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Welcome 

 
 

Dear participants of the 1st European Sample Preparation e-Conference, 

 
On behalf of the Organizing Committee of the EuChemS-DAC Sample Preparation Study 

Group and Network, it is our distinct pleasure to cordially welcome you to the 1st European 

Sample Preparation Conference from 11 - 12 March, 2021.  

This year, due to pandemic, virtual platform is the international meeting place for chemists 

from all over Europe and overseas, from academic and industrial backgrounds. With key 

theme “Green Sample Preparation”, this European Conference will present contributions 

from new technologies, and extraction techniques, addressing theory, methods or 

applications and highlights of new prospects and developments of current importance in 

analytical extraction and sample pretreatment.  

Thanks to your valuable submissions, the scientific programme provides a good overview 

of the latest research in the area of green sample preparation.  

The online programme will include access to presentations of plenary speakers, oral 

communications and e-posters. The best oral communication and four e-posters will be 

selected by an international jury and awarded for their outstanding research, thanks to 

support from our sponsors. 

One attractive satellite event, on preparation of manuscripts, will be also organized during 

the conference. 

 

We wish all attendees of 1st European Sample Preparation e-Conference an intellectually 

rewarding meeting providing new insights and many creative ideas for the future to come. 

Do not miss this excellent opportunity to share some enthusiasm in exchanging experience 

and ideas!  

 

 

 

   

 

 

 

 

 

 

Slavica Ražić    Elia Psillakis 

 

Chairpersons of the 1st European Sample Preparation e-Conference 
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01. General information 
 
Webex Meetings will be the e-platform used for this web conference. You may download the 
application here: https://www.webex.com/downloads.html 
 
If you already have Webex installed on your computer/mobile, it is strongly recommended to 
download and install the latest Webex upgrades before joining the meeting, in particular, to 
participate in the Breakout sessions. Failing to do that might not permit you to join the Webex meeting 
and Breakout Sessions. 
 
General instructions on how to use Webex and joining a meeting can be found at the Cisco Webex 
Help Center.  
 
The general instructions to Get Started with Cisco Webex Meetings for Attendees can be found here. 
 
Follow this short tutorial to get familiarized with the e-platform.  
 
If there are any questions, please contact: 
Assoc. Prof. Cecilia Cagliero at cecilia.cagliero@unito.it 
 
During the event if there are any technical problems or requests you may contact: 
cecilia.cagliero@unito.it 
or 
sampleprep@enveng.tuc.gr 
 
 
Please note, that all participants are requested to connect at least 10 min before session/talks to 
ensure sufficient time for admission in the event. 
 

Conference link 
 
Only registered participants will have access to this Webex event. 

 
The Webex link to the meeting is: 

https://unito.webex.com/unito-en/j.php?MTID=m2a3b7e35236c7f44283b5eb74b437b91 

Meeting number: 121 344 4894 

Meeting password: 8zyYi7YdQw3 

 

Instructions for the audience of oral presentations 
 
• The microphones of the audience will be muted during oral presentations. 
• It is recommended that you inactivate your camera during oral presentations. 
• After each talk and depending on the time left, the chairs of each session will decide if there is 

time left for questions to be asked in public. In this case, the microphones will be unmuted and 
you may use your camera if you wish. If you wish to ask a question please "raise your hand" 
and wait for one of the session chairs to unmute you (see image below).  
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• If there is no time left for questions you may (i) use Chat to reach the speaker privately or (ii) ask 
the Chairs to create a Breakout session for discussing with the speaker the results presented. 

Instructions for oral presenters 
 
• Few minutes before the scheduled time of your presentation you will be notified by the Session 

Chair in a private message that your talk is next. 
• You will be permitted to use your microphone and Share your Screen during your oral 

presentation. Please press share and choose the window of your PowerPoint or PDF file to initiate 
your presentation (see image below). More information on how to share can be found here.  

 

Instructions for poster presenters and the audience 
 

All posters will be stored in this Google drive 
 

During each Poster Session, two separate Breakout Sessions will be created. Please, see at this 
link the Best Practices for Participating in Breakout Sessions. 
Please, note that the Breakout sessions are available only on the Cisco Webex Meetings Desktop 
App on WBS40.9 and later sites. 
 

• The Attendees can choose which Breakout Session they prefer to join and open poster files 
stored in Google Drive. 

• The Poster Presenters have to join their assigned session. 
• The Poster Presenters will have two minutes to present their poster. 

Questions in the Breakout Sessions can be asked only using the Chat.  
• Use Chat to address your question to the Chairs for the general broadcast of your question. 
• Request the Chairs to create a Breakout Session for discussing with the poster presenter the 

results/conclusion. 
 

Please note that at any time (i) you can use the Chat to interact with other participants and (ii) ask 
the Chairs to create a Breakout Session for you to interact with other participants 
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Interdisciplinary plenary lectures 
 
“Green Sample Preparation" is the key theme of the 1st European Sample Preparation e-
Conference and interdisciplinary plenary lectures in Green Chemistry will be presented during the 
conference: 

Paul T. Anastas, professor at Yale University, School of the Environment, USA, will present a 
plenary lecture entitled: "The Periodic Table of the Elements of Green and Sustainable 
Chemistry". Professor Paul T. Anastas is credited with establishing the field of green chemistry in 
1991 during his time working for the U.S. Environmental Protection Agency as the Chief of the 
Industrial Chemistry Branch and as the founding Director of the U.S. Green Chemistry Program. Dr. 
Anastas has published widely on topics of science through sustainability. 

Dr. Vania Zuin, professor at the Federal University of São Carlos (Brazil), will present a plenary 
lecture on Green Chemistry entitled: "To prepare or not to prepare samples: what is necessary 
for a green and sustainable extraction of bioactive compounds from agro-industrial wastes". 

Dr. Nora Ventosa, scientific researcher of the Institute of Materials Science of Barcelona (ICMAB) 
of CSIC and delegate at the EuChemS Division of Green and Sustainable Chemistry, will present a 
lecture on the activities and mission of the EuChemS Division of Green and Sustainable Chemistry 
next to the activities of her team. The lecture is entitled: "EuChemS Division of Green and 
Sustainable Chemistry/Compressed CO2: an attractive green solvent for the preparation of 
nanostructured materials". 

 

Satellite event 
 

During the 1st European Sample Preparation e-Conference, a Satellite Event will deal with the 
preparation of manuscripts. Contributors are: 

Prof. František Švec giving a lecture entitled: “Preparation of manuscript that is likely to be accepted 
in high end journal” and  

Prof. Manuel Miró giving a short-lecture entitled: “How to write a scientifically sound review article-
Tips and tricks" 

 
 

Oral and poster awards 
 

We are pleased to announce you that one Oral and four Poster Awards will be granted to the best 
contributions presented by young scientists at the 1st European Sample Preparation e-Conference 
as follows: 

Best Oral Communication Award: 400 €. Sponsored by LECO. 

Best Poster Award: Automation in sample preparation: 250 €. Sponsored by AXEL-SEMRAU. 

Best Poster Award: 250 €. Sponsored by LECO. 

Best Poster Award: 250 €. Sponsored by SHIMADZU. 

Best Poster Award: 250 €. EuChemS-Dac Sample Preparation Study Group and Network. 

The selection of winners will be carried out by our scientific committee based on excellence criteria.  
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0.2 Sponsors 
 
 

GOLD SPONSOR 
 

 
 
 
 
 
 

 
 

SILVER SPONSORS 
 
 
 
 
 
 
 

 
 

SPONSORS 
 
 
  

 

 

 

 

 

 

The event is supported by the European Chemical Society 
 
 
 
 
This Webex event is hosted by  

Dipartimento di Scienza e Tecnologia del Farmaco,  
Università di Torino, Italy 

 

 

The event is supported by COST Action CA 16215 PortASAP 

“European network for the promotion of portable,  
affordable and simple” 
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EuChemS, the European Chemical Society, aims to nurture a platform for scientific discussion 
and to provide a single, unbiased European voice on key policy issues in chemistry and related 
fields. 
 
Representing more than 160,000 chemists from more than 40 Member Societies and other 
chemistry related organisations, EuChemS relies on a unique network of active researchers 
involved in all the fields of chemistry.  Through this network, EuChemS organises several 
specialised academic conferences as well as the biannual EuChemS Chemistry Congress, the 
European congress of chemical sciences. EuChemS also promotes the role and image of the 
chemical sciences among the general public and policy-makers through social media, 
newsletters and through the organisation of conferences and workshops open to the society. 
 
Through the promotion of chemistry and by providing expert and scientific advice, EuChemS 
aims to take part of the solution to today´s major societal challenges. 
 
 

For more information about the European Chemical Society (EuChemS), please visit 
www.euchems.eu or contact us at: 
 

EuChemS aisbl 
Rue du Trône 62 
1050 - Brussels 
Belgium 

Phone: +32 2289 25 67 | +32 2289 26 90   http://on.fb.me/1B8Qa0n 

Email: secretariat@euchems.eu   https://twitter.com/EuCheMS 
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Learn more about LECO  
and book a free ticket to  
our Virtual Trade Show:

WWW.LECO.SHOW

DISCOVER THE POWER 
OF LECO GC×GC & 
TOF TECHNOLOGY TO 
EMPOWER YOUR LAB!
Do you need high quality GC-MS separations and 
detection of multiple analytes in complex matrices?  
LECO SepSci GC-TOF-MS and GC×GC-TOF-MS products 
provide unrivalled solutions for both target and non-target 
analysis applications.

Take advantage of the sensitivity, robustness and versatility 
of LECO instruments and enhance your analysis.

VISIT US 

ONLINE 

EU.LECO.COM
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The cube of food analysis
In order to comply with the General Food Law 
Regulations of the European Commission (EC),  
the European food industry needs a full range  
of analytical tools, indispensable for research, 
development and quality control. Whether high-
throughput QA /QC laboratories in agriculture,  
flavor & fragrances, food & beverages or food  
processing and packaging, Shimadzu provides 
instruments and software solutions for every  
analytical challenge. 
 
Serving all food industries 
with high-speed analysis of food and drinks  
ingredients and contaminants  
 

Complete range of analytical instrumentation 
including chromatography, mass-spectrometry, 
spectroscopy and material testing 
 
Total support from farm to fork 
providing tools for monitoring food safety from 
production to packaging 
 
Access to expert knowledge 
through download of free of charge application 
handbook

www.shimadzu.eu/food

Download  
now
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03. Participants map 
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04. Scientific Programme at a glance 
 

 
Please mind that the detailed programme is scheduled for CET (Belgium, Croatia, Czech 
Republic, Denmark, France, Germany, Italy, Norway, Poland, Serbia, Slovenia, Spain, and 
Switzerland). The schedule for GMT (Portugal, and the UK) and EET (Cyprus and Greece) is also 
indicated here. For Turkey EET+1h should be applied. Non-European participants are advised to 
calculate their local time by using the GMT. 
 

 
 

  

CET Thursday, 11 March 2021 GMT EET CET Friday, 12 March 2021 GMT EET

09:00 Opening Session 08:00 10:00 09:00 Oral Session-O5 08:00 10:00

09:10 Plenary Lecture 08:10 10:10

09:30 Oral Session-O1 08:30 10:30

10:30 Break 09:30 11:30 10:30 Break 09:30 11:30

11:00 Oral Session-O2 10:00 12:00 11:00 Oral Session-O6 10:00 12:00

12:00 Satellite Event 11:00 13:00 12:00 Round Table Discussion 11:00 13:00

13:00 Poster Sessions A & B 12:00 14:00 13:00 Poster Sessions C & D 12:00 14:00

14:00 Oral Session-O3 13:00 15:00 14:00 Oral Session-O7 13:00 15:00

15:15 Break 14:15 16:15

15:30 Oral Session-O4: Young Scientists 14:30 16:30 15:30 Break 14:30 16:30

15:45 Oral Session-O8 14:45 16:45

16:30 Plenary Lecture 15:30 17:30

16:50 Plenary Lecture 15:50 17:50

17:10 One-to-one meetings 16:10 18:10 17:10 Closing Session/Awards 16:10 18:10
17:30 16:30 18:30 17:30 16:30 18:30



xvi 
 

05. Scientific Programme – detailed schedule 
 

The programme schedule is given in CET 
 

 

 
Thursday, 11 March 2021 

 
9:00 - 9:10 Opening Session: 

S. Ražić, Chair of EuChemS-DAC, University of Belgrade, Serbia  
E. Psillakis, Head of EuChemS-DAC Sample Preparation Study Group and Network,  
                     Technical University of Crete, Greece 

  

Oral 
Session O1 

Chairs: S. Ražić, E. Psillakis 

9:10 - 9:30 PL1. To Prepare or not to Prepare Samples: What is Necessary for a 
Green and Sustainable Extraction of Bioactive Compounds from Agro-
industrial Wastes   
V.G. Zuin1-3. 
(1) Department of Chemistry, Federal University of São Carlos, Rod. Washington Luís (SP-310), km 235, 13565-
905, São Carlos, SP, Brazil. 
(2) Institute of Sustainable and Environmental Chemistry, Leuphana University, Universitätsallee 1, 21335, 
Lüneburg, Germany. 
(3) Green Chemistry Centre of Excellence, University of York, Heslington, York, YO10 5DD, UK. 

9:30 - 9:45 O-1. Electromembrane Extraction – Sample Preparation Based on 
Electrokinetic Extraction Across a Supported Liquid Membrane 
S. Pedersen-Bjergaard1,2. 
(1) Department of Pharmacy, University of Oslo, P.O. Box 1068 Blindern, 0316 Oslo, Norway. 
(2) Department of Pharmacy, Faculty of Health and Medical Sciences, University of Copenhagen, Universitetsparken 
2, 2100 Copenhagen, Denmark. 

9:45 - 10:00 O-2. Ionic Liquids: An “Old” Class of Chemicals of High Interest in 
Modern Sample Preparation and Analysis 
C. Bicchi, C. Cagliero. 
Laboratory of Pharmaceutical Biology and Food Chemistry. Dipartimento di Scienza e Tecnologia del Farmaco, 
Università di Torino, Torino, Italy. 

10:00 - 10:15 O-3. In Situ Growth of Imidazolium-based Porous Organic Polymer via 
Controlled Polymerization in Confined Space for In Vivo Microextraction 
G. Ouyang1, Q. Hu1, H. Fang2, J. Huang1, X. Liu1, J. Xu2, J. Zhang2. 
(1) KLGHEI of Environment and Energy Chemistry, School of Chemistry, Sun Yat-sen University, Guangzhou, 
Guangdong 510275, China.  
(2) MOE Laboratory of Polymeric Composite and Functional Materials, School of Materials Science and Engineering, 
Sun Yat-sen University, Guangzhou 510275, China. 

10:15 - 10:30 O-4. Bead Injection as In-Line Renewable Solid-Phase Extraction 
Approach: Is There Room for Improvement? 
M. Miró. 
FI-TRACE Group, Department of Chemistry, University of Balearic Islands, Carretera de Valldemossa, Km 7.5, E 
07122, Palma de Mallorca, Spain. 

10:30 - 11:00 Coffee Break 
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Oral 
Session O2 

Chairs: M. Segundo, S. Pedersen-Bjergaard 

11:00 - 11:15 O-5. Sustainable Supports for Microextraction 
R. Lucena, S. Cárdenas. 
Departamento de Química Analítica, Instituto Universitario de Investigación en Química Fina y Nanoquímica (IUNAN), 
Universidad de Córdoba, Campus de Rabanales, Edificio Marie Curie, E-14071 Córdoba, Spain. 

11:15 - 11:30 O-6. Mixed-mode Amphoteric Materials to Solid-Phase Extract Ionisable 
Compounds from Environmental Waters 
N. Fontanals1, J.C. Nadal1, F. Borrull1, P.A.G. Cormack2, R.M. Marcé1. 
(1)  Department of Analytical Chemistry and Organic Chemistry, Universitat Rovira i Virgili, Sescelades Campus, 
Marcel·lí Domingo 1, 43007 Tarragona, Spain. 
(2) WestCHEM, Department of Pure and Applied Chemistry, University of Strathclyde, Thomas Graham Building, 295 
Cathedral Street, Glasgow, G1 1XL, Scotland, United Kingdom. 

11:30 - 11:45 O-7. An Innovative Green Protocol for the Quantification of 
Benzothiazoles, Benzotriazoles and Benzenesulfonamide in PM10 Using 
Microwave-Assisted Extraction Coupled with Solid-Phase 
Microextraction Gas Chromatography Tandem-Mass Spectrometry 
A. Naccarato1, A. Tassone1, M. Martino1, R. Elliani2, F. Sprovieri1, N. Pirrone1, A. Tagarelli2.  
(1) CNR-Institute of Atmospheric Pollution Research, c/o UNICAL polifunzionale – 87040 Rende (CS), Italy.  
(2) Dipartimento di Chimica e Tecnologie Chimiche, Università della Calabria – 87040 Rende (CS), Italy. 
 

11:45 - 12:00 O-8. Combining Headspace Microextraction Approaches with 
Miniaturized Detection Systems and IT Equipment for Determination of 
Anionic Species 
F. Pena-Pereira, I. Lavilla, C. Bendicho.  
Centro de Investigación Mariña, Universidade de Vigo, Departamento de Química Analítica e Alimentaria, Grupo QA2, 
36310 Vigo, España.  

 
 

12:00 - 12:30 

 

 

12:30 – 12:40 

12:40 – 12:50 
 

 

12:50 – 13:00 

Satellite Event: The art of scientific publication 
Chair: S.A. Ozkan 
Preparation of Manuscript That is Likely to be Accepted in High End 
Journal 
F. Švec 
Faculty of Pharmacy in Hradec Kralove, Charles University, Prague, Czech Republic 

Q&A 

How to Write a Scientifically Sound Review Article-Tips and Tricks 
M. Miró. 
FI-TRACE Group, Department of Chemistry, University of Balearic Islands, Carretera de Valldemossa, Km 7.5, E 
07122, Palma de Mallorca, Spain 

Q&A 

  

Poster 
Session A 

Chairs: S. Ražić, M. Zoccali 

13:00 - 14:00 Parallel poster session Break Room PS-A  

Poster 
Session B 

Chairs: R. Lucena, G. Purcaro 

13:00 - 14:00 Parallel poster session Break Room PS-B 
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Oral 
Session O3 

Chairs: S.A. Ozkan, F. Pena-Pereira 

14:00 - 14:15 O-9. Ionic Liquids for Micro-Scale Extractions from Plants: From the 
Plant Genome to the Plant Metabolome 
C. Cagliero1, A. Marengo1, G. Mastellone1, B. Sgorbini1, C. Bicchi1, V. Pino2, J. Anderson3, 
P. Rubiolo1. 
(1) Dipartimento di Scienza e Tecnologia del Farmaco, Università degli Studi di Torino, I-10125 Torino, Italy. 
(2) Laboratorio de Materiales para Análisis Químicos (MAT4LL), Departamento de Química, Unidad Departamental 
de Química Analítica, Universidad de La Laguna (ULL), 38206 Tenerife, Spain. 
(3) Ames Laboratory—USDOE and Department of Chemistry, Iowa State University, Ames, IA 50011, USA. 

14:15 - 14:30 O-10. Task Specific Ionic Liquids Based on 2-mercaptobenzothiazole for 
Selective Extraction of Cd 
T. Trtić-Petrović1, I. Pušica1, S. Ražić2, M. Vraneš3, S. Papović3, S. Gadžurić3.  
(1) University of Belgrade, Vinča Institute of Nuclear Sciences, National Institute of the Republic of Serbia, P.O.Box 
522, 11001 Belgrade, Serbia. 
(2) University of Belgrade, Faculty of Pharmacy - Department of Analytical Chemistry, Belgrade, Serbia. 
(3) University of Novi Sad, Faculty of Sciences, Department of Chemistry, Biochemistry and Environmental 
Protection, Trg Dositeja Obradovića3, 21000 Novi Sad, Serbia. 

14:30 - 14:45 O-11. Modeling the Effect of Temperature on Solid-Phase 
Microextraction of Volatile Organic Compounds from Air Using Finite 
Element Analysis 
B. Kenessov, D. Orazbayeva, N.V. Bakaikina, A. Kapar, A. Muratuly, B. Bukenov. 
Center of Physical Chemical Methods of Research and Analysis, Al-Farabi Kazakh National University, 96A Tole bi 
street, Almaty, 050012, Kazakhstan. 

14:45 - 15:00 O-12. The Impact of Solid Phase Microextraction (SPME) Adsorbent 
Properties on Analytical Performance 
D. Mendivelso1, O. Shimelis1, S. Shollenberger1, F. Michel2, K. Buckendahl1. 
(1) MilliporeSigma, 595 N. Harrison Road, Bellefonte, PA 16823 USA. 
(2) Sigma-Aldrich Chemie GmbH, Eschenstraße 5, 82024 Taufkirchen, Germany. 

15:00 - 15:15 O-13. Asking Better Questions in Microextraction 
E. Psillakis. 
Laboratory of Aquatic Chemistry, School of Environmental Engineering, Technical University of Crete, GR-73100, 
Chania, Crete, Greece. 

  

15:15 - 15:30 Coffee Break 

  

Oral 
Session O4 

OS Young Scientists 
Chairs: E. Psillakis, R. Lucena 

15:30 - 15:40 O-14. Microfluidic Paper-Based Analytical Devices for Sample 
Preparation and Rapid Detection 
Y. Pan1,2, Z. Yang2.  
(1) School of Engineering, University of Glasgow, Glasgow, G12 8LT, UK. 
(2) Cranfield Water Science Institute, Cranfield University, Bedfords, MK43 0AL, UK.  

15:40 - 15:50 O-15. Miniaturized Active Air Sampling Method for the Analysis of Tire 
Rubber Pollutants from Indoor and Outdoor Places 
D. Armada1, M. Celeiro1, A. Martínez-Fernández1, P. Nurerk1, 2, T. Dagnac3, M. Llompart1.  
(1) CRETUS Institute, Department of Analytical Chemistry, Nutrition and Food Science, Universidade de Santiago 
de Compostela, E-15782, Santiago de Compostela, Spain.  
(2) Functional Materials and Nanotechnology Center of Excellence, School of Science, Walailak University, Nakhon 
Si Thammarat 80160, Thailand. 
(3) Agronomic and Agrarian Research Centre (AGACAL-CIAM), Galician Agency for Food Quality, Unit of Organic 
Contaminants, Apartado 10, E-15080, A Coruña. Spain. 
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15:50 - 16:00 O-16. Column Switching for Automated Online Enrichment and 
Separation of Polar and Nonpolar Analytes from Aqueous Matrices 
K. Kochale1,2, T. Teutenberg1, T.C. Schmidt2. 
(1) Institut für Energie- und Umwelttechnik e.V., Bliersheimer Strasse 58-60, 47229 Duisburg. 
(2) University Duisburg-Essen, Universitaetsstrasse 5, 45141 Essen. 

16:00 - 16:10 O-17. Chromatographic Fingerprinting and Accurate Quantitative 
Profiling by Multiple Headspace Solid Phase Microextraction and 
Differential-Flow Modulated Comprehensive Two-Dimensional Gas 
Chromatography: The Aroma Blueprint of Extra Virgin Olive Oil 
F. Stilo1, C. Bicchi1, S. E. Reichenbach2,3, J. McCurry4, D. Peroni5, C. Cordero1.  
(1) Institut für (1) University of Turin, Dipartimento di Scienza e Tecnologia del Farmaco - Via Pietro Giuria 9, 
10125, Torino, Italy. 
(2) Computer Science and Engineering Department, University of Nebraska,256 Avery Hall, Lincoln, NE 68588, USA 
(3) GC Image LLC – 201 N 8th St Unit 420, Lincoln, NE 68508, USA 
(4) Agilent Technologies, Gas Phase Separations Division – 2850 Centerville Rd, Wilmington, DE 19808, USA  
(5) SRA Intruments SpA – Via alla Castellana 3, 20063, Cernusco sul Naviglio, Italy 

16:10 - 16:20 O-18. Working Towards Comprehensive Steroid Detection in Urine via 
Targeted MIPs Clean-up and Fully Automated GCxGC-MS Analysis. 
R. A. Hand1,2, G. Morgan2, T. Bassindale3, N. Turner1.  
(1) School of Pharmacy, De Montfort University, Leicester, LE2 9BH, UK. 
(2) School of Physical Sciences, The Open University, Milton Keynes, MK7 6AA, UK.  
(3) Department of Biosciences and Chemistry, Sheffield Hallam University, Sheffield, S1 1WB, UK. 

16:20 - 16:30 O-19. Lab-In-Syringe Automated Double-Stage Extraction for the 
Determination of Sulfonamides Antibiotics in Urine 
K. Fikarová, B. Horstkotte, D. Machián, H. Sklenářová, P. Solich.  
Charles University, Faculty of Pharmacy in Hradec Králové, Department of Analytical Chemistry, Akademika 
Heyrovského 1203, 500 05 Hradec Králové, Czech Republic.  

16:30 - 16:40 O-20. Fabric Phase Sorptive Extraction Followed by Gas 
Chromatography-Tandem Mass Spectrometry for the Analysis of 
Multiclass Fungicides in Water 
L. Vázquez1, M. Celeiro1, T. Dagnac2, A. Kabir3, M. Llompart1.  
(1) CRETUS Institute, Department of Analytical Chemistry, Nutrition and Food Science, Faculty of Chemistry, 
Universidade de Santiago de Compostela, E-15782, Santiago de Compostela, Spain.  
(2) Agronomic and Agrarian Centre (AGACAL-CIAM), Unit of Organic Contaminants, Apartado 10, E-15080, A 
Coruña, Spain.  
(3) International Forensic Research Institute, Department of Chemistry and Biochemistry, Florida International 
University, Miami, FL-33199, USA. 

16:40 - 16:50 O-21. Menthol-Based Deep Eutectic Solvent Dispersive Liquid-Liquid 
Microextraction: A Simple and Quick Approach for the Analysis 
Extraction of Phthalic Acid Esters from Water, Beverages and Infusions 
J. González-Sálamo1,2, C. Ortega-Zamora1, G. Jiménez-Skrzypek1, C. Hernández-
Sánchez2,3, J. Hernández-Borges1,2. 
(1) Universidad de La Laguna, Departamento de Quı́mica, Unidad Departamental de Quı́mica Analı́tica, Facultad de 
Ciencias, Avda. Astrofísico Fco. Sánchez, s/n°. 38206 San Cristóbal de La Laguna, Spain.  
(2) Universidad de La Laguna, Instituto Universitario de Enfermedades Tropicales y Salud Pública de Canarias, 
Avda. Astrofísico Fco. Sánchez, s/n°. 38206 San Cristóbal de La Laguna, Spain.(3) Universidad de La Laguna, 
Departamento de Obstetricia y Ginecologı́a, Pediatrı́a, Medicina Preventiva y Salud Pública, Toxicologı́a, Medicina 
Forense y Legal y Parasitologı́a, Área de Medicina Preventiva y Salud Pública, Escuela Politécnica Superior de 
Ingenierı́a, Sección de Náutica, Máquinas y Radioelectrónica Naval, Vía Auxiliar Paso Alto, n° 2. 38001 Santa Cruz 
de Tenerife, Spain. 

16:50 - 17:00 O-22. Fabric Phase Sorptive Extraction: A Convenient Tool for 
Therapeutic Drug Monitoring, Illicit Drug Investigation and Other 
Clinical/Toxicological Study Using Unconventional Biological Fluids 
A. Tartaglia1, A. Kabir2, H.I. Ulusoy3, G.M. Merone4, F. Savini5, C. D'Ovidio6, E. Rosato1, U. 
De Grazia7, K.G. Furton2, M. Locatelli1. 
(1) Department of Pharmacy, University of Chieti–Pescara “G. d’Annunzio”, Via dei Vestini 31, Chieti 66100, Italy.  
(2) Department of Chemistry and Biochemistry, Florida International University, 11200 SW 8th St, Miami, FL 33199, 
USA. 
(3) Department of Analytical Chemistry, Faculty of Pharmacy, Cumhuriyet University, Sivas 58140, Turkey.  
(4) Department of Neuroscience, Imaging and Clinical Sciences, University of Chieti–Pescara “G. d’Annunzio”, 66100 
Chieti, Italy.  
(5) Pharmatoxicology Laboratory—Hospital “Santo Spirito”, Via Fonte Romana 8, Pescara 65124, Italy.  



xx 
 

(6) Department of Medicine and Aging Sciences, Section of Legal Medicine, University of Chieti–Pescara “G. 
d’Annunzio”, Chieti 66100, Italy.  
(7) Fondazione IRCCS Istituto Neurologico Carlo Besta, Laboratory of Neurological Biochemistry and 
Neuropharmacology, Via Celoria 11, Milan 20133, Italy. 

17:00 - 17:10 O-23. Electromembrane Extraction Using Deep Eutectic Solvents As 
Liquid Membrane 
F.A. Hansen1, E. Santigosa-Murillo2, M. Ramos-Payán3, M. Muñoz2, E. Leere Øiestad4, S. 
Pedersen-Bjergaard1,5.  
(1) Department of Pharmacy, University of Oslo, P.O. Box 1068 Blindern, 0316 Oslo, Norway. 
(2) Department of Analytical Chemistry, Universitat Autónoma de Barcelone, 08193 Bellaterra, Barcelona, Spain. 
(3) Department of Analytical Chemistry, University of Seville, 41012 Seville, Spain. 
(4) Oslo University Hospital, Division of Laboratory medicine, Department of Forensic Sciences, P.O. Box 4459 
Nydalen, 0424 Oslo, Norway. 
(5) School of Pharmaceutical Sciences, Faculty of Health and Medical Sciences, University of Copenhagen, 
Universitetsparken 2, 2100 Copenhagen, Denmark.  

 
17:10 – 17:30 One-to-one meetings 
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Friday, 12 March 2021 

 
Oral 
Session O5 

Chairs: S. Ražić, R. Lucena 

9:00 - 9:15 O-24. Sample Introduction and Multidimensionality as Part of Sample 
Preparation 
G. Purcaro.  
Gembloux Agro-Bio Tech, University of Liege, Passage des Déportés, 2, Gembloux, B-5030, Belgium.  

9:15 - 9:30 O-25. Automatization and Miniaturization of Sample Preparation of Food 
and Biological Samples for Lipidomics Studies 
D. Donnarumma1, G. Micalizzi1, F. Rigano2, L. Mondello1,2,3,4.  
(1) Chromaleont s.r.l., Messina, Italy. 
(2) University of Messina, Messina, Italy, 
(3) BeSep s.r.l., Messina, Italy. 
(4) University Campus Bio-Medico of Rome, Rome, Italy. 

9:30 - 9:45 O-26. Automated Analysis of 2-,3-MCPD and Glycidyl Esters in Edible 
Oils and Fats 
T. Cucu, C. Devos, F. David, P. Sandra. 
RIC, Pres. Kennedypark 26, B-8500 Kortrijk, Belgium. 

9:45 - 10:00 O-27. Aroma Discovery of Low-cost to Luxury Honey Using a High-
Capacity Sorptive Extraction Technique (HiSorb) and Gas 
Chromatography Mass Spectrometry 
N.D. Spadafora1-2, R. Szafnauer1, R. Cole1, L. McGregor3, N. Bukowski1.  
(1) Markes International Ltd, Gwaun Elai Medi-Science Campus, Llantrisant, RCT, CF72 8XL, UK 
(2) Department of Biology, Ecology and Earth Sciences, University of Calabria, Via Ponte P. Bucci Cubo 6b, 87036, 
Arcavacata Di Rende, Cosenza, Italy.  
(3) SepSolve Analytical Ltd, 4 Swan Court, Hampton, PE7 8GX, Peterborough, UK. 

10:00 - 10:15 O-28. Determination of 2-Methyisoborneol and Geosmin as Malodours 
in Catfish for Quality Control Using a Fully Automated Sample Prep 
Platform Coupled with Gas Chromatography and Mass Spectrometry 
R. Szafnauer1, R. Cole1, L. McGregor2, N. Bukowski1, N.D. Spadafora1-3.  
(1) Markes International Ltd, Gwaun Elai Medi-Science Campus, Llantrisant, RCT, CF72 8XL, UK. 
(2) SepSolve Analytical Ltd, 4 Swan Court, Hampton, PE7 8GX, Peterborough, UK. 
(3) Department of Biology, Ecology and Earth Sciences, University of Calabria, Via Ponte P. Bucci 6b, 87036, 
Arcavacata Di Rende, Cosenza, Italy. 

10:15 - 10:30 O-29. Development of A Low-Cost, Lab-Made Y-Interface for LC-GC 
Coupling for On-line Analysis in a Fully Automatized Way of Mineral Oils 
in Food Samples. 
M. Zoccali1, A. Arena1, P.Q. Tranchida1, L. Mondello1,2,3,4.  
(1) University of Messina, Messina, Italy. 
(2) Chromaleont s.r.l., Messina, Italy. 
(3) BeSep s.r.l., Messina, Italy. 
(4) University Campus Bio-Medico of Rome, Rome, Italy. 

  

10:30 - 11:00 Coffee Break 
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Oral 
Session O6 

Chairs: M. Miró, A. Martín-Esteban 

11:00 - 11:15 O-30. 3D-printed Stirring Cages for Semi-Dispersive Fibrous Sorbent 
Extraction of Bisphenols 
B. Horstkotte, I.H. Šrámková, D. Šatínský, P. Solich.  
Charles University, Faculty of Pharmacy, Department of Analytical Chemistry, Akademika Heyrovského 1203, 5005 
Hradec Králové, Czech Republic. 

11:15 - 11:30 O-31. Automation of Immunoaffinity Extraction Using the Bead Injection 
Concept 
M.A. Segundo, S.S. Marques, I.I. Ramos, L. Barreiros.  
LAQV, REQUIMTE, Department of Chemical Sciences, Faculty of Pharmacy, University of Porto, R Jorge Viterbo 
Ferreira, 228, 4050-313 Porto, Portugal. 

11:30 – 11:45 O-32. Combining Lab-In-Syringe with Bead-Injection for 
Preconcentration of Nonsteroidal Anti-Inflammatory Drugs in Surface 
Waters Coupled Online to High Performance Liquid Chromatography 
C.V. Gemuh, B. Horstkotte, P. Solich.  
Department of Analytical Chemistry, Faculty of Pharmacy, Charles University, Akademika Heyroyskeho 1203, 500 
05 Hradec Kralove, Czech Republic. 

11:45 - 12:00 O-33. Automated Monitoring in Sequential Injection Analysis 
H. Sklenářová1, R. Ernest1, B. Horstkotte1, M. Miró1,2, P. Solich1. 
(1) Charles University, Faculty of Pharmacy, Akademika Heyrovského 1203, 500 05 Hradec Králové, Czech 
Republic. 
(2) FI-TRACE group, Department of Chemistry, University of the Balearic Islands, Palma de Mallorca, Spain. 

  

12:00 - 13:00 Round Table Discussion: Green Sample Preparation 
Moderators: V. Zuin, S.A. Ozkan, Á.I. López-Lorente, S. Pedersen-Bjergaard, E. 
Psillakis 
 

  

Poster 
Session C 

Chairs: M. Segundo, E. Psillakis 

13:00 - 14:00 Parallel poster session Break Room PS-C  

Poster 
Session D 

Chairs: S. Ražić, M. Zoccali 

13:00 - 14:00 Parallel poster session Break Room PS-D 
  

Oral 
Session O7 

Chairs: G. Purcaro, F. Pena-Pereira 

14:00 - 14:15 O-34. Magnetic Dispersive Solid-Phase Extraction Using a Zeolite-Based 
Composite for Direct Electrochemical Determination of Lead(II) in Urine 
Using Screen-Printed Electrodes 
L. Vidal1, E. Fernández1, J. Silvestre-Albero2, A. Canals1.  
(1) Departamento de Química Analítica, Nutrición y Bromatología e Instituto Universitario de Materiales, Universidad 
de Alicante, E-03080 Alicante, Spain. 
(2) Laboratorio de Materiales Avanzados, Departamento de Química Inorgánica-Instituto Universitario de Materiales, 
Universidad de Alicante, E-03080 Alicante, Spain. 
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14:15 - 14:30 O-35. Influence of Sampling Trap Materials on the Volatilome From In 
Vitro and Ex Vivo Samples 
F.A. Franchina, D. Zanella, T. Dejong, J.-F. Focant. 
Organic and Biological Analytical Chemistry Group, MolSys, University of Liège, Belgium.  

14:30 - 14:45 O-36. Fabric Phase Sorptive Membrane Array: A Novel Approach for 
Non-Invasive In Vivo Sampling for Disease Diagnosis, Air Pollution 
monitoring, and Beyond 
M. Locatelli1, A. Tartaglia1, H.I. Ulusoy2, S. Ulusoy3, F. Savini4, S. Rossi4, F. Santavenere4, 
G.M. Merone5, E. Bassotti6, C. D’Ovidio7, E. Rosato7, K.G. Furton8, A. Kabir8. 
(1) Department of Pharmacy, University of Chieti–Pescara “G. d’Annunzio”, Via dei Vestini 31, Chieti 66100, Italy.  
(2) Department of Analytical Chemistry, Faculty of Pharmacy, Cumhuriyet University, Sivas 58140, Turkey.  
(3) Department of Chemistry, Faculty of Science, Cumhuriyet University, Sivas 58140, Turkey.  
(4) Pharmatoxicology Laboratory—Hospital “Santo Spirito”, Via Fonte Romana 8, Pescara 65124, Italy.  
(5) Department of Neuroscience, Imaging and Clinical Sciences, University of Chieti–Pescara “G. d’Annunzio”, 66100 
Chieti, Italy.  
(6) R&D Department Eureka Lab Division, Chiaravalle, Italy.  
(7) Department of Medicine and Aging Sciences, Section of Legal Medicine, University of Chieti–Pescara “G. 
d’Annunzio”, Chieti 66100, Italy.  
(8) Department of Chemistry and Biochemistry, Florida International University, 11200 SW 8th St, Miami, FL 33199, 
USA. 

14:45 - 15:00 O-37. Application of New HLB Solid Phase Extraction Towards Analysis 
of Pharmaceuticals in Plasma Samples 
F. Michel1, M.J. Ross2, O. Shimelis2, C. Price2. 
(1) Sigma-Aldrich Chemie GmbH, Eschenstraße 5, 82024 Taufkirchen, Germany. 
(2) MilliporeSigma, 595 N. Harrison Road, Bellefonte, PA 16823 USA. 

15:00 - 15:15 O-38. Measurement of Protein Binding Property of Drugs Using High-
Throughput Automated Solid Phase Microextraction and LC-MS/MS 
Detection 
O. Shimelis1, M.J. Ross1, F. Michel2. 
(1) MilliporeSigma, 595 N. Harrison Road, Bellefonte, PA 16823 USA. 
(2) Sigma-Aldrich Chemie GmbH, Eschenstraße 5, 82024 Taufkirchen, Germany. 

15:15 - 15:30 O-39. Matrix Modifiers to Improve SPME Performances for Analytes 
Heavily Bound to Biological Samples 
M. Tascon1, G.A. Gómez-Ríos2.  
(1) Instituto de Investigación e Ingeniería Ambiental (IIIA-CONICET), Universidad Nacional de San Martín (UNSAM), 
San Martín, 1650 Buenos Aires, Argentina.  
(2) 2Restek Corporation, 110 Benner Circle, Bellefonte, PA 16823, USA. 

 
15:30 - 15:45 Coffee Break 

  

Oral 
Session O8 

Chairs: S. Pedersen-Bjergaard, M. Miró 

15:45 - 16:00 O-40. Hollow-Fiber Supported Liquid Membranes and Molecularly 
Imprinted Polymers as Solid Acceptor Phase for Highly Selective 
Extractions 
A. Martín-Esteban, E. Turiel, M. Díaz-Álvarez. 
Departamento de Medio Ambiente y Agronomía. INIA. Carretera de A Coruña km. 7. 28040 Madrid. Spain.  

16:00 - 16:15 O-41. Biofluid Sampler: Beginning of a New Era of Mail-in-Analysis of 
Whole Blood Sample 
A. Kabir1, A. Tartaglia2, C. D'Ovidio3, E. Rosato2, H.I. Ulusoy4, K.G. Furton1, M. Locatelli2. 
(1) Department of Chemistry and Biochemistry, Florida International University, 11200 SW 8th St, Miami, FL 33199, 
USA. 
(2) Department of Pharmacy, University of Chieti–Pescara “G. d’Annunzio”, Via dei Vestini 31, Chieti 66100, Italy.  
(3) Department of Medicine and Aging Sciences, Section of Legal Medicine, University of Chieti–Pescara “G. 
d’Annunzio”, Chieti 66100, Italy. 
(4) Department of Analytical Chemistry, Faculty of Pharmacy, Cumhuriyet University, Sivas 58140, Turkey. 
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16:15 - 16:30 O-42. Advances in Ionic Liquid-Based Sorbent Materials for Sample 
Preparation 
J.L. Anderson.  
Iowa State University, 1605 Gilman Hall, Ames, IA. 50011 USA. 
 

16:30 - 16:50 PL2. EuChemS Division of Green and Sustainable Chemistry/ 
Compressed CO2: An Attractive Green Solvent for the Preparation of 
Nanostructured Materials 
N. Ventosa  
Nanomol – TECNIO, Institut de Ciència de Materials de Barcelona (CSIC)-CIBER-BBN, Campus de UAB, 08193, 
Bellaterra, Barcelona, Spain 
 

16:50 - 17:10 PL3. The Periodic Table of the Elements of Green and Sustainable 
Chemistry 
P.T. Anastas1,2 

(1) Yale University, School of the Environment, 195 Prospect St., New Haven, CT 06511, United States. 
(2) Yale Center for Green Chemistry and Green Engineering, 370 Prospect St., New Haven, CT 06511, United 
States. 

 
17:10 - 17:30 Closing ceremony and awards 

 
Chairs: S. Ražić, E. Psillakis 
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Poster Sessions 

  
 
Two parallel poster sessions (PS-A and PS-B) are scheduled on Thursday, 11 March (CET 13:00 - 
14:00) and another two poster sessions (PS-C and PS-D) on Friday, 12 March (CET 13:00 - 14:00). 

 
Thursday, 11 March 2021 

13:00 - 14:00 
 
PS-A Chairs: S. Ražić, M. Zoccali 

P1. Capsule Phase Microextraction of Selected Polycyclic Aromatic Hydrocarbons 
from Water Samples Prior to their Determination by GC-MS 
N. Manousi1, A. Kabir2, K.G. Furton2, E. Rosenberg3, G.A. Zachariadis1.  
(1) Laboratory of Analytical Chemistry, Department of Chemistry, Aristotle University of Thessaloniki, Thessaloniki 54124, Greece, 
nmanousi@chem.auth.gr. 
(2) International Forensic Research Institute, Department of Chemistry and Biochemistry, Florida International University, Miami, FL, 
USA. 
(3) Institute of Chemical Technology and Analytics, Vienna University of Technology, 1060 Vienna, Austria. 

P2. Dispersive Liquid-Liquid Microextraction Based on the Solidification of the 
Floating Organic Droplet using a Menthol-Based Deep Natural Eutectic Solvent for 
the Extraction of Phthalic Acid Esters from Soft Drinks and Infusions 
C. Ortega-Zamora1, G. Jiménez-Skrzypek1, J. González-Sálamo1,2, J. Hernández-Borges1,2. 
(1) Universidad de La Laguna, Departamento de Quı́mica, Unidad Departamental de Quı́mica Analı́tica, Facultad de Ciencias, Avda. 
Astrofísico Fco. Sánchez, s/n°. 38206 San Cristóbal de La Laguna, Spain. 
(2) Universidad de La Laguna, Instituto Universitario de Enfermedades Tropicales y Salud Pública de Canarias, Avda. Astrofísico Fco. 
Sánchez, s/n°. 38206 San Cristóbal de La Laguna, Spain. 

P3. Determination of Drugs of Abuse in Saliva Samples via Dual-Template 
Molecularly Imprinted Paper and Direct Infusion Mass Spectrometry 
M.C. Díaz-Liñán, M.T. García-Valverde, R. Lucena, S. Cárdenas, A.I. López-Lorente. 
Departamento de Química Analítica, Instituto Universitario de Investigación en Química Fina y Nanoquímica IUNAN, Universidad de 
Córdoba, Campus de Rabanales, Edificio Marie Curie, E-14071 Córdoba, Spain. 

P4. Magnetic Paper Sorptive Phase for the Extraction of Parabens and Triclosan 
from Swimming Pool Waters 
F.A. Casado-Carmona, R. Lucena, S. Cárdenas. 
Departamento de Química Analítica, Instituto Universitario Nanoquímica (IUNAN), Universidad de Córdoba, Campus de Rabanales, 
Edificio Marie Curie, E-14071, Córdoba, Spain. 

P5. High Throughput Determination of Three Drugs of Abuse by Direct Infusion 
Mass Spectrometry Using Nylon-6 Coated Wooden Toothpicks 
J. Millán-Santiago, R. Lucena, S. Cárdenas. 
Departamento de Química Analítica, Instituto Universitario de Investigación en Química Fina y Nanoquímica (IUNAN), Universidad de 
Córdoba, Campus de Rabanales, Edificio Marie Curie, E-14071 Córdoba, Spain. 

P6. Combining Nanotechnology and Ultrasound: In Situ Synthesis of Magnetic 
Nanocomposite for Mercury Preconcentration 
I. De la Calle, J. Páez-Cabaleiro, V. Romero, I. Lavilla, C. Bendicho.   
Centro de Invstigación Mariña, Universidade de Vigo, Departamento de Química Analítica e alimentaria, Grupo QA2, Edificio 
CC Experimentais, Campus de Vigo, As Lagoas, Marcosende 36310, Vigo, Spain. 
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P7. Development of Magnetic Nano-MIPs for the Selective Extraction of Proteins 
B. Fresco-Cala, T. Rappold, B. Keitel, A.D. Batista, B. Mizaikoff.   
Institute of Analytical and Bioanalytical Chemistry, Ulm University, 89081, Ulm, Germany. 

P8. Preparation, Characterization and Application of C18 Thermally Immobilized 
onto Zirconized Silica as Sorbent for Solid-Phase Extraction 
C.G.A. da Silva, T.S. Justiniano. 
University of Mato Grosso (UFMT), Av. Fernando Correa da Costa, 2367, Boa Esperança, Cuiabá-MT, 78060-900, Brazil. 

P9. Thermal and Ultrasound Pretreatments for Enhancing Phenolic Recovery from 
Different Grape Extracts 
N. Dabetic, V. Todorovic, S. Sobajic. 
Department of Bromatology, Faculty of Pharmacy, University of Belgrade, Vojvode Stepe 450, 11221 Belgrade, Serbia. 

P10. µ-Separation of Petroleum Fractions Using a Metal-Organic Framework 
J. Sundberg, K. Huynh, A.E. Jensen.   
Centre for Oil & Gas, Technical University of Denmark, Elektrovej 375, 2800 Kgs. Lyngby, Denmark. 

P11. Long-Term Evaluation of AAS Quality Control Data for Sample Preparation for 
Metal Analysis–Examples from Practice 
J. Beljin, N. Duduković, K.Z. Tenodi, S. Maletić, S. Rončević.  
Department of Chemistry, Biochemistry and Environmental Protection, Faculty of Sciences, University of Novi Sad, Trg Dositeja 
Obradovica 3, Novi Sad, 21000, Serbia. 

P12. Hollow Fiber Membrane-Protected Molecularly Imprinted Microspheres for 
Micro Solid-Phase Extraction and Clean-Up of Thiabendazole in Citrus Samples 
M. Díaz-Álvarez, A. Martín-Esteban, E. Turiel.   
Departamento de Medio Ambiente y Agronomía. INIA. Carretera de A Coruña km. 7. 28040 Madrid. Spain.  

P13. An Integrated Sample Preparation/Sensing Approach for Iodide Determination 
Involving Polyvinylpyrrolidone-Protected Copper Nanoclusters 
F. Pena-Pereira, N. Capón, L. Placer, I. Lavilla, C. Bendicho. 
Centro de Investigación Mariña, Universidade de Vigo, Departamento de Química Analítica e Alimentaria, Grupo QA2, 36310 Vigo, 
Spain. 

