester Heath; Ana Kovačič; Noora Perkola; 

Véronique Le Diouron; Paolo de Zorzi; Monica Potalivo; Karyn Le Menach; Patrick Pardon; 
Hélène Budzinski; Taner Gokcen; Béatrice Lalère 

Abstract: 

The Water Framework Directive (WFD) requires the Commission to 1/ identify Priority 
Substances (PS) among those presenting significant risk to or via the aquatic environment, and 
to set EU Environmental Quality Standards (EQS) for those substances in relevant matrix and 
2/ to periodically review the list. In this process, estrogens especially 17-beta-estradiol, 17-
alpha-ethinylestradiol and estrone are candidates to become PS and EQS are in the process of 
being established. The challenges for more reliable and comparable measurements were 
described in a JRC reference report and is also supported by some authors. Many different 
analytical strategies are used: many fail to achieve the requirements of the Directive 
2009/90/EC especially in terms of limit of quantification. Indeed, Effect Based Methods 
(EBMs) for monitoring in the WFD context can overcome these challenges. As a positive 
answer, the EURAMET project 18NRM01 EDC-WFD aims to develop reliable and 
harmonized measurement methods for estrogens, to comply with the WFD requirements. 

This contribution will present and discuss: 

• Methodological toolbox that has been developed and investigated to bring out the most
promising methods covering the overall measurement procedure.

• Validated traceable reference mass spectrometry based methods for the analysis of
estrogens in whole water samples at EQS levels satisfying to WFD requirements.

• Developed aqueous reference materials, as close as possible to real water samples, with
proven homogeneity, short- and long-term stability.

• Improved estrogen measurements with selected EBM in whole water samples at EQS
levels.

Some perspectives will also be stressed out. 
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How will the European Metrology Network POLMO support and 
improve pollution monitoring? 

Sophie Lardy-Fontan*1; Panayot Petrov; Teemu Naykki; Pietr Kovar; Bjoern Meermann Aida 
Jotanovic; Mark Kellet; Volker Ebert; Dirk Arnold; Hayley Pennetta; Suleyman Can; Rudolf 
Schneider; Jaroslav Šolc; Bernd Guettler; Andreas Nowak; Sophie Vaslin-Reimann; Tatiana 

Macé; Raphaël Maillard 

Abstract: 

Pollution affects all parts of the planet and is the largest environmental cause of disease 
and premature deaths (estimated around 23% of all deaths, WHO) worldwide. International 
cooperation in terms of research, development, policy and monitoring is vital for effective 
pollution control. 

To ensure Europe world-leading metrology capability, based on high-quality scientific 
research, an effective and inclusive infrastructure is needed. Therefore EURAMET establishes 
European Metrology Networks (EMN) and especially an EMN on Pollution Monitoring 
(POLMO). 

This EMN supports UN Sustainable Developments Goals, important international 
convention (e.g. CLRTAP), European Green Deal and related strategies (including “Zero 
pollution” action plan) and primarily European and national directives and regulation. Its aim 
is to be the referent metrological sustainable infrastructure dedicated to pollution monitoring. 
This hub of excellence will be a reference for state of the art metrology on pollution monitoring 
for end users. It will demonstrate metrology added value in the pollution monitoring chain of 
measurements. 

This communication will present EMN POLMO. It will highlight how this network will 
establish science to policy dialogue (S2PD) and become an EU-wide metrology hub of 
excellence supporting stakeholders (regulators to end users) to address current, emerging and 
novel metrological needs and challenges related to pollution monitoring. 
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Complex analytical techniques - laboratory role in the 
development of biofuels and alternative fuels 

Tatjana Tomić*1; Jelena Parlov Vuković 

Abstract: 

In order to ensure energy sources that are environmentally friendly, which do not 
negatively affect the ecological system, the development of biofuels and alternative fuels has 
been significant in recent years. Biofuels are environmentally friendly alternative fuels 
produced from animal or plant origins while alternative fuels are defined as fuels or energy 
sources that serve as a substitute for fossil fuel sources in the energy supply and that have the 
potential to contribute to the decarbonization of the transport system and improve the 
environmental efficiency of the transport sector. The development of new types of ecological 
friendly fuels goes with the development of new and more efficient analytical procedures for 
both monitoring the fuel composition and properties. Spectroscopic and chromatographic 
methods, either alone or in combination with other test methods, are often used in the analysis 
of biofuels and alternative fuels. The advantages of these methods are their sensitivity, 
selectivity and precision. Laboratories before primarily used for the analysis of oil fractions and 
commercial petroleum products are significantly transformed into laboratories that support the 
development of biofuels and alternative fuels. This paper presents a review of the development 
of spectroscopic and chromatographic analytical methods to support the development of 
biofuels and alternative fuels in oil laboratory. 
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