P14. Surface Modified-Magnetic Nanoparticles by Molecular Imprinting For The 
Dispersive Solid-Phase Extraction of Triazines from Environmental Waters 
E. Turiel, M. Díaz-Álvarez, A. Martín-Esteban.  
Departamento de Medio Ambiente y Agronomía. INIA. Carretera de A Coruña km. 7. 28040 Madrid. Spain. 

P15. Multi-Cumulative Trapping HS-SPME to Enhance the Volatile Profile of Extra-
Virgin Olive Oil 
S. Mascrez, G. Purcaro.   
Gembloux Agro-Bio Tech, University of Liege, Passage des Déportés, 2, Gembloux, B-5030, Belgium.   

P16. Vacuum-Assisted Headspace SPME: A Powerful Tool for Extra Virgin Olive Oil 
Profiling Enhancement 
S. Mascrez1, E. Psillakis2, G. Purcaro1.   
(1) Gembloux Agro-Bio Tech, University of Liege, Passage des Déportés, 2, Gembloux, B-5030, Belgium.   
(2) Laboratory of Aquatic Chemistry, School of Environmental Engineering, Technical University of Crete, Chania, Crete GR-73100, 
Greece. 

P17. Improving the Performance of SPME Using Trap‑Based Preconcentration with 
Enrichmen 
R. Szafnauer1, R. Cole1, J.P. Mayser1, N.D. Spadafora1,2.   
(1) Markes International Ltd, Gwaun Elai Medi-Science Campus, Llantrisant, RCT, CF72 8XL, UK. 
(2) Department of Biology, Ecology and Earth Sciences, University of Calabria, Via Ponte P. Bucci 6b, 87036, Arcavacata Di Rende, 
Cosenza, Italy. 
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PS-B Chairs: R. Lucena, G. Purcaro 

P18. Pressurized Hot Water Extraction Combined to SPME and GC×GC for 
Assessment of the Organic Fraction on Oil-bearing Source-rocks 
B.J. Pollo1, P.T.V. Rosa1, F. Augusto1,2.   
(1) University of Campinas (UNICAMP), Cidade Universitária "Zeferino Vaz" 13083-970 Campinas-Brazil. 
(2) National Institute for Science and Bionanalytical Technology (INCTBio), UNICAMP, Campinas-Brazil. 

P19. FPSE-HPLC-PDA Method for Rapid Determination of Solar UV Filters in Human 
Whole Blood, Plasma and Urine 
A. Tartaglia1, M. Locatelli1, C. D'Ovidio2, E. Rosato1, M. Bonelli2, K.G. Furton3, A. Kabir3.  
(1) Department of Pharmacy, University of Chieti–Pescara “G. d’Annunzio”, Via dei Vestini 31, Chieti 66100, Italy. 
(2) Department of Medicine and Aging Sciences, Section of Legal Medicine, University of Chieti–Pescara “G. d’Annunzio”, Chieti 66100, 
Italy.  
(3) Department of Chemistry and Biochemistry, Florida International University, 11200 SW 8th St, Miami, FL 33199, USA. 

P20. Development of a Miniaturized Solid-Phase Microextraction Methodology for 
the Analysis of Volatile and Semivolatile Compounds in Honey 
L. Vázquez1, M. Celeiro1, M. Sergazina1,2, T. Dagnac3, M. Llompart1.  
(1) CRETUS Institute. Department of Analytical Chemistry, Nutrition and Food Science, Universidade de Santiago de Compostela, E-
15782, Santiago de Compostela, Spain.  
(2) Department of Chemistry, Institute of Natural Science and Geography, Abai Kazakh National Pedagogical University, Almaty, 
Kazakhstan.  
(3) Agronomic and Agrarian Research Centre (AGACAL-CIAM), Galician Agency for Food Quality, Unit of Organic Contaminants, 
Apartado 10, E-15080, A Coruña. Spain. 

P21. Can Recycled Crumb Rubber Materials Spread Pollutants in Water? Evaluation 
of Water Leaches from Synthetic Turf Football Fields by HS-SPME-GC-MS/M 
D. Armada1, M. Celeiro1, N. Ratola2, T. Dagnac3, J. de Boer4, M. Llompart1.  
(1) CRETUS Institute, Department of Analytical Chemistry, Nutrition and Food Science, Universidade de Santiago de Compostela, E-
15782, Santiago de Compostela, Spain.  
(2) LEPABE Laboratory for Process Engineering, Environment, Biotechnology and Energy, Faculty of Engineering, University of Porto, 
Rua Dr. Roberto Frias S/n, 4200-465, Porto, Portugal. 
(3) Agronomic and Agrarian Research Centre (AGACAL-CIAM), Galician Agency for Food Quality, Unit of Organic Contaminants, 
Apartado 10, E-15080, A Coruña. Spain. 
(4) Vrije Universiteit Amsterdam, Department of Environment & Health, De Boelelaan 1085, 1081HV, Amsterdam, the Netherlands. 

P22. Tropical Fruit Waste Valorisation Through Green and Sustainable Chemistry: 
Microwave Assisted Extraction 
M.L. Segatto1, K. Zanotti1, A.M. Stahl1 and V.G. Zuin1,2,3.  
(1) Department of Chemistry, Federal University of São Carlos, Rod. Washington Luís, km 235, São Carlos 13565-905, Brazil. 
(2) Green Chemistry Centre of Excellence, Department of Chemistry, University of York, Heslington, North Yorkshire YO10 5DD, United 
Kingdom.  
(3) Institute of Sustainable and Environmental Chemistry, Leuphana University Lüneburg, Universitätsallee 1, C13.204 Lüneburg, 
Germany. 

P23. Optimization of Pressurized Liquid Extraction and Evaluation of Antioxidant, 
Anti-Inflammatory and Anti-Alzheimer Activities In Vitro of Ammodaucus 
Leucotrichus 
N. Abderrezag1, W. Louaer1, A.H.Meniai1 and J.A. Mendiola2.  
(1) Laboratory of Environmental process engineering, Faculty of Process Engineering, University Salah Boubnider, Nouvelle Ville, 
Constantine 25000 Constantine, Algeria. 
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 Using green processes to extract bioactive compounds from agro-industrial waste based on a bio-circular 
economy model aiming towards the UN sustainable development goals is quite a new concept. Apart from a technical point 
of view that is intrinsically challenging to implement it, there is also a need to incorporate social criteria – e.g., to assign 
manufacturers’ responsibilities for the life-cycles of products throughout the supply chain – related to institutional capacity 
building. This means understanding to what extent the institutional capacity created by agro-industrial symbiotic initiatives 
determines the transition from a linear to a bio-circular economy [1]. A circular economy model requires continuous material 
flow throughout the supply chain, avoiding the generation of waste by creating value to once neglected chemical 
substances and materials. This means creating strategies to ensure no loose ends in the material track, by recirculating 
waste streams within the supply chain or exploring new processes to transform or isolate new valuable products – 
processes that should be intrinsically benign (by design) [2]. The need to reduce waste generated by agroindustry, coupled 
with the great potential of this biomass to provide high added value compounds, justifies the importance of studying more 
sustainable ways to extract them from their complex matrices. Since the initial focus is to reduce environmental impact, it 
is important that the methodologies for such processes do not generate even more residue, which would be a paradox. 
However, to extract bioactive natural products from vegetal samples using green methodologies has been a challenge 
over the last decades, especially the scalable ones. 
 
 Developing new green technologies and exploring existing techniques to discover new scientific frontiers 
regarding sample preparation and the recovery of valuable compounds are important strategies towards sustainable 
development and valorisation of waste streams. Some important criteria that could be introduced into this context is known 
as sufficiency, a measure of something which is enough for a particular purpose, well connected to analytical chemistry. It 
is an approach that raises questions about what, together with, how much, in which ways that are necessary to produce 
something, avoiding what is superfluous or waste [3]. The idea behind these questions is to reduce consumption of raw 
materials and energy as far as possible by reducing the demand for goods and services, especially those requiring high 
levels of resource use. Therefore, in this presentation we will concentrate on the application of green and sustainable 
analytical chemistry principles – and related tools – to help find optimum parameters for sample preparation and extraction 
of bioactive compounds from some agro-industrial wastes using green extraction techniques as examples to illustrate our 
concepts [4]. 
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Electromembrane extraction (EME) was introduced as a new microextraction concept for acidic and basic substances in 
2006 [1]. Target substances are extracted from aqueous sample, through a supported liquid membrane (SLM), and into 
an aqueous acceptor solution. Extraction is forced by an electrical potential sustained over the SLM. The SLM separates 
the sample and the acceptor, and is compatible with complex samples such as blood, urine, beverages, and environmental 
waters. The acceptor typically is a pure buffer solution in water, and the volume is from 5 to 50 µL. For extraction of basic 
substances (cations), the cathode is in the acceptor, and the anode is in the sample. Both the sample and the acceptor 
are neutral (pH 7) or acidic, and keep the substances positively charged during EME. For extraction of acidic substances, 
the polarity of the electrodes is reversed, and pH is kept neutral or alkaline.  
 
EME provides efficient sample clean up, and extraction selectivity is controlled by the chemical composition of the SLM, 
the direction and magnitude of the electrical potential, and sample and acceptor pH. Target substances can be extracted 
from sample volumes of 0.1-10 mL, and therefore EME provides enrichment. Acceptors are aqueous solutions, which can 
be injected directly in LC-MS without and evaporation and reconstitution in mobile phase. EME has been performed in 96-
well format and in microchip systems, and has potential for automation and high-throughput applications [2]. The 
consumption of organic solvent per sample is 2-10 µL, and EME is therefore a green approach to sample preparation. 
EME is currently under commercial development, based on equipment where the electrical field is coupled through sample 
and acceptor containers of conducting polymer [3]. EME is an active field of research, and currently about 50 papers are 
published per year.  
 
This presentation will give an overview of recent progress in EME and discuss the perspectives.  
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Ionic liquids (ILs) were discovered by Paul Walden in 1914 while studying the properties of ethylamine salt of nitric acid, 
(m.p. 13–14°C) [1], and since the beginning, they have been the object of in depth studies in several disciplines of 
chemistry. ILs are organic salts liquid below 100°C and consists of an organic cation (in general N or P based) and an 
organic or inorganic anion. They are in general characterized by high thermal stability, negligible vapor pressure, unique 
solvating properties due to polarity and ionic character of molten salts, and, at the same time, of non-flammability, variable 
viscosities, conductivity, and miscibility in different solvents. ILs have enjoyed a remarkable success also in analytical and 
bioanalytical chemistry. Their properties are related to the electrostatic interactions of the analytes with the cationic and/or 
anionic moiety, which make ILs usable for many analytical applications and excellent alternatives to traditional organic 
solvents in many sample preparation procedures. At the same time, their possibility to be engineered provide them with 
an uncommon selectivity toward specific groups of compounds. The combination of these properties enables them i) to 
give high preconcentration rate for several sample preparation and detection applications [2,4], and ii) to provide excellent 
separation efficiency and peak capacities [2,3,5]. 
 
This lecture is a quick overview of the role ILs can play in an analytical procedure illustrated by examples from the authors' 
daily experience in sample preparation, and in biomolecular and gas chromatographic analyses mostly in the field of natural 
products and foods. 
 
[1] P. Walden, Molecular weights and electrical conductivity of several fused salts. Bull. Acad. Imper. Sci. St. Petersbourg, 
8 (1914) 405–422. 
[2] Tien D. Ho, Cheng Zhang, L. W. Hantao, and J. L. Anderson, Ionic liquids in analytical chemistry: fundamentals, 
advances, and perspectives, Anal. Chem. 86 (2014) 262−285. 
[3] A. Berthod, M.J. Ruiz-Ángel, S. Carda-Broch, Recent advances on ionic liquid uses in separation techniques, J. 
Chromatogr. A 1559 (2018) 2–16. 
[4] K.D. Clark, M.J. Trujillo-Rodríguez, J.L. Anderson, Advances in the analysis of biological samples using ionic liquids. 
Anal Bioanal Chem. 410 (2018) 4567–4573. 
[5] C. Cagliero, C. Bicchi, Ionic liquids as gas chromatographic stationary phases: how can they change food and natural 
product analyses? Anal. Bioanal. Chem. 412 (2020) 17-25. 
 
 

 
C. Bicchi, C. Cagliero  



 

 

In Situ Growth of Imidazolium-Based Porous Organic 
Polymer via Controlled Polymerization in Confined Space 
for In Vivo Microextraction 

 O-3 

 
G. Ouyang1, Q. Hu1, H. Fang2, J. Huang1, X. Liu1, J. Xu1, J. Zhang2  
(1) KLGHEI of Environment and Energy Chemistry, School of Chemistry, Sun Yat-sen University, Guangzhou, Guangdong 510275, China. 
cesoygf@mail.sysu.edu.cn.  
(2) MOE Laboratory of Polymeric Composite and Functional Materials, School of Materials Science and Engineering, Sun Yat-sen 
University, Guangzhou 510275, China. 
 
Keywords: In-situ growth; Porous organic polymer; Polymerization in confined space; In vivo monitoring 
 
In situ growth of sorbents on substrates has emerged as a valuable protocol for fabricating new extraction and 
chromatographic devices [1,2]. However, controlling the thicknesses and uniformities of sorbents in situ grown on 
substrates remains highly challenging. Herein, a novel in situ growth method for porous organic polymers (POPs) is 
developed by effectively controlling the in situ polymerization rate through the relatively slow diffusion of the precursors 
into the confined space within the capillary. As a result, stable and homogeneous POP coatings with the thicknesses 
controllable from several to tens micrometers were successfully grown on quartz fibers. Moreover, as the protonatable 
imidazolium building blocks were incorporated into the porous framework, the obtained POP coatings showed high 
extraction selectivity, fast extraction kinetics and excellent enrichment performance towards negatively charged molecules 
including dye and pharmaceuticals. Similar coatings for ionizable analytes are still relatively scarce in the literature 
compared to the coatings for lipophilic analytes. The POP coated microprobes were further applied for in vivo 
microextraction of pharmaceuticals in semi-solid fish muscle owing to the mechanical robustness of the POP coatings. The 
bioconcentration kinetics of these emerging organic pollutants in living fish was successfully revealed. The protocol 
presented here is promising for facilely preparing other uniform coatings based on POPs and probably even metal-organic 
frameworks. 

 

 
Figure 1. Schematic illustration of the controlled polymerization within the confined spaces in glass capillaries. 

 
 
Acknowledgements 
We acknowledge financial support from the projects of NNSFC (21806188, 21527813 and 21737006), the NSF of 
Guangdong Province (2018A030313324), and the Fundamental Research Funds for the Central Universities (19lgpy141). 
 
References 
[1] J. Guo, H. Qian, X. Zhao, C. Yang, X. Yan, In situ room-temperature fabrication of a covalent organic framework and 
its bonded fiber for solid-phase microextraction of polychlorinated biphenyls in aquatic products, J. Mater. Chem. A 7 (2019) 
13249-13255. 
[2] Q. Liu, N. Wang, J. Caro, A. Huang, Bio-inspired polydopamine: a versatile and powerful platform for covalent synthesis 
of molecular sieve membranes, J. Am. Chem. Soc. 135 (2013) 17679-17682. 
 
 



 

 

Bead Injection as In-Line Renewable Solid-Phase 
Extraction Approach: Is There Room for Improvement? 
 

 O-4 

 
M. Miró  
FI-TRACE Group, Department of Chemistry, University of Balearic Islands, Carretera de Valldemossa, Km 7.5, E 07122, Palma de 
Mallorca, Spain. 
 
Keywords: Automation, miniaturization, micro-solid-phase extraction, bead-injection, Lab-on-a-Valve. 
 
 
Bead injection analysis [1] is a mature sample preparation approach for flow-injection practitioners, yet it has not received 
a great deal of attention by the scientific community outside this niche. This lecture is aimed at outlining the fundamental 
principles and current state of the art progress of bead injection so as to attract the interest by the members of the 
EuChemS study group and network on sample preparation. 
 
The first part of the lecture will gear toward analytical strategies for accommodation of sorptive microextraction approaches 
in a renewable/disposable bead-injection mode in which bead particles are processed alike fluids in flow conduits. This will 
be followed by illustrating the merits of allying bead injection with mesofluidic lab-on-valve (LOV) platforms that have proved 
suitable for in-line microsolid-phase extraction (PSPE) in a variety of areas of research endeavor in the bioanalytical field. 
A number of stringent requirements for the sorptive particles (beads) have been reported in the literature for repeatable 
handling in a bead-injection format and accepted as a paradigm, namely, the beads should be of perfect spherical shape 
(e.g., Sephadex or Sepharose-type or mixed mode hydrophobic-hydrophilic polymers), with uniform size distribution and 
density as close as possible to that of water. However, we will demonstrate that this is not valid anymore so as to expand 
the scope of the bead injection approach. Several examples will be selected so as to demonstrate the possibility of 
exploiting nanomaterials as renewable sorptive materials (also without magnetic properties) and the role of 
stereolithographic 3D printing [2] for fit-for-purpose LOV structures dedicated to bead injection protocols for clean-up of 
complex matrices (e.g., removal of phospholipids). 
 

 
 
Acknowledgements 
Manuel Miró acknowledges financial support from the Spanish Ministry of Science, Innovation and Universities (MCIU) and 
the Spanish State Research Agency (AEI) through project CTM2017-84763-C3-3-R (MCIU/AEI/FEDER, EU).  
 
References 
[1] M. Miró, On-chip microsolid phase extraction in a disposable sorbent format using mesofluidic platforms, TrAC-Trends 
Anal. Chem., 62 (2014) 154-161. 
[2] D.J.Cocovi-Solberg, M. Rosende, M. Michalec, M. Miró, 3D Printing: the second dawn of lab-on-valve fluidic platforms 
for automatic (bio)chemical assays, Anal. Chem. 91 (2019) 1140−1149. 
 
 



 

 

Sustainable Supports for Microextraction 
 

 O-5 

Keywords: Cotton, paper, wood 
 
Although considerable development arose in instrumental analysis in the last decades, sample preparation remains an 
inevitable step in many analytical methods. In fact, sample prep allows facing the challenges provided by the samples' 
complexity and the concentration thresholds established in many fields. Green Analytical Chemistry (GAC) principles 
identify these procedures as steps with a potential environmental impact due to the solvents, reagents, and energy 
consumed. Keeping in mind that our primary goal is to provide useful chemical information, sample preparation cannot be 
avoided entirely. However, we can make an effort to minimize the impact of our developments. In this sense, the 
minimization of the required resources, the automation and miniaturization of the procedures, and the use of renewable 
materials are more realistic objectives. In 2017, our research group (very recently renamed Affordable and Sustainable 
Sample Preparation) started a new line focused on applying lignocellulosic substrates in microextraction. The sustainability 
and worldwide availability of these substrates provide an added value, permitting their application in almost any laboratory. 
Whenever possible, the do-it-yourself (DIY) principle is applied, advocating for the importance of simplicity in sample 
preparation. 
This communication will discuss the potential of cellulosic [1,2] (cotton and paper) and lignocellulosic (wood) [3] materials 
to design new sorptive phases in microextraction. These phases have been prepared following two different strategies. 
Dip-coating (and the somewhat related drop-casting technique) has allowed the modification of the substrates with 
commercial polymers, nanoparticles, and nanocomposites (Figure 1). However, the rich -OH surface of these substrates 
can be used to link some phases covalently, thus increasing the chemical stability of the coatings. Both approaches will 
be discussed in detail in the present communication. 
The versatility of these phases will also be demonstrated with real applications. They can be applied in the classical 
extraction-chromatography-detection workflow, but other alternatives, like the direct combination to high-resolution mass 
spectrometry, are attractive to simplify the overall analytical procedure. 

 

 
Figure 1. Scanning electron microscopy of cotton fibers modified with polystyrene 
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Mixed-mode ion-exchange materials combine silica- or polymer-based skeleton (reversed-phase interactions) 
functionalised with ionic moieties (ionic interactions with the ionic compounds). According to the moiety introduced, they 
are classified as strong cation-exchange (SCX), strong anion-exchange (SAX), weak cation-exchange (WCX) or weak 
anion-exchange (WAX). Since its emergence, they have been successfully applied in the selective extraction of different 
ionic compounds from complex samples [1,2]. Nevertheless, one of the main problems is the simultaneous extraction of 
analytes with acidic and basic properties. To solve this, one strategy is to functionalise the mixed-mode ion-exchange 
sorbents with amphoteric moieties that incorporate cation and anion-exchange moieties in the same functional group [3]. 
In this study, two hypercrosslinked amphoteric polymers have been developed for the retention of acidic and basic analytes 
simultaneously. They are functionalised with such moieties as sarcosine methyl ester further hydrolysed and methylated 
(quaternary amine and carboxylic acid) named HXLPP-SAX/WCX; and, with and taurine (secondary amine and sulfonic 
acid) named HXLPP-WAX/SCX. Figure 1 shows the structure of both sorbents.  
The developed amphoteric sorbents were evaluated in the solid-phase extraction (SPE) followed by liquid chromatography 
with mass spectrometry in tandem (LC-MS/MS) for the selective determination of a group of acidic and basic compounds 
(including drugs and sweeteners) from environmental waters. The SPE parameters such as sample pH, washing and 
elution conditions were carefully optimised to exploit the ionic interactions between compounds and the functional groups. 
When loading 500 mL of ultrapure water followed by the optimised SPE protocol, both sorbents provided complete 
recoveries for all the compounds, with better results for HXLPP-SAX/WCX.  
HXLPP-SAX/WCX was further validated and applied to the extraction of 250 mL of river and 100 mL effluent sewage 
waters with recoveries ranging from 52% and 93% for all the compounds, with the exception of mephedrone and 
methadone, and matrix effect lower than -30% in both samples thanks to the inclusion of a favourable washing. 
Moreover, this method was applied to determine the presence of the selected compounds in these samples and all the 
selected analytes were successfully quantified in the samples at ng L-1 levels.  
 

 
 

Figure 1. Structure of the developed mixed-mode amphoteric materials 
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Benzothiazoles (BTHs), benzotriazoles (BTRs), and benzenesulfonamide (BSAs) are high production volume 
chemicals used in several industrial and household applications. These compounds could be considered as new emerging 
pollutants because of their health concern and the lack of information about their presence in outdoor air samples. [1–4]. 
In this work, a new analytical method for the simultaneous quantification of BTHs, BTRs, and BSAs in PM10 was 
developed. The proposed protocol provides for the microwave-assisted extraction (MAE) of the analytes from the PM 
followed by solid-phase microextraction gas chromatography-tandem mass spectrometry determination (SPME-GC-
MS/MS) [5]. Fourteen analytes representative for the three classes of compounds were considered.  

 
 

 
Figure 1. Graphical representation of the method workflow. 

 
Usually, BTHs, BTRs, and BSAs have been extracted from particulate matter by using traditional approaches such as 

solid-liquid extraction [2,4] or more recently pressurized liquid extraction systems [1,3] using toxic organic solvents. In our 
method, we extracted the BTHs, BTRs, and BSAs by MAE using a green hydroalcoholic mixture composed by water and 
ethanol. Design of Experiment (DoE) was used for the multivariate optimization of the parameters affecting both the MAE 
extraction and the SPME analysis. A 26-2 fractional factorial design was performed to determine the factors of the MAE, 
which have a significant influence on the analyte extraction. Later on, the most important variables were further optimized 
by central composite design (CCD), thereby achieving the optimal working conditions. The extraction performance of five 
SPME fibers was evaluated and the factors affecting the SPME extraction were optimized by CCD. The optimal working 
conditions were determined by using Derringer’s desirability function. The analyte quantification was performed by using 
triple quadrupole mass spectrometry in selected reaction monitoring (SRM) acquisition mode. The proposed method was 
carefully validated following the guidelines issued by the international body. Satisfactory values were achieved in terms of 
linearity, accuracy, precision (intra- and inter-day), and lower limit of quantification.  
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A remarkable trend in the analytical field is toward the development of rapid, straightforward and cost-efficient methods. In 
this sense, the use of miniaturized optical instruments and, more recently, everyday communications and information 
technology (IT) equipment offer novel opportunities for on-site detection [1], even though sensitivity and selectivity issues 
can arise. These limitations can be addressed by means of downsized sample preparation approaches, three-phase 
microextraction modes being particularly appealing for improved selectivity. More particularly, headspace microextraction 
offers substantial benefits, including an efficient clean-up, selective trapping of volatile analytes (or derivatives) and 
achievement of excellent enrichment factors. This work focuses on recent contributions involving in situ generation of 
volatiles, trapping and interaction/reaction of evolved derivatives with appropriate recognizing probes for determination of 
anionic species in an integrated manner. Thus, a number of analytical systems feasible for volatile sensing have been 
applied to the determination of relevant anions, namely iodide, bromide, nitrite, sulfide and arsenite [2-6]. Selected 
contributions involving the combination of headspace single-drop microextraction systems with portable, miniaturized 
optical detectors are initially discussed [2-4] and recent works devoted to the combination of headspace microextraction 
approaches involving cellulose substrates with non-instrumental devices are also considered [4-6]. 
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Plants are a rich source of a wide variety of bioactive primary and specialized metabolites whose synthesis depends on 
the interaction between the plant genome and the environment. Analyses in the plant field have therefore to cover a wide 
range of topics from genomics to metabolomics, often dealing with very complex matrices. The development of an 
appropriate sample preparation method is therefore fundamental to obtain the required information, since the isolation and 
preconcentration of the target analytes are often challenging, also because downstream analyses will detect only the 
metabolites previously extracted. Although most studies on plants still adopt conventional extraction methods, new 
materials with improved features in terms of tunability, selectivity and, very important, sustainability have been developed 
in the past decades. In this context, ionic liquids (ILs) are very promising for the plant field. One of the main features of ILs 
is their ability to incorporate functional groups, within the IL structure, that selectively interact with specific analytes, ranging 
from nucleic acids to target classes of specialized metabolites. Moreover, ILs can incorporate a paramagnetic element into 
their structure giving rise to the magnetic ionic liquids (MILs), that can be easily separated with an external magnetic field, 
in a very rapid process thus avoiding centrifugation and filtration steps. 
 
This presentation gives a rapid overview of the IL potential in the extraction of plant nucleic acids and specialized 
metabolites. In particular, the possibility to exploit MILs for very simple and fast extraction of genomic DNA from plants will 
be described [1] as well as the possibility to selectively extract specific sequences of plant DNA by ion-tagged 
oligonucleotides coupled with MILs [2]. At the same time, the adoption of IL-based surfactants will be discussed to show 
their potential for plant metabolomics investigations using the extraction of phenolic compounds from Vitis vinifera L. leaves 
as a case study [3]. 
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Water is one of the most important resources on the planet, but industrial development and modern technologies have 
contributed to the pollution of natural water resources. Heavy metals are some of the most serious pollutants. Cadmium  
is a toxic heavy metal used in Ni-Cd batteries, the coloration of plastic and various discarded electronic products, and Cd 
released into the water system could causes serious health issues. Sample preparation is an important step in analysis 
of trace metals in complicated matrix such as environmental, biological and food samples. The room-temperature ionic 
liquids (ILs) are favorable alternative of organic solvents in liquid-liquid extractions, due to their distinctive tuned 
properties gained by careful selection of cation and anion, negligible vapor pressure and thus low flammability, broad 
liquids range, high solvation ability, high chemical and thermal stability, good extractability and selectivity for organic and 
inorganic compounds [1, 2]. In this study formation of aqueous biphasic systems (ABS) based on 1-alkyl-3-
methylimidazolium ionic liquids with 2-mercaptobenzothiazole anions were studied as the new task specific ionic liquids 
(TSILs) suitable for one-step extraction of cadmium (II). 
Two water soluble ILs: 1-butyl-3-methylimidazolium 2-mercaptobenzothiazole [bmim][mbt] and 1-ethyl-3-
methylimidazolium 2-mercaptobenzothiazole [emim][mbt] were synthesized and applied in this study. The first, the novel 
ternary phase diagrams of the ABS composed of the IL, inorganic salts (potassium phosphate, citrate or chloride), and 
water at 293 K and pressure of 0.1 MPa were established. Then, the effect of ionic liquid cation, concentration of IL and 
inorganic salts on extraction efficiency was investigated.  
[bmim][mbt] combining with K3PO4 has the highest ability to form ABS comparing to [emim][mbt] and citrate and chloride 
e.g. the lowest quantity of inorganic salt and IL are needed to build ABS (Fig. 1a). Since, one of the green chemical 
principles is using as lowest as possible quantity of chemicals, we selected [bmim][mbt] and K3PO4 for further 
experiments. Figure 1(b) shows the influence of amount of IL, [bmim][mbt], on extraction efficiency (E, %) and partition 
coefficient (K) on Cd(II) extraction. Increasing concentration of IL (4.5 – 17%) increase extraction efficiency (62-98%) and 
partition coefficient (12-37). 
 

 
Figure 1. Effect of (a) inorganic salts on building ABS and (b) concentration of IL on extraction efficiency (E) and partition coefficient (K) 

of Cd(II)  
 
This is the first results of extraction cadmium cation with task specific IL which is in the same time extractant and solvent. 
Additionally, ABS represents the green form of extraction without using organic solvents.  
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Headspace solid-phase microextraction (HS SPME) is considered as one of the simplest and cost-efficient sample 
preparation techniques for the determination of organic pollutants in environmental samples. Achieving the best 
combination of detection limits and accuracy requires careful optimization of about ten extraction and desorption 
parameters (fiber coating type, coating size, extraction temperature and time, pH, amount of salt added to the sample, 
sample/headspace ratio, agitation speed, pressure in the vial, desorption temperature and time, etc.), which can be time 
consuming, costly, and complex. Optimization of SPME is possible using COMSOL Multiphysics® (CMP) [1]. A possibility 
of optimization of sample and vial volumes [2], and pressure [3] in HS SPME was previously shown. This work was aimed 
at developing a model for optimization of temperature for SPME of volatile organic compounds (VOCs) from air. Benzene, 
toluene, ethylbenzene and m-xylene (BTEX) were chosen as a model group of analytes. The CMP model previously 
developed by us [3] was used with diffusion coefficients and coating-air distribution constants for analytes varying 
depending on extraction temperature. Diffusion coefficients at different temperatures were determined using the Fuller, 
Schettler and Giddings model. Distributions constants at different temperatures were determined using the Van’t Hoff 
equation used by Arthur et al. [4]. The effect of a change in the enthalpy of vaporization of analytes with the increase of 
temperature to 90 °C was found to be insignificant. These models were chosen as the most accurate among models 
described in the literature. Modeling was conducted for 20-mL vials and 100 µm polydimethylsiloxane (PDMS) coating at 
temperatures 20-70 ºC. Extraction profiles of benzene from air at different temperatures were obtained (Figure 1). From 
the obtained results of the modelling, equilibration time decreases with the increase of extraction temperature. At 20 ºC, 
99% of the equilibrium amount of benzene is extracted in 135 s, while at 70 ºC – in 118 s. Such difference would be difficult 
to detect during an experimental optimization. The developed model also allows modeling the effect of temperature at any 
chosen extraction time. Further research will be devoted to developing the model for HS SPME of VOCs from liquid and 
solid samples, where the developed model will be used to model diffusion of analytes in headspace and their partitioning 
between fiber and air. 

 

 
Figure 1. Effect of temperature (ºC) on benzene extraction profiles from air by 100 µm PDMS coating modeled using COMSOL. 
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Solid-phase microextraction (SPME) is a fast, sensitive, and solvent-free technique for the extraction of analytes from 
gas, liquid, and solid samples.  SPME uses a fiber coated with a liquid polymer, a solid sorbent, or a combination of both. 
The fiber coating extracts the compounds from the sample by absorption in the case of liquid coatings or adsorption in 
the case of solid coatings.  In this work we examine different adsorbent materials in order to address the influence of 
particle structure and properties on extraction and desorption behavior.  Briefly, average area responses from a mixture 
of 10 analytes encompassing a range of molecular weights and polarities were compared using commercially available 
carbon and divinyl benzene (DVB) based SPME devices.  Carbon adsorbents containing micropores were found to 
provide improved retention of small polar and to a lesser degree, non-polar analytes (Figure 1) and an overall 
improvement in desorption efficiency was achieved even at reduced coating volumes.  Micropores were similarly found to 
provide improved retention of the analytes of interest for DVB-coated adsorbent SPME fibers.  This information can be 
utilized in order to ensure the correct SPME fiber coating is selected for the specific analyte(s) of interest. 
 

 
 
 

Figure 1. Comparison of average area response for 10 analytes ranging in molecular weight from 58-260 AMU and log Kow from -0.5 to 
6.8 on a 2 cm Carboxen-1006 SPME fiber, 1 cm Carboxen-1006 SPME fiber, 1 cm carbon WR SPME fiber, and carbon WR SPME 

arrow devices. 
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Sample preparation scientists use a variety of methods and instruments to try to answer two basic questions directly related 
to qualitative and quantitative analysis: “what have I got?” and “how much of it do I have?”. Questions like “why did I 
obtained this result?” or “how did this happen?” are rarely asked; yet these questions are the ones that bring the science 
in everything they do. Next to all the application-driven research carried out in separation science, sample preparation 
scientists need to have a strong science focus and always aim describing the fundamentals behind microextraction 
methods. 
This contribution discusses how asking unconventional questions led our group obtaining several unexpected results and 
helped us better understand underlying phenomena. Initially, the case of vortex-assisted liquid-liquid microextraction 
(VALLME) is presented where vortex agitation to disperse microliters of the extracting solvent into the aqueous sample [1]. 
The seemingly easy steps of VALLME involve extremely complex and poorly understood processes that require 
consideration of solvent drop breakup and coalescence plus the problem of interphase analyte mass transfer. The 
fundamental hydrodynamic and interfacial science concepts of emulsion formation and phase separation in VALLME are 
used to improve current fundamental understanding of VALLME. The effects of several experimental parameters on 
VALLME are then discussed by integrating multiple perspectives from fluid dynamics, interfacial science and mass transfer 
in knowledge gained from past VALLME applications. The effect of surfactant addition during VALLME is also presented 
to the extent allowed by existing experimental VALLME data. 
In the second part, the clear benefits of adopting the vacuum approach [2] are presented through the discussion of several 
new applications from different collaborations. Initially, a new Vac-HSSPME method for the analysis of perishable food 
samples is discussed. The results showed that Vac-HS-SPME sampling under vacuum at 5°C yielded similar extraction 
efficiencies to those obtained with standard HS-SPME at 40°C. This is the first time that such a high sensitivity can be 
achieved at such a low sampling temperature, opening the door to new applications for the quality control of perishable 
foods. Sampling under vacuum was found particularly beneficial not only for SPME but also for headspace microextraction 
methods using higher capacity extracting phases. An overview of the results and underlying mechanisms with vacuum-
assisted headspace single-drop microextraction, vacuum-assisted headspace sorptive extraction (Twisters) and thin film 
microextraction (TFME) is given. The analysis demonstrates the pressure dependence of the underlying processes and 
predicts the superior performance of each method when sampling under vacuum. 
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Microfluidic paper-based analytical devices (μPADs) integrate the experimental processes of sample pretreatment, 
separation, analysis and detection on the same device, so as to achieve the goals of miniaturization, automation, low 
consumption and high efficiency. A layer of hydrophilic cellulose fibers was used in μPADs to move liquid samples from 
the inlet to the outlet where biological or chemical reactions occur. This directional flow facilitates the ability to perform 
complex sample preparation steps and suggests their promising applications in multiplex detection of pathogens and 
pollutants. Loop-mediated isothermal amplification (LAMP) is a promising method introduced recently for rapid detection, 
which relies on an auto-cycling strand displacement DNA synthesis performed by the Bst DNA polymerase. Therefore, we 
are inspired to develop devices which combine μPADs with LAMP for rapid detection of pathogens and bacteria. We first 
demonstrated the multiplex determination of microbial species from whole blood, using the μPAD technique to enable DNA 
extraction, LAMP and array-based fluorescence detection, for identification of three species of Plasmodium [1]. We then 
further developed this μPAD for the detection of three bovine infectious reproductive diseases in semen samples from rural 
India [2]. Detection limits of the device were as low as 50 Leptospira organisms, 50 CFU Brucella, and 1 TCID50 BoHV-1. 
Later, we developed the μPAD to enable multiplex assays for malaria and field trials in Uganda. Our device shows a 
sensitivity of 98% for malaria from infected individuals, which is more sensitive than optical microscopy (86%) and industry 
standard rapid immunodiagnostic tests (83%) [3]. Recently, we developed a μPAD for rapid detection of bacteria in drinking 
water and SARS-CoV-2 in wastewater [4]. After systematic optimization of μPAD, our device was able to detect Salmonella, 
E. Coli and C. Perfringens at ~ 100 copies DNA per reaction. Therefore, μPADs can be integrated into a field-ready module 
for sensitive and selective detection, which provide a powerful platform for sample preparation and rapid detection of 
diseases and microbial contamination, especially in the resource-limited regions. 
 

 
 

Figure 1. Design of the paper device for the detection of 3 targets. 
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Tire rubber is a continuous source of pollution especially significant in high traffic density urban areas. Recycled tire crumb 
rubber is employed to manufacture sport and leisure facilities such as infill in synthetic turf football fields and playgrounds. 
The presence of high number of contaminant substances (polycyclic aromatic hydrocarbons, heavy metals, endocrine 
disruptors, plasticizers, antioxidants, vulcanisation additives, etc) in tire rubber and in crumb rubber surfaces have been 
demonstrated in outdoor and indoor environments [1, 2, 3].  
 
The main goal of this work is the development of a miniaturized methodology based on solid-phase extraction (SPE) 
followed by ultrasound assisted extraction (US) and gas chromatography coupled to tandem-mass spectrometry (GC-
MS/MS) analysis for the simultaneous sampling and analysis of 41 compounds including PAHs, plasticizers (phthalates, 
adipates and bisphenol A), antioxidants and vulcanisation tire rubber additives in air [4]. Sorbent amount (25 and 50 mg) 
and type of sorbent (Tenax TA, MIL-101 and Florisil) were evaluated as preliminaty studies. Most critical parameters (i.e. 
type of sorbent, type of solvent, time and desorption technique) were optimized by a multifactorial experimental design to 
obtain the highest extraction and sorbent desorption.   
 
After selecting the best conditions for the sampling and extraction step, breakthrough volume was evaluated demonstrating 
that it does not occur in the studied interval (0.5 to 4 m3). The optimal conditions involved the use of 25 mg of Tenax TA, 
1 mL of solvent (ethyl acetate), 2 min of US. 
 
The performance of the method was evaluated in terms of linearity, repeatability, accuracy and precision. Recoveries were 
studied at two levels (20 and 200 ng m-3), obtaining quantitative results with values ranging between 71-110%, and relative 
standard deviation, RSD, values lower than 17%. Limits of detection at the low and sub ng m-3 were achieved. Finally, the 
validated SPE-GC-MS/MS method was applied to analyse different air samples from indoor and outdoor environments, 
including synthetic turf football pitches.  
 
Acknowledgements 
This research was supported by projects RETOS PID2019-104336RB-I00 (Ministry of Science and Innovation, Spain), 
UNST10-1E-491 (Infrastructure Program, Ministry of Science and Innovation, Spain), RED2018-102522-T (Ministry of 
Science, Innovation and Universities, Spain), to the Galician Competitive Research Groups IN607B 2019/13 and ED431 
2020/06 and to the CRETUS Strategic Partnership ED431 2018/01 (Xunta de Galicia). This study is based upon work from 
COST Action CA16215 and from the Sample Preparation Study Group and Network, supported by the Division of Analytical 
Chemistry of the European Chemical Society. All these programs are co-funded by FEDER (UE). 
 
References 
[1] M. Celeiro, D. Armada, T. Dagnac, J. de Boer, M. Llompart, Hazardous compounds in recreational and urban recycled 
surfaces made from crumb rubber. Compliance with current regulation and future perspectives, Sci. Total Environ. 755 
(2020) 142566. 
[2] K. Schneider, M. de Hoogd, P. Haxaire, A. Philipps, A. Bierwisch, E. Kaiser, ERASSTRI-European Risk Assessment 
Study on Synthetic Turf Rubber Infill–Part 2: Migration and monitoring studies, Sci. Total Environ. 718 (2020) 137173. 
[3] C. Dye, A. Bjerke, N. Schmidbauer, S. Manø, Measurement of air pollution in indoor artificial turf halls. Norwegian Inst 
Air Res Report NILU OR, 3, 2006. 
[4] D. Armada, M. Celeiro, A. Martinez-Fernandez, P. Nurerk, T. Dagnac, M. Llompart, Miniaturized active air sampling 
method for the analysis of tire rubber pollutants from indoor and outdoor places, J. Sep. Sci. (2021). 
https://doi.org/10.1002/jssc.202001249.  

 
D. Armada1, M. Celeiro1, A. Martinez-Fernandez1, P. Nurerk1, 2, T. Dagnac3, M. Llompart1  

https://doi.org/10.1002/jssc.202001249


 

 

Column witching for Automated Online Enrichment and 
Separation of Polar and Nonpolar Analytes from Aqueous 
Matrices 

 O-16 

 
K. Kochale1,2, T. Teutenberg1, T. C. Schmidt2 

(1) Institut für Energie- und Umwelttechnik e.V., Bliersheimer Strasse 58-60, 47229 Duisburg, kochale@iuta.de 
(2) University Duisburg-Essen, Universitaetsstrasse 5, 45141 Essen 
 
Keywords: 2D-LC, column switching, online enrichment, separation, water contaminants 
 
Trace substances in surface water pose great challenges for instrumental analysis [1]. This is due to the low 
concentration and to the wide range of polarities of the analytes. To significantly increase the concentration of analytes 
for detection, they can be enriched on solid phase extraction materials. The different polarities are addressed by varying 
the selectivity of the solid phase extraction material. Usually, the enrichment of the analytes is done offline. Here, sample 
preparation must be repeated with different solid phases depending on the polarity spectrum of the analytes. This 
requires a considerable amount of time and effort. Sometimes, manual performance results in reduced recovery [2]. In 
this work, a concept for online enrichment and online separation was developed that significantly reduced the effort of the 
offline method. 
For this purpose, ten model analytes covering a logP range from -4 to +6 were dissolved in water. This solution was 
directly loaded onto the reversed phase (RP) column (Figure 1 a, black flow path) using large volume injection (LVI). 
While the nonpolar analytes were focused at the column head, the polar analytes eluted to the porous graphitized carbon 
(PGC) column and were enriched there. To detect analytes that could not be enriched on either column, the waste output 
was monitored with a mass selective detector (MSD). After this enrichment step, the 2D-LC valve switched so that the 
nonpolar analytes could be separated on the RP column by gradient elution and detected in the MSD (Figure 1 b, black 
flow path). After the nonpolar separation is finished, the polar analytes were eluted from the PGC column by gradient 
elution and separated on the hydrophilic interaction liquid chromatography (HILIC) column and detected in the MSD 
(Figure 1 b, dark gray flow path). 
 

 
 

Figure 1. Column switching scheme. a) black flow path: Enrichment of the nonpolar analytes (RP column) and polar analytes 
(PGC column). b) Black flow path: separation of the non-polar analytes (RP column), Light gray flow path: separation of the polar 

analytes (HILIC column). 
 
At a flow rate of 0.4 mL/min for 15 minutes, 6 mL of sample could be enriched without any loss of analytes. Subsequent 
separation was performed for all analytes with a retention factor > 10. If the polar analytes, due to the aqueous front from 
the PGC column, do not experience retention on the HILIC column, organic solvent can be added directly in front of the 
HILIC column by using the bypass (Figure 1 b, dotted line). 
If the PGC or RP phases are not suitable for the preconcentration of all target analytes, further stationary phases can be 
screened automatically for the preconcentration of those analytes by means of column selection valves. The enrichment 
can be permanently monitored with the MSD. 
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The role of sample preparation, as key-step of the analytical method and as zeroth dimension of the system, is 
crucial and its design is strictly dependent on the method’s final objectives (e.g., untargeted fingerprinting or targeted 
profiling). In the study of the complex food volatilome, comprehensive two-dimensional gas chromatography combined to 
mass spectrometric detection (GC×GC-MS), has demonstrated to be very effective on both untargeted and targeted 
investigations, while combining high-throughput fingerprinting to quantitative profiling on the same analytical batch [1]. 

In this study we make a step forward in the exploitation of headspace solid-phase microextraction (HS-SPME) 
GC×GC-MS potentials, by designing a procedure capable of performing a comprehensive chromatographic fingerprinting 
of the complex volatile fraction of high-quality extra-virgin olive oil (EVOO) while providing accurate quantitative data on a 
large set of targeted analytes (i.e., targeted quantitative profiling [2]) with an informative role related to samples sensory 
quality and qualification – the so called aroma blueprint [3]. Moreover, the procedure is designed for full automation and is 
based on robust, reliable, commercially available analytical platform, suitable for high-throughput screenings and quality 
control assessment.  

For these reasons, the differential-flow modulation technology is here chosen as core element of the GC×GC 
platform, because of its stable performances and relative ease of use [2]. On the other hand, to achieve accurate 
quantitative results accompanied by low limits of quantitation (LOQs), the multiple headspace extraction (MHE) approach 
is combined to the enrichment capacity of SPME with a multi-component fiber. The challenging aspect of the MHS-SPME 
procedure rely on the need of avoiding headspace saturation, at the basis of quantitation inaccuracy of some HS methods, 
while enabling multi analyte quantitation with a relatively simple calibration procedure. 

Method’s figures of merit include analytes identity confirmation, by EI-MS spectral signature and two retention 
time points (1tR and 2tR), and accuracy in quantitative determinations based on external calibration and results cross-
validation within two paralleled detectors (i.e., MS and flame ionization detector FID). Moreover, parallel detection by 
MS/FID, enables the extension of the method linearity range over three order of magnitude and opens to the possibility of 
adopting predicted FID relative response factors (RRFs) for quantitative estimations.  

Results are critically evaluated in light of their fingerprinting potential over a set of fifty EVOO samples from Italian 
top-quality production [5], obtained from different olives cultivars and from three harvest regions. Quantitative data on 39 
targeted analytes are compared to those achieved by applying single level internal standardization (IS), which does not 
consider, above all, analytes HS partition constants (KHS) and accumulating polimer/material distribution constant (KD) 
under the applied sampling conditions. The aroma blueprint of EVOOs from Garda lake region, Sicily and Tuscany is 
therefore delineated and the signature of quality objectified.  
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Steroid doping remains a significant problem within the world of competitive sport. In the most recent figures published 
(2019, published December 2020) androgenic anabolic steroids (AASs) were responsible for 44 % of analytical adverse 
findings (AAFs, 1825 of 4180, Figure 1);[1] highlighting the need for continued research into this field. Throughout history 
there has been many high-profile cases (e.g. the THG BALCO scandal). One of the problems is the inability to detect new, 
unknown compounds (that are constantly appearing). To date, there are over 60 AASs on the WADA prohibited list.[2] In 
this talk I describe the design, synthesis and use of molecular imprinted polymers (MIPs) for compound specific solid phase 
extraction (SPE) to clean up an otherwise dirty, complex matrix as part of a screening test for banned steroids using 
GCxGC to overcome this problem. 
 

 
 

Figure 1. Substances Identified as AAFs in Each Drug Class in ADAMS (All Sports), data from the WADA 2019 Anti-doping Testing 
Figures. [1, 3] 
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Lab-In-Syringe (LIS) technique [1] is a flow-batch approach combining the advantages of Sequential Injection Analysis and 
batch analysers. The technique is highly versatile, enabling the automation of various liquid-liquid micro-extraction methods 
[2]. For the first time, we present a double-stage Lab-In-Syringe automated extraction procedure combining salting-out 
liquid-liquid extraction (SALLE) with on-line solid-phase extraction (SPE) coupled to high performance liquid 
chromatography (HPLC) [3]. In this work, we also demonstrated the compatibility of autosampler instruments with the 
stirring-assisted Lab-In-Syringe approach for automated sample preparation. The typically used multiposition selection 
valve was replaced by an autosampler allowing the aspiration of all reagent solutions and samples. The system was 
coupled on-line with LC for the subsequent separation of the sulfonamide antibiotics. The first step of the procedure was 
homogeneous liquid-liquid extraction using acetonitrile as an extraction solvent miscible with water and a saturated salt 
solution of magnesium sulfate and sodium chloride to induce phase separation. Sulfonamides were selected as model 
analytes with moderate polarity suitable for this technique. The advantage of the procedure is the compatibility of the 
solvent with HPLC. However, the achievable pre-concertation factor is relatively low. Therefore, we integrated a second 
step based on on-line SPE using the anion-exchange resin, which improved the analyte preconcentration and secondary 
clean-up.  
Sulfonamides have an ampholytic character being neutral in a moderately acidic medium. Consequently, the SALLE 
procedure was carried out at pH 3. For anion exchange online SPE, the extract was diluted with ammonium buffer in-
syringe to switch the pH to 10 before cartridge loading. Elution was then done by the acidic mobile phase of the HPLC. 
The SPE cartridge was placed into the injection loop of the LC system. Analytes were eluted from the resin using an acidic 
HPLC mobile phase in gradient elution mode. The configuration enabled to perform a two-step, orthogonal, and automated 
extraction procedure in parallel with running analyte separation of the previous sample. This allowed shortening the 
effective time of the analysis to 13.5 min.  
The developed system and methodology was successfully applied to sulfonamide determination in urine samples. Limits 
of detection ranged from 5.0 to 7.5 µg/L with confirmed linear working ranges up to 5,000 µg/L and RSD ≤ 5% (n=6) at a 
concentration level of 50 µg/L. Average recovery values were 102.7 ±7.4% for urine spiked with sulfonamides. Method 
optimization, including studies of SALLE and SPE preparation steps, mobile phase composition, and results from urine 
analysis, will be discussed. 
 
 
 
 
Acknowledgements 
This work was supported by the STARSS project (Reg. No. CZ.02.1.01/0.0/0.0/15_003/0000465) co-funded by ERDF. 
 
References 
[1] F. Maya, J.M. Estela, V. Cerdà, Completely automated in-syringe dispersive liquid-liquid microextraction using solvents 
lighter than water, Anal. And Bioanal. Chemistry 402 (2012) 1383-1388. 
[2] B. Horstkotte, P. Solich, The automation technique lab-in-syringe: a practical guide, Molecules 25 (2020) 1612. 
[3] K. Fikarová, B. Horstkotte, D. Machián, H. Sklenářová, P. Solich, Lab-In-Syringe for automated double-stage sample 
preparation by coupling salting out liquid-liquid extraction with online solid-phase extraction and liquid chromatographic 
separation for sulfonamide antibiotics from urine, Talanta 221 (2021) 121427. 
 
 

 
K. Fikarová, B. Horstkotte, D. Machián, H. Sklenářová, P. Solich  



 

 

Fabric Phase Sorptive Extraction Followed by Gas 
Chromatography- Tandem Mass Spectrometry for the 
Analysis of Multiclass Fungicides in Water 

 O-20 

(1) CRETUS Institute, Department of Analytical Chemistry, Nutrition and Food Science, Faculty of Chemistry, Universidade de Santiago 
de Compostela, E-15782, Santiago de Compostela, Spain. lua.vazquez.ferreiro@usc.es   
(2) Agronomic and Agrarian Centre (AGACAL-CIAM), Unit of Organic Contaminants, Apartado 10, E-15080, A Coruña, Spain.  
(3) International Forensic Research Institute, Department of Chemistry and Biochemistry, Florida International University, Miami, FL-
33199, USA. 
 
Keywords: Environmental water monitoring, Fabric Phase Sorptive Extraction, Fungicides, Gas chromatography- tandem 
mass spectrometry, 
 
Fungicides are a type of pesticides usually used in viticulture to avoid fungi infection such as grey rot (Botrytis cinerea), 
mildew (Plasmopara viti-cola) and oidium (Uncinula necator) [1]. However, they can be primarily transported from 
agricultural fields to surface waters through surface runoff [2]. Indeed, in groundwater and superficial waters, these 
compounds are considered to pose a risk to the environment as well as to human health [3].  
Before analysis, a  sample preparation step for the extraction and concentration of analytes is required. Fabric Phase 
Sorptive Extraction (FPSE) is a technique, developed by Kabir and Furton, which employs a flexible and permeable fabric 
as the substrate chemically coated with a thin film hybrid inorganic-organic sorbent material via sol-gel technology. It offers 
simplicity, rapidity, low cost, and minimal solvent consumption. 
 
A method based on FPSE as an efficient, green and simple alternative to other (micro)extraction techniques followed by 
gas chromatography-tandem mass spectrometry (GC-MS/MS) has been developed for the simultaneous analysis of 
fungicides in water. Some preliminary parameters were evaluated such as sol-gel sorbent coated FPSE membrane, 
desorption solvent, and solvent volume. The method was optimized applying an experimental design including the most 
critical parameters (i.e. sample volume, desorption solvent and time, NaCl addition and pH). In addition, it was validated 
showing good linearity and precision. Recoveries were studied at four fortification levels in five different water matrices 
obtaining satisfactory results. Finally, the developed method was applied for the extraction and preconcentration of 
fungicides in different water samples collected near viticulture zone. Eleven out of the seventeen studied fungicides were 
found in the analyzed samples. 
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In recent years, interest in the use of deep eutectic solvents (DESs) in extraction techniques has increased notably, since 
a large number of them have low or negligible toxicity, presenting themselves as an environmentally friendly alternative to 
conventional solvents. In particular, DESs from natural products (natural DESs, NADESs) have aroused great interest. Up 
to now, most of the proposed DESs have been hydrophilic and their application to the extraction of hydrophobic analytes 
has been limited. Therefore, it is necessary to introduce new hydrophobic DESs, such as those based on menthol, which 
are characterized by their low toxicity and high biodegradability [1]. 
In this work, a NADES composed of L-menthol:acetic acid 1:1 (molar ratio) has been used for the first time in dispersive 
liquid-liquid microextraction (DLLME) to carry out the extraction of nine phthalic acid esters (PAEs) (i.e., dipropyl phthalate, 
butyl benzyl phthalate, dibutyl phthalate, diisopentyl phthalate, di-n-pentyl phthalate, dicyclohexyl phthalate di(2-ethylhexyl) 
phthalate, diisononyl phthalate, and diisodecyl phthalate) from tap and mineral water, as well as from different beverages 
(apple juice and soft drinks) and infusions, using dihexyl phthalate and di-n-octyl phthalate as internal standards [2]. PAEs 
have been widely used as plasticizers, many of which can have serious effects on health and the environment. For the 
determination of these analytes, high-performance liquid chromatography (HPLC) coupled to an UV detector was used, 
obtaining relative recovery values in the range 71-120 % and relative standard deviation (RSD) values less than or equal 
to 20 % for all the analytes in the different matrices analyzed. The limits of quantification of the method were between 3.5-
51.1 μg/L. 
Infrared spectroscopy and differential scanning calorimetry analyses of the DES drop after the DLLME procedure were 
carried out, observing the presence of an L-menthol-rich phase instead of the DES, which indicated that an important 
transference of acetic acid to the aqueous phase took place. Although the possibility of using L-menthol alone as extractant 
could be considered, with a previous thermal solubilization, non-quantitative extraction of the selected PAEs was achieved. 
Besides, extraction tests were also developed with thermal solubilized L-menthol adding another acid like HCl. Results 
suggested that DES extraction capacity is due to a “transient network” caused by the medium acidity, regardless of the 
type of acid used. This new NADES-based DLLME procedure demonstrated to be effective, quick and simple, as well as 
environmentally friendly, since relatively low toxic and biodegradable DES components were used [2]. 
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Sample preparation has been recognized as a major step in the chemical analysis workflow. As such, substantial efforts 
have been invested in recent years to simplify the overall sample preparation process. Major focusses of these efforts 
include, miniaturization of the extraction device; minimizing/eliminating toxic and hazardous organic solvent consumption; 
eliminating sample pre-treatment and post-treatment steps; reducing the sample volume requirement; reducing extraction 
equilibrium time, maximizing extraction efficiency etc.  
The extreme complexity of biological samples such as whole blood, plasma, serum, urine, and saliva demands a simple, 
fast and robust sample preparation process prior to the instrumental analysis. Conventional sorbent-based sample 
preparation techniques including solid phase extraction and its different modifications often involve protein precipitation, 
solvent evaporation and sample reconstitution as the integral part of sample preparation workflow. These extra steps are 
time consuming and may lead to substantial analyte loss. In order to eliminate these steps from the sample preparation 
workflow, in this presentation we will report the latest and innovative application of fabric phase sorptive extraction (FPSE) 
to small drugs analyses in different biological matrices like whole blood, plasma, urine, saliva, exhaled breath aerosol [1-
3] with primary emphasis on unconventional sample matrix such as saliva due to its easy and non-invasive collection 
potential. 
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Deep eutectic solvents (DESs) are currently emerging as a new class of green solvents, being inexpensive and 
environmentally friendly [1]. The solvents are composed of two (or more) solid components that can form intermolecular 
hydrogen bonds with each other, which results in a reduced melting point of the mixture to below or far below room 
temperature. This feature allows incorporation of components with different properties and chemical interactions, while 
maintaining a liquid state. DESs thus have potential as designer solvents. Electromembrane extraction (EME) is a 
microextraction technique where charged substances are extracted across a supported liquid membrane (SLM) and into 
a clean acceptor solution, assisted by an electric field [2]. Selectivity of extraction is largely determined by the SLM solvent, 
and DESs are therefore an interesting platform for designing task-specific SLM solvents for tuning extraction selectivity [3].    
 
The presentation will feature an initial evaluation of selected hydrophobic DESs for EME of various model substances with 
different properties. The method was principally very green since only 4 µL DES was used per sample. Extraction efficiency 
related to molecular interactions, LC-MS compatibility, and advantages/disadvantages of DES-based EME will additionally 
be discussed.      
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Over the years, the advancements in the field of sample preparation towards more efficient, automated, and miniaturized 
techniques have been extraordinary. In this scenario, sample introduction and analysis dimensionality play an important 
role in the sample preparation protocol as well. The main goal is to extract and isolate the target analytes most efficiently, 
limiting losses and artifact formation.  
 
Different sample introductions will be examined to evaluate their contribution to the overall sample preparation procedure. 
The liquid injection will be the starting point of this overview, pinpointing in particular to the selection of a proper liner (a 
parameter often overlooked). The excursus will continue with the headspace analysis and the use of a novel automated 
multi-cumulative trapping approach, novel advancement in the sample introduction will be discussed to emphasize how a 
wise optimization of these parameters can enhance the level of information acquired on the samples. Finally, a more 
sophisticated hyphenated system (LC-GCxGC) will be present to discuss the role of liquid chromatography as sample 
preparation step and of multidimensionality in the overall procedure. 
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Lipidomics is the metabolomics branch that studies lipids within a living system. The classical approach in lipidomics 
analysis is based on the dismantling of the more complex lipidic molecules into their fatty acid constituents, that can be 
easily identified through Gas Chromatography coupled to Mass Spectrometry (GC-MS), in which the 
combination/complementarity of Linear Retention Index (LRI) and Electron Ionization (EI) data makes the identification 
process easy, automatic and reliable. Recently, the lipidomics approach opened new insight toward the determination of 
the native lipid composition. In fact, monitoring intact lipids can reflect more deeply the regulation of lipid metabolism in 
response to exogenous stimuli and provide elucidations on the perturbation of essential metabolic processes in which each 
species is involved. Ultra-high performance liquid chromatography coupled to mass spectrometry (UHPLC-MS) represents 
the technique of choice for the study of intact lipids. Nevertheless, achieving a fast, exhaustive and reliable identification 
is still a challenge, due to the not repeatable and poorly informative nature of atmospheric pressure ionization (API) MS 
techniques, normally hyphenated to LC, that avoid the building and the widespread use of LC-MS databases. In both cases 
a sample preparation step is required for the extraction and concentration of the target analytes. Those steps largely 
determines the quality of the results obtained and are the main source of systematic errors and random lack of precision 
of analytical methodologies. Moreover, traditional sample preparation techniques are also costly, time-consuming and 
generally labor-intensive, and furthermore, these techniques required high solvent content, which generates waste and is 
a main source of sample contamination. In this work we took advantage of fully automated preparative stations able to 
perform the extraction and the trans-esterification (for the GC analysis) of the lipid fraction obtained from both food and 
biological samples, prior to the injection into the UHPLC and GC instrumental setup, respectively. The use of robotic 
systems increased the reproducibility of the analysis, reduced the amount of solvents and minimized the errors due to the 
handling of the samples by the operators. 
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3-Monochloropropane-1,2-diol (3-MCPD), 2-monochloropropane-1,3-diol (2-MCPD) and glycidol under the form of esters 
of different fatty acids are known processing contaminants formed during refining of oils and fats including the deodorisation 
step. 3-MCPD is classified as a possible human carcinogen while glycidol is known to be genotoxic and carcinogenic. 
Therefore, accurate quantification of these compounds in edible oils and fats is crucial to ensure food safety and to help 
evaluate human exposure to these contaminants. The analysis of these contaminants can be performed indirectly 
according to the official AOCS methods (AOCS Cd 29a‐13, Cd 29b‐13, Cd 29c‐13) and more recently according to the 
Zwagerman-Overman method [1]. This method is gaining in popularity because it allows fast analysis of the 3 contaminants 
in one single method unlike the case with for example method AOCS Cd 29c‐13. However, manual preparation of the 
samples according to this method is labour intensive, reaction times are critical for correct quantification of glycidol and to 
obtain good reproducibility. So, the method is more prone to human error, and the used reagents are harmful. Therefore, 
automation is of utmost importance for routine use in the fat and oil industries.    

The present work describes a fully automated method for determination of 2-, 3-MCPD and glycidol in edible fats and oils 
based on the indirect Zwagerman-Overman method. The method is based on the fast alkaline transesterification and 
analysis of the phenyl boronic derivates by GC-MS/MS. An additional step has been integrated in the automated sample 
preparation method to remove more efficiently the excess of derivatising agent. This results in a more robust system 
ensuring less downtime related to source clean-up or column/pre-column exchange. Automation for real samples includes 
the preparation of a full calibration curve (9 levels and a blank). The only manual step in the method is placing a vial with 
the sample on the autosampler. Limits of detection in the low range of µg/kg were obtained for 2- and 3-MCPD and glycidol 
with recoveries in the range between 92 – 105%. Repeatability of the whole sample preparation procedure and analysis 
ranged below 6% (n=6). The proposed automated method offers additionally the advantage of adding at any time urgent 
samples which is of great importance in quality control laboratories for product release.   
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Honey is sold on a global scale and the market can be largely influenced by increasing concerns over product quality and 
authenticity. Volatile organic compounds (VOCs) are responsible for the aroma of this natural product, providing 
characteristic aromatic bouquets. The combined effect of several factors contributes to the distinct aromas, namely climate 
conditions, geographical location of production, flower nectar composition and post-harvest processes. The VOCs 
identified range both in compound class and molecular weight, with some key distinguishing compounds being present at 
low levels, making the analytical process challenging and time spent data processing laborious. 
 
Here we demonstrate a simple, solvent-free method for fingerprinting different honey qualities through fully-automated 
sample extraction and enrichment by a high-capacity sorptive extraction technique (HiSorb), coupled to Gas 
Chromatography Mass Spectrometry. Data mining and chemometrics are combined into one easy-to-use platform, for 
rapid identification of key differences between the VOC profiles.  
 
By identifying unique signatures amongst shared ubiquitous VOCs, we will show how this helps to distinguish between 
commercial low-cost to luxury brands and locally produced honey.  
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Accumulation of off-flavours and odours in fish flesh are a major contributor towards a decrease in fish meat quality because 
of the dislike by consumers. This is typically caused by two compounds, geosmin (GM) and 2-methylisoborneol (2-MIB), 
produced as secondary by-products of bacterial metabolism in water. These compounds have very low human sensory 
detection limits (or odour thresholds), which means that they can be present at trace-levels and still be detected with a 
human nose. Due to the lipophilic properties of these compounds their extraction from the fish tissue and subsequent 
analysis can be hindered due to simultaneous extraction of other volatile organic compounds (VOCs) which are present at 
much higher concentration levels. Lengthy extraction techniques such as steam distillation are typically required to extract 
the target compounds from the other VOCs present, producing cleaner chromatography. However, this is time consuming 
and manually labour-intensive for the analyst. 
 
Here we demonstrate a simple, solvent-free and fully-automated technique using high-capacity sorptive extraction (HiSorb) 
coupled with Gas Chromatography and Mass Spectrometry for the identification of GM and 2-MIB at ppt-levels (pg/g) in 
catfish samples. The ‘prep-ahead’ functionality of the extraction and enrichment platform, Centri, provided enhanced 
sample management for increased sample throughput without compromising analytical sensitivity. 
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Consumers are daily exposed to a range of mineral oil hydrocarbons (MOH) via food. Major sources of MOH in food are 
food packaging and additives, processing aids, and lubricants. In 2019 an EU guidance was released covering specific 
directions for sampling and analysis of mineral oil saturated hydrocarbons (MOSH) and mineral oil aromatic hydrocarbons 
(MOAH) in food and FCM in the frame of Recommendation (EU) 2017/84 for the monitoring of mineral oils. The parameters 
required by the guide are increasingly stringent and coping with this type of analysis becomes more and more challenging. 
The topic of this lecture is to face the most important parameters required by the Recommendation, combining liquid 
chromatography to gas chromatography, using a lab-made LC-GC interface base on the Y-interface developed by 
Biedermann and Grob [1]. The response ratios of alkanes comprised between C10 and C50 were measured and were 
comprised between 0.9 and 1.1, with a maximum coefficient of variation of 4% (n = 5). Intermediate precision was evaluated 
for the fat/oil category along a period of 48 days obtaining a value of 10%. Seventeen different foods were analyzed in 
order to cover the categories reported in the EU guide. Saturated hydrocarbon contamination was detected only in a few 
samples (in the range 1-153 ppm); MOAH contamination was found only in one sample (sunflower oil: 15 ppm). 
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Bisphenols are common precursors in the production of plastics and polymer resins as well as used plasticizers in the 
modification of their physical properties. Due to their massive utilization and potential leaching out of the plastic, bisphenols, 
above all bisphenol A, are ubiquitous in the environment. They count as quasi-persistent expressing that despite their 
degradability under UV radiation their concentration level is unlikely to decay due to permanent reinstatement. The 
problematic of bisphenols is due to their action as endocrine disruptors and, for some analogues, cytotoxicity and 
genotoxicity. Bisphenols A, AF, AP, BP, C, G, M, S, and Z were the subject of the present study.  
Solid phase extraction (SPE) is one of the most used methodologies for sample clean-up and preconcentration in analytical 
determinations of environmental contaminants. Therefore, the investigation of novel sorbents for SPE showing alternative 
retention mechanisms or physical-chemical characteristics is a mayor focus in the area of analytical chemistry.  
Recently, nanofibers have proven to be a versatile sorbent material due to their large surface to volume ratio, tuneable 
chemistry, and various modes how to handle them [1]. Among these reports, online coating for surface enlargement and 
functionalization as well as using them as restricted access materials can be found [2,3].  
Nanofibers are mostly employed in column or cartridge format, yet excessive or insufficient fibre compaction can cause 
backpressure problems or channelling effect, respectively, as nanofibers do not show the required rigidity nor genuinely 
stable pores such as silica materials. Alternatively, they can be used as sorbent disc, yet the capacity is consequently 
limited [4].  
Here, we present the outcomes of a recent work where we proposed a third handling method, that is using nanofibers to 
produce magnetic stirring devices that enable dispersive SPE. In this study we therefore aimed for a new approach of 
handling nanofibers for SPE procedures [5].  
For this purpose, 3D-printing was exploited to fabricate cage-like holders for the nanofibrous sorbent that integrated a 
magnetic stirring bar. In these, small wads of fibres were tumbled similarly to clothing in a washing machine. The final 
device was placed into 100 mL of water sample and let stir until analytes were extracted (50 min), then rinsed with water, 
and finally placed into methanol for analyte desorption. The extract was then submitted to HPLC for analyte separation.  
The cage-like design allowed us to take advantage of the lacking stiffness but high robustness of the fibrous sorbent 
material. High reproducibility of the extraction process and high analyte recoveries were obtained. With a preconcentration 
factor of 20, limits of detection of 0.2 ppb to 0.9 ppb were achieved, comparable to or better than previously reported 
methods.  
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Affinity separations are based on the interaction between specific immobilized ligands and target antibody, antigen, and/or 
protein. Different available ligands, such as proteins A and G, can be used to separate antibodies or their Fab fragments. 
Similarly, antigens can be isolated by immunoaffinity extraction using immobilized antibodies. In this context, the bead 
injection concept can be extremely useful for automation of immunoaffinity-based separation. 
The bead injection concept comprises the injection and transport of particles inside a flow system. The particles can be 
made of different materials (polymers, silica) and decorated with chemical (chromophores, surface modifiers) or 
biochemical (enzymes, antibodies) structures. Sample treatment and/or analysis are implemented in lab-on-valve (LOV) 
devices, which are based on a monolithic structure with microconduits machined in a polymeric block, mounted atop a 
multiposition selection valve. Due to the mesofluidic scale of these channels, LOV systems present more potential and 
compatibility with real-world samples when compared to microfluidic devices [1]. The bead injection approach provides a 
fresh portion of sorbent, avoiding carry-over effects between samples and sorbent fouling from matrix components. 
Moreover, automation of column assembly provides repeatable packing of sorbent, with strict control of the flow rates 
applied during analyte retention and elution steps, contributing to acceptable results with significant reduction of sorbent 
amount.  
In the present communication, the automation of solid-phase extraction based on immunoaffinity will be featured. The BI-
LOV application includes in-situ biomolecule detection (e.g. binding assays) and sample pre-treatment using affinity 
capture coupled to different detection systems, such as mass spectrometry. The coupling of LOV with BI permits the 
establishment of immunoassays under different formats (e.g. sandwich and direct competitive ELISA and immunoaffinity 
chromatography), with real time monitoring of reaction(s) directly on the solid support surface. These methods require 
minimal operator intervention and short time-to-result intervals. They allow for a high surface-to-volume ratio, they require 
low amounts of sample, sorbent, and reagents, while preventing fouling phenomena 
Several examples will be critically discussed, including the assessment of IgG capture in immobilized protein A through 
automated BI-LOV with in situ spectrophotometric quantification [2]. The miniaturization and automation of ELISA protocols 
will also be discussed, as a significant reduction on time-to-result is attained (2 h to 5 min) for carbamazepine and IgG 
quantification [3, 4]. 
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Modern flow techniques have been versatile tools for the automation of sample preparation procedures directed to the 
determination of analytes in various matrices. In this work, a renewable micro-solid phase extraction method was 
developed combining for this purpose for the first time the automation techniques Lab-In-Syringe and Lab-On-Valve 
(LOV)[1]. This configuration of the flow system allowed analyte preconcentration of ˃ millimeter sample volumes, as 
typically used in combination with commercial SPE cartridges, by enabling in-syringe mixing of sample and simultaneously, 
applying the bead-injection concept, i.e. handling sorbent particles as a suspension, in-situ renewable microcolumn 
formation was enabled in one of the LOV microchannel for µSPE using 4.4 mg of Oasis HLB sorbent (particle size of 30 
µm).The preconcentration system was coupled online to a liquid chromatography for the quantification and determination 
of five nonsteroidal anti-inflammatory drugs(NSAIDs) ketoprofen, naproxen, flurbiprofen, diclofenac, and ibuprofen as 
model analytes of emerging environmental concern. 
Method parameters such as loading and elution flow rates, sorbent suspension volume, and transfer volume were 
optimized. Analytes of interest were eluted using acetonitrile : water (50 : 50 % v/v) , loaded to online coupled HPLC, and 
separated on a Symmetry C18 column (4.6 x 150 mm, 5 µm) and C18 OPTI-GUARD® 1 mm guard column in isocratic 
regime using as mobile phase 30% (v/v) acetonitrile and 30%(v/v) methanol with 25 mmol/L ammonium formate buffer, pH 
3.5. RSD values of 1% to 7% were obtained on a 20 µg/L concentration level with linear ranges of 10 µg/L to 200 µg/L and 
limit of detection in the range of 0.04 – 1.3 µg/L. This method was applied for the determination NSAIDs in surface water 
with recovery factors in the range of 91 to 109 % spiked at 20 µg/L level. 
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Sequential injection analysis (SIA) can be easily applied to handle samples taken from different long-term processes in 
a dynamic mode together with on-line analysis in fully automated closed system. The main advantages of sample 
manipulation by SIA are (i) no need of human intervention in long-term process monitoring, (ii) real-time information 
concerning the monitored process, (iii) possibility to change tested conditions and to get insight into the effect of such 
modification without delay, (iv) recording detailed kinetic profiles, (v) possibility to connect several units to a single SIA 
system with time-controlled sampling from the respective units, and possible on-line connection to a separation step. 
Applications of such monitoring from our research group involve monitoring dissolution/release of active substances from 
pharmaceutical formulations (including nanoparticles [1]) and release of active substances from nanofibers used as 
a support to deliver substances for therapeutic reasons on human skin in the area of pharmaceutical analysis. The other 
field relates to real-time monitoring interaction of a luminescent marker (single or in combination with inhibitors) with cell 
membrane transporters [2] in the field of toxicological/pharmacological studies. These studies are based on permeation 
testing while determining a fluorescent marker (Rhodamine 123) or a chemiluminescent marker in the form of secreted 
luciferase. To monitor such permeation tests a dedicated 3D printed module [3,4] was developed to improve method’s 
sensitivity, to sample from both donor and acceptor compartments, and thus to get information concerning the real time 
marker concentration inside cells without the need of cell lysis. 
The applications will be discussed in detail. 
 

 
 

Figure 1. SIA system with 3D printed module for on-line monitoring interaction with cell membrane transporters [3]. 
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A novel, simple, fast, sensitive and environmentally friendly approach is presented to determine lead in urine samples, 
combining magnetic dispersive solid-phase extraction (MDSPE) for sample preparation and screen-printed carbon 
electrodes (SPCEs) modified with gold nanoparticles for square-wave anodic stripping voltammetry [1]. This association 
involves the miniaturization of sample preparation and measurement process [1,2].  
A zeolite-based magnetic composite (i.e., ZSM-5 zeolite/Fe2O3(tr)) was employed as an efficient sorbent, which combines 
the advantages of magnetic materials (e.g., easy manipulation under external magnetic field) with the remarkable 
properties of zeolites (e.g., high adsorption capacity, thermal and chemical stability, environmentally friendly, economical, 
simple modification to get the desired chemical and physical properties).  
The sample preparation consist on, firstly, extracting lead directly from urine samples employing the ZSM-5/Fe2O3(tr) 
composite, then, the composite enriched with lead was deposited onto a modified SPCE and finally covered with a 
suitable electrolyte for electrochemical detection. Thereby, the elution and detection of lead were carried out in a single 
step, which is the main contribution of this work. To optimize experimental parameters affecting MDSPE, a multivariate 
approach was employed. The method has been evaluated under optimized extraction conditions (i.e., type of sorbent, 
ZSM-5/Fe2O3(tr); amount of sorbent, 10 mg; sample pH, 4.8; extraction time, 1 min; and HCl concentration, 1 M) using 
standard addition calibration. Standard addition calibration curves gave a good linearity in the range from 0 to 25 µg L-1 
with correlation coefficients ranging from 0.992 to 0.998 (N=6). The limit of detection, evaluated empirically and 
statistically, ranged from 1.0 to 2.0 µg L-1 and from 0.8 to 1.6 µg L-1, respectively, which are lower than the normal mean 
value of Pb (i.e., ~35 μg L−1) found in the urine of people without evident occupational, medicinal, or other unusual 
sources of exposure [3]. The repeatability of the proposed method was evaluated obtaining coefficients of variation 
between 12 and 15% (n=6).  
The method was used to analyze Pb(II)-spiked urine samples, and apparent recoveries ranged between 99 and 107%, 
with coefficients of variation of <20%. Therefore, this is a new and successful contribution to the portable total analytical 
systems. 
 
Acknowledgements 
The authors would like to thank the Spanish Ministry of Economy and Competitiveness and European Union (FEDER 
funds) (project n. CTQ2016-79991-R) for the financial support.  
 
References 
[1] E. Fernández, L. Vidal, J. Silvestre-Albero, A. Canals. Magnetic dispersive solid-phase extraction using a zeolite-
based composite for direct electrochemical determination of lead(II) in urine using screen-printed electrodes, Microchim. 
Acta 187 (2020) 87. 
[2] P. Baile, L. Vidal, A. Canals, Magnetic dispersive solid-phase extraction using ZSM-5 zeolite/Fe2O3 composite 
coupled with screen-printed electrodes based electrochemical detector for determination of cadmium in urine samples, 
Talanta 220 (2020) 121394. 
[3] L.J. Goldwater, A.W. Hoover, N. Yuh, An international study of “Normal” levels of lead in blood and urine, Arch. 
Environ. Health. 15 (1967) 60–63. 
 

 
L. Vidal1, E. Fernández1, J. Silvestre-Albero2, A. Canals1  



 

 

Influence of Sampling Trap Materials on the Volatilome 
From In Vitro and Ex Vivo Samples 
 

 O-35 

Keywords: adsorbent tubes, breath, multidimensional chromatography, serum, thermal desorption.  
 
 
 
In this study, we evaluated and compared the sampling performance of different thermal desorption (TD) adsorbent 
materials, both in in vitro and ex vivo situations, in the context of clinically-relevant samples.  
Growing indeed are the applications on VOCs from biological fluids (breath, serum etc), specially as possible biomarkers 
of specific disease states. Because of the wide variety of adsorbent materials, the tube can be filled with, it may be 
challenging to select the optimal tube for biological samples. Indeed, these trapping materials can be used alone or in 
combination, and depending on the characteristics (chemical and physical), the selectivity can be tuned, as well as the 
sensitivity and repeatability. 
 
Specifically, we used 7 different adsorbents (Tenax TA, Tenax GR, Carbopack B, Carbopack 5TD, Carbopack 1016, 
Carbopack X and Sulphicarb), packed singularly and in combination, on Fetal Bovine Serum (FBS) and human breath 
spiked with probe analytes. For the evaluation, we selected a mix of 19 standards (probe analytes) to monitor and compare 
the sensitivity and repeatability between the different adsorbents.  
In the in vitro sampling setup, spiked FBS was used to mimic the biological matrix, and a dynamic headspace extraction 
was performed. For the ex vivo, breath was collected in Tedlar bags in which standards were successively flash-vaporized. 
In both cases, after extraction, the tubes were thermally desorbed on a comprehensive two-dimensional gas 
chromatography system coupled to a time-of-flight mass spectrometer (GC×GC-TOF MS). 
For both sample matrices and in the targeted analysis on the probe VOCs, the tubes packed with Tenax TA alone resulted 
the most sensitive with the highest repeatability, in the range of 2-22 RSD % for breath and 2-32 RSD % for serum analysis.  
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In recent years, increasing attention has been paid to the development of new technologies and innovative devices able 
to monitor, through non-invasive sampling, the levels of human exposure to different compounds present in the 
environment, as well as the evaluation of compound(s) that could be related to a specific disease. Exhaled breath aerosol 
(EBA) containing water molecules, volatile and non-volatile compounds, micro-drops and particles of biological origin that 
are extremely interesting in terms of analytical-clinical point of view as it is enriched with numerous metabolites/biomarker 
compounds, easily exploitable for diagnostic purposes. These compounds actually represent chemicals to which the 
subject is exposed (at an environmental level or following intake through diet or lifestyle habits), as well as the biomarker(s) 
pertaining to any specific disease condition [1]. The development of innovative technologies, like Fabric Phase Sorptive 
Membrane (FPSM) array, able to perform the sampling step through a non-invasive procedure, is utterly needed in order 
to increase the knowledge of the exposure to different chemicals. 
In this presentation, this novel approach for non-invasive in vivo sampling for disease diagnosis, air pollution monitoring 
and beyond is presented for the first time and compared with other technologies currently in use. During the presentation, 
the advantages, disadvantages and limitations of all the procedures for this type of analysis will be highlighted. In this 
presentation, the different approaches will also be critically assessed based on the "green" profile characteristics of the 
procedures [2], both relating to sampling and subsequent instrumental analysis. 
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The use of Solid Phase Extraction (SPE) prior to LC-MS analysis is the established sample preparation technique to reduce 
matrix impurities in the samples in a resonable time and with minimum costs. Conceptually, during the SPE procedure 
analyte(s) are bound to the adsorbent while the matrix components are washed off. An HLB, hydrophilic-lipophilic balanced, 
polymeric sorbent enables extraction of a broad range of compounds from aqueous samples. The use of this polymeric 
sorbent offers unique advantages over traditional silica-based sorbents during SPE procedures. These include stability 
over a wider pH range, better flow rates, higher loading capacity, and preserving the performance during sorbent drying 
out to name a few. 
An SPE procedure using a new HLB SPE cartridges was performed for extraction of 20-analytes from human plasma 
samples. The analytes represented multiple drug classes and had different hydrophobilicties and polarities. Effectiveness 
of the new HLB SPE was evaluated towards analyte reciveries and sample cleanliness. All the analytes had an absolute 
recovery between 80 to 120% using a standard 5 – step SPE procedure. Further, matrix effects in the final SPE-cleaned 
samples were evaluated and minimal to no ion suppression effects (<10%) were observed. These novel HLB cartridges 
offer the end-user confidence in obtaining less complex and cleaner samples for analysis. 

 
 

Figure 1. LC-MS/MS analysis of phospholipids in the SPE-cleaned samples of human plasma (grey) versus the protein-precipitated 
samples (black). More than 92% of phospholipids were removed by using SPE cleanup procedure. 
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The use of Solid Phase Microextraction (SPME) has been widely accepted as fast and convenient sample preparation 
method. It has been applied to a wide range of samples and utilizes adsorbent-containing coated devices. In this work we 
have used the solid phase microextraction towards measurement of free fraction of pharmaceutical compounds in 
biological samples in the highly throughput manner using 96-well format compatible with automated robotic systems. 
Protein binding is an important property of pharmaceutical compounds as only free fraction exert pharmacological effect. 
The developed extraction method using a novel BioSPME device allowed quantitative measurement of free analyte fraction 
of pharmaceutical drugs from plasma using LC-MS/MS detection. The manipulation of the BioSPME device during the 
extraction method was done using robotic grippers on Hamilton Starlet system. The protein binding accuracy of the 
proposed method was evaluated by comparison of the calculated values to these obtained using equilibrium dialysis 
method and the values found in scientific publications. The results of the protein binding measurements will be presented 
for compounds across the range of hydrophobicities, charges and molecular weights. The proposed sample preparation 
method provided high accuracy of the obtained protein binding values and was 3-times faster in comparison to the standard 
methodology. 
 

 
Figure 1. Manipulation of the 96-pin BioSPME device by Hamilton Starlet robot. 
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Solid-Phase Micro-Extraction (SPME) is a micro extraction technique developed in the early 90’s by Arthur and 
Pawliszyn [1]. SPME allows for analyte isolation and enrichment, along with matrix cleanup, in a single sample preparation 
step. To achieve this simplicity, a small amount of extraction phase immobilized on a solid support is directly exposed to 
the sample. Then, the extraction occurs by partitioning of analytes among both phases. Noteworthy, the analytes are 
transported from the sample to the extraction phase via diffusion through the boundary layer, generated by the 
concentration gradient between phases. The phenomenon occurs until the system reaches equilibrium. The latter depends 
on the analyte partition coefficient, the volume of extraction phase, and the volume of sample. Furthermore, the partition 
coefficient will also change its magnitude when changes of temperature, solvent composition or ionic strength are 
observed. Nevertheless, these fundamental considerations are only valid for small molecules free in solution; a condition 
that not often is fulfilled in bioanalysis where the analytes are mostly bound to different macromolecules. In this regard, 
binding constants between the analyte and the macromolecules (binding matrix) are defined. It is important to highlight 
that the formed complex is characterized by a high molecular weight and very low diffusion coefficients, drastically limiting 
the extraction efficiency. Hence, the larger is the binding constant the lower is the extraction efficiency regardless of the 
distribution constant value. In this work, the authors present alternatives for matrix modification that aid the release of 
analytes from the matrix, decreasing the binding constants, without significantly compromising the distribution constant. 
As a result, the extraction efficiency can be improved up to an order of magnitude, enabling inconceivable applications 
such as determination of highly bound analytes from complex biological matrixes by direct immersion SPME. Among these 
alternatives, the first one consists in solvent addition, where two main examples are introduced. On the one hand, the 
effect of solvent addition on the recovery of immunosuppressive drugs from whole blood. Different solvents were evaluated 
finding acetonitrile (ACN) as the best option. It was demonstrated that low proportions of ACN promoted the release of 
analytes by denaturing the red blood cells without decreasing the partition coefficient [2,3]. More important, the denaturing 
and analyte release step was simultaneous with the extraction process. On the other hand, a group of twenty drugs from 
different families regulated by the World Anti Doping Agency (WADA) were determined from plasma by SPME. Solvent 
addition has demonstrated up to 5-fold increasing in sensitivity for the most heavily bound molecules such as diazepam, 
propranolol, and buprenorphine [4]. The second approach refers to the addition of aqueous modifiers that help the 
denaturing process of the macromolecules. To this end, additives such as zinc sulfate, guanidine, and trifluoroacetic at 
different concentrations and proportions were implemented. For immunosuppressive drugs determination from whole 
blood, zinc sulfate was explored. However, the high hydrophobicity of the compounds did not allow the effective release to 
the media, remaining in the precipitate of red blood cells [2,3]. Similarly, the effect of the sole addition of guanidine 
hydrochloride to plasma for endocannabinoids determination did not give positive results. Although the proteins were 
denatured, the coprecipitation of analytes was the predominant process [5]. Finally, the last option consisted in a 
combination of the first and second approach. As a result, in all applied cases the extraction performances were increased 
up to one order of magnitude. For instance, the addition of 1300 µL of the mixture 0.1M ZnSO4:ACN:H2O (60:30:10, v/v) 
to 200 µL of whole blood produced a 10-fold improvement on the LOQs for different SPME-MS determinations [2,3]. 
Similarly, the addition of 50 µL of guanidine hydrochloride (1 mol·L-1), 75 µL of ACN, and 75 µL of H2O to 300 µL of plasma, 
obtaining an increased sensitivity between 5 and 8 times for the endocannabinoids studied [5]. To conclude, the original 
development considerably improves the LOQs for challenging applications in SPME analysis. Namely, highly nonpolar 
analytes heavily bound to macromolecules in a biological fluid. Also, it implements the concept of extraction during the 
analyte’s release process. In this manner, the herein established concept boosts the high-throughput capabilities of any 
analytical method without compromising the sensitivity. A required feature for SPME-MS approaches that circumvent the 
time-consuming separation step.    
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Sample preparation is still considered the bottle-neck of the whole analytical process. Nowadays, several sample 
preparation techniques are available, however all of them suffer from a lack of the selectivity. At this regard, molecularly 
imprinted polymers (MIPs) are considered excellent materials able to perform selective extractions. Recently, new 
objectives in sample preparation have been set, including to use smaller initial sample sizes; to facilitate automation; and, 
to minimize the amount of glassware and organic solvents needed. MIP incorporation to other microextraction techniques 
offers a new strategy in order to fulfil current sample preparation requirements [1]. However, even using MIPs, the 
complexity of the sample can affect recoveries of target analytes, negatively affecting the analytical method precision and 
accuracy. The use of a porous membrane, as a protective sleeve, is one of the simplest approaches to circumvent the 
difficulties mentioned above in the analysis of complex and “dirty” samples. Accordingly, the different recent approaches 
developed in our lab combining hollow-fiber membranes and MIPs as a new highly selective microextraction technique will 
be presented. The advantages and drawbacks of this approach as well as the future expected trends will be discussed. 
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Among all the biofluids (blood, urine, saliva, sweat), whole blood is the most information rich as well as the most complex 
sample matrix. It provides a temporal snapshot of the body and reveals the overall physiological condition. Blood consists 
of ~55% aqueous fraction (plasma) and ~45% solid materials (formed elements). Although blood is the primary sample in 
most of the clinical chemistry-based investigations, due to the lack of available sample preparation technology that can 
handle whole blood directly, it is usually converted into plasma or serum prior the analysis. Exogenous substances in blood 
such as drugs, poisons, pollutants enter in the blood stream via different routes (food, water, inhalation, ingestion, etc.), 
undergo metabolism, and the residues remain in equilibrium between the liquid part (plasma) and the suspended solid 
particles (formed elements). When blood is converted into plasma, a significant loss of the exogenous analytes could occur. 
The concentration of analytes in plasma also remain in equilibrium between the aqueous solution and the dissolved 
proteins. As such, when plasma undergoes protein precipitation prior to deploying any extraction technique such as solid 
phase extraction, another round of analyte loss is practically inevitable. 
Convenience in using, ability to handle whole blood, minimally invasive sample collection opportunity, and ability to ship 
the dried samples without expensive temperature control process and other advantages of DBS cards have catalyzed the 
exponential growth of this technique in numerous applications including newborn screening, toxicology, preclinical and 
clinical drug development, therapeutic drug monitoring (TDM), drug and sports doping screening, medical screening and 
nutrition in recent years. 
Biofluid Sampler [1] and Sample Preparation device (BFS) is specifically designed to eliminate all major shortcomings of 
DBS cards and their different modifications in a rational scientific way. Advantages of BFSs include: (a) capable of retaining 
low to high sample volume (10–1000 μL); (b) each BFS is a separate sampling and sample preparation device, therefore 
hematocrit problem is not an issue in BFS (entire BFS is used for instrumental analysis, not a punched-out segment of the 
dried blood spot as in DBS cards); (c) spot homogeneity is not an issue in BFS as the entire device is exposed to back-
extraction for analyte recovery; (d) the BFSs can be created in small size (1/4″) to big size (2″) depending on the sample 
volume requirement; (e) unlike DBS card which primarily utilize physical adsorption as the analyte retention mechanism, 
BFSs utilize a plethora of intermolecular interactions such as London dispersion, hydrogen bonding, dipole-dipole 
interaction, π- π stacking interaction; (f) sponge-like porous architecture of sol-gel sorbent coated on BFS allows rapid 
dissipation of the biofluid homogeneously throughout the device; (g) strong intermolecular interactions between the BFS 
and the biofluids minimizes the analyte loss during regular transportation and shipping; (h) when matrix interferents 
complicates the downstream separation, BFSs can be used as the extraction device. 
The primary objectives of the current presentation is to describe the novel biofluid sampler for direct sampling of low to 
high volume of whole blood sample and to inform the audience as to how BFS may dramatically impact on the current 
practice of whole blood analysis for clinical/toxicological/forensic analysis. 
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Ionic liquids (ILs) can be designed to exhibit unique properties for their use in a number of applications in analytical and 
bioanalytical chemistry.  This talk will focus on the design and synthesis of ILs, magnetic ionic liquids (MILs), and polymeric 
ionic liquids (PILs) as well as the use of these materials in a number of applications within sample preparation. Nucleic 
acids are biopolymers that constitute important diagnostic molecules for a broad range of applications from clinical testing 
to forensic analysis. A major challenge faced by DNA and RNA analysis techniques is the selective extraction of particular 
nucleic acid sequences using rapid and sensitive methodologies. It will be shown in this presentation that ion-tagged 
oligonucleotides (ITOs) can be used in conjunction with MILs to efficiently capture DNA sequences from complex samples. 
The ITOs can be created through thio-lene “click” chemistry and the nature of the ion tag can influence the partitioning of 
the ITO to the hydrophobic MIL. This novel liquid-phase approach towards sequence-selective DNA capture provides 
superior extraction efficiencies to conventional magnetic bead technology as well as a platform for using external fields to 
manipulate the liquid droplets. We will also discuss the use of PIL sorbent materials in both solid-phase microextraction 
(SPME) and thin-film microextraction (TFME) and the advantages that TFME offers in the rapid uptake and release of 
nucleic acids. Finally, we will discuss the coupling of microextraction methods with isothermal amplification to produce 
point-of-care diagnostic platforms that can be used in the field, such as demonstrated in Figure 1 for the rapid diagnosis of 
Mycobacterium tuberculosis using colorometric loop-mediated isothermal amplification. 
 

 

 
Figure 1. Protocol developed for the rapid extraction of nucleic acid from Mycobacterium tuberculosis using SPME coupled to 

colorimetric loop-mediated isothermal amplification. 
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During this lecture, the EuChemS Division of Green and Sustainable Chemistry (DGSC) will be presented.  The potential 
of compressed CO2 on the preparation of nanostructured materials for biomedical applications will be briefly exposed, as 
one example of the type of activities done by scientists engaged in the DGSC.  
The DGSC was formally announced at the opening ceremony of the 2nd EuCheMS congress on Green and Sustainable 
Chemistry (2EUGSC – Lisbon), in 2015. The DGSC is a constantly growing network of scientist dedicated to the 
advancement of sustainability and green chemistry in Europe. The Division organises numerous conferences, 
workshops, and supports widespread activities that foster multidisciplinary cross-fertilization of ideas in order to promote 
the advancement of Sustainability and Green Chemistry in Europe. The Division actively promotes teaching activities, for 
example the incorporation of the principles of Green Chemistry into the actual curriculum on the bachelor, master and 
doctoral levels either by modification of existing content or by creating new courses, modules or study areas. The 
Division also recognizes scientists that make an outstanding contribution to the development of green and sustainable 
chemistry by launching the biannual European Sustainable Chemistry Award (ESCA). 
Nano- and micro-particulate molecular materials (micro- and nanocrystals, nanosuspensions, microemulsions, 
nanovesicles, polymeric particles, etc..) have gained a lot of attention for biomedical applications. Despite the potential of 
these materials, from which polymeric micro/nanoparticles and vesicles are the most thoroughly investigated, a high 
degree of structural homogeneity is crucial for their optimum performance as functional entities. However, the 
achievement of homogeneous nanostructured materials with high batch to batch reproducibility is not an easy issue. The 
method of preparation plays a crucial role in this degree of heterogeneity and therefore, methods that allow a well 
controlled nanostructuring, not only regarding size but also morphology and supramolecular organization, are necessary. 
The scalability of such preparation processes is a usually forgotten issue. However, this aspect is also of high relevance 
for commercially exploiting the potential of nanomaterials for biomedical applications, which fulfill standardization and 
quality requirements requested by regulatory agencies. 
Since conventional precipitation processes usually present difficulties in controlling a homogeneous assembling of the 
molecules present in a bulk system, especially when scaling-up, “down-stream” operations, such as milling in the case of 
particles and extrusion or sonication for vesicles, are necessary in order to achieve or isolate the desired structures. 
Compressed fluids (CFs), like compressed CO2, have a great deal of promise as green solvent media for material 
processing, since their unique characteristics between those of liquid and gases, allow the achievement of materials 
presenting highly homogeneous structure [1]. In this lecture will be shown part of the work carried out in our lab related to 
the use of green compressed CO2 for the preparation of more homogeneous crystalline and non-crystalline ordered 
materials for biomedical applications [2-5]. 
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SUWGLSLWjWLRQJPWWKRKJZjVJjSSOLWKJWRJSUWSjUWJjJPjJQWWLGJQjQRGRPSRVLWWJORUJNJaHHbJSUWGRQGWQWUjWLRQJLQJZjWWUVJ6jVWKJRQJ
SUWYLRXVJVWXKLWVJROJWKWJUWVWjUGKJJURXSJxLQ1J4KWJQRYWOW\JROJWKLVJZRUNJOLWVJRQJWKWJGRP6LQjWLRQJROJPjJQWWLWWJZLWKJQR6OWJPWWjOVJ
ORUJNJaHHbJUWWWQWLRQ1JTR6OWJPWWjOVJVXGKJjVJfJaHbrJfXaHHHbJjQKJ5KaHHbJZWUWJjKKWKJWRJWKWJPWKLXPJROJV\QWKWVLVJjOORZLQJJNJaHHbJ
WUjSSLQJ1J 4KWQrJ WjV\J PjJQWWLGJ VWSjUjWLRQJ ROJ WKWJ NJJ WQULGKWKoT5VJ OURPJ WKWJ jTXWRXVJ SKjVWJ ZjVJ SWUORUPWKJ jYRLKLQJJ
OLOWUjWLRQJRUJGWQWULOXJjWLRQJVWWSV1JTRJWOXWLRQJZjVJUWTXLUWKJWLWKWU1JNJJjQjO\VLVJZjVJKLUWGWO\JSWUORUPWKJRQJBRJ�AJROJWKWJWQULGKWKJ
PjJQWWLWWJQjQRGRPSRVLWWJLQJjJKLUWGWJPWUGXU\JjQjO\VWUJa[3fbJxvQ1JfPRQJJWKWJQR6OWJPWWjOVJjWWWPSWWKrJ6WVWJSWUORUPjQGWJ
ZjVJSURYLKWKJ6\J5K1J]RUJBJ�JVAJROJNJaHHbrJjJNJV5KJUjWLRJ6WWZWWQJmMBJjQKJmMmRRJVKRZWKJWKWJKLJKWVWJLQGUWjVWJLQJVWQVLWLYLW\1J
wKjUjGWWUL]jWLRQJ ROJ QjQRGRPSRVLWWJ ZjVJ SWUORUPWKJ 6\J WUjQVPLVVLRQJ WOWGWURQJ PLGURVGRS\J a423brJ KLJKoUWVROXWLRQJ
WUjQVPLVVLRQJWOWGWURQJPLGURVGRS\JGRXSOWKJWRJWQWUJ\JKLVSWUVLYWJXoUj\JVSWGWURPWWU\JaNµo423o2[DbJjQKJWRWjOJUWOOWGWLRQJXo
Uj\JOOXRUWVGWQGWJVSWGWURPWWU\Ja4Xµ]b1J4KWJSjUWLGOWJVL]WJZjVJLQJWKWJUjQJWJdomRJQP1J4KWJOLPLWJROJKWWWGWLRQJR6WjLQWKJZjVJL1IJ
QJVAJROJNJaHHb1J4KWJSUWGRQGWQWUjWLRQJOjGWRUJjGKLWYWKJZjVJmRRJjQKJWKWJUWSWjWj6LOLW\JW[SUWVVWKJjVJUWOjWLYWJVWjQKjUKJKWYLjWLRQJ
aµD[rJzbJZjVJdJz1J4UXWQWVVJZjVJWYjOXjWWKJXVLQJJwµ3VJaZjWWUJVjPSOWVbJGRQWjLQLQJJKLOOWUWQWJGRQGWQWUjWLRQVJROJNJaHHbrJ
QjPWO\rJ0womRmvrJ0wommIhJjQKJ0womIRB1JDWXKLWVJSWUORUPWKJRQJUWjOJZjWWUJVjPSOWVJ\LWOKWKJNJJUWGRYWULWVJLQJWKWJUjQJWJ
ROJccommBJz1JTRJVjWLVOjGWRU\JUWGRYWULWVJZWUWJORXQKJORUJZjVWWZjWWUJVjPSOWVJKXWJWRJWKWJWOOWGWJROJRUJjQLGJPjWWWUJRQJWKWJKLUWGWJ
V\QWKWVLVJROJT5VJLQJWKWJZjWWUJVjPSOWV1J4KWJPWWKRKJLVJOjVWJjQKJWOOLGLWQWrJjOORZLQJJW[WUjGWLRQJjQKJSUWGRQGWQWUjWLRQJROJNJJLQJ
KULQNLQJJZjWWUJjWJXOWUjWUjGWJOWYWO1J

�
J
J
RFNQRZOHGJHPHQWVm
DXSSRUWJORUJWKLVJZRUNJZjVJSURYLKWKJ6\JDSjQLVKJ3LQLVWU\JROJDGLWQGWrJHQQRYjWLRQJjQKJFQLYWUVLWLWVJa5URMWGWJµ4HIRmcoRhLnhdo
koHRRbrJWKWJDSjQLVKJDWjWWJµWVWjUGKJfJWQG\JjQKJ]2[2µ1JHJKWJOjJwjOOWJjQKJ/1JµRPWURJjGNQRZOWKJWVJOLQjQGLjOJVXSSRUWJjVJ
SRVWKRGWRUjOJUWVWjUGKWUVJOURPJWKWJFQLYWUVLW\JROJ/LJRJjQKJXXQWjJKWJ:jOLGLjrJUWVSWGWLYWO\1JJ
J
5HIHUHQFHVm
>s@J(1JNX6WUrJ)1JAWRSROKrJTjQRPjWWULjOo6jVWKJVWUjWWJLWVJORUJWQKjQGWKJPWUGXU\JWUjGWJjQjO\VLVJLQJWQYLURQPWQWjOJjQKJKULQNLQJJ

ZjWWUVrJ4UfwJ4UWQKVJfQjO1JwKWP1rJcRJaIRmnbJIcRoIhI1J
>u@J)1JAWRSROKrJ31J]RXONWVrJ51J(1JERUOVOROKrJ5UWGRQGWQWUjWLRQJWWGKQLTXWVJORUJWKWJKWWWUPLQjWLRQJROJPWUGXU\JVSWGLWVJLQJQjWXUjOJ

ZjWWUVrJ4UfwJ4UWQKVJfQjO1JwKWP1JIcJaIRRhbJvInovLB1J
>:@J/1JµRPWURrJH1JwRVWjVo3RUjrJH1JAjYLOOjrJw1JkWQKLGKRrJHQJVLWXJXOWUjVRXQKojVVLVWWKJV\QWKWVLVJROJ]WLqvJQjQRSjUWLGOWVJZLWKJ

VLPXOWjQWRXVJLRQJGRoSUWGLSLWjWLRQJORUJPXOWLWOWPWQWjOJjQjO\VLVJROJQjWXUjOJZjWWUVJ6\JWRWjOJUWOOWGWLRQJXoUj\JOOXRUWVGWQGWJ
VSWGWURPWWU\rJ(1JfQjO1JfW1JDSWGWURP1JIcJaIRmLbJhILohLL1J

>I@� H1JKWJOjJwjOOWrJ(1J5iW]owj6jOWLURrJH1JAjYLOOjrJw1JkWQKLGKRrJqQWoSRWJV\QWKWVLVJROJjJPjJQWWLGJQjQRGRPSRVLWWJ6jVWKJRQJ
XOWUjVRXQKojVVLVWWKJGRoSUWGLSLWjWLRQJORUJWQULGKPWQWJROJNJaHHbJSULRUJ WRJKWWWGWLRQJ6\JjJKLUWGWJPWUGXU\JjQjO\]WUrJ4jOjQWjJ
mhhJaIRmhbJvvhovBn1J

�
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'HYHORSPHQWvRIv0DJQHWLFv1DQRc0,3VvIRUvWKHv6HOHFWLYHv
([WUDFWLRQvRIv3URWHLQVvT
T
T
%Nv)UHVFRc&DODPiT7AT5DSSROGMiTPATOHLWHOMiTIA(ATPDWLVWDMiTPAT3L]DLNRIIMAT
eBo),QVWLWXWH)RI)gQDO\WLFDO)DQG)pLRDQDO\WLFDO)&KHPLVWU\a)8OP)8QLYHUVLW\a)v8dvBa)8OPa)*HUPDQ\y)pHDWUL]yIUHVFRlFDOD@XQLyGHT
e
.H\ZRUGV�eJROG)FRDWLQJa)FRUHlVKHOO)SDUWLFOHVa)PDJQHWLF)QDQRSDUWLFOHVa)PROHFXODUO\)LPSULQWHG)SRO\PHUVa)VLOLFD)SRO\PHUye
T
T
7KHTPDLQTREMHFWLYHTRITWKLVTSURMHFWTZDVTWKHTV\QWKHVLVTRITFRUHtVKHOOTPDJQHWLFTQDQRt3x3VTIRUTWKHTVHOHFWLYHTGHWHUPLQDWLRQTRIT
RYDOEXPLQT 1)LJXUHTMBAT)RUT WKLVTSXUSRVHiTPDJQHWLFTFRUHVTZHUHTSUHSDUHGTE\TDTFRtSUHFLSLWDWLRQTPHWKRGTDQGTVXEVHTXHQWO\T
IXQFWLRQDOL]HGTZLWKTDTJROGTFRDWLQJAT7KHUHIRUHiT WKHTJROGtFRDWHGTPDJQHWLFTQDQRSDUWLFOHVT1IXtFRDWHGT3/3VBTGHPRQVWUDWHGT
WKHT DELOLW\T WRT LQWHUDFWTZLWKT WKHT SURWHLQT WKURXJKT WKHT F\VWHLQHT UHVLGXHViT DOORZLQJT WKHT XQLRQTDQGT RULHQWDWLRQT RIT WKLVT RQT WKHT
QDQRSDUWLFOHVAT/H[WiTDTVLOLFDTSRO\PHULFTOD\HUTZDVTIRUPHGTDURXQGTLWTDQGiTE\TUHPRYLQJTWKHTRYDOEXPLQiTVHOHFWLYHTFDYLWLHVTZHUHT
FUHDWHGAT
3RO\PHUL]DWLRQVTXVLQJTERWKTWHWUDHWKR[\VLODQHT17FC6BTDQGT1ktPHUFDSWRSURS\OBWULPHWKR[\VLODQHT133736BTDVTPDLQTPRQRPHUT
KDYHTEHHQTFDUULHGTRXWAT7KHTFRPELQDWLRQTRITWKHPTZLWKTRWKHUVTIXQFWLRQDOTPRQRPHUViTLQFOXGLQJT1ktDPLQRSURS\OBWULHWKR[\VLODQHT
1I37F6BTDQGTSKHQ\OWULHWKR[\VLODQHT137F6BTZHUHTDOVRTWHVWHGTDQGTHYDOXDWHGATxQTDGGLWLRQiTWKHTSUHtDWWDFKPHQWTRIT33736TWRT
WKHTJROGTVXUIDFHTSULRUT WRT WKHT LPPRELOL]DWLRQTRIT WKHTRYDOEXPLQTDQGT WKHTSRO\PHUL]DWLRQT UHDFWLRQTKDVTEHHQTSURSRVHGTDVTDT
V\QWKHVLVTURXWHTWRTDFKLHYHTDTEHWWHUTDQGTPRUHTKRPRJHQHRXVTFRDWLQJTRITQDQRSDUWLFOHVTZLWKTVLOLFDAT)LQDOO\iTWKHTFRUUHVSRQGLQJT
/x3VTZHUHTSUHSDUHGTDQGTFKDUDFWHUL]HGTLQTWHUPVTRITFRORUDDSSHDUDQFHiTPDJQHWLVPTDQGTDJJUHJDWLRQATuOHDUTPDFURVFRSLFTDQGT
PLFURVFRSLFT GLIIHUHQFHVT ZHUHT IRXQGT EHWZHHQT 3x3VT DQGT /x3ViT ZKLFKT GHPRQVWUDWHGT WKHT SDUWLFLSDWLRQT RIT RYDOEXPLQT LQT
SRO\PHUL]DWLRQAT)LQDOO\iTDQTRYDOEXPLQTUHELQGLQJTVWXG\TZDVTFDUULHGTRXWAT
T

T
T

)LJXUHvPNT(HYHORSHGTFRUHtVKHOOTPDJQHWLFTQDQR3x3VTIRUTWKHTVHOHFWLYHTH[WUDFWLRQTRITRYDOEXPLQAT
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
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3UHSDUDWLRQzeuKDUDFWHUL]DWLRQeDQGeFSSOLFDWLRQeRIeu1Ze
7KHUPDOO\e2PPRELOL]HGeRQWRe=LUFRQL]HGe6LOLFDeDVe6RUEHQWe
IRUe6ROLGd3KDVHew[WUDFWLRQe
T
T
uA[AFAeGDe6LOYD1IT:eTFeTkXVWLQLãQRceTT
sTt) 8QLYHUVLW\) RI) jDWR) lURVVR) s8zj7tf) áYa) zHUQDQGR) 8RUUHD) GD) 8RVWDf) ,AC2f) -RD) 9VSHUDQoDf) 8XLDEiMj7f) 23FCFM6FFf) -UD]LOf)
FDUODJbOLYHaFRPa)
s,t) 8QLYHUVLW\) RI) jDWR) lURVVR) s8zj7tf) áYa) zHUQDQGR) 8RUUHD) GD) 8RVWDf) ,AC2f) -RD) 9VSHUDQoDf) 8XLDEiMj7f) 23FCFM6FFf) -UD]LOf)
WKDWLDQHMXVWLQLDQRbJPDLOaFRPa)
)
.H\ZRUGV�e HQGRFULQH) GLVUXSWRUVf) SRO\sPHWK\ORFWDGHF\OVLOR[DQHtf) VROLG) SKDVH) H[WUDFWLRQf) VRUEHQW) PDWHULDOV) IRU) 6P9f)
]LUFRQL]HG)VLOLFDMEDVHG)PDWHULDOV)
T
UQT WK9TVWXN\TRITéRPSO9[TãTX9RXVT9QYLURQP9QWãOTVãPSO9VT IRUT WK9TN9W9UPLQãWLRQTRITRUJãQLéTéRQWãPLQãQWVTnRUTSROOXWãQWVaIT
WK9T VW9ST RIT 9OLPLQãWLQJT LQW9UI9U9QWVT WKãWTPã\T éRPSURPLV9T WK9T TXãOLW\T ãQNT U9OLãóLOLW\T RIT WK9T ãQãO\WLéãOT U9VXOWVT NX9T WRT WK9T
PãWUL[T9II9éWTLVT9VS9éLãOO\TLPSRUWãQWeTEPRQJTWK9TV9Y9UãOTW9éKQLTX9VTIRUTVROYLQJTSURóO9PVTU9OãW9NTWRTWK9TPãWUL[T9II9éWTLQTWK9T
9[WUãéWLRQTRITéRPSO9[TVãPSO9VITVROLNhSKãV9T9[WUãéWLRQTnFMLaTLVTWK9TPRVWTXV9NTW9éKQLTX9TNX9TWRTLWVTORZ9UTéRQVXPSWLRQTRIT
RUJãQLéTVROY9QWVITéRPSO\LQJTZLWKTWK9TSULQéLSO9VTRIT1U99QTGK9PLVWU\ITãQNTWK9TSRVVLóLOLW\TWRT9QKãQéLQJTWK9TéRQé9QWUãWLRQVTRIT
ãQãO\W9VTWRTSRVW9ULRUTLQVWUXP9QWãOTãQãO\VLVTó\TJãVTRUTOLTXLNTéKURPãWRJUãSK\Tn1GTRUT3GaT4fIc%eT7VXãOO\ITFMLTXV9VTVLPLOãUT
VROLNTVRUó9QWTPãW9ULãOVTãVTLQTWK9TVWãWLRQãU\TSKãV9VTRIT3GITZKLéKTKãY9TWK9TIXQéWLRQTRIT9[WUãéWLQJTWK9TãQãO\W9VTRIT LQW9U9VWT
IURPT WK9TãTX9RXVTPãWULé9VIT ó9LQJT WKRV9TóãV9NTRQT VLOLéãTPRNLIL9NTZLWKTãON\OT JURXSVT OLN9TGhvTRUTGhfvT 4m%eT UQT WKLVTZRUNIT
OãóPãN9T VRUó9QWT PãW9ULãOVT Z9U9T SU9SãU9NT PRNLI\LQJT éRPP9UéLãOT VLOLéãT VWUXéWXU9T nfyyT ȝPaT ZLWKT 6UT ãONR[LN9T ãQNT
SRO\nP9WK\ORéWãN9é\OVLOR[ãQ9aTnM0ZCFaTnGhfvaIT LQTRUN9UT WRT9YãOXãW9TWK9TãSSOLéãWLRQTRITPãW9ULãOVTLQT WK9TFMLT9[WUãéWLRQeT
[RUT WKãWIT XOWUãSXU9T ZãW9UT ZãVT IRUWLIL9NT ZLWKT VWãQNãUNVT éOãVVLIL9NT ãVT 9QNRéULQ9T NLVUXSWRUVT ãQNT 9P9UJLQJT éRQWãPLQãQWVgT
óLVSK9QROhEIT SK9QãQWKU9Q9TãQNT I9PãO9TKRUPRQ9VT n9VWULROTãQNTfqĮh9WKLQ\O9VWUãNLROaT ãQNT WK9TVãPSO9T9[WUãéW9NTó\TFMLIT
IROORZ9NT ó\T WK9T VXóV9TX9QWT TXãQWLILéãWLRQT ó\T KLJKT S9UIRUPãQé9T OLTXLNT éKURPãWRJUãSK\T n]M3GaT XVLQJT NLRN9T ãUUã\T
N9W9éWLRQT nCECaeT :K9T LPPRóLOL]ãWLRQT RIT WK9T SRO\P9UT XQN9UT WK9T ]LUéRQL]9NT VLOLéãT ZãVT éãUUL9NT RXWT XVLQJT WKU99T NLII9U9QWT
9[S9ULP9QWãOTéRQNLWLRQVgTfcyT�GTIRUTfxKITfxyT�GTIRUTpTKITãQNTfpyT�GTIRUTxTKeT:K9Tó9VWTU9VXOWVTZ9U9TRóWãLQ9NTIURPTWK9TfcyT
�GTIRUTfxTKTéRQNLWLRQITVLQé9TWK9T9[WUãéWLRQT9IILéL9Qé\TZ9U9TWK9TKLJK9VWgTóLVSK9QROhETãQNTfqhĮh9WK\Q\O9VWUãNLROTZLWKTvlepsT
ãQNT fycepsIT U9VS9éWLY9O\IT ãQNT IRUT 9VWULROT ãQNT SK9QãQWKU9Q9IT xpexsT ãQNT lyIysIT U9VS9éWLY9O\eT :K9T VWXNL9VT éRQé9UQLQJT
ãóRXWT WK9TóU9ãNWKURXJKTYROXP9T nRIIhOLQ9TP9WKRNITXVLQJTlyyTPJTRITVRUó9QWTSHUTéãUWULNJ9TãQNTãTX9RXVTVWãQNãUNVTRITclT
PJd3TRIT9ãéKTéRPSRXQNaTLQNLéãW9NTWKãWTWK9TVRUó9QWTRóWãLQ9NTó\TWK9T9[S9ULP9QWãOTéRQNLWLRQTRITfcyT�GTIRUTfxTKTU9WãLQ9NTãOOT
ãQãO\W9VT XQWLOT WK9T SãVVãJ9T RIT clyT P3T RIT WK9T VãPSO9IT 9[é9SWT IRUT 9VWULROT n[LJXU9T faeT UQT ãNNLWLRQIT WK9T SK\VLéãOhéK9PLéãOT
éKãUãéW9UL]ãWLRQTRITWK9TVXSSRUWT LQNLéãW9NTWKãWTP9WãOOL]ãWLRQTSURé9VVTSURYLN9NTãTVãWLVIãéWRU\TLQéRUSRUãWLRQTRIT]LUéRQLXPTWRT
WK9TVLOLéãTnlpecsITZdZaITãQNTWKãWT WK9TM0ZCFTZãVT LPPRóLOL]9NTnSK\VLéãOO\TVRUó9NTãQNdRUTéK9PLéãOO\TãWWãéK9NaTRQWRTWK9T
VLOLéãh]LUéRQL]9NTVXSSRUWeT:K9TãSSOLéãWLRQTRITFLh6UnM0ZCFaTVRUó9QWTLQTWK9T9[WUãéWLRQTRITIRXUT9QNRéULQ9TNLVUXSWRUVTLQTZãW9UT
VãPSO9VT nOãóPãN9aT 9YLN9Qé9NT WKãWT WK9T PãW9ULãOT N9Y9ORS9NT LQT WKLVT ZRUNT SU9V9QWVT SRW9QWLãOT WRT ó9T XV9NT LQT WK9T VãPSO9T
SU9SãUãWLRQT RIT ãTX9RXVT 9QYLURQP9QWãOT VãPSO9VT XVLQJT VROLNhSKãV9T 9[WUãéWLRQT nFMLaT IROORZ9NT ó\T V9SãUãWLRQT ãQNT
TXãQWLILéãWLRQTó\T]M3GhCECeT
T

T
RLJXUHe1ATwU9ãNWKURXJKTYROXP9TéXUY9VTIRUTWK9T9QNRéULQ9TNLVUXSWRUVTóLVSK9QROhEITSK9QãQWKU9Q9IT9VWULROTãQNTfqĮh9WKLQ\O9VWUãNLROITIRUTWK9T

FLh6UTnM0ZCFaTPãW9ULãOTSU9SãU9NTãééRUNLQJTWRT9[S9ULP9QWãOTéRQNLWLRQTRITfcyT�GTIRUTfxTKeT
T

FFNQRZOHGJHPHQWVe
:K9TãXWKRUVTWKãQNTMURIeTGãUROT]eTGROOLQVTIRUTK9UTéROOãóRUãWLRQeT
T
5HIHUHQFHVe
>1@eUeGeFe[eT kãUNLPIT L[WUãomRT 9PT [ãV9T FyOLNãgT [XQNãP9QWRVT W9yULéRVT 9T QRYãVT 9VWUãWpJLãVT SãUãT SU9SãUãomRT N9T IãV9VT
VyOLNãVITFéL9QWLãTGKURPeTcTncyfyaTfmhcleT
>8@eGe[TMRRO9ITµ9ZTWU9QNVTLQTVROLNhSKãV9T9[WUãéWLRQIT:U9QNVTEQãOeTGK9PeTccTncyymaTmxchmqmeT
>T@eEe0eT [ãULãIT Ge]eT GROOLQVIT UeGeFe[eT kãUNLPIT FWãW9hRIhWK9hãUWT LQT LPPRóLOL]9NT SRO\P9UT VWãWLRQãU\T SKãV9VT IRUT KLJKh
S9UIRUPãQé9TOLTXLNTéKURPãWRJUãSK\ITkeTwUã]eTGK9PeTFRéeTcyTncyyraTfmvlhfmrveT
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7KHUPDOeDQGe8OWUDVRXQGe3UHWUHDWPHQWVeIRUe2QKDQFLQJe
3KHQROLFe5HFRYHU\eIURPe]LIIHUHQWe*UDSHe2[WUDFWVV
V
V
1fe]DEHWLFiaV7BVDRĆRURYLćyaVOBVORšRMLćyV

mFn) .HSDUWPHQW) RI) bURPDWRORJ\B) NDFXOW\) RI) 3KDUPDF\B) 8QLYHUVLW\) RI) bHOJUDGHB) 9RMYRGH) 6WHSH) Ph,B) FFccF) bHOJUDGHB) 6HUELD)
QHYHQDG0SKDUPDF\gEJgDFgUV))
V
.H\ZRUGV�yEUDSHB)1DWXUDO).HHS)GXWHFWLF)6ROYHQWB)3RO\SKHQROVB)7KHUPDO)3UHWUHDWPHQWB)8OWUDVRXQG)3UHWUHDWPHQW)y
V
[LRORWLćROO\V RćWLYčV ćRPSRXQĆVV LURPV SORQWV PRWčULROV FRYčV šččQV XVXROO\V č[WURćWčĆV š\V ćRQYčQWLRQROV VROLĆjOLTXLĆV č[WURćWLRQV
PčWFRĆVVXVLQWVWR[LćaVYRORWLOčVRUWRQLćVVROYčQWVBV5RZRĆR\VaVRORQWVZLWFVWFčVWURZLQWVUčćRWQLWLRQVRLVWFčVQčćčVVLW\VWRVSURWčćWV
WFčVčQYLURQPčQWaVLQćUčRVčĆVčLLRUWVVRUčVĆLUčćWčĆVWRZRUĆVXWLOL]RWLRQVRLVWUččQVVROYčQWVBV]FROLQčVćFORULĆčVšRVčĆVĆččSVčXWčćWLćV
VROYčQWVVFRYčVRVFLWFVVWRšLOL]LQWVRšLOLW\V LRUVSRO\SFčQROVaV WFčUčLRUčV WFč\VRUčVXVčĆV LRUVVXVWRLQRšOčVRQĆVčćRORWLćROV LULčQĆO\V
č[WURćWLRQVRLVRVšURRĆVURQWčVRLVćRPSRXQĆVVYRULčW\VAyMBVV
⁰UčVčQWV VWXĆ\V LVV SULPRUO\V LRćXVčĆV RQV SUčWUčRWPčQWV WčćFQLTXčVV LQV RUĆčUV WRV LRćLOLWRWčV WFčV VROXšLOL]RWLRQV SURćčVVV RQĆV WRV
čQFRQćčVWFčVSFčQROLćVUčćRYčU\VLURPVWURSčaVRVVRVULćFVVRXUćčVRLVVčćRQĆRU\VPčWRšROLWčVaVVXćFVRVVSFčQROLćVRćLĆVaVLORYRQROVaV
LORYRQROVaV RQWFRć\RQLQVVRQĆV SURRQWFRć\RQLĆLQVV AtMBV DRWROV SRO\SFčQROV ćRQWčQWV cD⁰]1V ĆčWčUPLQčĆV š\V VSčćWURSFRWRPčWULćV
PčWFRĆVZRVVRQVRXWSXWVSRURPčWčUVLRUVćFRRVLQWVRSWLPROVSUčWUčRWPčQWVćRQĆLWLRQVBVHčRWLQWVcH1VRQĆVXOWURVRXQĆVVc:O1VZčUčV
XVčĆVRVVRVSULRUVVWčSVWRVWFčVćRQYčQWLRQROVč[WURćWLRQVcVFRNLQWVPRćčURWLRQVLRUVegVPLQXWčV1aVšXWVZLWFVRQVčPSFRVLVVWRVĆLLLčUčQWV
ćRQĆLWLRQVVLQVRUĆčUVWRVč[SRQĆVSUčYLRXVVLQYčVWLWRWLRQVVAeMBV5RPčO\aVWFčVWFčUPROVWUčRWPčQWVZRVVćRUULčĆVRXWVRWVWFUččVSRLQWVV
cmgaVpgVRQĆVug�]1BV UPSRćWVRLV:OVSUčWUčRWPčQWVZRVVćRQWčPSORWčĆVRWV WZRV LUčTXčQćLčVV cmgVRQĆVpfNH]1BV UQVRĆĆLWLRQaVZčV
ćRPSRUčĆVWFUččVĆLLLčUčQWVVROYčQWVVUčWRUĆLQWVWFčLUVč[WURćWLRQVčLLLćLčQć\BVV
6šWRLQčĆV UčVXOWVV UčYčROčĆV VRPčV LQWčUčVWLQWV RšVčUYRWLRQVBV PččSV čXWčćWLćV VROYčQWV ćFROLQčV ćFORULĆčhV ćLWULćV RćLĆV c]F]LW1V
RšVROXWčO\V RXWSčULRUPčĆV ćRQYčQWLRQROV VROYčQWVV cngrV čWFRQROV RQĆV ZRWčU1V UčWRUĆLQWV SRO\SFčQROV č[WURćWLRQV ćRSRćLW\BV
DFčUPROVSUčWUčRWPčQWVčYLĆčQWO\V LPSURYčĆVSFčQROLćVUčćRYčU\V LQVZRWčUVč[WURćWVVZLWFVQRVLPSRćWVRQVč[WURćWLRQVčLLLćLčQć\VRLV
WZRVRWFčUVVROYčQWVBV:OWURVRXQĆVSUčWUčRWPčQWVFRVVQRVVLWQLLLćRQWVLQLOXčQćčVRQVD⁰]VRLVč[WURćWVaVFRZčYčUaV:OVpfNH]VLRUVygV
PLQXWčVV ščLRUčV ćRQYčQWLRQROV č[WURćWLRQV ZLWFV ]F]LWV UčVXOWčĆV LQV FLWFčVWV D⁰]BV 6YčUROOaV WFčUčV LVV RV QččĆV WRV SčULRUPV RV
ćRPSUčFčQVLYčVVWXĆ\VLQVRUĆčUVWRVščWWčUVXQĆčUVWRQĆVWFčVXQĆčUO\LQWVPčćFRQLVPVVRLVWFčVčVUčPRUNVBVV
V

V
�

3LJXUHeifVDRWROV⁰RO\SFčQROV]RQWčQWVV
SD⁰]jVWRWROVSFčQROLćVćRQWčQWxV)C2jVWROOLćVRćLĆVčTXLYROčQWVxV5jVQRVSUčWUčRWPčQWxVHjVFčRWLQWxV:OjXOWURVRXQĆV

V
kFNQRZOHGJHPHQWVe
DFLVV UčVčRUćFV ZRVV VXSSRUWčĆV š\V OčUšLRQV 4LQLVWU\V RLV 2ĆXćRWLRQaV OćLčQćčaV RQĆV DčćFQRORWLćROV PčYčORSPčQWV cmpyjgej
usltgtgjymltggyuy1BV
V
5HIHUHQFHVe
>i@V 3BV 9RĆRãčYLüaV 5BV ûXUNRaV 7BV )BV OUþčNaV 4B]BV [XšRORaV 4BV DRPRãčYLüaV 3B3BV )RQLüaV UB9BV 9čĆRYQLNRYLüBV 5RWXUROV ĆččSV
čXWčćWLćVVROYčQWVVRVVščQčLLćLROVč[WURćWRQWVVLRUVčQFRQćčPčQWVRLVSORQWVč[WURćWVVšLRRćWLYLW\BV0%DaVneVctgyu1aVmpjpyBV
>g@V7BV)čRUWLčYaVCBVCQRQWRaV7BVDVRORYRBVV9čćčQWVRĆYRQćčVVRQĆVXVčVVRLVWURSčVLORYRQRLĆVVRVVQXWURćčXWLćROVBV5XWULčQWVaVuV
ctgym1aVefyjmypBee
>R@V 5BV 2OV PRUURaV 5BV )ULPLaV 9B)BV 4RURXQaV 5BV 0RXNRaV 2BV 7RURšLčYBV ⁰XOVčĆV čOčćWULćV LLčOĆaV XOWURVRXQĆaV RQĆV WFčUPROV
SUčWUčRWPčQWVV LRUV ščWWčUV SFčQROLćV č[WURćWLRQV ĆXULQWV UčĆV LčUPčQWRWLRQBV2XURSčRQV (RRĆV 9čVčRUćFV RQĆV DčćFQRORW\aVteuV
ctgye1aVmnjpuBV
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�u6HSDUDWLRQSRIS3HWUROHXPS7UDFWLRQVS8VLQJSDS0HWDOu
2UJDQLFS7UDPHZRUNK
K
K
-mS6XQGEHUJssK<tK%X\QWlsK3tKNtK5ZQVZQltKK
oTO)gHQWUH)IRU)2LO)r)-DV&)7HFKQLFDO)8QLYHUVLW\)RI).HQPDUN&)LOHNWURYHM)hDv&)cm,,)dJVa)A\QJE\&).HQPDUN&)HGPDLOE)MRQVXQ8GWXaGN)
K
.H\ZRUGV�y0GYDQFHG)PDWHULDOV&)PDVV)VSHFWURPHWU\&)SHWUROHRPLFV&)VDPSOH)SUHSDUDWLRQ)y
K
OZWUROZXPKãVKIK8RPSOZ[KPã[WXUZKRśKVIWXUIWZńKIQńKIURPIWã8KW\ńUR8IUYRQVKZãWWKWZWZURIWRPP8RQWIãQãQ9K8RPSRXQńVsKãtZtKUZVãQVK
IQńKIVSWIOWZQZVKql6tKzRUZKWWIQKioNKPROZ8XOIUKVSZ8ãZVKWIYZKYZZQKãńZQWãśãZńKãQKIKVãQ9OZKVIPSOZKXVãQ9KXOWUIPWã9WKUZVROXWãRQK
PIVVKVSZ8WURPZWU\tK3KW\Sã8IOKRRUWWKUZIK8UXńZKãVKPZńãXPPOã9WWKIQńK8RQWIãQVKxonKVIWXUIWZVsKmcnKUZVãQVKZãWWKISSUR[ãPIWZO\K
cnK UZVãQVK IQńK -lnK IVSWIOWZQZVK qm6tK SXOOK PROZ8XOIUK 8WIUI8WZUã]IWãRQK ãVK ãPSRUWIQWK śRUK SUR8ZVVãQ9sK UZ8RYZU\K IQńK
ZQYãURQPZQWIOKIVSZ8WVtK%RZZYZUsKãWKãVKWãQńZUZńKY\KWãPZP8RQVXPãQ9KIQńKVROYZQWKWZIY\KSUZPśUI8WãRQIWãRQKPZWWRńVtKTZńX8ãQ9K
VIPSOZKIQńKVROYZQWKYROXPZVKIUZKIQKãPSRUWIQWKVWZSKWRZIUńVK9UZZQZUKVIPSOZKSUZSIUIWãRQKPZWWRńVKqi6tKKK
K
zZWIOPRU9IQã8KśUIPZZRUNVKAz(SVEKIUZKSRURXVK8RRUńãQIWãRQKSRO\PZUVKśRUPZńKYãIKVZOśPIVVZPYO\tK4WZãUKWã9WKVXUśI8ZKIUZIK
8RPYãQZńKZãWWK WWZK SRVVãYãOãW\K RśK 8WZPã8IOK śXQ8WãRQIOã]IWãRQK RśK WWZK ãQWZUQIOK SRUZVKPINZKz(SVK Z[8ZOOZQWK 8IQńãńIWZVK śRUK
IńYIQ8ZńKVIPSOZKSUZSIUIWãRQKIQńKVZSIUIWãRQtK4WZKz(SK%<;U4PlKãVK8RQVWUX8WZńKśURPK8RSSZUKSIńńOZZWZZOVK8RQQZ8WZńK
Y\KlsiscPYZQ]ZQZWUã8IUYR[\Oã8KI8ãńKOãQNZUVKqa6tK4WZKśUIPZZRUNK8RQWIãQVKWZRK8WIQQZOVKRśKńãśśZUZQWKVã]ZsKIVKZZOOKIVKWZRKW\SZVK
RśKIńVRUSWãYZKVãWZVwKlEKʌK±KʌKYãQńãQ9KWRKWWZKRU9IQã8KOãQNZUKIQńKmEKORQZPSIãUKZOZ8WURVWIWã8KãQWZUI8WãRQVKWRKWWZKśUZZKkXmeKVãWZVtK
4WãVKZQIYOZVKVZOZ8WãYZKIńVRUSWãRQKRśKIURPIWã8VKIQńKRsUs(PW\SZK8RPSRXQńVKZãWWRXWKYãQńãQ9KRśKWWZKVIWXUIWZVtK0\KVZTXZQWãIOK
ISSOã8IWãRQKRśKZ[WUI8WãRQKVROYZQWVsKZZKńZPRQVWUIWZKWRZK%<;U4PlK8IQKYZKXVZńKśRUKUISãńKPã8URVZSIUIWãRQKRśKWWZKVIWXUIWZńsK
IURPIWã8KIQńKUZVãQKśUI8WãRQVKRśK8UXńZKRãOtKUXYPPã8UROãWZUKYROXPZVKRśKRãOKIQńKOZVVKWWIQKlKPFKRśKVROYZQWKãVKXVZńtK4WãVKãVKãQK
8RQWUIVWKWRK8RPSIUIYOZKPZWWRńVsKZWã8WKRśWZQKUZTXãUZKPXOWãSOZK8ROXPQK8WZPãVWUãZVKIQńKOIU9ZKVIPSOZKIQńKVROYZQWKYROXPZVK
qcsp6tK 4WZK PZWWRńK ãVK WWXVK Wã9WO\K VXãWZńK śRUK ISSOã8IWãRQVK ZWZUZK RQO\K YZU\K OãPãWZńK IPRXQWK RśK VIPSOZK ãVK IYIãOIYOZsK Zt9tK
Pã8URśOXãńã8KSUR8ZVVKVWXńãZVKAZQWIQ8ZńKRãOKUZ8RYZU\sKSURńX8ZńKZIWZUKPIQI9ZPZQWEKqx6tKSXUWWZUPRUZsKK
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S
S

7LJXUHSsmKUãPSOãśãZńKZRUNśORZKIQńK8U\VWIOOR9UISWã8KUZSUZVZQWIWãRQKRśKWWZKńãśśZUZQWKSRUZVKIQńKIńVRUSWãYZKVãWZVKãQK%<;U4PlK
K
K
5HIHUHQFHVS
>s@KTtOtKTRń9ZUVsK3t7tKzIUVWIOOsKOZWUROZRPã8VbK3ńYIQ8ZńKkWIUI8WZUã]IWãRQKRśKOZWUROZXPPvZUãYZńKzIWZUãIOVK Y\KSRXUãZUK4UIQVśRUPK 2RQK
k\8ORWURQKTZVRQIQ8ZKzIVVKUSZ8WURPZWU\KAS4P2kTKzUEtK3VSWIOWZQZVsK%ZIY\K(ãOVsKIQńKOZWUROZRPã8VsKRZZK+RUNsKR+sKmooxtK
>U@K5tKUXQńYZU9sK<tFtKSZãOYZU9sKkWIUI8WZUã]IWãRQKRśK%ZWZURIWRPKvãVWUãYXWãRQVKãQKWWZKOROIUKSUI8WãRQKRśKRRUWWKUZIK(ãOVK;VãQ9K%ã9WPTZVROXWãRQK
zIVVKUSZ8WURPZWU\sK5tKOZWUROZXPKU8ãtKNQ9tKlfaKAmomoEKlopcpitKK
>g@KztK4RYãV]ZZVNãsK3tKzZ8WOãĔVNIsK0tKB\9PXQWsK5tKRIPãZĞQãNsK7UZZQK3QIO\Wã8IOKkWZPãVWU\KãQKUIPSOZKOUZSIUIWãRQKśRUKvZWZUPãQIWãRQKRśK
4UI8ZK(U9IQã8KOROOXWIQWVtK4U3kK4UZQńtK3QIOtKkWZPtKmfKAmoodEKdai±dcltK
>M@K UtUtK kWXãsK UtztPStK FRsK 5tOt%tK kWIUPIQWsK 3t7tK (USZQsK 2tvtK –ãOOãIPVsK 3K kWZPã8IOO\K SXQ8WãRQIOã]IYOZK RIQRSRURXVK zIWZUãIOK
qkXiA4z3EmA%m(Ei6QtKU8ãZQ8ZKmfiKAldddEKllaf±llcotK
>O@K–t5tKTRYVRQsKOt3tKUXWWRQsKOtKz8kRUPI8NsKRtOtKkWãO8RWWsKUt5tKTRZOIQńsKkOIVVK4\SZKUZSIUIWãRQKRśKWWZKOROIUKIQńK3SROIUKkRPSRQZQWVK
RśKOZWUROZXPtK3QIOtKkWZPtKfdKAmolxEKmdld±mdmxtK
>w@KOtUtKSZUUZãUIsKRtktFtKzIńZãUIsK7tUtKSROOãsK–tKTRPmRsKOtTtKSãO9XZãUIVsKTtztK<XVWZUsKSUI8WãRQVK śURPKFã9WWsKzZńãXPKIQńK%ZIY\K(ãOVbK
kRUUZOIWãRQKYZWZZZQKkWZPã8IOKOURśãOZKIQńKUWIWãRQIU\KOWIVZVtKSXZOKmxaKAmomoEKllxfpptK
>k@Sπt3tKFãśWRQsKzã8URśOXãńã8VbK3QKNQIYOãQ9KU8UZZQãQ9K4Z8WQROR9\KśRUKNQWIQ8ZńK(ãOKTZ8RYZU\KAN(TEtKFIYKkWãSKlpKAmolpEKlxxx±lxdptKK
�
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5RQJt7HUPndYDOXDWLRQnRInjj6n4XDOLW\nkRQWUROnwDWDnIRUn
6DPSOHn3UHSDUDWLRQnIRUn6HWDOnjQDO\VLV±d[DPSOHVnIURPn
3UDFWLFHnN

N
3inFHOMLQSZN)nNbX–XNRYLüSZN3nN:UQLüNOHQR–LSZNXnN(POHWLüSZNXnN8RQþHYLüSN
m,n)2HSDUWPHQW) RI)3KHPLVWU\C)bLRFKHPLVWU\) DQG)0QYLURQPHQWDO)3URWHFWLRQC).DFXOW\) RI)6FLHQFHVC)8QLYHUVLW\) RI)1RYL)6DGC)7UJ)2RVLWHMD)
2EUDGRYLFD)cC)1RYL)6DGC)B,yyyC)6HUELDC)MHOHQDiEHOMLQjGKiXQViDFiUV)
N
.H\ZRUGV�yOO6C)0QYLURQPHQW)OQDO\VLVC)0HWDOVC)6DPSOH)3UHSDUDWLRQ)y
N
xQWHUQPONTXPOLW\NWRQWURONLVNPQNHVVHQWLPONIHPWXUHNRINURXWLQHNPQPO\VLVNWKPWNLQYROYHVNWRQWLQXRXVNWULWLWPONHYPOXPWLRQNRINWKHNXVH–N
PQPO\WLWPON PHWKR–VN PQ–N ZRUNLQJN URXWLQHVZN ZKLWKN VHUYHVN WRN HQVXUHN WKPWN WKHN XQWHUWPLQW\N RIN UHVXOWVN IRXQ–N –XULQJN WKHN
YPOL–PWLRQNRINPNSURWH–XUHNLVNPPLQWPLQH–NRYHUNORQJNSHULR–VNRINWLPHnNOKHNPRVWNLPSRUWPQWNWRRONLQNTXPOLW\NWRQWURONLVNWKHNXVHNRIN
WRQWURONWKPUWVNPQ–NUHIHUHQWHNPPWHULPOVnNOKHNPQPO\VWNUXQVNWRQWURONVPPSOHVNWRJHWKHUNZLWKNHYHU\NVHULHVNRINSUHSPUH–NVPPSOHVnN
EPOXHVNPUHNSORWWH–NLQNPNWRQWURONWKPUWVNPQ–NWKH\NPUHNWRPSPUH–NWRNWRQWURONPQ–NZPUQLQJNOLPLWVnNOKLVNPSSURPWKNJXPUPQWHHVNWKHN
PWWXUPW\NPQ–N WKHNVWPULOLW\NRIN WKHN UHVXOWVNPQ–NSURWHWWVNPJPLQVWNHUURUVNUHWPXVHN\RXNWPQN LPPH–LPWHO\N–HWHWWNPQ–N UHPRYHN
VXWKNHUURUVNBSZNMGnNHHPY\NPHWPOVNKPYHNUHWHLYH–NPNSPUPPRXQWNPWWHQWLRQNWRNHQYLURQPHQWPONWKHPLVWVN–XHNWRNWKHLUNWR[LWNQPWXUHnN
OKH\N PUHN XVXPOO\N SUHVHQWN LQN WUPWHN PPRXQWVN LQN WKHN HQYLURQPHQWZN UXWN WKHLUN WR[LWLW\N LVN SURQRXQWH–N HYHQN LQN YHU\N ORZN
WRQWHQWUPWLRQnN 2URPN WKHN PVSHWWN RIN TXPOLW\N WRQWURON PQ–N RUWPLQLQJN UHOLPUOHN UHVXOWVZN RQHN RIN WKHN NH\N IPWWRUVN LVN VPPSOHN
SUHSPUPWLRQNBaZNlGnNOKHNVPPSOHNSUHSPUPWLRQNPHWKR–NYPULHVNPWWRU–LQJNWRNWKHNVPPSOHNPPWUL[NiZPWHUZNVH–LPHQWNRUNVRLOćNPQ–N
WKHNPQPO\WLWPONPHWKR–NXVH–nNHRZHYHUZNPRVWNWUPWHNPHWPONPQPO\VLVNSURWH–XUHVNUHTXLUHNWKHNVPPSOHNWRNUHNLQNOLTXL–NIRUPZNWKPWN
XVXPOO\N UHTXLUHNVPPSOHN WUHPWPHQWNRUN–LJHVWLRQN–HSHQ–LQJNRQN WKHNWRPSOH[LW\NRIN WKHNVPPSOHNHnJnN–LJHVWLRQNU\NPLWURZPYHN
PHWKR–nNgWL–N–LJHVWLRQNLVNW\SLWPOO\NXVH–NWRNHQVXUHNWKHNWUPWHNPHWPONHOHPHQWVNPUHNWRPSOHWHO\N–LVVROYH–NBtrIGnNxQNWKLVNVWX–\ZN
PQPO\WLWPONSURWH–XUHNIRUNVPPSOHNSUHSPUPWLRQNZPVNPRQLWRUH–NU\NURXWLQHNTXPOLW\NWRQWURONRXWNU\NWHUWLILWPWHNUHIHUHQWHNPPWHULPON
IRUNWKHNSHULR–NRINILYHN\HPUVnNOKHNRUWPLQH–NUHVXOWVNIURPNtN\HPUVNSHULR–NPUHNXVH–NIRUNWKHNSUHSPUPWLRQNRIN7NWRQWURONWKPUWVZNLQN
RU–HUNWRNWRQILUPNWKHNOPURUPWRU\NSHUIRUPPQWHNIRUNWKHNPHWPONPQPO\VLVNLQNPWWRU–LQJNWRNXWPQ–PU–NxXATx[VNSčeMtyMeSčnNpPVH–N
RQNWKHNRUWPLQH–NUHVXOWVNIRUNPQPO\]H–NPHWPOVZNLWNWPQNUHNWRQWOX–H–NWKPWNWKHNQXPUHUNRINWPVHVNZKHUHNWKHNUHVXOWVNZHUHNRXWVL–HN
WKHNZPUQLQJNOLPLWVNZPVNUHORZNtNRINWRWPONRINčSNPQPO\VHVnN[[PPSOHVNRIN7NWRQWURONWKPUWNIRUNVXNLVNJLYHQNLQN2LJXUHNSnN
N

N
RLJXUHnSiN[[PPSOHNRIN7rWKPUWNIRUNWKHNPQPO\VLVNRINWRSSHUNLQNWHUWLILWPWHNUHIHUHQWHNPPWHULPON

n
xQN RU–HUN WRN RYHUWRPHN SURUOHPVN ZLWKN JPLQH–N YPOXHVN LQN –PLO\N ZRUNZN –LIIHUHQWN PSSURPWKHVN WRXO–N UHN XVH–N iHnJN WRQWUROOLQJN
UHPJHQWN TXPOLW\ZN WKHN PHWKR–N WPOLUUPWLRQZN YHVVHOVN PQ–N PSSPUPWXVN WKHWNLQJćnN OKHN H[SHULHQWHN RIN WKHN PQPO\VWN LVN WKHN PRVWN
LPSRUWPQWNIRUNWKRRVLQJNPSSURSULPWHNUHPH–LPONPWWLRQVnNxQNP––LWLRQZNWKHNQXPUHUNRINWPVHVNZKHUHNWKHNUHVXOWVNZHUHNRXWVL–HNWKHN
ZPUQLQJN OLPLWN ZPVN UHORZN tN iZLWKN čSN OPVWN –PWPN SRLQWVN LQN 7N VKPUWćN ZKLWKN LQ–LWPWH–N WKPWN WKHN VSUHP–N RIN PQPO\VLVN KPVN QRWN
WKPQJH–nNOPNLQJNPOONWKHVHNLQWRNWRQVL–HUPWLRQZNWKHNPHWKR–NIRUNVPPSOHNSUHSPUPWLRQNRINWHUWLILWPWHNUHIHUHQWHNPPWHULPONPQPO\VLVN
LQNVPPSOHVNZPVNXQ–HUNWRQWURONPQ–NWKHNTXPOLW\NRINPQPO\VLVN–L–NQRWNWKPQJHNVLJQLILWPQWO\NRYHUNWKHNILYHN\HPUVNSHULR–nN
N
jFNQRZOHGJHPHQWVn
OKHNPXWKRUVNJUPWHIXOO\NPWNQRZOH–JHNWKHNVXSSRUWNRINWKHN(LQLVWU\NRIN[–XWPWLRQZNXWLHQWHNPQ–NOHWKQRORJLWPONbHYHORSPHQWNRIN
WKHN8HSXUOLWNRINXHUULPNi]UPQWN)RnNltSrearRITMeMerSlTMeeSMtćnN
N
5HIHUHQFHVn
>S@N )A8bN O[XON 8HSRUWN O8tačnN HPQ–URRNN IRUN WPOWXOPWLRQN RIN PHPVXUPHQWN XQWHPUWPLQW\N LQN HQYLURQPHQWPON OPURUPWRULHVnN
pHUWLON(PJQXVVRQZOHHPXN)P\NNLZN(LNPHON3U\VHOOnNMeSSnN
>Q@NbLUHWWLYHNMeeqTqeT[VNRINaSNFXO\NMeeqNOP\LQJN–RZQZNSXUVXPQWNWRNbLUHWWLYHNMeeeTReT[VNRINWKHN[XURSHPQN5PUOLPPHQWNPQ–N
RIN WKHN VRXQWLOZN WHWKQLWPON VSHWLILWPWLRQVN IRUN WKHPLWPON PQPO\VLVN PQ–N PRQLWRULQJN RIN ZPWHUN VWPWXVnN AIILWLPON FRXUQPON RIN WKHN
[XURSHPQN/QLRQnN
>y@N XnN VKRZ–KXU\ZN (ngnN FPIPUN (P]XP–HUZN AnN gOrgWWPVZN OnN HXVPLQZN HHPY\N PHWPOVN LQN –ULQNLQJN ZPWHUyN AWWXUUHQWHVZN
LPSOLWPWLRQVZNPQ–NIXWXUHNQHH–VNLQN–HYHORSLQJNWRXQWULHVnNXWLnNORWPOnN[QYLURQnNtRqNiMeSRćNlčRrlIInN
>C@N (nXnN XPQNKOPZN (nN 3XPPULZN (nN )PQ–PQZN 8nN 3XPPUZN 5nN gJUPZPOZN HHPY\N (HWPOVN VRQWPPLQPWLRQN LQN CPWHUN PQ–N WKHLUN
HP]PU–RXVN[IIHWWNRQNHXPPQNHHPOWKrgN8HYLHZnNxQWnNFnNVXUUnN(LWURULROnNgSSnNXWLNtNiMeSRćNčtqrčRRnN
>D@�[5gNaeStgN±N(LWURZPYHNPVVLVWH–NPWL–N–LJHVWLRQNRINPTXHRXVNVPPSOHVNPQ–NH[WUPWWVZN8HYLVLPNSN2HUUXPU\NMeečnN
>p@n[5gNaetSgN±N(LWURZPYHNPVVLVWH–NPWL–N–LJHVWLRQNRINVH–LPHQVZNVOX–JHVZNVRLOVNPQ–NRLOVZN8HYLVLPNSN2HUUXPU\NMeečnN
>P@�[5gčeSeN±N]UPSKLWHNIXUQPWHNPWRPLWNPUVRUSWLRQNVSHWWURSKRWRPHWU\ZN8HYLVLRQNeN2HUUXPU\NMeečnN
>M@�[5gčeeepN±N2OPPHNPWRPLWNPUVRUSWLRQNVSHWWURSKRWRPHWU\ZN8HYLVLRQNMN2HUUXPU\NMeečnN
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DĞĂƐƵƌĞĚ5ǀĂůƵĞ͕5ŵŐͬŬŐ

ĞǆƉĞĐƚĞĚ5ǀĂůƵĞ͕5 >͕5ŵŐͬŬŐ

hƉƉĞƌ5ǁĂƌŶŝŶŐ5ůŝŵŝƚ͕5ht>

>ŽǁĞƌ5ǁĂƌŶŝŶŐ5ůŝŵŝƚ͕5>t>

hƉƉĞƌ5ĂĐƚŝŽŶ5ůŝŵŝƚ͕5h,>

>ŽǁĞƌ5ĂĐƚŝŽŶ5ůŝŵŝƚ͕5>,>
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+ROORZlgLEHUl0HPEUDQHP3URWHFWHGl0ROHFXODUO\l,PSULQWHGl
0LFURVSKHUHVlIRUl0LFURl6ROLGP3KDVHlv[WUDFWLRQlDQGl
íOHDQP8SlRIl7KLDEHQGD]ROHlLQlíLWUXVl6DPSOHVl
A
A
0tlÁtD]PÈOYDUH]ubASTADDUWtQ1BVWHEDQlbABTA7XULHOlTAA
mgn)sHSDUWDPHQWR)GH)THGLR)vPELHQWH)\)vJURQRPtDA)c1cvA)@DUUHWHUD)GH)v)@RUXxD)NPA)uA)íñyIy)TDGULGA)6SDLQA)PGDOYDUH]lLQLDAHVA)
A
.H\ZRUGV�y,ROORZ)ILEHU)PHPEUDQHM)cPSULQWHG)SRO\PHUVM)TLFUR)VROLGiSKDVH)H[WUDFWLRQM)7KLDEHQGD]ROH)y
A
5QAWKHASUHVHQWAZRUNbAPROHFXODUO\ALPSULQWHGAPLFURVSKHUHVASDFNHGALQVLGHADASRO\SURS\OHQHAFDSLOODU\AKDVAEHHQASUHSDUHGADQGA
IXUWKHUAXVHGAIRUAWKHAKROORZAILEHUAPHPEUDQHASURWHFWHG1PROHFXODUO\ALPSULQWHGAPLFURAVROLG1SKDVHAH[WUDFWLRQA-gZD1SURWHFWHG1
D51DV−BEARIAWKLDEHQGD]ROHA-7P=EAIURPAFLWUXVAVDPSOHVTAA
7KHASUHVHQFHARIAWKHAKROORZAILEHUADYRLGVAWKHAGLUHFWAFRQWDFWAEHWZHHQAWKHAD5−APLFURVSKHUHVADQGAWKHAVROLGAPDWUL[ADOORZLQJA
WKHAVHOHFWLYHAH[WUDFWLRQADQGAFOHDQ1XSA LQA WKHAVDPHAVWHSAZLWKRXWADGGLWLRQDOA WUHDWPHQWVAVXFKAXVAFHQWULIXJDWLRQARUA ILOWUDWLRQTA
SIWHUA WKHA RSWLPL]DWLRQA RIA WKHA H[SHULPHQWDOA FRQGLWLRQVbA 7P=A UHFRYHULHVAZHUHA wTlA DQGA oTltA IRUA RUDQJHA DQGA OHPRQA SHHOA
VDPSOHVAUHVSHFWLYHO\bAZLWKAUHODWLYHAVWDQGDUGAGHYLDWLRQVA-UVzVEAORZHUAWKDQAptTA7KHAOLPLWVARIAGHWHFWLRQAZHUHAIRXQGAWRAEHA
iTiipAPJANJílADQGAiTiicAPJANJílAIRUARUDQJHADQGAOHPRQAVDPSOHVbAUHVSHFWLYHO\bAORZAHQRXJKAIRUAWKHAGHWHUPLQDWLRQARIA7P=A
DFFRUGLQJAWRABXURSHDQA8QLRQAOHJLVODWLRQTA
A
A

A
gLJXUHlutA9LDOAFRQWDLQLQJAWKHAVDPSOHAZLWKAWKHASDFNHGAFDSLOODU\AWRAVWDUWAWKHAGLUHFWAH[WUDFWLRQTA

A
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RQ ,QWHJUDWHG 6DPSOH 3UHSDUDWLRQ/6HQVLQJ RSSURDFK IRU 
,RGLGH 2HWHUPLQDWLRQ ,QYROYLQJ 3RO\YLQ\OS\UUROLGRQHi
3URWHFWHG ]RSSHU 1DQRFOXVWHUVN
N
N
5o 3HQDi3HUHLUDceNµINx/SyQBeNUIN%O/:ZUBeN5INU/YLOO/BeNxINTZQJL:KRBINN
dMI)SHQWUR)GH)PQYHVWLJDFLyQ)ODULxDi)8QLYHUVLGDGH)GH)9LJRi)fHSDUWDPHQWR)GH)4XtPLFD)6QDOtWLFD)H)6OLPHQWDULDi).UXSR)46ñi),D,Mó)9LJRi)
6SDLQi)IMSHQD3XYLJRaHV)d@a)3HQDg3HUHLUDIa))
N
.H\ZRUGV�ySRSSHU)QDQRFOXVWHUVi)PRGLGHi)xXPLQHVFHQFHi)OLFURH[WUDFWLRQi)2SWLFDO)VHQVLQJy
N
xXUUZQWO\eN WKZUZN LVN /QN LQ:UZ/VLQ@N LQWZUZVWN LQN WKZN JZWZUPLQ/WLRQN RYN /QLRQVN VX:KN /VN LRJLJZN LQN ZQYLURQPZQW/ON V/PSOZVN í\N
LPSOZPZQWLQ@NQ/QRP/WZUL/OVNWRN/::RPSOLVKNVXLW/íOZNVZQVLQ@N/SSUR/:KZVNEBFINµRWZLWKVW/QJLQ@NWKLVeNVZYZU/ONPZWKRJROR@LZVN
UZSRUWZJNLQNWKZNOLWZU/WXUZNZLWKNWKLVN/LPNVKRZNOLPLWZJNVZQVLWLYLW\N/QJNVZOZ:WLYLW\NEdehFeNWKXVN:RPSURPLVLQ@NWKZNWUXZQZVVN/QJN
SUZ:LVLRQNRYNRíW/LQZJNUZVXOWVNZKZQN/SSOL:/íOZINkKZNJZYZORSPZQWNRYNVWU/L@KWYRUZ/UJN/SSUR/:KZVNWK/WN:/QNZYYL:LZQWO\NJZWZ:WN
WU/:ZNOZYZOVNRYNLRJLJZNZLWKNLQ:UZ/VLQ@NVZOZ:WLYLW\NLVNWKZUZYRUZNKL@KO\N:RQYZQLZQWINTZ/ULQ@NLQNPLQJNWKZN:RPSOZ[LQ@N/íLOLW\NRYN
SRO\YLQ\OS\UUROLJRQZN L%z%PN WRZ/UJN 5dN /QJN 5hrN EoFeN %z%rSURWZ:WZJN :RSSZUN Q/QR:OXVWZUVN L%z%rxXµxVPNZZUZN SURSRVZJN /VN
OXPLQZV:ZQWNSURíZVN LQN/N WKUZZrSK/VZNPL:URVZS/U/WLRQNV\VWZPNYRUN WKZNVZOZ:WLYZN/QJNVZQVLWLYZNJZWZUPLQ/WLRQNRYN LRJLJZN LQN
ZQYLURQPZQW/ONZ/WZUVNEuFIN5QNS/UWL:XO/UeN%z%rxXµxVNZZUZNZPSOR\ZJN/VNZ[WU/:W/QWNSK/VZVNLQNVLQ@OZrJURSNPL:URZ[WU/:WLRQN
LKZ/JVS/:ZNPRJZPNLQN:RPíLQ/WLRQNZLWKNPL:URYROXPZNYOXRURVSZ:WURPZWU\NYRUNWKZNJZWZUPLQ/WLRQNRYNWKZNK/OLJZINkKZNPZWKRJN
LQYROYZVNLQ)VLWXN@ZQZU/WLRQNRYNPROZ:XO/UNLRJLQZeNLWVNYXUWKZUNWU/QVYZUNWRNWKZNKZ/JVS/:ZNRYNWKZNYL/ON/QJNWU/SSLQ@Ní\N/QN/TXZRXVN
PL:URJURSN :RQW/LQLQ@N %z%rxXµxVIN RZYZU/ON Z[SZULPZQW/ON S/U/PZWZUVN ZZUZN ZY/OX/WZJN YRUN RSWLP/ON UZVSRQVZeN LQ:OXJLQ@N
LQVWUXPZQW/ON:RQJLWLRQVN/QJNWKRVZNY/UL/íOZVNUZO/WZJNWRNWKZNLQ)VLWXNYRUP/WLRQN/QJNP/VVNWU/QVYZUNRYNPROZ:XO/UNLRJLQZIN9QJZUN
RSWLP/ON :RQJLWLRQVeN WKZNPZWKRJN\LZOJZJN OLPLWVNRYN JZWZ:WLRQN/QJNTX/QWLYL:/WLRQNRYN BIiN/QJNhIoNȝ@NUrBeN UZVSZ:WLYZO\eN /QJN/N
UZSZ/W/íLOLW\eNZ[SUZVVZJN/VNUZO/WLYZNVW/QJ/UJNJZYL/WLRQeNíZORZNsóNLµ[yPIN7ZP/UN/íO\eN/QNZ[:ZOOZQWNZQUL:KPZQWNY/:WRUN/íRYZN
BiiiN Z/VN /:KLZYZJN ZLWKLQN BuN PLQIN kKZN SURSRVZJN PZWKRJN Z/VN Y/OLJ/WZJN /@/LQVWN /N :ZUWLYLZJN UZYZUZQ:ZN P/WZUL/ON /QJN
TX/QWLW/WLYZNUZ:RYZULZVNLgyrBisóPNZZUZN/:KLZYZJNZKZQNWKZNPZWKRJNZ/VN/SSOLZJNWRNWKZN/Q/O\VLVNRYNJLYYZUZQWNZ/WZUNV/PSOZVIN
TZVLJZVeN%z%rxXµxVNZZUZN:K/U/:WZUL]ZJNí\NWU/QVPLVVLRQNZOZ:WURQNPL:URV:RS\eNWLPZrUZVROYZJNYOXRUZV:ZQ:ZeNPL:URYROXPZN
9zrYLVN VSZ:WURSKRWRPZWU\N /QJN YOXRURVSZ:WURPZWU\N LQN WKZN /íVZQ:ZN /QJN SUZVZQ:ZN RYN PROZ:XO/UN LRJLQZN YRUN /N íZWWZUN
XQJZUVW/QJLQ@NRYNWKZNVZQVLQ@NPZ:K/QLVPIN
N
RFNQRZOHGJHPHQWV 
kKLVNUZVZ/U:KNZ/VNYXQJZJNí\NWKZNRS/QLVKN0LQLVWU\NRYNR:LZQ:ZeN5QQRY/WLRQN/QJN9QLYZUVLWLZVNL%URMZ:WN7k5diBsrightgyrTr
5iiPeNk4VNRS/QLVKNRW/WZN7ZVZ/U:KN3@ZQ:\N/QJN)V(V7IN)IN%ZQ/r%ZUZLU/NWK/QNVNjXQW/NJZN-/OL:L/NLV(ohB5NdidivioPNYRUN
YLQ/Q:L/ONVXSSRUWIN
N
5HIHUHQFHV 
>c@N)IN%ZQ/r%ZUZLU/eN3IN-/U:t/r)L@XZUR/eN5INU/YLOO/eNxINTZQJL:KReNµ/QRP/WZUL/OVNYRUNWKZNJZWZ:WLRQNRYNK/OLJZVN/QJNK/OR@ZQN
R[\/QLRQVNí\N:RORULPZWUL:N/QJNOXPLQZV:ZQWNWZ:KQLTXZVmN3N:ULWL:/ONRYZUYLZZeNkU3xeNkUZQJVN3Q/OINxKZPINBduNLdidiPNBBushyIN
>h@NqINHK/Q@eNjINjXeNxIN6/Q@eN)IN6/Q@eNjIN6/Q@eNxRORULPZWUL:NLRJLJZNUZ:R@QLWLRQN/QJNVZQVLQ@Ní\N:LWU/WZrVW/íLOL]ZJN:RUZvVKZOON
xX23XNQ/QRS/UWL:OZVeN3Q/OINxKZPINshNLdiBBPNhgBBrhgByIN
>f@NSIzINqRVKLeNTISINqRVKLeN9IN4/ULNULVKQ/QeN0ITIN%/WZOeNRISIN0ZQRQeN%RO\YLQ\ONS\UUROLJRQZNPRJLYLZJNHQRNQ/QRS/UWL:OZVN/VN/N
KL@KO\NVZOZ:WLYZN/QJNVZQVLWLYZNQ/QRVZQVRUNYRUNWKZNLRJLJZNLRQeN3Q/OIN0ZWKRJVNuNLdiBhPNogyhrogyyIN
>D@N 0I%IN 3UZQ/eN 0I(IN %RUWZUeN qIRIN )ULW]eN 7/SLJeN VSZ:LYL:N JZWZUPLQ/WLRQN RYN LRJLQZN /QJN LRJLJZN í\N :RPíLQZJN VROLJrSK/VZN
Z[WU/:WLRQvJLYYXVZNUZYOZ:W/Q:ZNVSZ:WURV:RS\eN3Q/OINxKZPINyoNLdiidPNBsurBgiINN
>v@N)IN%ZQ/r%ZUZLU/eNµINx/SyQeN5INJZNO/Nx/OOZeN5INU/YLOO/eNxINTZQJL:KReN)OXRUZV:ZQWNSRO\LYLQ\OS\UUROLJRQZPrVXSSRUWZJN:RSSZUN
Q/QR:OXVWZUVNLQNPLQL/WXUL]ZJN/Q/O\WL:/ONV\VWZPVNYRUNLRJLQZNVZQVLQ@eNRZQVIN3:WX/WINTNdggNLdiBgPNBdtgygIN
�
�
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6XUIDFHr0RGLILHGt0DJQHWLFr1DQRSDUWLFOHVrE\r0ROHFXODUr
,PSULQWLQJr)RUr7KHr'LVSHUVLYHr6ROLGt3KDVHr([WUDFWLRQr2Ir
7ULD]LQHVr)URPr(QYLURQPHQWDOr:DWHUVr

M
(Nr7XULHOs1M%tM(tD]AÈOYDUH]s1MqtM%DUWtQA)VWHEDQsM
mgn)vHSDUWDPHQWR)GH)0HGLR)@PELHQWH)\)@JURQRPtDA)h1h@A)EDUUHWHUD)GH)@)ERUXxD)NPA)uA)íñyIy)0DGULGA)6SDLQA)WXULHOlLQLDAHV)
M
.H\ZRUGV�MwQYLURQPHQWDO)ZDWHUVM)PDJQHWLF)QDQRSDUWLFOHVM)PROHFXODU)LPSULQWLQJM)VROLGiSKDVH)H[WUDFWLRQM)WULD]LQHVM
)
M
%DJQHWLFMQDQRSDUWLFOHVMKDYHMEHHQMVXUIDFHAPRGLILHGME\MPROHFXODUMLPSULQWLQJMDQGMHYDOXDWHGMDVMVHOHFWLYHMVRUEHQWVMIRUMWKHM
H[WUDFWLRQMRIM WULD]LQHVM IURPMHQYLURQPHQWDOMZDWHUVtMLKHMXVHMRIMSURSD]LQHMDVM WHPSODWHMDOORZHGM WRMV\QWKHVL]HMDMVHOHFWLYHM
PDWHULDOMDEOHMWRMVLPXOWDQHRXVO\MUHFRJQL]HMDQGMVHOHFWLYHMH[WUDFWMQRWMRQO\MWKHMWHPSODWHMEXWMDOVRMVHYHUDOMRWKHUMKHUELFLGHVMRIM
WKHMVDPHMIDPLO\tMqMPDJQHWLFMPROHFXODUO\MLPSULQWHGAEDVHGMGLVSHUVLYHMVROLGASKDVHMH[WUDFWLRQMSURFHGXUHMZDVMGHYHORSHGMDQGM
IXOO\MRSWLPL]HGtM%DJQHWLFMPROHFXODUO\MLPSULQWHGMSRO\PHUMSDUWLFOHVMFDQMEHMHDVLO\MFROOHFWHGMDQGMVHSDUDWHGMIURPMOLTXLGMVROYHQWVM
DQGMVDPSOHVMZLWKMWKHMKHOSMRIMDQMH[WHUQDOMPDJQHWLFMILHOG1MDYRLGLQJMLQMWKDWMZD\MDQ\MFHQWULIXJDWLRQMRUMILOWUDWLRQMVWHSV1MZKLFKM
UHSUHVHQWVMDMUHPDUNDEOHMDGYDQWDJHMRYHUMWUDGLWLRQDOMSURFHGXUHVtMIQGHUMRSWLPXPMFRQGLWLRQV1MVHOHFWLYHMH[WUDFWLRQMRIMVHYHUDOM
WULD]LQHVMlF\DQD]LQH1MVLPD]LQH1MDWUD]LQH1MSURSD]LQH1MDQGMWHUEXW\OD]LQHvMIURPMHQYLURQPHQWDOMZDWHUMVDPSOHVMZDVMSHUIRUPHGM
SULRUM WRM ILQDOM GHWHUPLQDWLRQM E\M KLJKASHUIRUPDQFHM OLTXLGM FKURPDWRJUDSK\MZLWKM GLRGHADUUD\M GHWHFWLRQtM µHFRYHULHVM IRUM WKHM
VWXGLHGMWULD]LQHVMZHUHMZLWKLQMWKHMUDQJHMRIMpctb±uitsz1MZLWKMUHODWLYHMVWDQGDUGMGHYLDWLRQVMORZHUMWKDQMsstgzMlQygvtMLKHMOLPLWVM
RIMGHWHFWLRQMZHUHMZLWKLQMEtso±EtcsMȝJn41MGHSHQGLQJMXSRQMWKHMWULD]LQHMDQGMWKHMW\SHMRIMVDPSOHMDQDO\]HGtM
M
M
M

M
�

)LJXUHrsNM%%20VMVXVSHQGHGMLQMWKHMVDPSOHMEHIRUHMlqvMDQGMDIWHUMlkvMDSSO\LQJMDMPDJQHWLFMILHOGr
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0XOWLnRXPXODWLYHl7UDSSLQJl+6n630(lWRl(QKDQFHlWKHl
9RODWLOHl3URILOHlRIl([WUDn9LUJLQl2OLYHl2LO.
.
.
6p.9DVFUH]vt.*gl3XUFDURPp..
ucx).HPEORX[)pJUR-2LR)7HFKr)8QLYHUVLW\)RI)CLHJHr)3DVVDJH)GHV)0pSRUWpVr)hr).HPEORX[r)2-nT,Tr)2HOJLXPr)JSXUFDURéXOLHJHBEHB)
.
.
.H\ZRUGV�y3[WUD)YLUJLQyROLYH)RLOr)EHDGVSDFH)uE6xr)0XOWL-5XPXODWLYH)7UDSSLQJr)6ROLG-SKDVH)PLFURH[WUDFWLRQBy
.
9XOWLSOHiFXPXODWLYH.KHDGVSDFHiVROLGiSKDVH.PLFURH[WUDFWLRQ.1QDPHG.9Ti649F,.KDV.EHHQ.VKRZQ.WR.EH.D.YHU\.SRZHUIXO.
WHFKQLTXH. WR. HQKDQFH. WKH. OHYHO. RI. LQIRUPDWLRQ. RQ. WKH. YRODWLOH. SURILOH. RI. IRRGVp. A. IXOO\. DXWRPDWHG. PXOWLiPRGH. VDPSOH.
SUHSDUDWLRQ.V\VWHPt.FRQWDLQLQJ.D.VRUEHQW.EDVHG.IRFXVVLQJ.WUDS.WR.UHWDLQ.DQG.SUHFRQFHQWUDWH.DQDO\WHVt.ZDV.XVHGp.7KH.QRYHO.
DSSURDFK. ZDV. LQYHVWLJDWHG. IRU. WKH. DQDO\VLV. RI. ROLYH. RLO. DURPD. SURILOH. XVLQJ. D. SDWWHUQ. UHFRJQLWLRQ. DSSURDFKp. DLIIHUHQW.
H[WUDFWLRQ.SDUDPHWHUV.ZHUH.LQYHVWLJDWHGt.HpJpt.H[WUDFWLRQ.WLPHt.QXPEHUV.RI.FXPXODWLYH.H[WUDFWLRQt.DQGt.ODVW.EXW.QRW.OHDVWt.
WKH.VDPSOH.YROXPHp.6KRUWHU.FXPXODWLYH.H[WUDFWLRQ. WLPHV.SURYHG. WR.EH.PRUH.HIIHFWLYH. WKDQ.D.VLQJOH. ORQJHU.H[WUDFWLRQ. WR.
SURYLGH.PRUH.FRPSUHKHQVLYH.SURILOH.RI.YRODWLOHV.DQG.VHPLiYRODWLOHVp.[XQGDPHQWDO.ZDV.WKH.FKRLFH.RI.D.SURSHU.VDPSOH.YROXPH.
DYRLGLQJ.KHDGVSDFH.VDWXUDWLRQ.LQ.RUGHU.WR.PD[LPL]H.WKH.H[FWUDFWLRQ.RI.WKH.VHPLiYRODWLOH.FRPSRXQGVp.7KLV.WHFKQLTXH.ZDV.
VXFFHVVIXOO\.DSSOLHG.IRU.WKH.GLVWLQFWLRQ.RI.H[WUD.YLUJLQ.ROLYH.RLOt.IURP.WKH.OHVV.H[SHQVLYH.YLUJLQ.ROLYH.RLO.DQG.ODPSDQWH.RLO.>vth@p.
[LQDOO\t.WKH.FRXSOLQJ.RI.9Ti649F.ZLWK.2T[2Ti96.SURYLGHG.D.SRZHUIXO.SODWIRUP.IRU.WKH.GHWDLOHG.FKDUDFWHUL]DWLRQ.RI.WKH.
H[WUDiYLUJLQ.ROLYH.RLO.DURPD.SURILOHp.

�
l

�

.
dFNQRZOHGJPHQWVl
7KH.DXWKRUV.WKDQN.9DUNHVt.6KLPDG]Xt.DQG.6XSHOFR.IRU.WKHLU.VXSSRUWp.
l
5HIHUHQFHVl
>v@.6p.9DVFUH]t.2p.4XUFDURt�(QKDQFHPHQW�RI�YRODWLOH�SURILOLQJ�XVLQJ�PXOWLSOH�FXPXODWLYH�WUDSSLQJ�VROLG�SKDVH�PLFURH[WUDFWLRQ�
�&RQVLGHUDWLRQ�RQ�VDPSOH�YROXPH��$QDO��&KLP��$FWD�������������������
>h@.6p.9DVFUH]t.2p.4XUFDURt�([SORULQJ�PXOWLSOH�FXPXODWLYH�WUDSSLQJ�VROLG�SKDVH�PLFURH[WUDFWLRQ�IRU�ROLYH�RLO�DURPD�
SURILOLQJ�.kp.6HSp.6FL.od.1hmhm,.vPdoiov�.l
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9DFXXPPDVVLVWHGc+HDGVSDFHc630[gc.c3RZHUIXOc7RROc]RUc
[[WUDc9LUJLQc2OLYHc2LOc3URILOLQJc[QKDQFHPHQWE
E
E
6M0DVFUH]AcE[1/VLOODNLVecET1/XUFDURn1EE
ucx)qHPEORX[)pJUR-2LR)7HFKr)8QLYHUVLW\)RI)7LHJHr)8DVVDJH)GHV)0pSRUWpVr)hr)qHPEORX[r)2-nT,Tr)2HOJLXPB))
uhx) 7DERUDWRU\) RI)pTXDWLF)5KHPLVWU\r)6FKRRO) RI) 3QYLURQPHQWDO)3QJLQHHULQJr) 7HFKQLFDO)8QLYHUVLW\) RI)5UHWHr)5KDQLDr)5UHWH)q5-s,cTTr)
qUHHFHB)
E
.H\ZRUGV�e3[WUD)YLUJLQeROLYH)RLOr)CHDGVSDFH)uC6xr)6ROLG-SKDVH)PLFURH[WUDFWLRQr)9DFXXP-DVVLVWHG)C6Be
E
9DFXXPELVEDEQHZEH[SHULPHQWDOESDUDPHWHUEWREFRQWUROEDQGEH[SORLWEGXULQJEKHDGVSDFHEPLFURH[WUDFWLRQE2q3o3/6[GEPHWKRGE
RSWLPL]DWLRQEDQGEKDVEEHHQESURYHGEWREEHEDESRZHUIXOEDOWHUQDWLYHEWREDFFHOHUDWHEWKHEH[WUDFWLRQENLQHWLFVERIEDQDO\WHVEZLWKEDEORZE
DIILQLW\EIRUEWKHEKHDGVSDFHE>n@1E4KHEHIIHFWERIEWKLVEDGGLWLRQDOESDUDPHWHUEZDVEH[SORUHGEIRUEWKHEILUVWEWLPHERQEDEIDWW\EPDWUL[cEQDPHO\E
ROLYHERLO1E[[WUDEYLUJLQEROLYHERLOEKDVEDEFRPSOH[EYRODWLOHEDURPDESURILOHcEZKLFKEGHSHQGVERQEVHYHUDOESDUDPHWHUVE2L1H1cEFXOWLYDUcE
JHRJUDSKLFDOE RULJLQcE IUXLWE ULSHQHVVcE SURFHVVLQJE SUDFWLFHVcE DQGE VWRUDJHG1E /DVWE DQGE FXUUHQWE UHVHDUFKE HIIRUWVE IRFXVE RQE
XQUDYHOOLQJEWKHEFRPSRVLWLRQERIEWKLVELQIRUPDWLYHEYRODWLOHEIUDFWLRQcEVREDVEWREXQGHUVWDQGEFRUUHODWLRQVEZLWKETXDOLW\EDWWULEXWHV1EIQE
WKHESUHVHQWEZRUNcEWKHEHIIHFWVERIEH[WUDFWLRQEWHPSHUDWXUHEDQGEVDPSOLQJEWLPHEZHUHELQYHVWLJDWHGEXVLQJEWUDGLWLRQDOERQHEYDULDEOHE
DWEDEWLPHEDSSURDFK1�4KHEUHVXOWVEVKRZHGEDEJUHDWELPSURYHPHQWELQEWKHEH[WUDFWLRQERIEVHPLoYRODWLOHEFRPSRXQGVEXVLQJE9DFoq3o
3/6[EOHDGLQJEWREDQEHQKDQFHPHQWELQEWKHELQIRUPDWLRQEJDLQHGEE\EWKHEROLYHERLOEDURPDEILQJHUSULQWE>e@1E4KHELQKHUHQWEFRPSOH[LW\E
RIEWKHEV\VWHPEUHTXHVWVEIXUWKHUEUHVHDUFKEWREFRUUHODWHEWKHUPRG\QDPLFEFRQGLWLRQVEWREWKHEVLJQLILFDQWELPSURYHPHQWELQEH[WUDFWLRQE
FRQGLWLRQVEXQGHUEQRQoHTXLOLEULXPEFRQGLWLRQV1E
E

�
c

�

E
.FNQRZOHGJPHQWVc
4KHE ZRUNE ZDVE VXSSRUWHGE E\E f:34E bFWLRQE fbE ntenpcE f:34E 2[XURSHDQE fRRSHUDWLRQE LQE 3FLHQFHE DQGE 4HFKQRORJ\cE
KWWS(VVZZZ1FRVW1HXG1E36EDQGET/EWKDQNE3XSHOFREIRUESURYLGLQJEWKHEILEHUV1E
c
5HIHUHQFHVc
>A@E[1E/VLOODNLVc�9DFXXP�DVVLVWHG�KHDGVSDFH�VROLG�SKDVH�PLFURH[WUDFWLRQ��$�WXWRULDO�UHYLHZ��$QDO��&KLP��$FWD�������������
������
>�@�6��0DVFUH]��(��3VLOODNLV��*��3XUFDUR��$�PXOWLIDFHWHG�LQYHVWLJDWLRQ�RQ�WKH�HIIHFW�RI�YDFXXP�RQ�WKH�KHDGVSDFH�VROLG�SKDVH
�PLFURH[WUDFWLRQ�RI�H[WUD�YLUJLQ�ROLYH�RLO��$QDO��&KLP��$FWD�����������������������E
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5cp6]DIQDXHUEfp3N.uROHps.<N®N.kD\VHUps.TNbN.9SDGDIRUDpsdN..
IGn)vDUNHV)BQWHUQDWLRQDO)hWGo).ZDXQ)fODL)vHGLl3FLHQFH)KDPSXVo)hODQWULVDQWo)0KAo)K@cw)C;ho);yo)UV]DIQDXHU8PDUNHVLFRPL)
Iwn)zHSDUWPHQW)RI)ULRORJ\o)fFRORJ\)DQG)fDUWK)3FLHQFHVo);QLYHUVLW\)RI)KDODEULDo)qLD)PRQWH)PL)UXFFL)SEo)Cc,uSo)XUFDYDFDWD)zL)0HQGHo)
KRVHQ]Do)BWDO\)
.
.H\ZRUGV�yXXWRPDWLRQR)@RRG)TXDOLW\R)@RRG)VFLHQFHR)3DPSOH)PUHSDUDWLRQR)AUDFH)XQDO\VLVy
.
9ROLGrSKDVH. PLFURH[WUDFWLRQ. P9®k/M. LV. D. VROYHQWOHVV. VDPSOLQJ. WHFKQLTXH. WKDW. LV. HDVLO\. DXWRPDWHG. DQG. DYRLGV. WKH.
LQFRQYHQLHQFHV.RI.VROYHQWrEDVHG.PHWKRGV.VXFK.DV.OLTXLGDOLTXLG.H[WUDFWLRQN.GRZHYHUs.XVLQJ.D.VWDQGDUG.wu.LQMHFWRU.IRU.WKH.
ILEHU.GHVRUSWLRQ.UHTXLUHV.FDUHIXO.RSWLPLVDWLRQs.XVLQJ.D.GHGLFDWHG.OLQHU.Pnp.PP.LNGM.LQ.FRQMXQFWLRQ.ZLWK.D.KLJK.JDV.IORZs.LQ.
RUGHU.WR.REWDLQ.RSWLPXP.FKURPDWRJUDSK\N.jQ.k9.V\VWHPV.ZKHUH.FDUULHU.JDV.IORZ.LV.OLPLWHGs.DQ.LQMHFWRU.VSOLW.IORZ.LV.WKHUHIRUH.
RIWHQ.XVHGs.EXW.WKLV.UHGXFHV.WKH.TXDQWLW\.RI.DQDO\WHV.UHDFKLQJ.WKH.GHWHFWRUs.DQG.WKHUHIRUH.WKH.VHQVLWLYLW\.RI.WKH.WHFKQLTXHN.
.
kDQ\.RI.WKHVH.GLVDGYDQWDJHV.UHVXOW.IURP.WKH.GHVRUSWLRQ.RI.WKH.9®k/.ILEHU.LQ.FRPELQDWLRQ.ZLWK.VLPXOWDQHRXV.LQMHFWLRQ.RI.
WKH.DQDO\WHV.LQWR.WKH.wurk9.V\VWHPN.q\.GHFRXSOLQJ.WKH.GHVRUSWLRQ.RI.WKH.ILEHU.IURP.WKH.LQMHFWLRQ.LQWR.WKH.wurV\VWHP.WKHVH.
GUDZEDFNV.FDQ.EH.RYHUFRPHs.UHVXOWLQJ.LQ.KLJKHU.VHQVLWLYLW\s.ZKLOH.PDLQWDLQLQJ.WKH.RWKHU.DGYDQWDJHV.RIIHUHG.E\.9®k/N.7KH.
DGGLWLRQ.RI.DQ.HOHFWULFDOO\rFRROHG.IRFXVLQJ.WUDS.DIWHU.ILEHU.GHVRUSWLRQ.LV.ZKDW.DOORZV.IRU.WKH.GHFRXSOLQJ.RI.GHVRUSWLRQ.DQG.
LQMHFWLRQN.:KLOH.KLJK.JDV.IORZV.IURP.9®k/.ILEHU.WR.IRFXVLQJ.WUDS.DOORZ.IRU.UDSLG.GHVRUSWLRQs.WKH.TXLFN.DQG.HIILFLHQW.GHVRUSWLRQ.
RI.WKH.IRFXVLQJ.WUDS.HQVXUHV.WKDW.DOO.WKH.FRPSRXQGV.UHDFK.WKH.KHDG.RI.WKH.DQDO\WLFDO.FROXPQ.VLPXOWDQHRXVO\s. OHDGLQJ.WR.
LPSURYHG.FKURPDWRJUDSK\N..
.
7KH.IRFXVLQJ.WUDS.DOVR.DOORZV.D.IXUWKHU.LQFUHDVH.LQ.VHQVLWLYLW\.E\.HQDEOLQJ.WKH.9®k/.ILEHU.WR.UHWXUQ.WR.WKH.YLDO.DQG.H[WUDFW.
IRU.D.VHFRQG.RU.WKLUG.WLPHs.NQRZQ.DV.PXOWLrVWHS.HQULFKPHQW.Pk9/�MN.7KLV.HQDEOHV.D.PXFK.PRUH.FRPSUHKHQVLYH.SURILOLQJ.RI.
VDPSOHVN.jQ.WKLV.SUHVHQWDWLRQs.ZH.GHPRQVWUDWH.WKH.HIIHFW.RI.k9/.LPSURYLQJ.WKH.VHQVLWLYLW\.DFKLHYHG.IRU.YRODWLOH.DURPD.DQG.
RIIrRGRXU.FRPSRXQGV.LQ.D.WHD.VDPSOHs.IURP.md.FRPSRXQGV.LGHQWLILHG.IRU.WKH.UHJXODU.9®k/.H[WUDFWLRQ.WR.ppf.FRPSRXQGV.
LGHQWLILHG.IRU.D.9®k/rWUDS.H[WUDFWLRQ.DQG.ddc.FRPSRXQGV.LGHQWLILHG.E\.9®k/rWUDS.ZLWK.k9/N.
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3UHVVXUL]HGevRWe:DWHUe=[WUDFWLRQeJRPELQHGeWRe632=eDQGe
/Jî/JeIRUeBVVHVVPHQWeRIeWKHe2UJDQLFe0UDFWLRQeRQe2LOx
EHDULQJe6RXUFHxURFNVeP
P
P
.ceRce3ROORmgPW2P02P52P)RVBigPM2PwXJXVWRign2PP
sNt)wQLYHUVLW\)RI)BDPSLQDV)swhcB9TDtf)BLGDGH)wQLYHUVLWiULD)U=HIHULQR)GD]U)NApáAC"dp)BDPSLQDVC7UD]LOf)SROOREUHQR-JPDLOaFRPa)
sIt)hDWLRQDO)cQVWLWXWH)IRU)EFLHQFH)DQG)7LRQDQDO\WLFDO)xHFKQRORJ\)schBx7LRtf)whcB9TDf)BDPSLQDVC7UD]LOa)
P
.H\ZRUGV�y 7LRPDUNHUVf) lRHKOHUW) lHVLJQf) DUHVVXUL]HG) .RW) :DWHU) b[WUDFWLRQf) EROLGCSKDVH) TLFURH[WUDFWLRQf) xZRC
GLPHQVLRQDO)gDV)BKURPDWRJUDSK\ay
P

0UB×KWKRQBOO\gP W4NPPNW4R×RORJ\P óRUPBQBO\]KQJPRUJBQK=POKRPBUNNUP=RPSRXQ×VPBVVR=KBWN×PWRPRKOPBQ×PSNWURONXPPKQP
UR=NVPBQ×PVN×KPNQWVPKQYROYNVPW4NKUPN[WUB=WKRQPO\P;R[4ONWPW\SNPBSSBUBWXVgPóROORZN×PO\PUN=RQ=NQWUBWKRQPRóPW4NPRUJBQK=PóUB=WKRQP
O\PVROYNQWPUNPRYBOPXQ×NUPQKWURJNQPZKW4PVXOVNTXNQWPóUB=WKRQBWKRQPRóPW4NPN[WUB=WPO\PRSNQt=ROXPQPOKTXK×P=4URPBWRJUBS4\PBQ×P
BQBO\VKVPO\P/-t3;PBQ×rRUP±MIGPØi:2P04KVPSUR=N×XUNPKVPWKPNt=RQVXPKQJgP=RVWO\PBQ×PPB\PQRWPONPUNOKBOONP×XNPWRPW4NPN[=NVVKYNP
PBQKSXOBWKRQPRóPW4NPVBPSON2P04NP=4BUB=WNUK]BWKRQPBQ×PNYBOXBWKRQPRóPW4NPSRWNQWKBOPBVPBQPRKOPSUR×X=NUPKQPBPJKYNQPOBVKQPKVPBP
=4BOONQJNP×XNPWRPW4NP4KJ4P=RPSON[KW\PBQ×POBUJNPQXPONUPRóP=RQVWKWXNQWVgPZ4K=4PBUNPRóWNQPóRXQ×PKQPORZP=RQ=NQWUBWKRQVPØngl:2P
WUNVVXUK]N×P 4RWPZBWNUP N[WUB=WKRQP 1W–9CFP =BQPONP BP YBOXBOONP BOWNUQBWKYNP WRP WUB×KWKRQBOPPNW4R×VP óRUP KQVSN=WKRQP RóP W4NVNP
VBPSONVgP×XNPWRPKWVPNóóK=KNQ=\gPUNOBWKYNPVKPSOK=KW\PBQ×PWRPW4NP=RPSBWKOKOKW\PRóPW4NPBTXNRXVPN[WUB=WVPSUR×X=N×PWRPONPóXUW4NUP
SUR==NVVN×PO\P WN=4QKTXNVPVX=4PBVP;W3CPRUP;WC2PwOVRgPXVNPRóP/-î/-PKQVWNB×PRóP=RQYNQWKRQBOP/-P=BQPBOVRP UNVXOWP KQP
óXUW4NUPKPSURYNPNQWPRóPW4NPSUR=N×XUNgPBOORZKQJPKWVPVKPSOKóK=BWKRQ2P

04NPRSWKPK]BWKRQPRóPBPW–9CPPNW4R×PóRUPKVROBWKRQPRóPW4NPRUJBQK=PóUB=WKRQPRQPRKOtONBUKQJPUR=NPVBPSONVPZBVP=BUUKN×P
RXWPXVKQJPBPPXOWKYBUKBWNPVWUBWNJ\POBVN×PRQPGRN4ONUWPGNVKJQ2P04NPVBPSONPXVN×PZBVPBPOONQ×PRóPSUNYKRXVO\P=4BUB=WNUK]N×PRKOt
ONBUKQJP UR=NV2P 04UNNP RSNUBWKRQBOP YBUKBOONVP ZNUNP RSWKPK]N×P ±P 4RWP ZBWNUP SUNVVXUNgP WNPSNUBWXUNP BQ×P 4RWP ZBWNUP óORZ2P
C[SNUKPNQWVPXVKQJP=RPOKQBWKRQVPRóPVNYNQPONYNOPóRUPN[WUB=WKRQPWNPSNUBWXUNgPóKYNPONYNOVPRóP4RWPZBWNUPN[WUB=WKRQPóORZPBQ×PW4UNNP
ONYNOVPRóP4RWPZBWNUPSUNVVXUNPZNUNPXVN×2P;KQ=NPZBWNUPYBSRUPSUNVVXUNPKVPWNPSNUBWXUNt×NSNQ×NQWgPW4NPSUNVVXUNPZBVPKQ×KUN=WO\P
RSWKPK]N×bPW4NPYBUKBOONPXVN×PRQPW4NPN[SNUKPNQWVPZBVPBPUN×X=N×PSUNVVXUNP×NóKQN×PBVPSUHGe-emCCeSDEVeneSYP1Z4NUNPSDEVPKVPW4NP
BOVROXWNPSUNVVXUNPRóPW4NPV\VWNPPBQ×PSYPKVPW4NPZBWNUPYBSRUPSUNVVXUNPBWPW4NPWNPSNUBWXUNPXVN×F2P0NVWN×PONYNOVPSUHGPZNUNPiidP
ogPihdPoPBQ×PizdPoPUNOBWKYNPWRPW4NPZBWNUPYBSRUPSUNVVXUNPBWPW4NPB=WXBOPN[SNUKPNQWBOPWNPSNUBWXUN2PIQPRU×NUPWRP=KU=XPYNQWP
óORZPUNVWUK=WKRQPOKPKWBWKRQVP×XNPWRPW4NP×NQVNPSB=NKQJPRóPJURXQ×PUR=NPRQPW4NPN[WUB=WKRQP=NOOVP1SBUWK=ONVPkPmhP�PFgPVBPSONVP
ZNUNPPK[N×PZKW4P�P§PnhdP�PPJOBVVPVS4NUNVP1iPSBUWPVBPSONPcPhPSBUVPVS4NUNVF2PwóWNUPW–9CgPihPP]PRóPW4NPBTXNRXVPN[WUB=WP
ZBVPUNtN[WUB=WN×PBWPedP�-PóRUPldPPKQPO\P×KUN=WP;W3CPXVKQJP-w)rG5qrWG3;PhdrldPóKONUVbP;W3CPN[WUB=WVPZNUNPBQBO\]N×P
O\P/-î/-t3;2PPP

HSWKPBOP=RQ×KWKRQVPóRUPW–9CPZNUNPóRXQ×PWRPONP0PpPnmhP�-gPSBOVPpPiidPOBUP1=RUUNVSRQ×KQJPWRPSUN×PpPizdPoFPBQ×P
N[WUB=WKQJP ZBWNUP óORZP RóP n2hP P]rPKQ2P IWP ZBVP SRVVKOONgP XVKQJP W4NP RSWKPK]N×P W–9Ct;W3Ct/-î/-P PNW4R×gP WRP ROWBKQP
=4URPBWRJUBS4K=PóKQJNUSUKQWVPRóPBURPBWK=P4\×UR=BUORQVPóUB=WKRQPXVKQJPlhPP]PRóPZBWNUPóRUPN[WUB=WKRQPBQ×PUN×X=N×PVBPSONP
BPRXQWVPtPFLUFDPhdîPONVVP1BSSUR[2PnddPPJFPW4BQPW4NPVWBQ×BU×PPNW4R×P1idPJF2PIWPKVPBOVRPZRUW4PPNQWKRQKQJPW4NPBOVNQ=NPRóP
RUJBQK=PVROYNQWVPKQPW4NPPNW4R×gPZ4KONPW4NP=RQYNQWKRQBOP;R[4ONWt;w)wPPNW4R×P=BQP=RQVXPNPPRUNPW4BQPhddPP]PSNUPVBPSON2P
IWP KVPONOKNYN×PW4BWPW4NPBPRXQWPRóPZBWNUP=BQPONPUN×X=N×PO\P=4N=NKQJPW4NPN[WUB=WKRQPNKQNWK=VgPUN×X=KQJPW4NP=XUUNQWPZBWNUPrP
VBPSONPUBWKRP1iedciF2PP
P

e
e
0LJXUHemcewFeGRN4ONUWPGNVKJQPUNVSRQVNPVXUóB=NPZKW4PóK[N×Pn2hPP]rPKQPóORZPUBWN2PqFe/-î/-P=4URPBWRJUBPPZKW4PN[WUB=WKRQP=RQ×KWKRQVPRóP
nmhP�-gPzdPOBUPBQ×Pi2hPP]rPKQ2e
e
BFNQRZOHGJHPHQWVe
wXW4RUVPW4BQNPW4NP-RRU×KQBWKRQPóRUPW4NPIPSURYNPNQWPRóP–KJ4NUPC×X=BWKRQPWNUVRQQNOP1-wWC;FPóRUPW4NPUNVNBU=4PóNOORZV4KS2P
MRUPPRUNPKQóRUPBWKRQgPSONBVNPóNNOPóUNNPWRP=RQWB=WPXVPO\PNPBKO2P
P
5HIHUHQFHVe
>m@PW2;2PWUBWBgP/2]2PwON[BQ×UKQRgP(2/2;2P3RJROOyQgPM2PwXJXVWRgPGKV=UKPKQBWKQJPqUB]KOKBQP=UX×NPRKOVPXVKQJP=RPSUN4NQVKYNP
WZRt×KPNQVKRQBOPJBVP=4URPBWRJUBS4\tPBVVPVSN=WURPNWU\PBQ×PPXOWKZB\PSUKQ=KSBOP=RPSRQNQWPBQBO\VKVgPD2P-4URPBWRJU2Pw2P
iymnP1ndieFPzz±ide2PP
>b@P[2C2PWNWNUVgP-2-2P9BOWNUVgP32P3RO×RZBQ2gP04NPqKRPBUNNUP/XK×N2PqKRPBUNNUVPBQ×PKVRWRSNVPKQPSNWURONXPPN[SORUBWKRQPBQ×P
NBUW4P4KVWRU\gP-BPOUK×JNgP(NZP7RUNgPnddh2P�
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w36ko]3/go3c.S 0HWKRGS IRUS 5DSLGS cHWHUPLQDWLRQS RIS
6RODUS89SwLOWHUVSLQS]XPDQS:KROHSTORRGhS3ODVPDSDQGS8ULQHS

.
.
.dS7DUWDJOLDRhSwO.zR%”WJOOL2D.xO.plTYL’LRED.UO.HRV”WR2D.wO.mRQJOOLED.)OyO.VXUWRQRD.hO.)”6LUR.
mUn)IHSDUWPHQW)RI)bKDUPDF\P)wQLYHUVLW\)RI)0KLHWL±bHVFDUD)³Mc)G¶3QQXQ]LR´P)9LD)GHL)9HVWLQL)vUP)0KLHWL)––U,,P)SWDO\c)
min)IHSDUWPHQW)RI)WHGLFLQH)DQG)3JLQJ)HFLHQFHVP)HHFWLRQ)RI)FHJDO)WHGLFLQHP)wQLYHUVLW\)RI)0KLHWL±bHVFDUD)³Mc)G¶3QQXQ]LR´P)0KLHWL)––U,,P)
SWDO\c))
mvn)IHSDUWPHQW)RI)0KHPLVWU\)DQG)6LRFKHPLVWU\P)2ORULGD)SQWHUQDWLRQDO)wQLYHUVLW\P)UUi,,)H:)GWK)HWP)WLDPLP)2F)vvU..P)wH3c)
.
.H\ZRUGV�yELRORJLFDO)PDWULFHVP)2DEULF)bKDVH)HRUSWLYH)l[WUDFWLRQP)gbF0hbI3P)w9h)ILOWHUVP)ZKROH)EORRG)DQDO\VLVy
.
qURORQJJ’.KXP”Q.J[SRVXUJ. WR.VRO”U.4´. U”’L”WLRQ.P”\. UJVXOW. LQ.”%XWJ.”Q’.%KURQL%.KJ”OWK.J99J%WV.RQ. WKJ.VNLQD.J\J.”Q’.
LPPXQJ.V\VWJP.iJOJO.VXQ6XUQVD.VNLQ.%”Q%JUVD.%”W”U”%WVD.JW%O1O.VRU.WKLV.UJ”VRQD.WKJUJ.LV.”.JUJ”WJU.LQWJUJVW.LQ.PLQLPL]LQJ.VRO”U.
4´.U”’L”WLRQ.J[SRVXUJ.”Q’.4´.9LOWJUV.”UJ.LQ%RUSRU”WJ’.LQ.VXQV%UJJQV.9RUPXO”WLRQV.”V.ZJOO.”V.LQ.’”LO\.XVJ.%RVPJWL%VO.4´.
9LOWJUVD.’JVSLWJ.WKJ\.”UJ.’JVLJQJ’.9RU.J[WJUQ”O.XVJD.%”Q.6J.”6VRU6J’.WKURXJK.WKJ.VNLQ.”Q’.’L99JUJQW.XQ’JVLU”6OJ.J99J%WV.K”YJ.
6JJQ.”WWUL6XWJ’.WR.WKJVJ.%RPSRXQ’Vr.WKXVD.VJQVLWLYJ.”Q”O\WL%”O.PJWKR’V.WR.PRQLWRU.6LRORJL%”O.OJYJOV.R9.WKJVJ.%RPSRXQ’V.
”UJ.LQ.JUJ”W.’JP”Q’O.
5KJ.SUJVJQW.SRVWJU.’JV%UL6J.”Q.KLJK.SJU9RUP”Q%J.OLTXL’.%KURP”WRJU”SK\'SKRWR’LR’J.”UU”\.’JWJ%WLRQ.ifqzx'qph1.PJWKR’.
9RU. WKJ. VLPXOW”QJRXV. ”Q”O\VLV. R9. VL[. 6JQ]RSKJQRQJ. ’JULY”WLYJ. 4´. 9LOWJUV. LQ%OX’LQJ. 6JQ]RSKJQRQJ. im81r. B'mJQ]R\O's'
K\’UR[\'E'PJWKR[\6JQ]JQJVXO9RQL%. ”%L’. imq's1r. sDs�'pLK\’UR[\6JQ]RSKJQRQJ. is'pfm1r. EDE�DsDs�'
5JWU”K\’UR[\6JQ]RSKJQRQJ. imq'E1r. EDs'’LK\’UR[\6JQ]RSKJQRQJ. imq'21r. ”Q’. EDE�'pLK\’UR[\'s'PJWKR[\6JQ]RSKJQRQJ.
ipfwm1.02/O.xKURP”WRJU”SKL%.VJS”U”WLRQ.Z”V.%RQ’X%WJ’.XVLQJ.”.ZSKJULVRU6.TpZ.2.ix2G1.%ROXPQ.LQ.LVR%U”WL%.JOXWLRQ.PR’J.
ZLWK.”.UXQ.WLPJ.OJVV.WK”Q.EB.PLQXWJVO.5KJ.PJWKR’.Z”V.Y”OL’”WJ’D.LQ.”%%RU’”Q%J.ZLWK.LQWJUQ”WLRQ”O.JXL’JOLQJVD.LQ.WKJ.U”QJJ.
9URP.dO2.WR.2d.ȝJvPz.9RU.”OO.WKJ.4´.9LOWJU.%RPSRXQ’VO.qURS\O.s'.K\’UR[\6JQ]R”WJ.Z”V.XVJ’.”V.WKJ.LQWJUQ”O.VW”Q’”U’.ikZ1O.
5KJ. OLPLW.R9. TX”QWL9L%”WLRQ. izT-1. Z”V.dO2.ȝJvPzD.ZKLOJ. OLPLW. R9. ’JWJ%WLRQ. izTp1.Z”V.dOdR.ȝJvPzO.5KJ.ZJLJKWJ’'P”WUL[.
P”W%KJ’.VW”Q’”U’.%”OL6U”WLRQ.%XUYJV.R9.VL[.4´.9LOWJUV.VKRZJ’.”.JRR’.OLQJ”ULW\.XS.WR.”.%RQ%JQWU”WLRQ.R9.2d.ȝJvPzO..
qULRU.WR.WKJ.fqzx'qph.”Q”O\VLVD.WKJVJ.%RPSRXQ’V.ZJUJ.J[WU”%WJ’.9URP.6LRORJL%”O.9OXL’V.iKXP”Q.ZKROJ.6ORR’D.SO”VP”.”Q’.
XULQJ1.WKURXJK.”Q.LQQRY”WLYJ.J[WU”%WLRQ.WJ%KQLTXJD.9”6UL%.SK”VJ.VRUSWLYJ.J[WU”%WLRQ.iVqZU1O.5KLV.QJZ.V”PSOJ.SUJS”U”WLRQ.
WJ%KQLTXJD.LQWUR’X%J’.LQ.Ed2sD.”OORZV.J[WU”%WLRQ.R9.”Q”O\WJV.WKURXJK.”.’LUJ%W.%RQW”%W.6JWZJJQ.VqZU.’JYL%J.”Q’.V”PSOJO.
5KJ.’JYL%JV.”UJ. %RQVWLWXWJ’.R9. Q”WXU”O. RU. V\QWKJWL%. SJUPJ”6OJ.”Q’. 9OJ[L6OJ. VX6VWU”WJD. %KJPL%”OO\. %R”WJ’.ZLWK.”. VRO'JJO.
RUJ”QL%'LQRUJ”QL%.K\6UL’.VRU6JQWO.5KLV.”SSUR”%K.J[KL6LWV.KLJK.UJ%RYJU\.9RU.WKJ.W”UJJW.”Q”O\WJV.”Q’.”OORZJ’.WR.UJ’X%J.WKJ.
”PRXQW.R9.XVJ’.RUJ”QL%.VROYJQWVO..
h’’LWLRQ”OO\D.9”6UL%.SK”VJ.VRUSWLYJ.J[WU”%WLRQ.PJP6U”QJ.K”V.6JJQ.JY”OX”WJ’.”V.”.YL”6OJ.”OWJUQ”WLYJ.WR.³GULHG)EORRG)VSRW)
FDUG.ipmZ.x”U’1´.WR.%ROOJ%W.’URSOJWV.R9.ZKROJ.6ORR’.VSLNJ’.ZLWK.WKJ.W”UJJW.4´.9LOWJUV.”Q’.VWRUJ’.9RU.”.SURORQJJ’.SJULR’.”9WJU.
’U\LQJO.5KJ.’ULJ’.6ORR’.VSRWV.%ROOJ%WJ’.RQWR.WKJ.VqZU.PJP6U”QJV.ZJUJ.9RXQ’.VW”6OJ.’XULQJ.WKJ.JY”OX”WJ’.SJULR’.XS.WR.sd.
’”\V.ZLWK.WKJ.”Q”O\WJ.UJWJQWLRQ.’”W”.%RPS”U”6OJ.WR.WKJ.’”W”.R6W”LQJ’.9URP.ZKROJ.6ORR’.’URSOJWV.RQWR.WKJ.VqZU.PJP6U”QJ.
ZLWKRXW.SURORQJJ’.VWRU”JJO.
.
.FNQRZOHGJHPHQWVS
5KJ.”XWKRUV.WK”QN.wk4H.J[.ndtD.³yO.’¶hQQXQ]LR´.4QLYJUVLW\.R9.xKLJWL'qJV%”U”.ikW”O\1.”Q’.WKJ.pJS”UWPJQW.R9.xKJPLVWU\.
”Q’.mLR%KJPLVWU\D.VORUL’”.kQWJUQ”WLRQ”O.4QLYJUVLW\.9RU.VXSSRUWLQJ.WKJ.SUJVJQW.ZRUNO.
.
5HIHUHQFHVS
>R@.wO.zR%”WJOOLD.)OyO.VXUWRQD.hO.5”UW”JOL”D.UO.ZSJU”Q’LRD.fOkO.4OXVR\D.hO.)”6LUD.hQ.VqZU'fqzx'qph.PJWKR’. 9RU. U”SL’.
’JWJUPLQ”WLRQ.R9.VRO”U.4´.9LOWJUV.LQ.KXP”Q.ZKROJ.6ORR’D.SO”VP”.”Q’.XULQJD.(O.xKURP”WRJU.m.222G'222F.iEd2F1.sd'BdO.
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wHYHORSPHQWvRIvDv0LQLDWXUL]HGv6ROLGr3KDVHv
0LFURH[WUDFWLRQv0HWKRGRORJ\vIRUvWKHvqQDO\VLVvRIv9RODWLOHv
DQGv6HPLYRODWLOHvkRPSRXQGVvLQv3RQH\M

v

M
/zv9D]TXH]-zv_2M[YOYLURczM_2M0YU&K]LQKcz3zMO2M]K&QKėLzM_2MkORPSKUWc2M
Ipn)5M8O0Q)qQVWLWXWHe)7HSDUWPHQW)RI)gQDO\WLFDO)5KHPLVWU\i)kXWULWLRQ)DQG)2RRG)QFLHQFHi)0QLYHUVLGDGH)GH)QDQWLDJR)GH)5RPSRVWHODi)8u
poAlai)QDQWLDJR)GH)5RPSRVWHODi)QSDLQe)8uPDLOc)OXDeYD]TXH]eIHUUHLURvXVFeHV)
Ian) 7HSDUWPHQW) RI) 5KHPLVWU\i) qQVWLWXWH) RI) kDWXUDO) QFLHQFH) DQG) :HRJUDSK\i) gEDL) GD]DNK) kDWLRQDO) 3HGDJRJLFDO) 0QLYHUVLW\i) gOPDW\i)
GD]DNKVWDQ)
Irn) gJURQRPLF) DQG) gJUDULDQ) MHVHDUFK) 5HQWUH) Ig:g5gbu5qgKni) :DOLFLDQ) gJHQF\) IRU) 2RRG) LXDOLW\i) 0QLW) RI) PUJDQLF) 5RQWDPLQDQWVi)
gSDUWDGR)pDi)8upoDlDi)g)5RUXxDe)QSDLQe)
M
.H\ZRUGV�) ) zRQH\i) H[SHULPHQWDO) GHVLJQi) PLQLDWXUL]HG) VROLGuSKDVH) PLFURH[WUDFWLRQi) JDV) FKURPDWRJUDSK\uPDVV)
VSHFWURPHWU\y
M
-RQY\M LVM KM SUR:XėWM ėRQVXPY:M ZRUO:ZL:YM KQ:M LWVM XVYM LVM MXVWLJLY:M š\M SK\VLėRėKYPLėKOzM PY:LėLQKOM KQ:M QXWULWLRQKOM
ėKKUKėWYULVWLėV2MUURSYUWLYVMRJMYKėKMKRQY\MKUYMėRQ:LWLRQY:Mš\MWKYLUMšRWKQLėKOMKQ:M&YR&UKSKLėKOMRUL&LQ2MOKYMšLROR&LėKOMYKOXYM
RJMKRQY\MLVM:XYMWRMWKYMSUYVYQėYMRJMVX&KUVzMSURWYLQVzMKPLQRMKėL:VzMYQ]\PYVzMRU&KQLėMKėL:VzMYLWKPLQVzMPLQYUKOVzMSKYQROLėMKQ:M
YROKWLOYMėRPSRXQ:VM/czM372MOKYMKURPKWLėMSURJLOYMRJMKRQY\MLVMLPSRUWKQWMVLQėYMLWMJRUPVMWKYMRU&KQROYSWLėMėKKUKėWYULVWLėVzML:YQWLW\M
KQ:M TXKOLW\M RJM KRQY\2M PURPKM ėRPSRXQ:VM KUYM SUYVYQWM LQM KRQY\M KWM ORZM ėRQėYQWUKWLRQVM KVM ėRPSOY[M PL[WXUYVM RJM YROKWLOYM
ėRPSRQYQWVMRJM:LJJYUYQWMėKYPLėKOMJKPLOLYVzMKQ:MWKLVMėRPSRVLWLRQM:YSYQ:VMRQMWKYMJORUKOMRUL&LQMRJMWKYMQYėWKUMY[WUKėWY:Mš\MšYYVM
/L72M0ROL:nSKKVYMPLėURY[WUKėWLRQM10U_qSMLVMKMYYU\MYKOXKšOYMY[WUKėWLRQMWYėKQLTXYMZKLėKMRJJYUVMWKYMSRVVLšLOLW\MRJMėKUU\LQ&MRXWM
WKYMY[WUKėWLRQMKQ:MSUYnėRQėYQWUKWLRQMRJMWKYMWKU&YWMėRPSRXQ:VMLQMKMVLQ&OYMVWYS2M
MM
OKYMPKLQM&RKOMRJMWKLVMZRUNMLVMWKYM:YYYORSPYQWMRJMKMPLQLKWXUL]Y:MKQKO\WLėKOMPYWKR:ROR&\MšKVY:MRQM0U_qMJROORZY:Mš\M&KVM
ėKURPKWR&UKSK\MėRXSOY:MWRMPKVVMVSYėWURPYWU\M1PLQLX0U_qnx[n_0SMJRUM WKYM:YWYUPLQKWLRQMRJMYROKWLOYMKQ:MVYPLnYROKWLOYM
ėRPSRXQ:VMLQMKRQY\2MOKLVMLVMWKYMJLUVWMWLPYMWKKWMc2yMPkMYLKOVMKUYMSURSRVY:MWRMėKUU\MRXWMWKYM0U_qMSURėY:XUYMYPSOR\LQ&MKM
YYU\MORZMKPRXQWMRJMKRQY\2MM
M
UUYOLPLQKU\MVWX:LYVMZYUYMSYUJRUPY:MYPSOR\LQ&MKMPXOWLJORUKOMKRQY\MVKPSOYzMWRMVYOYėWMVRPYMSKUKPYWYUVMVXėKMKVMY[WUKėWLRQM
PR:YzMZKWYUM:LOXWLRQMKQ:MWKYMSRVVLšLOLW\MRJMPLQLKWXUL]LQ&MWKYMPYWKR:zMKPRQ&MRWKYUV2M_RVWMėULWLėKOMSKUKPYWYUVM1L2Y2MW\SYMRJM
JLšUYzMY[WUKėWLRQMWYPSYUKWXUYzMLRQLėMVWUYQ&WKMKQ:MVKPSOYM:LOXWLRQSMZYUYMRSWLPL]Y:MYPSOR\LQ&MKMJUKėWLRQKOMJKėWRULKOM:YVL&Q2M
NQ:YUMWKYMRSWLPL]Y:MY[SYULPYQWKOMėRQ:LWLRQVzMVYYYUKOMY[WUKėWLRQMWLPYVMšYWZYYQMpMKQ:MtDMPLQXWYVMZYUYMVWX:LY:2M_YWKR:M
SYUJRUPKQėYM ZKVM YYKOXKWY:M LQM WYUPVM RJM OLQYKULW\zM SUYėLVLRQM 1UYSYKWKšLOLW\zM UYSUR:XėLšLOLW\SzM KQ:M KėėXUKė\M KėKLYYLQ&M
VKWLVJKėWRU\MUYVXOWV2M8QėYMWKYMPYWKR:MZKVMYKOL:KWY:zMLWMZKVMKSSOLY:MWRMKMšURK:MUKQ&YMRJMYKULYWLYVMRJMUYKOMKRQY\MVKPSOYVzM
PRVWMRJMWKYPMJURPMxKOLėLKM1GIzM0SKLQSzMWKYMRQO\MKRQY\MLQM0SKLQMZLWKMUURWYėWY:MxYR&UKSKLėKOM(:YQWLJLėKWLRQM/m72v
M
M
qFNQRZOHGJHPHQWVv
OKLVM UYVYKUėKMZKVMVXSSRUWY:Mš\Mx8MSURMYėWMAqP]q6M3DcyTDpmv2MOKYMKXWKRUVMšYORQ&MWRM WKYMGKWLRQKOMGYWZRUNM JRUM WKYM
(QQRYKWLRQM LQM PLQLKWXUL]Y:M VKPSOYM SUYSKUKWLRQM WYėKQLTXYVzM 6q]3DcyncD3p33nOM 1_LQLVWU\M RJM 0ėLYQėYzM (QQRYKWLRQM KQ:M
NQLYYUVLWLYVzM 0SKLQSzM WRM WKYM xKOLėLKQM [RPSYWLWLYYM 6YVYKUėKM xURXSVM (GtDHvM 3DcsTcLM KQ:M q]mLcM 3D3DTDtM KQ:M WRM WKYM
[6qON0M0WUKWY&LėMUKUWQYUVKLSMq]mLcM3DcyTDcM 14XQWKM:YMxKOLėLKS2MOKLVMVWX:\M LVMšKVY:MXSRQMZRUNM JURPM[80OMPėWLRQM
[Pct3cpMKQ:MJURPMWKYM0KPSOYMUUYSKUKWLRQM0WX:\MxURXSMKQ:MGYWZRUNzMVXSSRUWY:Mš\MWKYM]LYLVLRQMRJMPQKO\WLėKOM[KYPLVWU\M
RJM WKYM qXURSYKQM [KYPLėKOM 0RėLYW\2M POOM WKYVYM SUR&UKPPYVM KUYM ėRnJXQ:Y:M š\M Aq]q6M 1NqS2M PXWKRUVM ZRXO:M OLNYM WRM
KėNQRZOY:&YMWKYM6Y&XOKWRUM[RXQėLOMRJMxKOLėLKQM-RQY\M1(4UM_YOM:YMxKOLėLKSMJRUMėROOYėWLQ&MKQ:MVXSSO\LQ&MWKYMVKPSOYV2M
M
5HIHUHQFHVv
>-@MW2M)KãNRQLYQơzMU262MWYQVNXWRQLV2MAORUKOMPKUNYUVMLQMKRQY\MRJMYKULRXVMšRWKQLėKOMKQ:M&YR&UKSKLėMRUL&LQVdMKMUYYLYZ2M[RPSU2M
6YY2MARR:M0ėL2MA2MsM13DcDSMt3DntLm2Mv
>P@v_2M)RUWYVQLYPLzM02M6RVYQYKO:zM82MkKKNVRQYQzMP2MWKQK&zMO2M8OOLNNKzM)2MWYQYzMv2MFKQ&2M0YQVRU\MKQ:MėKYPLėKOMSURJLOYVM
RJMALQQLVKMKRQY\VMRJM:LJJYUYQWMšRWKQLėKOMRUL&LQVMKQ:MėRQVXPYUMSUYJYUYQėYV2MARR:M[KYP2M3mtM13DcySMLpcnLps2MM
>h@M_2_26KKPKQzM_2G2MPOKPzMG2MAKWLPKzM-2_2M0KKKMKOKOzM02-2MxKQzM_2(2M)KKOLO2M[KYPLėKOMėRPSRVLWLRQMKQ:MšLROR&LėKOM
SURSYUWLYVMRJMKURPKWLėMėRPSRXQ:VMLQMKRQY\dMPQMRYYUYLYZ2ME2MRJMARR:MvLRėKYP2Mmc1tSM13DcHSMc3mDp2M
>s@�OKYM]KWKšKVYMRJM8UL&LQMrM6Y&LVWUKWLRQM1]886SMJURPMqXURSYKQM[RPPLVVLRQMIYšVLWYM3Dcs2MPYKLOKšOYMRQOLQYdM
KWWSdTTYė2YXURSK2YXTK&ULėXOWXUYTTXKOLW\T:RRUTOLVW2KWPOMM
M
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M
.in2UPDGDptn0TMIHOHLURntMPTMjÖWROÖctMSTMqÖJQÖF3tM[TMGHMvRHUJtM0TMEORPSÖUWnM

Ipn)732MQG)@QVWLWXWHi)8HSDUWPHQW)RI)-QDO\WLFDO)7KHPLVWU\i)/XWULWLRQ)DQG).RRG)GFLHQFHi)QQLYHUVLGDGH)GH)GDQWLDJR)GH)7RPSRVWHODi)2u
poAlai)GDQWLDJR)GH)7RPSRVWHODi)GSDLQe)I2uPDLOc)GDQLHOeDUPDGDeDOYDUH]gXVFeHVn)
Ian)B20-52)BDERUDWRU\)IRU)0URFHVV)2QJLQHHULQJi)2QYLURQPHQWi)5LRWHFKQRORJ\)DQG)2QHUJ\i).DFXOW\)RI)2QJLQHHULQJi)QQLYHUVLW\)RI)0RUWRi)
3XD)8Ue)3REHUWR).ULDV)G,Qi)maDDumfoi)0RUWRi)0RUWXJDOe)
Irn) -JURQRPLF) DQG) -JUDULDQ) 3HVHDUFK) 7HQWUH) I-:-7-Bu7@-bni) :DOLFLDQ) -JHQF\) IRU) .RRG) 6XDOLW\i) QQLW) RI) 4UJDQLF) 7RQWDPLQDQWVi)
-SDUWDGR)pDi)2upoDlDi)-)7RUXxDe)GSDLQe)
Imn)OULMH)QQLYHUVLWHLW)-PVWHUGDPi)8HSDUWPHQW)RI)2QYLURQPHQW)U)zHDOWKi)8H)5RHOHODDQ)pDloi)pDlpzOi)-PVWHUGDPi)WKH)/HWKHUODQGVe)
M
.H\ZRUGV�)zD]DUGRXV)RUJDQLF)FRPSRXQGVi) UHF\FOHG)FUXPE) UXEEHUi)VROLGuSKDVH)PLFURH[WUDFWLRQi)V\QWKHWLF) WXUI) IRRWEDOO)
SLWFKHVi)ZDWHU)OHDFKHV)
M
PRZÖGÖ\VtMVXUIÖFHVMPÖGHMRIMUHF\FOHGMFUXPVMUXVVHUMIURPMWLUHVMÖUHMHPSOR\HGMÖVMLQILOOMLQMV\QWKHWLFMWXUIMIRRWVÖOOMILHOGVMÖPRQJM
RWKHUMXVHVTMSKHVHMPÖWHULÖOVMÖUHMXVXÖOO\MRXWGRRUVtMZKLFKMPHÖQVMWKÖWMPHWHRURORJLFÖOMFRQGLWLRQVMFÖQMÖIIHFWMWKHPMÖQGMVSUHÖGM
SÖUWMRIMLWVMFRPSRXQGVMLQMWKHMHQYLURQPHQWTM/QMÖGGLWLRQtMV\QWKHWLFMIRRWVÖOOMILHOGVMGXULQJMVXPPHUMÖQGMRQMZÖUPMGÖ\VMUHTXLUHMÖM
SHULRGLFM LUULJÖWLRQM WRMPÖLQWÖLQM WKHLUM SURSHUWLHVTM SKHUHIRUHtM FKHPLFÖOVM OLNHM PHWÖOVMÖQGMRUJÖQLFM FKHPLFÖOVM 1OLNHM SRO\F\FOLFM
ÖURPÖWLFMK\GURFÖUVRQVMRUMVHQ]RWKLÖ]ROHNMLQMWKHMUXVVHUMFÖQMVHMUHOHÖVHGMZLWKMÖMSRWHQWLÖOMQHJÖWLYHMLPSÖFWMRQMVHZÖJHMZÖWHUtM
JURXQGZÖWHUMÖQGDRUMQÖWXUÖOMVXUIÖFHMÖQGMHYHQMPÖULQHMZÖWHUVM8ntMcXTMkIIHFWMRIMUÖLQZÖWHUMÖQGMVQRZPHOWMRQMWKHMPRVLOLW\MRIM
SROOXWÖQWVMLQMXUVÖQMVSÖFHVMZÖVMGHPRQVWUÖWHGMLQMUHFHQWMVWXGLHVM83XTM
M
SKLVMVWXG\MLVMIRFXVMRQMWKHMÖVVHVVPHQWMRIMWKHMSUHVHQFHMRIMJgMWÖUJHWMFRPSRXQGVtMLQFOXGLQJMSRO\F\FOLFMÖURPÖWLFMK\GURFÖUVRQVM
1Hh)VNtM SOÖVWLFL]HUVtM ÖQWLR[LGÖQWVM ÖQGM YXOFÖQL]ÖWLRQM ÖJHQWVM LQM ZÖWHUM ÖGMÖFHQWM WRM V\QWKHWLFM IRRWVÖOOM SLWFKHVM RIM GLYHUVHM
FKÖUÖFWHULVWLFVMWRMHVWLPÖWHMHQYLURQPHQWÖOMULVNVTMqLIIXVLRQMRIMWKHMWÖUJHWMRUJÖQLFMVXVVWÖQFHVMIURPMWKHMFUXPVMUXVVHUMWRMWKHM
UXQRIIMZÖWHUMZÖVMHYÖOXÖWHGMÖQÖO\]LQJMZÖWHUMOHÖFKÖWHVMFROOHFWHGMIURPMVHYHUÖOMIRRWVÖOOMSLWFKHVTMhOVRtMWKHMFRQWLQXRXVMOHÖFKLQJM
RIMWKHVHMFKHPLFÖOVMIURPMWKHMFUXPVMUXVVHUMWRMWKHMUXQRIIMZÖWHUMZÖVMVLPXOÖWHGMÖWMOÖV2VFÖOHM8JXTMhQÖO\VHVMZHUHMFÖUULHGMRXWM
XVLQJMKHÖGVSÖFHMVROLG2SKÖVHMPLFURH[WUÖFWLRQMIROORZHGMV\MJÖVMFKURPÖWRJUÖSK\2WÖQGHPMPÖVVMVSHFWURPHWU\M1)-2-H0k2
zI20-D0-NMÖIWHUMÖMSUHYLRXVMYÖOLGÖWLRQMLQMWHUPVMRIMOLQHÖULW\tMSUHFLVLRQMÖQGMÖFFXUÖF\TMASWLPXPMFRQGLWLRQVMRIMH[WUÖFWLRQMVXFKM
ÖVMW\SHMRIMILVHUMRUMH[WUÖFWLRQMWHPSHUÖWXUHMZÖVMSUHYLRXVO\MRSWLPL]HGM8ntMdXTM
M
/QMYLHZMRIMWKHMUHVXOWVtMÖMUHOÖWLRQMVHWZHHQMWKHMZÖWHUMSROOXWLRQMÖQGMWKHMFKHPLFÖOMFRPSRVLWLRQVMRIMWKHMFUXPVMUXVVHUMIRRWVÖOOM
SLWFKHVMH[LVWVTMSKHVHM UHVXOWVMGHPRQVWUÖWHM WKHM WUÖQVIHUMRIMPÖQ\MRIM WKHM WÖUJHWMFRPSRXQGVtMPRVWMRIM WKHPMFRQVLGHUHGMÖVM
SULRULW\MSROOXWÖQWVtMLQWRMWKHMUXQRIIMZÖWHUtMWKÖWMFÖQMHÖVLO\MUHÖFKMVXUIÖFH2ZÖWHUVMRUMJURXQGZÖWHUtMUHSUHVHQWLQJMÖMSRWHQWLÖOMULVNM
IRUMWKHMÖTXÖWLFMHQYLURQPHQWTMM
M
2FNQRZOHGJHPHQWVM
SKLVM UHVHÖUFKMZÖVMVXSSRUWHGMV\MSURMHFWVMjkSA-MH/qcgnm2ngJ33Bjv2/ggM10LQLVWU\MRIM-FLHQFHMÖQGM /QQRYÖWLRQtM-SÖLQNtM
GP-Sng2nk2JmnM 1/QIUÖVWUXFWXUHM HURJUÖPtM 0LQLVWU\M RIM -FLHQFHM ÖQGM /QQRYÖWLRQtM -SÖLQNtM jkqcgnL2ngcdcc2SM 10LQLVWU\M RIM
-FLHQFHtM/QQRYÖWLRQMÖQGMGQLYHUVLWLHVtM-SÖLQNtMWRMWKHMzÖOLFLÖQMIRPSHWLWLYHMjHVHÖUFKMzURXSVM/PBg4vMcgnmDn3MÖQGMkqJ3nM
cgcgDgBMÖQGMWRMWKHMIjkSG-M-WUÖWHJLFMHÖUWQHUVKLSMkqJ3nMcgnLDgnM19XQWÖMGHMzÖOLFLÖNTMSKLVMVWXG\MLVMVÖVHGMXSRQMZRUNMIURPM
IA-SMhFWLRQMIhnBcndMÖQGMIURPMWKHM-ÖPSOHMHUHSÖUÖWLRQM-WXG\MzURXSMÖQGMPHWZRUNtMVXSSRUWHGMV\MWKHMqLYLVLRQMRIMhQÖO\WLFÖOM
IKHPLVWU\MRIM WKHMkXURSHÖQMIKHPLFÖOM-RFLHW\TMhOOM WKHVHMSURJUÖPVMÖUHMFR2IXQGHGMV\M(kqkjM1GkNTMqTMhTMÖFNQRZOHGJHVM
kXURSHÖQMIRRSHUÖWLRQMLQM-FLHQFHMÖQGMSHFKQRORJ\MIRUMKLVM-KRUW2SHUPM-FLHQWLILFM0LVVLRQMZLWKLQMIA-SMhFWLRQMIhnBncdTM
M
5HIHUHQFHVn
>p@M0TMIHOHLURtMSTMqÖJQÖFtM0TMEORPSÖUWtMqHWHUPLQÖWLRQMRIM SULRULW\M ÖQGMRWKHUMKÖ]ÖUGRXVMVXVVWÖQFHVM LQM IRRWVÖOOM ILHOGVMRIM
V\QWKHWLFMWXUIMV\MJÖVMFKURPÖWRJUÖSK\2PÖVVMVSHFWURPHWU\pMhMKHÖOWKMÖQGMHQYLURQPHQWÖOMFRQFHUQtMIKHPRVSKHUHtMnmdM1cgnLNM
cgn2cnnTMM
>P@M0TMIHOHLURtMqTMhUPÖGÖtMSTMqÖJQÖFtM[TMGHMvRHUtM0TMEORPSÖUWtM)Ö]ÖUGRXVMFRPSRXQGVMLQMUHFUHÖWLRQÖOMÖQGMXUVÖQMUHF\FOHGM
VXUIÖFHVMPÖGHMIURPMFUXPVMUXVVHUTMIRPSOLÖQFHMZLWKMFXUUHQWMUHJXOÖWLRQMÖQGMIXWXUHMSHUVSHFWLYHVtM-FLTMSRWÖOMkQYLURQTM4ddM
1cgcgNMnJcdBBTM
>o@MhTM0�OOHUtM)TMgVWHUOXQGtM[TM0ÖUVÖOHNtM0TMOLNOÖQGHUtMSKHMSROOXWLRQMFRQYH\HGMV\MXUVÖQMUXQRIIpMhMUHYLHZMRIMVRXUFHVTM-FLTM
SRWÖOMkQYLURQTM4gmM1cgcgNMn3BncdTM
>W@M0TnIHOHLURtMqTMhUPÖGÖtMPTMjÖWROÖtMSTMqÖJQÖFtM[TMGHMvRHUtM0TMEORPSÖUWtMkYÖOXÖWLRQMRIMFKHPLFÖOVMRIMHQYLURQPHQWÖOMFRQFHUQM
LQMFUXPVMUXVVHUMÖQGMZÖWHUMOHÖFKÖWHVMIURPMVHYHUÖOMW\SHVMRIMV\QWKHWLFMWXUIMIRRWVÖOOMSLWFKHVtMIKHPRVSKHUHtM1cgcgNMncLBngTM
>?@M0TMEORPSÖUWtMETM-ÖQFKH]2HUÖGRtM[TMHTMEÖPÖVtMITMzÖUFLÖ2[ÖUHVtMkTMjRFÖtMSTMqÖJQÖFtM)Ö]ÖUGRXVMRUJÖQLFMFKHPLFÖOVMLQM
UXVVHUMUHF\FOHGMWLUHMSOÖ\JURXQGVMÖQGMSÖYHUVTMIKHPRVSKHUHtMmg1cNM1cgn3NMJc32J3nTM
n

DDQn5HF\FOHGnDUXPEn5XEEHUn5DWHULDOVn6SUHDGn3ROOXWDQWVn
LQn:DWHUGnAYDOXDWLRQnRIn:DWHUn4HDFKHVnIURPn6\QWKHWLFn
7XUInkRRWEDOOnkLHOGVnE\ng6t635AtwDt56s56M
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7URSLFDOokUXLWo:DVWHo9DORULVDWLRQo7KURXJKoRUHHQoDQGo
6XVWDLQDEOHo1KHPLVWU\wo0LFURZDYHo.VVLVWHGoY[WUDFWLRQooK
K
K
0no4no6HJDWWRGhKBdK/7QRWWüuhKxdKjdKHW7–OuK7QRKDdK[dK/XüQuh2h3K
m,n) 6HSDUWPHQW) RI) 5KHPLVWU\C) 9HGHUDO) bQLYHUVLW\) RI) KmR) 5DUORVC) ORGi) äDVKLQJWRQ) GXtVC) NP) FdUC) KmR) 5DUORV) ,dUvUhRyUC) 3UD]LOC)
PDWHXVORGLVHJDWWRkJPDLOiFRP)mSUHVHQWLQJ)DXWKRUn))
mFn)0UHHQ)5KHPLVWU\)5HQWUH)RI)-[FHOOHQFHC)6HSDUWPHQW)RI)5KHPLVWU\C)bQLYHUVLW\)RI)MRUNC)BHVOLQJWRQC)xRUWK)MRUNVKLUH)MY,y)U66C)bQLWHG)
cLQJGRPe
mdn) zQVWLWXWH) RI) KXVWDLQDEOH) DQG) -QYLURQPHQWDO) 5KHPLVWU\C) GHXSKDQD) bQLYHUVLW\) G�QHEXUJC) bQLYHUVLWlWVDOOHH) ,C) 5,diFyl) G�QHEXUJC)
0HUPDQ\C)YDQLDi]XLQkOHXSKDQDiGHe

.H\ZRUGV�e0UHHQ)DQG)KXVWDLQDEOH)5KHPLVWU\CeELFURZDYH)2VVLVWHG)-[WUDFWLRQC)3LRDFWLYH)5RPSRXQGVC)äDVWH)üDORULVDWLRQie

P–JKWRRRKVXSSO\Kã–7üQK1vHbAKüVK7KWU7RüWüRQKüQRXVWUü7OKãRPSOJ[KW–7WK:JQJU7WJVhK\J7UO\hKPüOOüRQVKRWKWRQVKRWK9üRP7VVKW–7WKJQRK
XSKüQKW–JKO7QRWüOOhKãRPPRQO\KãRQVüRJUJRK7VKZ7VWJhKRUKXVJRKüQKORZlY7OXJK7SSOüã7WüRQVhKVXã–K7VKJQJU:\K:JQJU7WüRQK7QRK7QüP7OK
WJJRK%u0dKxK:UJ7WKS7UWKRWKW–JKvHbKUJVüRXJKüVKXQ7YRüR79OJhKãRQVüVWüQ:KP7üQO\KRWKQRQlJRü9OJKWU7ãWüRQVKRWKWRRRlUJO7WJRKSO7QWVhK
VXã–K7VKVJJRVhKSJJOVhKSXOSVhKVWU7ZVK7QRKNJUQJOVhKZ–üã–K7UJKR9W7üQJRKW–URX:–KSO7QWlSURãJVVüQ:KWRUKWRRRKW79Uüã7WüRQK%20dKkQK
gU7]üOhKRU7Q:JhKP7Q:RK7QRKS7VVüRQWUXüWK7UJKO7U:JO\KSURRXãJRK7QRKW–JüUKZ7VWJhK7VKW–JKP7MRUüW\KRWK:OR97OKWRRRKZ7VWJhKüVKQRWK
SURSJUO\KXVJRdKP–JVJKUJVüRXJVKãRQW7üQK7KY7VWKQXP9JUKRWK9üR7ãWüYJKãRPSRXQRVKW–7WKãRXORK9JKUJlüQVJUWJRKüQKW–JK–XP7QKRüJWK
17VK üQK WXQãWüRQ7OK WRRRVAhKXVJRK7VK–J7OW–lSURPRWüQ:K7ãWüYJK üQ:UJRüJQWVK 19\K W–JKS–7UP7ãJXWüã7OK üQRXVWU\AK7QRK üQKãRVPJWüãK
7SSOüã7WüRQVdK-[7PSOJVKRWKW–RVJK–ü:–lY7OXJKVX9VW7QãJVK7UJK–JVSJUüRüQhK–JVSJUüWüQhKQ7UüQ:JQüQK7QRKQR9üOüWüQKWURPKRU7Q:JhK
–\SJURVüRJK7QRKP7Q:üWJUüQKWURPKP7Q:RK7QRKüVRRUüJQWüQhKRUüJQWüQK7QRKüVRYüWJ[üQKWURPKS7VVüRQWUXüWhK7OOK–7YüQ:K7QWülüQWO7P7WRU\hK
7QWüR[üR7QWhK7QWüPüãUR9ü7OK7ãWüYüW\hK7PRQ:KRW–JUK9JQJWüWVdKkQKW–üVKãRQWJ[WhKüQWJ:U7WüRQKRWKW–JKWRRRKZ7VWJKüQKüQRXVWUü7OKSURãJVVüQ:K
WRUKW–JKJ[WU7ãWüRQKRWK9üR7ãWüYJKãRPSRXQRVKüVK7KWRUPKRWKY7ORUüV7WüRQKRWKW–JK:JQJU7WJRK9üRP7VVhKWU7QVWRUPüQ:KüWKüQWRKY7OX79OJK
ãRlSURRXãWVK %3hK T0dKPRK UJ7ã–K W–üVK :R7OhK W–JKJ[WU7ãWüRQK WJã–QüTXJKQJJRVK WRKJQVXUJKJQ–7QãJRK\üJORVhK W–JK XVJKRWK :UJJQJUK
UJVRXUãJVK7QRKV7WJUKRSJU7WüRQdKvRUK üQVW7QãJhK W–JKãRQYJQWüRQ7OKRU:7QüãKVROYJQWl97VJRKVROüRlOüTXüRKJ[WU7ãWüRQKXVüQ:K–ü:–l
SUJVVXUJVK7QRK–ü:–lWJPSJU7WXUJVKãRXORK9JKUJSO7ãJRK9\KJWWüãüJQWhKVXVW7üQ79OJK7QRKüQRXVWUü7OO\KVã7O79OJKWJã–QüTXJVKVXã–K7VK
W–JK jüãURZ7YJK xVVüVWJRK -[WU7ãWüRQK 1jx-AhK ZüW–K JW–7QROK Pü[WXUJVK üQK Z7WJUdK P–üVK ZRUNK 7üPVK WRK RJYJORSK 7QRK RSWüPü]JK
J[WU7ãWüRQKPJW–RRVKW–7WKPJJWK9RW–K[UJJQK7QRKHXVW7üQ79OJKb–JPüVWU\KUJTXüUJPJQWVhKJPSOR\üQ:Kjx-KWJã–QROR:\KWRK7ã–üJYJK
W–üVK:R7OdoPRKRSWüPü]JKW–JKJ[SJUüPJQWVhKã–JPRPJWUüãKWRROVKZJUJK7SSOüJRKWRKUJ7ã–KW–JK³:UJJQJVWKOJYJOV´KRWKVJOJãWJRKY7Uü79OJVK
1WJPSJU7WXUJhK WüPJhKVROYJQWKãRPSRVüWüRQK7QRKV7PSOJKWRKVROYJQWKU7WüRAdKP–JK7Q7O\VüVKRWK W–JKJ[WU7ãWVKZ7VKã7UUüJRKRXWKZüW–K
]qzblqwxK7QRKL]qzblqwxdKP–JKS7U7PJWJUVKW–7WK7ã–üJYJK–ü:–JUKJ[WU7ãWüRQK\üJORKWRUKJ7ã–KWUXüWKUJVüRXJKV7PSOJKã7QK9JK
VJJQKüQK7DEOHoGdK
K

7DEOHoGno-[WU7ãWüRQK\üJORKRWK9üR7ãWüYJKãRPSRXQRVKWURPKRüWWJUJQWKWURSüã7OKWUXüWVo

kUXLWo
ZDVWHo 1RPSRXQGo

[QGHSHQGHQWoYDULDEOHVo
<LHOGo

7HPSHUDWXUHo 7LPHo 6DPSOHoWRo
6ROYHQWoUDWLRo

6ROYHQWo
FRPSRVLWLRQo

�bK PüQK lK -W4]V]24oK P:K:luK

j7Q:RK
j7Q:üWJUüQK

eeK uGK Gd2K p2deK
Gd2fK

]\SJURVüRJK Gd2TK

4U7Q:JK

]JVSJUüRüQK

ueGK eK GdGeK pGK

2udfK
]JVSJUüWüQK GdueK
E7UüQ:JQüQK GdusK
ER9üOJWüQK Gd2pK

q7VVüWORU7K
4UüJQWüQK

u2GK eK GduK 3GK
Gdp2K

kVRRUüJWüQK GdyTK
kVRYüWJ[üQK Gd3TK

K
]JUJüQK7KQRYJOKPJW–RRKRJYJORSPJQWK WRKJ[WU7ãWK9üR7ãWüYJKãRPSRXQRVKRWK WURSüã7OK WUXüWKZ7VWJK üQK7K:UJJQK7QRKVXVW7üQ79OJK
ã–JPüVWU\KP7QQJUKüVKSUJVJQWJRdKjx-K7SSJ7UVK7KUJOü79OJKV7PSOJKSUJS7U7WüRQKWJã–QüTXJKWRUKW–üVKSXUSRVJhKV–RZüQ:KSURPüVüQ:K
UJVXOWVKW–7WKã7QK9JKW7NJQKüQWRKãRQVüRJU7WüRQKWRUKXSVã7OJKJ[WU7ãWüRQKüQKüQRXVWUü7OKVã7OJVdKK

.FNQRZOHGJHPHQWVo
P–JK7XW–RUVKZRXORKOüNJKWRKW–7QNKW–JKHmRKq7XORK”JVJ7Uã–KvRXQR7WüRQK1v7SJVSAK12GusVGesu2lGhK2GupVuuTGylGhK2GusV2eGuel
uK7QRK2GuyVGp3pylGAhK W–JKbRRURüQ7WüRQKWRUK W–JKkPSURYJPJQWKRWK]ü:–JUK-RXã7WüRQKqJUVRQQJOK1bxq-HAK7QRKW–JKE7WüRQ7OK
bRXQãüOKWRUKHãüJQWüWüãK7QRKPJã–QROR:üã7OKwJYJORSPJQWK1bEqTAdK

5HIHUHQFHVo
>G@KIdK[XVW7YVVRQhKbdKbJRJU9JU:hKLdKHRQJVVRQhK[OR97OKvRRRKzRVVJVK7QRKvRRRKU7VWJhK2GGGdKK
>d@KvdK[üURWWRhKzdKxOü97URühK”dKbRVVXhKvRRRKZ7VWJK:JQJU7WüRQK7QRKüQRXVWUü7OKXVJVcxKUJYüJZhKU7VWJKj7Q7:KTeK12GueAK32±TudK
>S@K”dxdKjüOJVãXhKjdzdKHJ:7WWRhKxdjdKHW7–OhKbd”dKjã-OUR\hKPdIdKv7UPJUhKId]dKbO7UNhKDd[dK/XüQhKHXVW7üQ79OJKHüQ:OJlHW7:JK
HROüR±züTXüRK-[WU7ãWüRQKRWK]JVSJUüRüQK7QRK”XWüQKWURPKx:URlqURRXãWVKLVüQ:Kb\UJQJhKxbHKHXVW7üQ79OJKb–JPdK-Q:dKTyK
12G2GAKup2Te±up2esdK
>b@oBdoB�PPJUJUhKId]dKbO7UNhKDd[dK/XüQhK”JW–üQNüQ:Kã–JPüVWU\KWRUK7KãüUãXO7UKJãRQRP\hKHãüJQãJK3fsK12G2GAK3fy±3sGn�
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2SWLPL]DWLRQtRIt3UHVVXUL]HGt/LTXLGtw[WUDFWLRQtDQGt
wYDOXDWLRQtRItbQWLR[LGDQWstbQWLu,QIODPPDWRU\tDQGtbQWLu
bO]KHLPHUtbFWLYLWLHVt,Qt9LWURtRIt$PPRGDXFXVo
/HXFRWULFKXVW
W
W
1dtbEGHUUH]DJEnWFdW3RXBKU2nWbd(d4KQLBL2WBQZW)dbdW4KQZLROBTW
ypf) zDERUDWRU\) RI) .QYLURQPHQWDO) SURFHVV) HQJLQHHULQJv) IDFXOW\) RI) xURFHVV) .QJLQHHULQJv) 8QLYHUVLW\) TDODK) 5RXEQLGHUv) -RXYHOOH) 9LOOHv)
0RQVWDQWLQH)c,lll)0RQVWDQWLQH)v2OJHULDm)
ycf)zDERUDWRU\)RI)IRRGRPLFVv)8QVWLWXWH)RI)IRRG)TFLHQFH)JHVHDUFKv)082zv)0T80v)-LFRODV)0DEUHUD)Uv)cPlgU)@DGULG)TSDLQm)
QRXUOKRXGDmDEGHUUD]DJCXQLYiFRQVWDQWLQHsmG])
)
W
.H\ZRUGV�o2PPRGDXFXV)zHXFRWULFKXVv)DQWLi2O]KHLPHUv)DQWLi8QIODPPDWRU\v)2QWLR[LGDQWv)xUHVVXUL]HGiOLTXLG)H[WUDFWLRQm)
)
W
XKKWK[WUB&WLRQWRñWKLJKWBZZKZWYBOXKWSURZX&WVWLVWBQWLVVXKWRñWJUKBWWLQWKUKVWWBQZWLPSRUWBQ&KWKVSK&LBOO\WZKKQW&RQVLZKULQJWQKZW
SOBQWVW JURZLQJW LQW BULZW BQZWVKPLiBULZW ]RQKVWBQZW W ZKL&KW KBYKW QRWW VKKQW VWXZLKZWKQRXJKdWb&&RUZLQJW WRW WKLVW RVMK&WLYKnW BW
VSRQWBQKRXVWKQZKPL&WSOBQWsW2PPRGDXFXV)OHXFRWULFKXV)RULJLQBWLQJWñURPWOBKBULBQWBQZWVXViOBKBULBQW&RXQWULKVWRñWQRUWKWBQZW
WURSL&BOWbñUL&Bn)ZBV)VKOK&WKZdWEWWLVWXVKZWLQWWUBZLWLRQBOWPKZL&LQKWWRWWUKBWWVWRPB&KWZLVKBVKVnWBOOKUJ\WV\PSWRPVnWZLBVKWKVWBQZW
&BUZLB&WZLVKBVKV2WBQZWBOVRWLQWñRRZVWBVW&RQZLPKQWWRUWñOBYRXULQJWBJKQWWTdW
W
ºUKVVXUL]KZW OLTXLZWK[WUB&WLRQW 1º3IAW LVWRQKWRñW WKKWPRVWWZLZKO\WXVKZW WK&KQLTXKVW LQWK[WUB&WLQJWVLRB&WLYKW&RPSRXQZVW ñURPW
QBWXUBOW VRXU&KVsWº3InWBOVRW NQRZQWBVWB&&KOKUBWKZW VROYKQWW K[WUB&WLRQW 1bOIAnW &BQWXVKWBWZLZKW UBQJKWRñW VROYKQWVWBWW KLJKW
SUKVVXUKWBQZWWKPSKUBWXUKWBVRYKWWKKLUWVRLOLQJWSRLQWdWEWWLVWBQWKQYLURQPKQWBOO\WñULKQZO\nWTXL&NWBQZWKññL&LKQWWWK&KQRORJ\hsWZLWKW
WKKWBZYBQWBJKWRñWXVLQJWYKU\WVPBOOWBPRXQWVWRñWVROYKQWWnWKKQ&KWBYRLZLQJWWKKW&RQ&KQWUBWLRQWVWBJKdW
W
º3IWKBVWVKKQWXVKZWñRUWWKKWñLUVWWWLPKWWRWK[WUB&WWSKKQROL&W&RPSRXQZVWñURPW2PPRGDXFXV)OHXFRWULFKXVnWWZRWKQYLURQPKQWBOW
ñULKQZO\WVROYKQWVnWZBWKUWBQZWKWKBQROnWBWWZLññKUKQWWWKPSKUBWXUKVW1xlnW22lWBQZW2glW�;AWñRUWTlWPLQWBWW2lW4ºBWZKUKWBSSOLKZWLQW
RUZKUW WRW RSWLPL]KW K[WUB&WLRQW \LKOZW BQZW WRWBOW SKKQROL&W &RPSRXQZW 1Xº;AdW 4RUKRYKUnW BQWLR[LZBQWW B&WLYLW\W V\W ñUKKW UBZL&BOW
V&BYKQJLQJW 1Sºº(AnW BQWLiQKXURZKJKQKUBWLYKW V\W BQWL&KROLQKVWKUBVKW 1b;KIAW BQZW BQWLiLQñOBPPBWRU\W V\W LQKLVLWLRQW RñW
OLSR[\JKQBVKW138:AWZKUKWKYBOXBWKZWLQWYLWURdW
W
XKKW UKVXOWVW VKRZKZW WKBWW 2PPRGDXFXV) OHXFRWULFKXVW KBZW VLJQLñL&BQWW BQWLR[LZBQWnW BQWLibO]KKLPKUW BQZW BQWLiLQñOBPPBWRU\W
B&WLYLWLKVdWXKKWRSWLPBOW&RQZLWLRQVWZKUKWB&KLKYKZWBWW2glW�;WXVLQJWZBWKUnWZKL&KWZBVWBWVKWWKUWK[WUB&WLQJWVROYKQWWWKBQWKWKBQROW
dI[WUB&WLRQW\LKOZWZBVWSRVLWLYKO\WLQñOXKQ&KZWV\WWKPSKUBWXUKWLQWBWUBQJKWRñW2tdttWWRWxxdxtadWPXUWKKUPRUKnWBQWLR[LZBQWWB&WLYLW\nW
LQKLVLWLRQWRñWB&KW\OW&KROLQKVWKUBVKWBQZWLQKLVLWLRQWRñWOLSR[\JKQBVKWVKRZKZWWKKWVBPKWVKKBYLRUWZLWKWWKKWñROORZLQJWI;tlWYBOXKVpW
gtdt2ȝJJPOnWttdclXJJP3nhvdhfWXJJP3WñRUWSºº(nWb;KIWBQZW38:nWUKVSK&WLYKO\dW
W
EQW&RQ&OXVLRQnWWKKWQKZWº3IWSUR&KZXUKW&BQWVKW&RQVLZKUKZWBVWBWJUKKQWBQZWKññL&LKQWWPKWKRZWñRUWK[WUB&WLQJWSKKQROL&VWñURPW
2PPRGDXFXV)OHXFRWULFKXVnWWRWRVWBLQWK[WUB&WVWZLWKWSURPLVLQJWBQWLR[LZBQWnWBQWLibO]KKLPKUWBQZWBQWLiLQñOBPPBWRU\WB&WLYLWLKVW
ñRUWñXWXUKWSKBUPB&KXWL&BOWBQZWñRRZWBSSOL&BWLRQVdW
�
�
W
bFNQRZOHGJHPHQWVt
XKLVWZRUNWKBVWVKKQWñXQZKZWV\WWKKWSURMK&WWbq3Tl2figvx2fiDW1OSBQLVKW4LQLVWU\WRñWO&LKQ&KWBQZWEQQRYBWLRQAdW0dbVZKUUK]BJW
BUKWJUBWKñXOWWRWWKKWOBOBKWjRVQLZKUW;RQVWBQWLQKWhWXQLYKUVLW\nW;RQVWBQWLQKnWbOJKULBWñRUWWKKWñKOORZVKLSdWW
W
5HIHUHQFHVt
>E@tOBZBRXLW0nWjK&W0nWjBUUBJBQi4RQWKURW%nWKWWBOdWXKKWKVVKQWLBOWRLOWRñWbOJKULBQWbPPRZBX&XVWOKX&RWUL&KXVW;RVVdWeWSXUdW

BQZWLWVWKññK&WWRQWWKKW&KROLQKVWKUBVKWBQZWPRQRBPLQKWR[LZBVKWB&WLYLWLKVdWILWRWHUDSLDdW2hlW1Tl2gAW2itdWW
>x@W/LBQLWjI;nWDB&KKZWFnWjB&KBULWknWKWWBOdWSKWBLOKZW&KKPL&BOW&RPSRVLWLRQWBQZWñXQ&WLRQBOWSURSKUWLKVWRñWbPPRZBX&XVW

OKX&RWUL&KXVW;URVVdWeWSXUdWBQZW4RULQJBWROKLñKUBW3BPBU&NdW4)IXQFW)IRRGVdWthW1Tl2vAWThfiTxfdWW
>c@t(KUUKURW4nW;BVWURiºX\BQBW4nW4KQZLROBW)bnWEVBxK]WIdW;RPSUKVVKZWñOXLZVWñRUWWKKWK[WUB&WLRQWRñWVLRB&WLYKW&RPSRXQZVdW
7U20)i)7UHQGV)2QDO)0KHPdWxhW1Tl2hAWcfighdWW
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wDEULFb3KDVHb6RUSWLYHbk[WUDFWLRQbRIb7RFRSKHUROVbIURPb
1XWb2LOVb3ULRUbWRb7KHLUb+LJKb3HUIRUPDQFHb/LTXLGb
1KURPDWRJUDSKLFbAHWHUPLQDWLRQA
A
1E3Eb.DORJLRXULfoAγVALΙΚLU1oALVPVA(XUWRQ1oAMV(VA4ΙPΙQL9RXdA
yef)EDERUDWRU\)RI)gQDO\WLFDO)@KHPLVWU\l).HSDUWPHQW)RI)@KHPLVWU\l)gULVWRWOH)8QLYHUVLW\)RI)7KHVVDORQLNLl)d5iD,em,)7KHVVDORQLNLl)dUHHFHl)
NDORJLRXULQ2FKHPcDXWKcJU))
ymf)MQWHUQDWLRQDO)FRUHQVLF)5HVHDUFK)MQVWLWXWHl).HSDUWPHQW)RI)@KHPLVWU\)DQG)uLRFKHPLVWU\l)FORULGD)MQWHUQDWLRQDO)8QLYHUVLW\l)HLDPLl)FEl)86g)
)
A
.H\ZRUGV�yF36Il)B3E@l)QXW)RLOl)WRFRSKHUROVl)y
A
6RΥRSK7UROVASOΙ\AΙAVXΚVWΙQWLΙOAURO7ALQAKXPΙQAQXWULWLRQAΙQ9AWK7APΙLQAKRPRORJX7VA97W7ΥW79ALQAIRR9APΙWULΥ7VAZLWKAΚLRORJLΥΙOA
LPSRUWΙQΥ7AΙU7AĮnoAȕnoAȖnoAΙQ9AįnAWRΥRSK7UROVA(ROORZLQJAWK7AΥXUU7QWAWU7Q9VALQAVΙPSO7ASU7SΙUΙWLRQAWRZΙU9VAWK7A97Y7ORSP7QWA
ΙQ9AΙ9YΙQΥ7P7QWARIAJU77QoAPLQLΙWXUL]79oAUΙSL9oAVLPSO7oAV7QVLWLY7AΙQ9AURΚXVWAVΙPSO7ASU7SΙUΙWLRQASURWRΥROVAWKΙWAΥRXO9AΚ7A
ΙSSOL79ALQAWK7A7[WUΙΥWLRQARIAΚLRΙΥWLY7AΥRPSRXQ9VAIURPAΥRPSO7[AIRR9APΙWULΥ7VoAΙAIΙΚULΥASKΙV7AVRUSWLY7A7[WUΙΥWLRQAG(:4xFA
SULRUAWRAELJKA:U7VVXU7AqLTXL9AΥKURPΙWRJUΙSK\AZLWKAµMA97W7ΥWLRQAGE:qvnµMFAP7WKR9RORJ\AZΙVA97Y7ORS79AIRUAWK7A7IILΥL7QWA
7[WUΙΥWLRQAΙQ9AIXUWK7UA97W7UPLQΙWLRQARIAWRΥRSK7UROVALQAQXWARLOVVA6K7ASURSRV79ASURWRΥROALQYROY7VAWK7AV7O7ΥWLRQARIAΙAvdlA(:4xA
P7PΚUΙQ7AΙQ9AWK7ARSWLPL]ΙWLRQARIAWK7AIROORZLQJA7[WUΙΥWLRQASΙUΙP7W7UVyAWK7AVL]7ARIAWK7A(:4xAP7PΚUΙQ7oAWK7AORΙ9LQJAVROY7QWA
W\S7A ΙQ9A YROXP7oA WK7A W\S7A ΙQ9A YROXP7A RIA WK7A 7OXWLRQA VROY7QWoA WK7A 97VRUSWLRQA WLP7oA ΙQ9A WK7A 7[WUΙΥWLRQA WLP7VA 6K7A
ΥKURPΙWRJUΙSKLΥAV7SΙUΙWLRQAZΙVAΙΥΥRPSOLVK79AZLWKAΙALURPΙVLOAvdlAΥROXPQAGdpmPPA[AcVhPPA[ApȝPoAUΙΥK7U7\ACΙJ7OFA
ΙQ9AJUΙ9L7QWAPRΚLO7ASKΙV7AΥRQVLVWLQJARIAP7WKΙQROAΙQ9AΙΥ7WRQLWULO7AΙWAΙAIORZAUΙW7ARIAdAPqSPLQVA6K7AWRWΙOAΙQΙO\VLVAWLP7AZΙVA
dpAPLQVA6K7A97Y7ORS79AP7WKR9RORJ\AKΙVA97PRQVWUΙW79AWRAΚ7AVXLWΙΚO7AΙQ9A7IILΥL7QWAIRUAIXWXU7AΙSSOLΥΙWLRQVALQAΥRPSO7[AIRR9A
PΙWULΥ7VVAA

�
b

A
.FNQRZOHGJHPHQWVb
6KLVAU7V7ΙUΥKALVAΥRnILQΙQΥ79AΚ\APU77Υ7AΙQ9AWK7AxXURS7ΙQAµQLRQAGxXURS7ΙQA4RΥLΙOA(XQ9nA1ldAx4(FAWKURXJKAWK7A8S7UΙWLRQΙOA
:URJUΙPP7A ³EXPΙQA 07VRXUΥ7VA z7Y7ORSP7QWoA x9XΥΙWLRQA ΙQ9A qLI7nA 1l1A ORQJA q7ΙUQLQJ´A LQA WK7A ΥRQW7[WA RIA WK7A SURM7ΥWA
³07LQIRUΥ7P7QWARIA:RVW9RΥWRUΙOA07V7ΙUΥK7UVAnA1Q9Av\ΥO7´A1lTAGU)4nApmTTm1dFoA LPSO7P7QW79AΚ\AWK7A4WΙW7A4ΥKROΙUVKLSVA
(RXQ9ΙWLRQAGǿȀȊFAZLWKAJUΙQWAQRA1mdsnmpmnA1lcAmpmTndeecsVA
�
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:RUNIORZrIRUr,QWHJUDWHGr4XDOLW\rDQGr6DIHW\r&RQWUROrRIr
'LHWDU\r6XSSOHPHQWV2r3UHVHQFHrRIr&RQWDPLQDQWVr
M

M
/ur5DPRVSGMjm[mM/HUQiQGH]iGM]mM2yPUUUimMM
sir)8SWl)qQVWUXPHQWDO)JQDO\VLV)DQG)0QYLURQPHQWDO)2KHPLVWU\e)qQVWLWXWH)RI)2UJDQLF)2KHPLVWU\)sq42Ma26q2re)FXDQ)GH)OD)2LHUYD)Ee)d,yyC)
0DGULGe)6SDLQe)OlUDPRVSLTRJlFVLFlHV)sSUHVHQWLQJ)DXWKRUrl))
M
.H\ZRUGV�y8LHWDU\)6XSSOHPHQWVe)6RRG)FRQWDPLQDQWVe)2YHUZHLJKW)FRQWUROe)4XDOLW\)2RQWUROe)6DPSOH)3UHSDUDWLRQy
M
qLHWUU\MVXSSOHPHQWVMUUHMLQíUHUVLQJO\MWHLQJMíRQVXPHGMLQMGHYHORSHGMíRXQWULHVMIRUMGLIIHUHQWMSXUSRVHVmM4KHMKLJKMLQíLGHQíHM
RIM RWHVLW\M UQGM RYHUZHLJKWM SURWOHPVM LQM WKHVHM VRíLHWLHVM CiNGM íRPWLQHGM ZLWKM WKHM ULVHM RIM VSHíLILíM UHVWKHWLíM íUQRQVGM KUYHM
PUGHMQXWULWLRQUOMVXSSOHPHQWVGMPUUNHWHGMUVMULGVMIRUMZHLJKWMíRQWUROGMWRMWHMLQíUHUVLQJO\MíRQVXPHGMW\MJHQHUUOMSRSXOUWLRQmM
[PRQJM WKHPGM WKRVHM SURGXíHGM IURPM YHJHWUWOHM VRXUíHVM UUHM SUUWLíXOUUO\M ZHOOM UííHSWHGM WHíUXVHM WKH\M UUHM SHUíHLYHGM UVM
QDWXUDOM UQGGM íRQVHTXHQWO\GM KDUPOHVV) SURGXFWVmM IRZHYHUGM VRPHM RIM WKHVHM GLHWUU\M VXSSOHPHQWVM KUYHM WHHQM LQYROYHGM LQM
VHYHUUOM IRRGM UQGM PHGLíUOM UOHUWVM UQGM LQíLGHQWVM GXHM WRM WKHM SUHVHQíHM RIM íRQWUPLQUQWVM UQGaRUM UGXOWHUUQWVM LQM WKHLUM
IRUPXOUWLRQVGMUVMZHOOMUVMPLVOHUGLQJMRUMLQíRUUHíWMOUWHOOLQJMCtNmM-QMPUQ\MíUVHVGMWKHMPHGLíUOMíRQVHTXHQíHVMGHULYHGMIURPMWKHM
XQíRQWUROOHGMSUHVHQíHMRIMXQGHVLUUWOHMRUMQRWMGHíOUUHGMíRPSRXQGVMUUHMZRUVHQHGMW\MWKHMIUíWMWKUWMWKHMíRQVXPSWLRQMRIMWKHVHM
GLHWUU\M VXSSOHPHQWVM LVM RIWHQM QRWM íRQWUROOHGM W\M UM KHUOWKíUUHM SURIHVVLRQUOmM qXULQJM WKHM OUVWM GHíUGHGM WKHM SRVVLWLOLW\M RIM
UíTXLULQJM WKHVHM W\SHVM RIM SOUQWóWUVHGM VXSSOHPHQWVM IURPM WKLUGM íRXQWULHVM dRIWHQM IURPM QRWM íOHUUO\M LGHQWLILHGM RUM XQNQRZQM
SURGXíHUVzMWKURXJKMWKHMRSHQMLQWHUQHWMPUUNHWMKUVMíRQWULWXWHGMWRMUJJUUYUWHMWKHMSURWOHPmM
6UIHW\M UQGM TXUOLW\M íRQWUROM RIM GLHWUU\M VXSSOHPHQWVM PUQXIUíWXUHGM LQM GHYHORSHGM íRXQWULHVM RUM VXWMHíWHGM WRM UHJXOUUM
LPSRUWUWLRQMSURíHVVHVMLVMJXUUUQWHHGMW\MíXUUHQWMOHJLVOUWLRQVmM-QMJHQHUUOGMWKHVHMURXWLQHMUQUO\WLíUOMíRQWUROVMUUHMíRQVLGHUHGM
OUWRULRXVMUQGMH[SHQVLYHM LQM WHUPVMRIM WLPHMUQGM UHUJHQWVM íRQVXPSWLRQMWHíUXVHM WKH\MXVXUOO\M LQYROYHM VHSUUUWHMUQUO\WLíUOM
GHWHUPLQUWLRQVM IRUM WKHM GLIIHUHQWM íOUVVHVM RIM íRPSRXQGVM WRM WHM íRQWUROOHGGM HmJmM SOUQWM WLRUíWLYHVGM UGXOWHUUQWVGM
SKUUPUíHXWLíUOVMUQGMíRQWUPLQUQWVmMjHUQZKLOHGMSURGXíWVMUHíHLYHGMIURPMWKLUGMíRXQWULHVMW\MUOWHUQUWLYHMíKUQQHOVMIUHTXHQWO\M
HVíUSHMWKHVHMH[KUXVWLYHMUQUO\WLíUOMGHWHUPLQUWLRQVmMM
4KHM ULPM RQM WKLVM VWXG\M ZUVM WKHM VHWWLQJóXSM RIM UM ZRUNIORZM WKUWM UOORZHGM WKHM HIILíLHQWGM LQWHJUUWHGM UQGM VLPSOLILHGM UQUO\WLíUOM
íRQWUROM RIM WKHM SUHYLRXVO\M PHQWLRQHGM JURXSVM RIM RUJUQLíM íRPSRXQGVM LQM SOUQWóWUVHGM GLHWUU\M VXSSOHPHQWVM ZLWKM PLQLPXPM
VUPSOHMPUQLSXOUWLRQMUQGMUHUJHQWMíRQVXPSWLRQmM4KLVMSRVWHUMVXPPUUL]HVMWKHMUQUO\WLíUOMVWUUWHJ\MIROORZHGMWRMLPSOHPHQWMWKHM
UQUO\VLVM RIM íRQWUPLQUQWVM LQM VXíKM ZRUNIORZmM 6UWLVIUíWRU\M UHVXOWVM GHPRQVWUUWHM WKHM JHQHUUOM YUOLGLW\M RIM WKHM SURSRVHGM
USSURUíKM IRUM WKHM JHQHULíM VíUHHQLQJM RIM PLíURóíRQWUPLQUQWVM WKURXJKM USSOLíUWLRQM WRM SOUQWóWUVHGM GLHWUU\M VXSSOHPHQWVM RIM
GLIIHUHQWM QUWXUHM UQGM IURPM GLIIHUHQWM VRXUíHVM UQGM UOORZHGM WRM LGHQWLI\M SOUVWLíL]HUVM UVM WKHM PULQM WR[LíUQWVM SUHVHQWM LQM WKHM
LQYHVWLJUWHGMVUPSOHVmM
M
$FNQRZOHGJHPHQWVr
[XWKRUVMWKUQNMWKHM6SUQLVKMjLQLVWU\MRIM6íLHQíHMUQGM-QQRYUWLRQMUQGM6SUQLVKM6WUWHM9HVHUUíKM[JHQí\MdSURMHíWVMUHIHUHQíHM
P-qtDigóiDpsDu2]ó-DDa[H-aiDmiyDygauDiiDDDiiDyyM UQGM [2StDipócDsluó9zM UQGM WKHM kRPXQLGUGM RIM jUGULGM UQGM
HXURSHUQM IXQGLQJM IURPM /6HM UQGM /HqH9M SURJUUPVM dSURMHíWM UHIHUHQíHM 6tDica][[ósygyGM [E[x6Hk[Só--ókjzM IRUM
ILQUQíLUOMVXSSRUWmM
M
5HIHUHQFHVr
CiNM RHkqM dtDiDzGM RWHVLW\M UQGM WKHM HíRQRPLíVM RIM SUHYHQWLRQbM /LWM QRWM IUWGM RHkqM PXWOLVKLQJGM PUULVGM
KWWSVbaaGRLmRUJaiDmilclaglcgtpsDcscpuóHQmMCSUVWMUííHVVbM(UQXUU\MtDtiNmM
CtNM x-IM dtDigzGM qLHWUU\M VXSSOHPHQWVM IRUM ZHLJKWM ORVVmM 5m6mM qHSUUWPHQWM RIM IHUOWKM UQGM IXPUQM 6HUYLíHVmM
KWWSVbaaRGVmRGmQLKmJRYaIUíWVKHHWVa3HLJKWSRVVókRQVXPHUaMCSUVWMUííHVVbM(UQXUU\MtDtiNmM
CyNM[mMjHQUó2UUítUGM6mM9RGUtJXH]ó6iQíKH]GM[m-mM9XL]ójUWXWHGMjmSmM6UQ]mMH[SORLWUWLRQMRIMUUWLíKRNHMW\SURGXíWVMWRMRWWULQM
WLRUíWLYHMH[WUUíWVMHQULíKHGMLQMLQRVLWROVMUQGMíUIIHR\OTXLQLíMUíLGVMW\MPLíURZUYHMUVVLVWHGMH[WUUíWLRQGM(mMkKURPUWRJUmM[MipiyM
dtDtDzMspDlDymM
M
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%UHHQegQDO\WLFDOe]KHPLVWU\e7ULQFLSOHVeLQegQLRQLFe
5XUIDFWDQWeTHWHFWLRQeE\e7RWHQWLRPHWULFe5HQVRUVN

N
TPeBDGXQLüsýDþLüSvNHćN=UNUþrvNIćN–R]UQRYLümN
Cuh)wDSRQLD)@KHPLFDOc)RKDUPDFHXWLFDO)DQG)ERRGVWXII)ZQGXVWU\c)ZQF,c)durrr)HVLMHNc)@URDWLD0)GXEUDYND,PDGXQLFlFDFLFbVDSRQLD,KU)))
Cth)EDFXOW\)RI)gHRWHFKQLFDO)GQJLQHHULQJc)8QLYHUVLW\)RI)=DJUHEc)Ftrrr)9DUDåGLQc)@URDWLD,)
Cdh)2HSDUWPHQW)RI)@KHPLVWU\c)4RVLS)4XUDM)wWURVVPD\HU)8QLYHUVLW\)RI)HVLMHNc)UWldurrr)HVLMHNc)@URDWLD,)
)
.H\ZRUGV�yvQLRQLF)VXUIDFWDQWVc)gUHHQ)FKHPLVWU\c)RRWHQWLRPHWULF)VHQVRUVc):DVWHZDWHU)
N
=WUQLUULNPEWKRLVNIRUNUQLRQLČNVXUIUČWUQWVNJy=VoNLEWEUPLQUWLRQNUUENYUVELNRQNIRUPUWLRQNRINWKENLRQiSULUNČRPSRXQLVNYEWZEEQN
WKENy=VNUQLNČUWLRQLČNL\ENPEWK\OEQENYOXENJIlo(NIRUNUEUONVUPSOEVNLWNLVNUNYROXPEWULČNPEWKRLNZLWKNYLVXUONEQLiSRLQWNLEWEČWLRQN
;dJUoWvNZKLOENIRUNORZNOEYEOVNRINy=VNLQNZUWEUNLWNLVNUNVSEČWURSKRWRPEWU\NRINPEWK\OEQENYOXENUČWLYENVXYVWUQČENJIly=oN;dJYoWćN0KLVN
PEWKRLNVXIIEUVNIURPNVEYEUUONVEULRXVNLUUZYUČNVNVXČKNUVNQXPEURXVNPUWUL[NLQWEUIEUEQČEVvNXVENRINČKORURIRUPN±NWR[LČNNUQLN
ČUUČLQRJEQLČNRUJUQLČNVROYEQWvNWKE\NUUENWLPEiČRQVXPLQJvNWELLRXVNEWČćvNYXWNVWLOONPRVWNČRPPRQO\NXVELNUOONRYEUNWKENZRUOLćNN
yPRQJNPUQ\NRWKEUNUQUO\WLČUONWEČKQLTXEVvNSRWEQWLRPEWULČNLEWEUPLQUWLRQNRINy=VNZLWKNy=NLRQiVEOEČWLYENEOEČWURLENUVNLQLLČUWRUN
KUVNQXPEURXVNULYUQWUJEV(N WKE\NUUENKLJKO\NVEOEČWLYEvN IUVWNUQLNEUV\NWRNSEUIRUPvN LQE[SEQVLYENEWČćN ;rWćN xQN WEUPNRINVUPSOEN
SUESUUUWLRQN IRUN UEUON VUPSOEVNRQO\N LLVVROXWLRQN LVN UETXLUELvNZKLOEN IRUNZUVWEZUWEUN LWN LVN EYEQN VLPSOEU(N WKEN LEWEUPLQUWLRQN LVN
SEUIRUPELNLLUEČWO\N LQN WKENZUWEUNVUPSOEćNlEČUXVENRINUOON WKEVEN IEUWXUEVN LWNČUQNYENČRQVLLEUELNUVNUN WUXO\NJUEEQNUQUO\WLČUON
PEWKRLe;mWćN
xQNWKLVNLQYEVWLJUWLRQVNOLTXLLiPEPYUUQENSRWEQWLRPEWULČNVEQVRUNZLWKNKE[ULEČ\OWULRČWULEČ\OUPPRQLXPiWEWUUSKEQ\OYRUUWENLRQi
SULUNJT0yi04loNUVNLRQRSKRUENZUVNXVELNUVNWKENEQLiSRLQWNLEWEČWRUNLQNSRWEQWLRPEWULČNWLWUUWLRQVN;eWćN0LWUUWLRQVNZEUENSEUIRUPELN
RQNPRLEONVROXWLRQVNJ(LJXUHeSovNN
N

�
(LJXUHeSPN0LWUUWLRQNČXUYEVNUQLNWKELUNČRUUEVSRQLLQJNILUVWNLEULYUWLYEVNRINHU:l=NPRLEONVROXWLRQVNN
XVLQJNT0yi04lNVXUIUČWUQWNVEQVLWLYENEOEČWURLENUQLN:IxBNJČNbNrNPINUQLNtvrNPIoNUVNUNWLWUUQWćN

N
UQLNRQNsNVUPSOEV(NmNUEUONVUPSOEVNJSURLXČWVNČRQWULQLQJNy=VoNUQLNmNVUPSOEVNRINLQLXVWULUONZUVWEZUWEUVćNCEVXOWVNČRPSUUELN
ZLWKNUEVXOWVNRYWULQELNY\NWKENVWUQLUULNPEWKRLVN>S@eČRQILUPELNUNKLJKNLEJUEENRINUJUEEPEQWNJ3DEOHeSoćN
N
3DEOHeSPNCEVXOWVNRINSRWEQWLRPEWULČNWLWUUWLRQVNRINmNUEUONVUPSOEVvNUQLNmNZUVWEZUWEUNVUPSOEVNZLWKNT0yi04lNVEQVRUNUVNWKENLQLLČUWRUćNČRPSUUELN
ZLWKNWKENUEVXOWVNRYWULQELNZLWKNVWUQLUULNPEWKRLVćN
N

e 8HDOeVDPSOHVeilce :DVWHZDWHUeVDPSOHVeiPJpOce

5DPSOHe )3gs37[Se W5Osuu6Se )3gs37[ue W5Oe±e6.6bsSe

Se drvfcN drvshN dvhN rvdN

ue dvfsN dvfrN uvtN uvdN

fe hvheN hvfrN fvdN fvhN
dyYEUUJENRINmNLEWEUPLQUWLRQANF:IxBNbNrNPINN
ueyYEUUJENRINmNLEWEUPLQUWLRQANF:IxBNbNtvrNPIN

8HIHUHQFHVe
>S@eiDcNx=PNrrfd(ducuNNN=XUIUČENUČWLYENUJEQWVNiN:EWEUJEQWVNiN:EWEUPLQUWLRQNRINUQLRQLČiUČWLYENPUWWEUNY\NPUQXUONRUN
PEČKUQLČUONLLUEČWNWZRiSKUVENWLWUUWLRQNSURČELXUEANiEcNx=PNfcfhid(duusćN7UWEUNTXUOLW\NiN:EWEUPLQUWLRQNRINVXUIUČWUQWVNiN4UUWN
d(N:EWEUPLQUWLRQNRINUQLRQLČNVXUIUČWUQWVNY\NPEUVXUEPEQWNRINWKENPEWK\OEQENYOXENLQLE[NJIly=oćN
>u@NIćN–R]UQRYLüvNHćN=UNUþvNIćNgUUQUãvNIćNIELYLLRYLüigRVUQRYLüvN4RWEQWLRPEWULČN=EQVRUVNIRUNWKEN:EWEUPLQUWLRQNRINyQLRQLČN
=XUIUČWUQWVN±NyNCEYLEZćNBULWćNCEYćNyQUOćNBKEPćNJrtduoNd±rmćN
>f@N4ć0ćNyQUVWUVvN–ćBćN7UUQEUvN]UEEQNBKEPLVWU\(N0KERU\NUQLN4UUČWLČEvNP[IRULN6QLYEUVLW\N4UEVV(NHEZN5RUNvNduucvNSćmtćN
>D@N:ćNIULXQLüiýUþLüvNIćN=UNilRVQUUvNCćNIUWEãLüi4XUþvNyNHEZNyQLRQLČN=XUIUČWUQWi=EQVLWLYEN4RWEQWLRPEWULČN=EQVRUNZLWKNUN
TLJKO\NqLSRSKLOLČN[OEČWURUČWLYENIUWEULUOvNxQWćN–ćN[OEČWURČKEPćN=ČLćNsNJrtddoNretirhmćN
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1R 6DPSOLQJe WKH %HVW 6DPSOLQJs 1RQLQYDVLYHnDQGn0LFURt
LQYDVLYHn6WUDWHJLHVnIRUn3XOWXUDOn+HULWDJHn6WXGLHVnL
0gn7DVFRQuSlsL IlLvKá8RrsysL plLw7VWáOO7rsL klL jKáWVLkW8Ká–áUU\rsL zlLq7VWU7QJáORrsL)lL)RWRNsLqlL I7QZLQRrsL IlL
vLXQWLQLMsnsLplLD788áWWLnsLplLq7UWárL
oíd)FQVWLWXWR)GH)FQYHVWLJDFLyQ)H)FQJHQLHUtD).PELHQWDO)oFFF.aPzàFP37a8àG.pdg)2XHQRV).LUHVg).UJHQWLQDc)))
oAd)FQVWLWXWR)GH)FQYHVWLJDFLRQHV)GREUH)HO)6DWULPRQLR)PXOWXUDO)oFF6Pa7.X3.dg)8QLYHUVLGDG)àDFLRQDO)GH)GDQ)pDUWtQg)2XHQRV).LUHVg).UJHQWLQDc)
omd)PHQWUR)GH)FQYHVWLJDFLRQHV)\)7UDQVIHUHQFLD)PDWDPDUFD)oPzàFP37a8àPDdg)PDWDPDUFDg).UJHQWLQDc)
obd)yDFXOWDG)GH)yLORVRItD)\)DHWUDVg)8QLYHUVLGDG)GH)2XHQRV).LUHVg)2XHQRV).LUHVg).UJHQWLQDc)
old�RLSDUWLPHQWR)GL)yLVLFD)H).VWURQRPLDg)8QLYHUVLWj)GHJOL)GWXGL)GL)yLUHQ]Hg)yORUHQFHg)FWDO\c)
o-d�FVWLWXWR)àD]LRQDOH)GL)yLVLFD)àXFOHDUH)oFàyàdg)GH]LRQH)GL)yLUHQ]Hg)yORUHQFHg)FWDO\c)
L
.H\ZRUGV� PXOWXUDO)4HULWDJHg)àRQaLQYDVLYH)DQDO\VLVg)pLFURaLQYDVLYH)DQDO\VLVg);aXD\)IOXRUHVFHQFHg)fPapG 
L

q7WáUL7OLW\LRéL8XOWXU7OLKáULW7JáLR–Má8WVLK7VL–á8RPáL7QL7Q7O\WL87OL8K7OOáQJálLDKLVLLVLQRWLRQO\LZXáLWRLWKáLZáOOtNQRZQL
OLPLWáZL7PRXQWLRéLV7PSOáLWK7WL87QL–áLW7NáQL–XWL7OVRLZXáLWRLOáVVLYLVL–OáLZU7Z–78NVLVX8KL7VLéLOPL7QZLV7PSOáLKáWáURJáQáLW\lL
DKáLO7WWáUsLO7\LQJLRQLWKáL–7VLVLWK7WL8XOWXU7OLKáULW7JáL87QQRWL–áL8RQVLZáUáZL7VL7L–LZLPáQVLRQ7OLáQWLW\L–XWL7LWULZLPáQVLRQ7OL
RQásLVLXVX7OO\L8RPSRVáZL–\L7L8RPSOá[LRYáUO7SSLQJLRéLZLééáUáQWLPL8URPáWUL8LO7\áUVLPbsr’lL[QLWKLVLZRUNLLVLSUáVáQWáZLWKáLUá8áQWL
7ZY7Q8áVL RéL WKáL JURXSL LQL WKLVL UáJ7UZL éRUL ZLééáUáQWL7SSOL87WLRQVL LQL UR8NL7UWsLPRZáUQL 7UWL 7QZL 8O7VVL87OL 87QY7VL S7LQWLQJVlL
[QWáUáVWLQJO\sL WKáL VáOá8WáZL 7Q7O\WL87OL VWU7WáJLáVL ZLOOL VWURQJO\L ZáSáQZL RQL WKáL UáVá7U8KL TXáVWLRQsL JRLQJL éURPL 7L VLPSOáL
QRQLQY7VLYáL7Q7O\VLVLWRL7LZááSLO7\áUáZLRUJ7QL8L7QZLLQRUJ7QL8L8K7U78WáUL]7WLRQlLL

(áJ7UZOáVVLRéLWKLVL8RPSOá[LW\sLLQL7JUááPáQWLZLWKLWKáL8RQ8áSWLRéL³QRLV7PSOLQJ´sLWKáLéLUVWL7SSUR78KL7OZ7\VL8RQVLVWVL
RéL WKáLV8UááQLQJLRéL WKáLR–Má8WLZLWKLQRQLQY7VLYáL7Q7O\WL87OL Wá8KQLTXáVL3pLJXUáLbFlL [QL UáVSá8WLRéL WKLVLSRLQWsL WKáLJURXSLK7VL
ZáYáORSáZL7Ly-LHt(7\LpOXRUáV8áQ8áLV87QQáUL3H(pFL7OORZLQJLéRULáOáPáQW7OL8K7U78WáUL]7WLRQLPy’lLDKáLH(pLV87QQáUL7OORZáZL
WRLJáWL8UX8L7OL LQéRUP7WLRQL7–RXWLLQRUJ7QL8LLQéRUP7WLRQL7VLZáOOL7VL7–QRUP7OLWLáVLLQLWKáLR–Má8WL7VLUáS7LQWLQJsLPRZLéL87WLRQVL
ZRQáL–\LWKáL7UWLVWsL7QZLZLééáUáQWLS7LQWLO7\áULRYáUO7SSLQJlL[QL7ZZLWLRQsLPXOWLVSá8WU7OsLXUsLHt(7\LWU7QVPLVVLRQsL7PRQJLRWKáUL
Wá8KQLTXáVL7UáL7OVRLLPSOáPáQWáZLWRL7WW7LQLLQZLUá8WLLQéRUP7WLRQL7–RXWL8KáPL87OL8RPSRVLWLRQlL

záYáUWKáOáVVsLWKáLLQéRUP7WLRQL8ROOá8WáZL–\LQRQLQY7VLYáL7SSUR78KáVLLVLQRWL7OZ7\VLVXLW7–OáL7QZLV7PSOLQJLLVLQááZáZlL
DRLWKLVLáQZsLWKáLV7PSOLQJL8RQZLWLRQVLPXVWL–áLá[WUáPáO\L8RQVáUY7WLYáVL7QZsL7WLWKáLV7PáLWLPásLUáSUáVáQW7WLYáVlLxáUásLV7PSOáL
SUáS7U7WLRQLRéLPLQXWáL V7PSOáVL 8RQVLZáULQJL7L O7\áUáZLRUL –XONL7Q7O\VLVLZLOOL 8Oá7UO\L ZLééáUlLRQL WKáLRQáLK7QZsL éRUL O7\áUáZL
7Q7O\VLVL3éLJXUáLbFsL8URVVtVá8WLRQVLá[SRVLQJL7OOL LWVL8RQVWLWXWLYáLVWU7W7L7UáLSUáS7UáZLéROORZáZL–\LZLééáUáQWL�tVSá8WURV8RSL8L
7Q7O\VáVLPbsr’lLRQLWKáLRWKáULK7QZsL7VLáYLZáQ8áZLLQLéLJXUáLbsL–XONL7Q7O\VLVLRéWáQLZáZL87WáZLWRLZáW7LOáZLRUJ7QL8L8RPSRVLWLRQL
ZáWáUPLQ7WLRQL LPSOLáVL WKáL á[WU78WLRQsL ZáULY7WL]7WLRQL 7QZL VRPáWLPáVL SUá8RQ8áQWU7WLRQL RéL WKáVáL V7PSOáVL PN’lL DKáL ZRUNL
7OORZáZLWRLéLQZLPROá8XO7ULWLPáLP7UNáUVLáPSOR\áZLéRULLQZXVWUL7OLS7LQWLUáO7WLYáLZ7WLQJLLQLZRUNVLRéL7UWlL[QLWKLVLZ7\sL7LVáULáVLRéL
7ZY7Q8áVL7QZLLQYáVWLJ7WLRQVL7UáLSUáVáQWáZLZKáUáLWKáL7YRLZ7Q8áLRULPLQLPL]7WLRQLRéLV7PSOáLVL]áLLVLUáTXLUáZlLLLLLLLLLLLLLLLLLL
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)LJXUHnugL)8KáPáLRéL7LW\SL87OL7Q7O\WL87OLZRUNéORZLLQL8XOWXU7OLKáULW7JálL
n
[FNQRZOHGJHPHQWVn
DKáLJURXSLRéL7XWKRUVLLVLJU7WáéXOLZLWKLjz“w\DsLwRz[wkDL7QZLváWW\LéRXQZ7WLRQLéRULWKáLULéLQ7Q8L7OLVXSSRUWlLL
5HIHUHQFHVn
>u@L qlLD7V8RQsLzlLq7VWU7QJáORsLIlLvKá8RsLqlLv7VW7OZLsLqlL”XáV7Z7sLplLq7UWásLqL8URtVSá8WURV8RSL8L7Q7O\VLVLRéL

SLJPáQWVL7QZL87U–RQL]7WLRQLO7\áUVLRQLSUáKLVS7QL8LUR8NL7UWL7WLWKáLR\RO7¶VL87YáVsLjUJáQWLQ7sLXVLQJL7LVWU7WLJU7SKL8L
7SSUR78KsLqL8UR8KáPlL1lLbr4L3rAbnFLr4g±yANln

>l@L qlLD7V8RQsLzlLq7VWU7QJáORsL-lLv7OOáJRVsLplLq7UWásL-áWáUPLQ7WLRQLRéLP7WáUL7OVL7QZLWá8KQLTXáVLLQYROYáZLLQLWKáL
PXU7OLS7LQWLQJVLRéL)7QLqLJXáOLwKXU8KsLjUJáQWLQ7sL1lL(7P7QL)Sá8WURV8lLNSL3rAbgFLbyMn±bynNlLL

>H@L plLD788áWWLsLIlLw7VWáOOLsLwlLw]áOXVQL7NsLzlLváOOLsLjlLq7]]LQJKLsLIlL“7OO7sLwlL(X–áUWRsLwlLwáQVRULsLjlLIRLvLXZL8ásLjlL
(ásL-lLµ7éLURSXORVsLplLjUQáRZRsLUlLwRQL8áOO7sLjlL-LLvLRY7QQLsL(lLDRUUáVsLplLw7VWáOO7sLzlLq7VWU7QJáORsL-lLv7OOáJRVsL
qlLD7V8RQsLplLq7UWásLIlLvLXQWLQLsLjLPXOWLSXUSRVáLHtU7\LéOXRUáV8áQ8áLV87QQáULZáYáORSáZLéRULLQLVLWXL7Q7O\VLVsL
(áQZlLILQ8áLlLyAL3rAb4FLyAgtyrrlL

>P@L plLw7VWáOOisLqlL“pUá]tkVWá–7Qá]sL1lLq7]XUáNsL“lLqRQNáVsLDlLIá7UQáUsL1lplLzLáOORsLqlLD7V8RQsLplLq7UWásLjLPXOWLt
7Q7O\WL87OL7SSUR78KLéRULWKáL8K7U78WáUL]7WLRQLRéLPRZáUQLZKLWáLS7LQWVLXVáZLéRULjUJáQWLQáL8RQ8UáWáL7UWLS7LQWLQJVL
ZXULQJLb4NA±b4nAsLD7O7QW7lLrASL3rArAFLbrANgrlL
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3UHFRQFHQWUDWLRQeRIe6HOHFWHGe3HVWLFLGHVeIURPe:DWHUe
6DPSOHVe8VLQJewRFRQXWe6KHOOeFFWLYDWHGewDUERQeDVe6ROLGm
3KDVHe([WUDFWLRQeFGVRUEHQWR
R
R
.We.XPULüggRBrRUXMDVLQPgRzrRyJHULüPgRĈrRXHWURYLüPgRIrR2WDQNRYLüPgRprRxHYHþHUVNLPgRCMrRzDWRYLüPrRR
Ils)9LQþDV) :QVWLWXWH)RI)qXFOHDU)6FLHQFHV)±)qDWLRQDO) :QVWLWXWH)RI) WKH)5HSXEOLF)RI)6HUELDe)8QLYHUVLW\)RI)OHOJUDGHe)3f)Wf)OR[)hrre)llccl)
OHOJUDGHe)6HUELDe)HoPDLOU)NNXPULFPYLQFDfUVf))
R
.H\ZRUGV�y xRFRQXW) VKHOO) DFWLYDWHG) FDUERQe) mLJK) SHUIRUPDQFH) OLTXLG) FKURPDWRJUDSK\e) 3HVWLFLGHVe) 6ROLGoSKDVH)
H[WUDFWLRPe):DWHU)VDPSOHVy
R
XHVWLFLGHVRUHOHDVHGRIURPRDJULFXOWXUDORSUDFWLFHVRDUHRDQRLPSRUWDQWRFODVVRRIRSROOXWDQWVRGXHRWRRWKHLURZLGHVSUHDGRXVHgRWR[LFLW\gR
SHUVLVWDQFHgRSRODURQDWXUHRDQGRZDWHURVROXELOLW\rRzRQLWRULQJRRIRWKHRSHVWLFLGHVRFRPSULVHVRDRVDPSOHRSUHSDUDWLRQRSURFHGXUHRIRUR
H[WUDFWLRQRDQGRSUHFRQFHQWUDWLRQgRDQGRKLJKRSHUIRUPDQFHRLQVWUXPHQWDORWHFKQLTXHVRIRURTXDQWLILFDWLRQrR2ROLGRSKDVHRH[WUDFWLRQR
n2Xy1R KDVR EHHQR SURYHGR WRR EHR DQR HIIHFWLYHR VDPSOHR SUHWUHDWPHQWR PHWKRGR GXHR WRR KLJKR HQULFKPHQWR HIILFLHQF\gR ORZR
FRQVXPSWLRQRRIRRUJDQLFRVROYHQWVgRVLPSOLFLW\RDQGRHDV\RRSHUDWLRQrR0KHRFKRLFHRRIRDSSURSULDWHRDGVRUEHQWRLVRDRFUXFLDORIDFWRURWRR
REWDLQR KLJKR UHFRYHULHVR DQGR KLJKR HQULFKPHQWR IDFWRUVR LQR 2XyR SURFHGXUHrR )QR WKLVR VWXG\gR WKHR SRVVLELOLW\R RIR XVLQJRDFWLYDWHGR
FDUERQRGHULYHGRIURPRFRFRQXWRVKHOORnw2pw1RDVRWKHR2XyRSDFNLQJRPDWHULDORIRURWKHRSUHFRQFHQWUDWLRQRRIRIRXURYDU\LQJRSRODULW\R
SHVWLFLGHVR n)PLGDFORSULGgR pFHWDPLSULGgR 2LPD]LQHgR CLQXURQ1R IURPR ZDWHUR VDPSOHVR SULRUR WRR WKHLUR GHWHUPLQDWLRQR E\R KLJKR
SHUIRUPDQFHROLTXLGRFKURPDWRJUDSK\RZLWKRGLRGHRDUUD\RGHWHFWRURn(XCwexpx1RZDVRLQYHVWLJDWHGrR0KHRFKDUDFWHULVWLFVRRIRWKHR
w2pwR DGVRUEHQWR ZHUHR DQDO\]HGR E\R –eUD\R GLIIUDFWLRQR n–Bx1gR VFDQQLQJR HOHFWURQR PLFURVFRS\R n2yz1gR bRXULHUR WUDQVIRUPR
LQIUDUHGRVSHFWURVFRS\R nb0e)B1RDQGRhUXQDXHUeyPPHWWe0HOOHUR nhy01RPHWKRGrR0KHRHIIHFWVRRIR WKHRVROXWLRQRS(gRHOXHQWR W\SHgR
HOXHQWRYROXPHRDQGRIORZRUDWHRZHUHRLQYHVWLJDWHGRIRURRSWLPL]DWLRQRRIRWKHRSUHVHQWHGRSURFHGXUHrR0KHRREWDLQHGRUHVXOWVRLQGLFDWHGR
WKDWR WKHR w2pwR DGVRUEHQWR KDGR DQR H[FHOOHQWR HIILFLHQF\R IRUR WKHR DGVRUSWLRQR DQGR UHFRYHU\R RIR SHVWLFLGHVR LQR WKHR S(R UDQJHR
EHWZHHQR trĐR DQGR krĐrR xLFKORURPHWKDQHR nxwz1R ZDVR FKRVHQR DVR WKHR RSWLPDOR HOXWLRQR VROYHQWR IRUR VLPXOWDQHRXVR
SUHFRQFHQWUDWLRQRDQGRGHWHUPLQDWLRQRRIRWKHRSHVWLFLGHVrR7QGHURRSWLPL]HGRFRQGLWLRQVgRWKHRSURSRVHGR2XyRPHWKRGREDVHGRRQR
w2pwRDGVRUEHQWRH[KLELWHGRJRRGROLQHDULW\gRVDWLVIDFWRU\RSUHFLVLRQRnPrvR±RKrPa1gRKLJKRHQULFKPHQWRIDFWRUgRJRRGRUHFRYHU\RDQGR
ORZRC-xVRnĐrĐtKR±RĐrĐoDRPJRCeP1rRR
R

R
)LJXUHegWRwKURPDWRJUDPVRRIRH[WUDFWHGRSHVWLFLGHVRIURPRD1RXQVSLNHGRWDSRZDWHUgRE1RDQGRF1RVSLNHGRWDSRZDWHURVDPSOHVRZLWKRĐrĐKRDQGRĐrtKRPJR

CePgRUHVSHFWLYHO\gRDIWHUR2Xyew2pwRSURFHGXUHRXQGHURRSWLPL]HGRFRQGLWLRQVrRXHDNRLGHQWLILFDWLRQčRP1R)PLGDFORSULGgRt1RpFHWDPLSULGgRo1R
2LPD]LQHRDQGRv1RCLQXURQrR

rR
0RR WHVWR WKHR DSSOLFDELOLW\R RIR WKHR GHYHORSHGR 2Xyew2pwR PHWKRGgR WKHR DQDO\VLVR RIR IRXUR WDUJHWHGR SHVWLFLGHVR LQR WDSR ZDWHUR
VDPSOHVR FROOHFWHGR LQR RXUR ODERUDWRU\R ZDVR SHUIRUPHGrR 0DSR ZDWHUR VDPSOHVR ZHUHR VLPXOWDQHRXVO\R VSLNHGR ZLWKR HDFKR RIR WKHR
VHOHFWHGR SHVWLFLGHVR DWR WZRR FRQFHQWUDWLRQR OHYHOVR nĐrĐKR DQGR ĐrtKR PJR CeP1R DQGR WKHQR DQDO\]HGR E\R WKHR GHYHORSHGR PHWKRGrR
0\SLFDOR FKURPDWRJUDPVR REWDLQHGR IURPR XQVSLNHGR WDSR ZDWHUR VDPSOHR DQGR WDSR ZDWHUR VDPSOHVR VSLNHGR ZLWKR WKHR VHOHFWHGR
SHVWLFLGHVR DWR WKHR FRQFHQWUDWLRQVR RIR ĐrĐKR DQGR ĐrtKR PJR CePR DUHR VKRZQR LQR bLJrR PrR 0KHR UHFRYHULHVR UDQJHGR IURPR KArtaR WRR
PĐKroagRZLWKRORZRUHODWLYHRVWDQGDUGRGHYLDWLRQVrRR
hDVHGRRQR WKHRREWDLQHGR UHVXOWVgR LWR FDQREHR FRQFOXGHGR WKDWR WKHRw2pwRDGVRUEHQWR FRXOGREHRHIILFLHQWO\R XVHGRDVRDR ORZRFRVWR
DOWHUQDWLYHR WRR FRPPHUFLDOO\R DYDLODEOHR 2XyR DGVRUEHQWVR DQGR WKDWR WKHR RSWLPL]HGR 2Xyew2pwR PHWKRGR GHYHORSHGR LQR WKHR
SUHVHQWHGRVWXG\RKDVRDRODUJHRSRWHQWLDORDVRDQRLQH[SHQVLYHRDQGRHIILFLHQWRVDPSOHRSUHSDUDWLRQRPHWKRGgRZKLFKRFRXOGREHRZLGHO\R
XVHGRLQRWKHRIXWXUHRIRURWKHRGHWHUPLQDWLRQRRIRYDU\LQJRSRODULW\RSHVWLFLGHVRDWRWUDFHROHYHOVRLQRHQYLURQPHQWDORZDWHURVDPSOHVrR
�
FFNQRZOHGJHPHQWVe
4HR DFNQRZOHGJHR WKHR VXSSRUWR WRR WKLVR ZRUNR SURYLGHGR E\R WKHR zLQLVWU\R RIR yGXFDWLRQgR 2FLHQFHR DQGR 0HFKQRORJLFDOR
xHYHORSPHQWRRIRWKHRBHSXEOLFRRIR2HUELDrR
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wYDOXDWLRQaRIa7HWKRGa3HUIRUPDQFHVaIRUa3RO\F\FOLFa
zURPDWLFa]\GURFDUERQVazQDO\VLVaLQa6HGLPHQWa8VLQJa[DVa
1KURPDWRJUDSK\m7DVVa6SHFWURPHWU\a

M
4ra7ROQDUa4D]LüsoM6iMUURžXOMM[VRNRYVNLeoMCiM6RONWLüeoM(iM-X%LüeoM6iMDUžLüeoM-iM(SRVWRORYLüeoM]iM(ž%R%ReMM
s,t)8QLYHUVLW\) RI)1RYL)6DGf)0DFXOW\) RI)6FLHQFHVf)3HSDUWPHQW) RI)ćKHPLVWU\f)bLRFKHPLVWU\) DQG)2QYLURQPHQWDO)3URWHFWLRQf)7UJ)3RVLWHMD)
2EUDGRYLüD)cf)F,ddd)1RYL)6DGf)5HSXEOLF)RI)6HUELD)MHOHQDSPROQDUjGKSXQVSDFSUVS))
)
M
.H\ZRUGV�yRćN06f)SRO\F\FOLF)DURPDWLF)K\GURFDUERQVf)VHGLPHQWf)PHWKRG)YDOLGDWLRQy
M
3RO\≤\≤OL≤MRURPRWL≤M;\BUR≤RU%RQVMj3(xVIM%NORQžMWRMRM≤ORVVMRčMSNUVLVWNQWMRUžRQL≤MSROOXWRQWVMRQBMRUNMX%LTXLWRXVO\MSUNVNQWM
LQMW;NMNQYLURQPNQWiM(VMRM≤RQVNTXNQ≤NMRčM;Lž;M;\BURS;R%L≤LW\oM3(xVMLQMRTXRWL≤MNQYLURQPNQWVMWNQBMWRM%NMURSLBO\M%URXž;WM
BRZQMWRMW;NM%RWWRPMVNBLPNQWMZ;L≤;MUNSUNVNQWVMW;NMPRVWMLPSRUWRQWMUNVNUYRLUMRčM3(xVMLQMW;NMRTXRWL≤MNQYLURQPNQWiMfXNMWRM
W;NLUM ≤RU≤LQRžNQL≤oMPXWRžNQL≤oM WNURWRžNQL≤MRQBMžNQRWR[L≤MSURSNUWLNVoM3(xVMRUNM W;NMVX%MN≤WMRčMV\VWNPRWL≤MPRQLWRULQžM LQM
PRVWM ≤RXQWULNVM ZRUOBZLBNM &eLiM -;NM 5CM qQYLURQPNQWROM 3URWN≤WLRQM (žNQ≤\M jq3(IM ;RVM LQ≤OXBNBM ebM 3(xVM RQM W;NM OLVWM RčM
SULRULW\MVX%VWRQ≤NVoMZ;LONMQRS;W;RONQNoMRQW;UR≤NQNMRQBMVXPMRčM3(xVMRUNMOR%NONBMRVMSULRULW\MSROOXWRQWVMLQMR≤≤RUBRQ≤NMZLW;M
W;NMqXURSNRQM5QLRQMfLUN≤WLYNMtSeć1ćJ1q)iM(MORUžNMžURXSMRčM3(xVM;RYNM%NNQMLQMW;NMčR≤XVMRčMYRULRXVMVWXBLNVMUNžRUBLQžM
BLččNUNQWMPNW;RBRORžLNVoMSUR≤NBXUNVMRQBMNTXLSPNQWMčRUMW;NMBNWNUPLQRWLRQMRčM3(xVMLQMNQYLURQPNQWROMVRPSONViM-;XVoMW;LVM
SRSNUM SUNVNQWVM W;NM UNVXOWVM RčM NYROXRWLRQM RčM PRBLčLNBM VWRQBRUBM PNW;RBVM čRUM 3(xVM RQRO\VLVM LQM VNBLPNQWM XVLQžM žRVM
≤;URPRWRžURS;\1PRVVMVSN≤WURPNWU\MjD)v6CIiM
3(xVMZNUNMN[WUR≤WNBMčURPMćMžMRčMVNBLPNQWMR≤≤RUBLQžMWRMq3(ćTTS%MPNW;RBM&tLM%\MXOWURVRXQBMN[WUR≤WLRQMWN≤;QLTXNMZLW;M
eTMPOM RčM R≤NWRQN1;N[RQNM PL[WXUNM jePeoM Y1YIiM q[WUR≤WLRQM SUR≤NBXUNM ZRVM UNSNRWNBM W;UNNM WLPNViM qONPNQWROM VXOS;XUM ZRVM
UNPRYNBMZLW;M≤RSSNUMSRZBNUMWN≤;QLTXNM&ćLiMCRPSONVMZNUNMčUR≤WLRQRWNBMRYNUMVLOL≤RMžNOM≤ONRQXSM≤ROXPQMXVLQžMSNQWRQNMjeVWM
čUR≤WLRQIoMPNW;\ONQNM≤;ORULBN1SNQWRQNMjtPćoMY1YoMtQBMčUR≤WLRQIMRQBMčLQROO\MPNW;\ONQNM≤;ORULBN1PNW;RQROMjJPeoMY1YoMćUBMčUR≤WLRQIM
&ALoMNYRSRURWNBMXQBNUMQLWURžNQMčORZMRQBMRQRO\]NBMXVLQžMRQM(žLONQWMGpJS(MCNULNVMD)MZLW;MRMTJGT)M6CfM6CMRQMRMx3v
T6CM ≤ROXPQM j]u4C≤LNQWLčL≤IM XVLQžM S;NQRW;UNQNvBeSM RVM W;NM LQWNUQROM VWRQBRUBM &TobLiM CNBLPNQWM VRPSONVM ZNLž;M RQBM
UN≤RPPNQBNBM YROXPNM RčM N[WUR≤WLRQM VROYNQW1VROYNQWM PL[WXUNM žLYNQM LQM q3(M PNW;RBVM ZRVM UNBX≤NBM ≤RQVLBNULQžM UNTXLUNBM
PNW;RBMSNUčRUPRQ≤NVMRVMZNOOMRVMQRWLRQROMžXLBNOLQNMYROXNVMčRUM3(xVMLQMVNBLPNQWiM
6NW;RBMBNWN≤WLRQMOLPLWMj6fEIMRQBMPNW;RBMTXRQWLWRWLRQMOLPLWMj3/EIMZNUNMBNWNUPLQNBM%\MW;NMPNRVXUNPNQWMRčMbMUNSOL≤RWNVMRčM
QRWXUROMULYNUMVNBLPNQWoMRQBM≤RO≤XORWNBMR≤≤RUBLQžMWRMW;NM(3x(v(4(v4qwMPNW;RBM&GLiMqVWLPRWNBM3/EMZNUNMLQMURQžNMJotv
eeoeM �ž1NžiM 6NW;RBM SUN≤LVLRQM RQBM R≤≤XUR≤\M ZNUNM BNWNUPLQNBM %\M PNRVXULQžM VL[M UNSOL≤RWNVM LQM BXSOL≤RWNM RčM čUNV;M ZRWNUM
VNBLPNQWM ≤NUWLčLNBM UNčNUNQ≤NM PRWNULROM j)96IM RQBM VSLNNBM VNBLPNQWM VRPSONViM 9N≤RYNU\M YROXNVM čRUM )96M RQBM VSLNNBM
VNBLPNQWMVRPSONVMZNUNM LQMURQžNMGeveećgMRQBMčRUMSUN≤LVLRQMZNUNM�epgM9CfMZ;L≤;M LVM LQMR≤≤RUBRQ≤NMZLW;Mq3(MpSSSHM
PNW;RBM UN≤RPPNQBRWLRQM jGSvećSgIiM )RQWUROM ≤;RUWVM ZNUNM čXUW;NUM RSSOLNBM WRM PRQLWRUM W;NM ≤;RUR≤WNULVWL≤VM RčM W;NM RSSOLNBM
RQRO\WL≤ROM SUR≤NBXUNVM VX≤;M RVM R≤≤XUR≤\M RQBM SUN≤LVLRQoM LQM RUBNUM WRM NVWLPRWNM PNRVXUNPNQWM XQ≤NUWRLQW\M Z;L≤;M ZRVM
žNQNUROO\MR%RXWMASgiM
-;NM UNVXOWVM RčM TXROLW\M≤RQWUROMSURžURPM LQBL≤RWNM W;RWM YRULRWLRQMRčMPNW;RBMSNUčRUPRQ≤NMZRVMQRWMVWRWLVWL≤ROO\M VLžQLčL≤RQWM LQM
≤RPSRULVRQMZLW;MW;NMSRURPNWNUVMVNWMBXULQžMW;NMYROLBRWLRQMN[SNULPNQWViM6RBLčLNBMVRPSONMSUNSRURWLRQMSURWR≤ROMčROORZNBM%\M
D)v6CMRQRO\VLVM≤RQM%NMXVNBMRVMRMUNOLR%ONMPNW;RBMčRUMW;NMBNWNUPLQRWLRQMRčM3(xVMLQMVNBLPNQWMVRPSONVMZ;L≤;MZRVMROVRM
≤RQčLUPNBM%\M3URčL≤LNQ≤\MWNVWLQžiM
M
zFNQRZOHGJHPHQWVa
-;NMRXW;RUVMR≤NQRZONBžNMčLQRQ≤LROMVXSSRUWMRčMW;NM6LQLVWU\MRčMqBX≤RWLRQoMC≤LNQ≤NMRQBM-N≤;QRORžL≤ROMfNYNORSPNQWMRčMW;NM
9NSX%OL≤MRčMCNU%LRMjDURQWM2RiMATevSćvbp1tStSveA1MtSSetTIiM
M
5HIHUHQFHVa
>s@MCiM6RONWLüoM]iMHNOMLQ�MCiM9RQþNYLüoM6iMDUžLüoMHiMfROPR≤LMRoMCWRWNMRčMW;NMRUWMRQBMčXWXUNM≤;ROONQžNVMčRUMSRO\≤\≤OL≤MRURPRWL≤M
;\BUR≤RU%RQVMLVMVNBLPNQWVPMVRXU≤NVoMčRWNoM%LRRYRLOR%LOLW\MRQBMUNPNBLRWLRQMWN≤;QLTXNVoM]iMxR]RUBiM6RWNUiMćbTMjtSeJIMAbGv
eptiM
>y@Mq3(MPNW;RBMćTTSHMj5Cq3(oMeJJbIM5OWURVRQL≤MN[WUR≤WLRQoM9NYLVLRQMtiM
>A@Mq3(MPNW;RBMćbbSHMj5Cq3(oMeJJbIMCXOčXUM≤ONRQXSoM9NYLVLRQMtiM
>H@aq3(MPNW;RBMćbćS)Mj5Cq3(oMeJJbIMCLOL≤RMžNOM≤ONRQXSoM9NYLVLRQMćiM
>b@aq3(M PNW;RBM ptGS)M j5Cq3(oM eJJbIM CNPLYRORWLONM RUžRQL≤M ≤RPSRXQBVM %\M žRVM ≤;URPRWRžURS;\1PRVVM VSN≤WURPNWU\M
jD)16CIoM9NYLVLRQMćiM
>S@aCiM 6RONWLüoM ]iM HNOMLQ�M fiM -RPLQBåLMRoM 6iM DUžLüoM ]iM 6ROQRUM ]R]LüoM 6iM UURžXOMM [VRNRYVNLoM CiM 9RQþNYLüoM HLRUNPNBLRWLRQM
SNUVSN≤WLYNM RčM ;LVWRUL≤ROO\M ≤RQWRPLQRWNBM VNBLPNQWM ZLW;M SRO\≤\≤OL≤M RURPRWL≤M ;\BUR≤RU%RQVoM [QWiM ]iM CNBLPNQWM 9NViM
BRLiRUž1eSieSeb1MiLMVU≤itStSieeiSSAiM
>U@a(3x(oM(44(oM4qwiMCWRQBRUBM6NW;RBVMčRUMN[RPLQRWLRQMRčMZRWNUMRQBMZRVWNZRWNUiMttQBMNBiM4RV;LQžWRQPM(PNUL≤RQM
3X%OL≤MxNROW;M(VVR≤LRWLRQyMtSetiM
�
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8WLOL]DWLRQiRIi[R]i1SSURDFKiWRi2SWLPL]HiWKHi3URFHGXUHiRIi
0RGLILHGi1XFOHRVLGHViDQGi[HR[\QXFOHRVLGHVi][WUDFWLRQi
IRUi7DUJHWHGi0HWDERORPLFi1QDO\VLVi
S
S
0hi 1UW\PRZLF]eJS 6]wS R3FLRV]HNGJS qwS [3ZLGRZVN3GJtJS bwS 6W3FKHZLF]GJtJS qwS q3F\Q3GJS 8wS 6WUXFNDPHZLFN3GJSS
RwqwSR3UNXV]HZVNLGJS[wS6LOXNGS

msn)-HSDUWPHQW)RI)7LRSKDUPDFHXWLFV)DQG)CKDUPDFRG\QDPLFVB)SHGLFDO)8QLYHUVLW\)RI)gGDĔVNB)0Oh)gHQh)@h)zDOOHUD)sulB)UuiysM)gGDĔVNB)
PDOJRU]DWDhDUW\PRZLF]HJXPHGhHGXhSOh)
mdn)-HSDUWPHQW)RI)6RUHQVLF)SHGLFLQHB)SHGLFDO)8QLYHUVLW\)RI)gGDĔVNBeSh)xNáRGRZVNLHMi8XULH)PDB)Uuidsu)gGDĔVNhe
S
.H\ZRUGV�e-HVLJQ)RI)4[SHULPHQWVB)PRGLILHG)QXFOHRVLGHVB)PRGLILHG)GHR[\QXFOHRVLGHVB)VROLGiSKDVH)H[WUDFWLRQ)e
S
S
[HVLJQSRIS][SHULPHQWVSs[R]eSLVS3SVW3WLVWLF3OS3SSUR3FKSXVHGSWRSSO3QJSRSWLPL]HS3QGSFRQGXFWSH[SHULPHQWVSKGBwSCWSGHWHUPLQHVS
WKHSUHO3WLRQVKLSVSEHWZHHQSI3FWRUVS3QGSUHVSRQVHVS3IIHFWLQJS3SSURFHVVwSRRUHRYHUJSY3UL3EOHVS3UHSGHSHQGHQWSRQSH3FKSRWKHUSVRS
WK3WS3QSHIIHFWSRISRQHS I3FWRUS LVS LQIOXHQFHGSE\S WKHSVHWWLQJVSRISRWKHUSS3U3PHWHUVwS)RQVHTXHQWO\JS WKHVHS LQWHU3FWLRQVSF3QSEHS
QRWLFHGSE\S[R]SPHWKRGRORJ\wS][SHULPHQW3OSSO3QSLVSFUH3WHGSWRSPLQLPL]HSH[SHULPHQW3OSUXQVSZKLOHS3WW3LQLQJSLQIRUP3WLRQDULFKS
UHVXOWVwS0KHSJR3OS RIS WKHSSUHVHQWHGS VWXG\SZ3VSRSWLPL]3WLRQSRIS V3PSOHSSUHS3U3WLRQSSURFHGXUHS3OORZLQJS IRUS VLPXOW3QHRXVS
H[WU3FWLRQS RIS GtS VHOHFWHGS PRGLILHGS QXFOHRVLGHVS 3QGS GHR[\QXFOHRVLGHVS ZLWKS WKHS XVHS RIS VROLGS SK3VHS H[WU3FWLRQS s6H]eS
WHFKQLTXHwSRRGLILHGSQXFOHRVLGHVS3QGSGHR[\QXFOHRVLGHVS3UHSSURGXFWVSRIS7NmS3QGS[NmSF3W3EROLVPwS0KH\S3UHSFRQVLGHUHGS
3VSSRWHQWL3OSP3UNHUVSRISS3WKRORJLF3OSGLVRUGHUVSKtBwSvRZHYHUJSGXHSWRSGLIIHUHQWSPROHFXO3USSURSHUWLHVSWKHLUSFRQFXUUHQWSH[WU3FWLRQS
LVSFK3OOHQJLQJwS CQS WKHSSUHVHQWSVWXG\JSPL[HGDPRGHS6H]SVRUEHQWJS FRPSRVHGSRISSKHQ\OERURQLFS3FLGS3QGSF3WLRQDH[FK3QJHS
UHVLQVJSZ3VS3SSOLHGwS0KHSPHWKRGSZ3VSRSWLPL]HGSZLWKSWKHSXVHSRIS[R]S3SSUR3FKwSILUVWO\JSIU3FWLRQ3OSI3FWRUL3OS[HVLJQSZ3VS
3SSOLHGwS ][3PLQHGS Y3UL3EOHVS ZHUHS FRQGLWLRQLQJJS Z3VKLQJS 3QGS HOXWLRQS VROYHQWVS FRPSRVLWLRQVwS NH[WS VWHSS LQFOXGHGS IXOOS
I3FWRUL3OS[HVLJQSZLWKSGXU3WLRQSWLPHSRISFRQGLWLRQLQJJSV3PSOHSOR3GLQJS3QGSHOXWLRQSVWHSS3VSI3FWRUVwS7HVSRQVHVS3FTXLUHGSLQSWZRS
H[SHULPHQW3OSVHWVSZHUHSSH3NS3UH3VSRISGtS3Q3O\]HGSPRGLILHGSQXFOHRVLGHVS3QGSGHR[\QXFOHRVLGHVwSPHYHOVSRIS3VVHVVHGSI3FWRUVS
ZHUHS GHWHUPLQHGwS [HYHORSHGS 3QGS RSWLPL]HGS 6H]S SURFHGXUHS 3OORZHGS IRUS WKHS H[WU3FWLRQS RIS PRGLILHGS QXFOHRVLGHVS 3QGS
GHR[\QXFOHRVLGHVSZLWKSPH3QSUHFRYHU\SRISrWw2cwS
S
1FNQRZOHGJHPHQWVi
0KHSZRUNSK3VSEHHQSVXSSRUWHGSE\SWKHSN3WLRQ3OS)HQWUHSRIS6FLHQFHJSSURMHFWSQRSt2Gudt-dNdNZrd2tt--wS
S
5HIHUHQFHVi
>e@SqwSq3F\Q3JSRwSTRUG3OHZVN3JSRwqwSR3UNXV]HZVNLJS[HVLJQSRIS][SHULPHQWVSLQSPHW3ERORPLFVDUHO3WHGSVWXGLHVLSmQSRYHUYLHZJS
qwSHK3UPwS(LRPHGwSmQ3OwSGWySst2G-eSn-uDW2WwS
>P@S RwS H3WHMNRJS8wS 6WUXFNDPHZLFN3JS [wS 6LOXNJS RwS83V]F]XNDq3QNRZVN3JS RwS qwS R3UNXV]HZVNLJS %ULQ3U\S QXFOHRVLGHVS 3QGS
GHR[\QXFOHRVLGHVJSmGYwS)OLQwS)KHPwSuhSst2GueSGDnGwS
i
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)RRGd6HFXULW\dLQd:LQHd2RQVXPSWLRQ.
.
.
]md6RFDVs5RGUtJXH]3C.Èí.0ZQWZQZdxZ\RUzRd8í.8RŠUt4Xj]d8ZPRVzR.xí.Èí.8RŠUt4Xj]dkjO4ZŠRzí..
yIf) zDERUDWRU\) RI) URRGRPLFVm) íQVWLWXWH) RI) URRG) EFLHQFH) THVHDUFKm) pí0zm) pEípm) ºLFROiV) pDEUHUD) Am) /DGULGm) nC,eAm) ESDLQm)
EDUEDUDcVRFDV8FVLFcHVc)
ynf)qQLGDG).HSDUWDPHQWDO)GH)óXtPLFD)0QDOtWLFDm).HSDUWDPHQWR)GH)óXtPLFDm)UDFXOWDG)GH)pLHQFLDVm)qQLYHUVLGDG)GH)zD)zDJXQD)yqzzfc)
0YGDc)0VWURItVLFR)UFRc)EiQFKH]m)VsQ�c)uCn,R)EDQ)pULVWyEDO)GH)zD)zDJXQDm)ñHQHULIHm)@VSDxD)
)
.
.H\ZRUGV�yEXVWDLQDELOLW\m)URRG)TXDOLW\m)óX@pK@TEm)6HVWLFLGHV))
y
.
CRRŠ.VjXXULW\.ºZV.WjXRPj.LQXUjZVLQ4O\.LPSRUWZQWR.QRW.RQO\.WjXZXVj.RO.ZRUOŠ.SRSXOZWLRQ.LQXUjZVjR.WXW.ZOVR.ZV.Z.UjVXOW.RO.
4ORWZO.XRPPjUXLZOL]ZWLRQ.RO.SURŠXXWVí. UQ. WºLV.VjQVjR.jQVXULQ4. Wºj.XRUUjXW.ºZQŠOLQ4.ZQŠ.VWRUZ4j.RO. ORRŠVWXOOR.ZV.ZjOO.ZV.
PLQLPL]LQ4.RU.jOLPLQZWLQ4.ORRŠdWRUQj.LOOQjVVjV.ZUj.XRQVLŠjUjŠ.XUXXLZO.LVVXjV.KePí.
9ºj.XRQWURO.RO.XRQWZPLQZQWVR.VXXº.ZV.SjVWLXLŠj.UjVLŠXjV.LV.RQj.RO.Wºj.PZLQ.XºZOOjQ4jV.LQ.WºLV.ZUjZR.ŠXj.WR.WºjLU.SRWjQWLZO.
ºjZOWº.ULVN.KePí.UQ.ZŠŠLWLRQR.ŠLOOjUjQW.Uj4XOZWRU\.ZXWºRULWLjVR.LQXOXŠLQ4.Wºj.EXURSjZQ.TRPPLVVLRQ.oETr.ZQŠ.Wºj.3QLWjŠ.0WZWjV.
CRRŠ. ZQŠ.kUX4. 1ŠPLQLVWUZWLRQ. oCk1rR. ºZYj. jVWZWOLVºjŠ.PRQLWRULQ4. SOZQV. ORU. WºjVj. XRQWZPLQZQWVR. ZV.ZjOO. ZV. ŠLOOjUjQW.
ŠLUjXWLYjV.WºZW.Uj4XOZWj.WºLV.LVVXjR.LQ.RUŠjU.WR.SURWjXW.XRQVXPjU.VZOjW\.ZQŠ.jQVXUj.SURŠXXWV.TXZOLW\í.
1.XOjZU.j[ZPSOj.LV.Wºj.ZWXVLYj.XVj.RO.SjVWLXLŠjV.ZV.Z.PjZVXUj.Z4ZLQVW.SjVWV.WºZW.ZWWZXN.ŠLOOjUjQW.XURSVR.jVSjXLZOO\.LQ.ZUjZV.
ZLWº.ZQ.LQWjQVLYj.Z4ULXXOWXUjí.CRU.WºjVj.UjZVRQVR.LW.LV.OXQŠZPjQWZO.Wºj.ŠjYjORSPjQW.RO.ZQZO\WLXZO.PjWºRŠROR4LjV.WºZW.ZOORZ.
PRQLWRULQ4.WºjVj.XRPSRXQŠVR.ZQŠ.4XZUZQWjj.VZOjW\.LQ.ORRŠ.XRQVXPSWLRQí..
UQ.WºLV.ZRUNR.ZQ.ZQZO\WLXZO.PjWºRŠ.ºZV.WjjQ.ZSSOLjŠ.ORU.Wºj.ŠjWjUPLQZWLRQ.RO.SjVWLXLŠj.UjVLŠXjV.LQ.UjŠ.ZLQj.OURP.ŠLOOjUjQW.
RUL4LQVR.XVLQ4.WRWº.4ZV.ZQŠ. OLTXLŠ.XºURPZWR4UZSº\.XRXSOjŠ. WR.PZVV.VSjXWURPjWU\. LQ.XRPWLQZWLRQ.ZLWº. Wºj.6XETºE80.
PjWºRŠ.KzP.ZV.j[WUZXWLRQ.SURXjŠXUjí.9ºj.PjWºRŠROR4\.ZZV.YZOLŠZWjŠR.OROORZLQ4.Wºj.01Q9Egezlczgzuei.4XLŠj.KmPR.RWWZLQLQ4.
4RRŠ.UjXRYjU\.YZOXjV.oZLWº.UjOZWLYj.VWZQŠZUŠ.ŠjYLZWLRQV.ORZjU.WºZQ.zu-r.ZQŠ.Z.ºL4º.VjQVLWLYLW\.WºZW.ZOORZ.VWULXW.PRQLWRULQ4.
RO.WºjVj.XRPSRXQŠVí..
.
[FNQRZOHGJHPHQWVd
]í0íd8í. ZRXOŠ. OLNj. WR. WºZQN. Wºj. 0SZQLVº.xLQLVWU\. RO. 0XLjQXjR. UQQRYZWLRQ. ZQŠ. 3QLYjUVLWLjV. ORU. ºjU. ³AXZQ. Šj. OZ. TLjUYZ´.
SRVWŠRXWRUZO.4UZQWí.Èí0ídxí.ZQŠ.8í8íd8í.ZRXOŠ.OLNj.WR.WºZQN.Wºj.14jQX\.RO.EXRQRP\R.UQŠXVWU\R.9UZŠj.ZQŠ.vQRZOjŠ4j.RO.Wºj.
(RYjUQPjQW.RO.Wºj.TZQZU\.UVOZQŠV.ORU.Wºj.C/U.OjOORZVºLS.oXRdOLQZQXjŠ.cD-.OURP.Wºj.EXURSjZQ.0RXLZO.CXQŠVrí.9ºj.ZXWºRUV.
ZRXOŠ.OLNj.WR.ZXNQRZOjŠ4j.Wºj.XVj.RO.Wºj.8jVjZUXº.0XSSRUW.(jQjUZO.0jUYLXj.o0E(1Ur.RO.Wºj.3QLYjUVLW\.RO.qZ.qZ4XQZííí.
.
5HIHUHQFHVd
>3@dJíd”ºZQ4R.(í.qLR.kí.BXR.“í.qLR.Jí.JXR./í.qXRR.Aí.TºjQR.Tí.kZLR.Jí.BXR.8jXjQW.ZŠYZQXjV.LQ.jPjU4LQ4.QZQRPZWjULZOV.WZVjŠ.
ORRŠ.VZPSOj.SUjWUjZWPjQW.PjWºRŠV.ORU.ORRŠ.VZOjW\.VXUjjQLQ4R.9U1Td9UjQŠí.1QZOí.TºjPí.eze.ozueir.eeDlliíd
>1@d xíd 1QZVWZVVLZŠjVR. 0íAí. qjºRWZ\R. kí. âWZMQWZºjUR. CíAí. 0XºjQXNR. CZVW. ZQŠ. EZV\. xXOWLUjVLŠXj. xjWºRŠ. EPSOR\LQ4.
1XjWRQLWULOj.E[WUZXWLRQg/ZUWLWLRQLQ4.ZQŠ.³kLVSjUVLYj.0ROLŠd/ºZVj.E[WUZXWLRQ´.ORU.Wºj.kjWjUPLQZWLRQ.RO./jVWLXLŠj.8jVLŠXjV.LQ.
/URŠXXjR.A.1N1T.UQWí..cl.ozuumr.sezdmeíd
>B@d1QZO\WLXZO.TXZOLW\.XRQWURO.ZQŠ.PjWºRŠ.YZOLŠZWLRQ.SURXjŠXUjV.ORU.SjVWLXLŠj.UjVLŠXjV.ZQZO\VLV.LQ.ORRŠ.ZQŠ.OjjŠí.kRXXPjQW.
Q�.01Q9Egezlczgzueií�
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%QsVLQH-LQs6\ULQJH-8OWUDVRXQGskVVLVWHG-2ORXG-)RLQWs
.LVSHUVLYH-VLTXLG±VLTXLG-YLFURH[WUDFWLRQ-IRU-WKH-
1OXRUHVFHQW-.HWHUPLQDWLRQ-RI-kOXPLQXP-LQ-:DWHU-DQG-
YLON-6DPSOHV--
,
,
ko6o-VRUHQ]HWWLsi,(2u2,HRPB]si,]2,x−PLx−3i,u2,x−Q−OVMi,q2,H−UUL6Rsi,x2T2,bRPLQLs,
,oD)bP6;bM;óa)8HSDUWDPHQWR)GH)6XtPLFDa);QLYHUVLGDG)PDFLRQDO)GHO)MXU),;PMDr3FPb309a)2Yt)2OHP)odiua)snnn)5DKtD)5ODQFDa)2UJHQWLQDt�
DQDEHODtORUHQ]HWWL.JPDLOtFRPt)
,dD) bQVWLWXWR) GH) 3LHQFLDV) GH) OD) 9LHUUD) \) 2PELHQWDOHV) GH) yD) xDPSD) ,bP3b92xr3FPb309Da) BDFXOWDG) GH) 3LHQFLDV) 0[DFWDV) \) PDWXUDOHV)
,;PyxDPDa)2Yt);UXJXD\)oco),cunnD)MDQWD)))óRVDa)yD)xDPSDa)2UJHQWLQDt)
,uD)8HSDUWDPHQWR)GH)6XtPLFD)2QDOtWLFDa)PXWULFLyQ)\)5URPDWRORJtDa)bQVWLWXWR);QLYHUVLWDULR)GH)LDWHULDOHVa);QLYHUVLGDG)GH)2OLFDQWHa)2SGRt)
lla)nunsn)2OLFDQWHa)MSDLQ)
)
.H\ZRUGV�y2OXPLQXPC)3ORXG)SRLQWrGLVSHUVLYH)OLTXLG±OLTXLG)PLFURH[WUDFWLRQC)bRQLF)OLTXLGVC)M\ULQJHC);OWUDVRXQG)HQHUJ\)
,
[Q,WKLV,ZRUNi,−,VLPSOBi,I−VW,−Q6,B:RORJL:−O,PBWKR6,WR,6BWBUPLQB,−OXPLQXP,LQ,Q−WXU−O,−Q6,PLQBU−O,Z−WBUi,−Q6,PLON,V−PSOBV,
Z−V,6BYBORSB62,uOXPLQXP,LV,−,WR[L:,BOBPBQW,WK−W,:−Q,–B,IRXQ6,LQ,S−:N−JLQJ,−V,ZBOO,−V,LQ,6LIIBUBQW,:RQW−LQBUV2,0KB,%RUO6,
OB−OWK,FUJ−QL]−WLRQ,K−V,IL[B6,OLPLWV,IRU,WKB,SUBVBQ:B,RI,−OXPLQXP,LQ,6ULQNLQJ,Z−WBU,−Q6,IRR6,Ls52,0KBUBIRUBi,LW,LV,LPSRUW−QW,
WR,6BYBORS,QBZ,UBOL−–OB,PBWKR6V,IRU,LWV,6BWBUPLQ−WLRQ2,0KLV,QBZ,SUR:B6XUB,Z−V,SBUIRUPB6,–\,PB−QV,RI,−Q,LQñV\ULQJB,:ORX6,
SRLQWñ6LVSBUVLYB,OLTXL6ñOLTXL6,PL:URB[WU−:WLRQ,zWLJ,sJ,XVLQJ,−,PL[WXUB,RI,−Q,LRQL:,OLTXL6,−Q6,−,VXUI−:W−QW,−V,B[WU−:W−QW,LQVWB−6,
RI, RUJ−QL:, VROYBQWV2, IñK\6UR[\TXLQROLQB, Z−V, XVB6, −V, :KBO−WLQJ, −JBQW, WR, B[WU−:W, uOMa, ZLWK, −, VX–VBTXBQW, RQOLQB,
VSB:WURIOXRURPBWUL:,6BWB:WLRQ2,9Q6BU,WKB,RSWLP−O,:RQ6LWLRQVi,WKB,SUB:RQ:BQWU−WLRQ,I−:WRU,Z−V,3lli,−Q6,WKB,UB:RYBU\,Y−OXBV,
ZBUB, –BWZBBQ, ts2rñslt2so, zQpMJ, ZLWK, V−WLVI−:WRU\, o, +BO−WLYB, UW−Q6−U6, bBYL−WLRQ, zo+UbJ, Y−OXBVi, ZKL:K, LQ6L:−WB,
−SSURSUL−WB,−::XU−:\,−Q6,SUB:LVLRQ2,0KB,OLPLWV,RI,6BWB:WLRQ,z-FbJ,ZBUB,s2D,−Q6,d2d,ȝJ,-ñsi,−Q6,WKB,OLPLWV,RI,TX−QWLIL:−WLRQ,
z-F8J, ZBUB, d2D, −Q6, sI2r, ȝJ, -ñs, IRU, Z−WBU, −Q6, PLON, V−PSOBVi, UBVSB:WLYBO\2, 0KB, R–W−LQB6, UBVXOWV, 6BPRQVWU−WB6, WKB,
−SSOL:−–LOLW\,RI,WKB,SURSRVB6,PBWKR6,IRU,WKB,6BWBUPLQ−WLRQ,RI,−OXPLQXP,LQ,UB−O,Z−WBU,−Q6,PLON,V−PSOBV2,0KB,P−LQ,−6Y−QW−JB,
RI,WKLV,UBVB−U:K,Z−V,WK−W,XOWU−VRXQ6,BQBUJ\,Z−V,−SSOLB6,WR,LPSURYB,WKB,B[WU−:WLRQ,−Q6,SUB:RQ:BQWU−WLRQ,VWBSVi,ZKL:K,Z−V,
UBIOB:WB6, LQ,−, UB6X:WLRQ, LQ, WKB, WRW−O,−Q−O\VLV, WLPB2� [Q,−66LWLRQi, WKB,PBWKR6,−OVR,:RPSOLBV,ZLWK,VRPB,SULQ:LSOBV,RI,JUBBQ,
:KBPLVWU\,L35i,VLQ:B,LW,XVBV,BQYLURQPBQW−OO\,IULBQ6O\,VROYBQWVi,−,UB6X:B6,YROXPB,RI,UB−JBQWVi,−Q6,JBQBU−WBV,ORZ,−PRXQWV,
RI,Z−VWB2,
,

,
1LJXUH-Ac-)UR:B6XUB,RI,WKB,LQ,V\ULQJB,9uñx)ñb--qT2,

,

,
1LJXUH-Cc-+B:RYBU\,VWX6\,IRU,6LIIBUBQW,Z−WBU,−Q6,PLON,V−PSOBV,−Q−O\]B6,–\,WKB,6BYBORSB6,PBWKR62,FQB,:RQ:BQWU−WLRQ,OBYBO,Z−V,WBVWB6,

zsll,ȝJ,-ísi,Q,p,MJ2,
,

5HIHUHQFHV-
>A@,]RLQW,T[SBUW,xRPPLWWBB,RQ,WRR6,u66LWLYBV2,z3lssJ2,TY−OX−WLRQ,RI,:BUW−LQ,IRR6,−66LWLYBV,−Q6,:RQW−PLQ−QWV,zUBYBQW\ñ
IRXUWK,UBSRUW,RI,]TxWuJ,zSS2,D±sIJ2,%OF,0B:KQL:−O,+BSRUW,UBULBV2,
>C@, U2, uUPBQW−i, W2u2, , TVWBYBñ0XUULOO−Vi, U2,H−UULJXBVi,q2, 6B, O−,HX−U6L−i,HUBBQ, −Q−O\WL:−O, :KBPLVWU\h, WKB, UROB, RI, JUBBQ,
B[WU−:WLRQ,WB:KQLTXBV2,[Q,HUBBQ,T[WU−:WLRQ,0B:KQLTXBVh,)ULQ:LSOBVi,u6Y−Q:BV,−Q6,uSSOL:−WLRQVi,TOVBYLBUi,uPVWBU6−P,3lsDi,
SS2,sñ3d2,

l
3l
rl
El
Il
sll
s3l

,(BJUR
ULYBU,zuJ

)XULILB6
6ULQNLQJ
Z−WBU
zvJ

)XULILB6
6ULQNLQJ
Z−WBU
zxJ

qLQBU−O
Z−WBU
zbJ

9O0
PLON,zTJ

9O0
PLON,zWJ

WUBVK
PLON,zHJ

WUBVK
PLON,zOJ

WUBVK
PLON,z[J

WUBVK
PLON,z]J

5
z2

%
9z

5
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RM0ROHFXODUO\M,PSULQWHGM3RO\PHUM[DVHGM5OHFWURFKHPLFDOM
6HQVRUMIRUMWKHM4HWHUPLQDWLRQMRIMDM7\URVLQHM.LQDVHM
,QKLELWRUM4UXJA
A

A
6t,tM.D\DBisOA(cAI7WY’W=\=BOAFcA2]97KYW=\BOAwcXcA(WY9YASOA5c(cA2]W=’BA
iuv) KQNDUD) NQLYHUVLW\t) 7DFXOW\) RI) gKDUPDF\t) IHSDUWPHQW) RI) KQDO\WLFDO) .KHPLVWU\t) chPhc) bHQLPDKDOOHt) KQNDUDt) BNçG9b,)
HND\Dup,cmRKRWPDLO,FRP))
ilv)NQLYHUVLW\)RI)2HDOWK)MFLHQFHVt)@XOKDQH)7DFXOW\)RI)gKDUPDF\t)IHSDUWPHQW)RI)KQDO\WLFDO).KHPLVWU\t)chcuD)GHFLRUHQt)KQNDUDt)BNçG9b)
iov)I9:K)2ROGLQJ)K,M,t)çrI).HQWHUt)GDUDDJDo)3K,)7DWLK)EOY,)VRC)lht)PpPuc)GDSDNOÕt)BHNLUGDJt)BXUNH\A
)
)
.H\ZRUGV�yK[LWLQLEt)9OHFWURFKHPLVWU\t)IUXJ)DQDO\VLVt)3ROHFXODUO\)LPSULQWHG)SRO\PHU)y
A
;H7AøÖ7V7’WAVWXL\A=YJVAWçAL7Y7KçøA=AQ=VWOAV7K79WYY7OA=’LAV7’VYWYY7AJ7WHçLAQçÖAWH7AL7W7ÖJY’=WYç’AçQA([YWY’Y+Aa(NPyA=WA KçZA
9ç’97’WÖ=WYç’VAY’AøH=ÖJ=97XWY9=KALçV=87AQçÖJVA=’LAHXJ=’AV7ÖXJcAgçÖAWHYVAøXÖøçV7OA=A’çY7KAJçK79XK=ÖK\AYJøÖY’W7LAøçK\J7ÖA
aqP[yz+=V7LA7K79WÖç9H7JY9=KAV7’VçÖAZ=VAL7Y7Kçø7LAWHÖçX8HA7K79WÖçøçK\J7ÖY]=WYç’AçQAçzøH7’\K7’LY=JY’7Aaçz[)yAç’AFIwA
XVY’8A 9\9KY9A YçKW=JJ7WÖ\A aI×ycA (LLYWYç’=KK\OA LYQQ7Ö7’WY=KA øXKV7A YçKW=JJ7WÖ\A a)[×yA =’LA 7K79WÖç9H7JY9=KA YJø7L=’97A
Vø79WÖçV9çø\AawP5yAW79H’YjX7VAZ7Ö7AXV7LAWçA7Y=KX=W7AWH7Aø7ÖQçÖJ=’97AçQAWH7A’7ZK\AL7Y7Kçø7LAqP[z+=V7LAV7’VçÖcA(NPOA=A
V79ç’Lz87’7Ö=WYç’AW=Ö87W7LALÖX8OAYVA=AHY8HK\AV7K79WYY7A=’LAøçW7’WAY’HY+YWçÖAçQAY=V9XK=ÖA7’LçWH7KY=KA8ÖçZWHAQ=9WçÖAÖ797øWçÖA
a×wFg4yAW\ÖçVY’7VAWY’=V7ABOA3OA=’LASA/B∆cA;\ÖçVY’7AWY’=V7VA=Ö7AXV7LA=VAWH7Ö=ø7XWY9A=87’WVAWçAWÖ7=WALYQQ7Ö7’WAW\ø7VAçQA9=’97ÖcA
(NPA YVAXV7LA QçÖA WH7A WÖ7=WJ7’WAçQA Ö7’=KA97KKA9=Ö9Y’çJ=A /3OS∆cAqP[z+=V7LA7K79WÖç9H7JY9=KAV7’VçÖVA=Ö7A+=V7LAJ=Y’K\Aç’A=A
QX’9WYç’=KAøçK\J7ÖY]=WYç’AçQAJç’çJ7ÖVA=’LAWH7AQçÖJ=WYç’AçQA9=YYWY7VAWH=WA9=’AV7K79WYY7K\AÖ79ç8’Y]7AW=Ö87WAJçK79XK7VAY’A=’\A
J=WÖY[A/T∆cA;H7\A=KVçAH=Y7AWH7A=LY=’W=87çXVAøÖçø7ÖWY7VAçQA7K79WÖç9H7JY9=KAW79H’YjX7VAVX9HA=VAKçZz9çVWOAHY8HAøÖ79YVYç’A=’LA
VYJøKY9YW\A/h∆cAP’AWHYVAZçÖWOA=AqP[AQYKJAZ=VAQçÖJ7LAWHÖçX8HA7K79WÖçøçK\J7ÖY]=WYç’AçQAWH7AQX’9WYç’=KAJç’çJ7ÖAçz[)Aç’AFIwA
XVY’8AI×cAP’AçÖL7ÖAWçA7VW=+KYVHAçøWYJ=KA7[ø7ÖYJ7’W=KA9ç’LYWYç’VmA’XJ+7ÖAçQA9\9K7VAQçÖAøçK\J7ÖY]=WYç’OAJç’çJ7ÖdW7JøK=W7A
Ö=WYçOAW7JøK=W7AÖ7JçY=KAWÖ7=WJ7’WA=’LAY’9X+=WYç’AWYJ7AQçÖA(NPAZ7Ö7AçøWYJY]7LcA(QW7ÖAçøWYJY]=WYç’AçQA7[ø7ÖYJ7’W=KA9ç’LYWYç’VOA
=’=K\WY9=KAø7ÖQçÖJ=’97AçQA WH7AqP[z+=V7LAV7’VçÖAZ=VA7Y=KX=W7LA+\A WH7AL7W7ÖJY’=WYç’AçQALYQQ7Ö7’WA9ç’97’WÖ=WYç’VAçQA(NPA
Ö=’8Y’8AQÖçJABîBEzBSAqA(NPAWçABîBEzB3AqA(NPAZ7Ö7Aø7ÖQçÖJ7LAZYWHAqP[A+=V7LAV7’VçÖA+\A)[×AXVY’8AhAJqA/g7aIRyp∆SílT±AA
VçKXWYç’A=VAÖ7Lç[AJ=ÖW7ÖcA;H7AÖ78Ö7VVYç’A7jX=WYç’AQçÖA(NPAZ=VAQçX’LA=VAǻǿøaȝǹyAvAScSB3îBEBSIAaqyGSpcESpAa43vEcuupyA
QçÖAqP[A+=V7LAV7’VçÖcA;H7AKYJYWAçQAL7W79WYç’AaV2)yAY=KX7AZ=VA9=K9XK=W7LA=VA3rA’qA=99çÖLY’8AWçAWH7A7jX=WYç’AçQAV2)vSVlJA
ZHYK7AWH7AKYJYWAçQAjX=’WYQY9=WYç’AaV2]yAZ=VAQçX’LA=VAsuA’qA=99çÖLY’8AWçAWH7A7jX=WYç’AçQAV2]vBEVlJcAP’AçÖL7ÖAWçAL7Jç’VWÖ=W7A
WH7A=øøKY9=+YKYW\A=’LAY=KYLYW\AçQAL7Y7Kçø7LAV7’VçÖOAYWAZ=VAXV7LAQçÖAWH7AL7W7ÖJY’=WYç’AçQA(NPAY’AW=+K7WALçV=87AQçÖJA=’LAHXJ=’A
V7ÖXJAV=JøK7cA(LLYWYç’=KK\OA;H7ARP[A+=V7LAFIwAZ=VAøÖ7ø=Ö7LAZYWHAWH7AV=J7A7[ø7ÖYJ7’W=KAøÖç97VVA=’LA9ç’LYWYç’VA=+çY7A
ZYWHçXWA=LLY’8A(NPALXÖY’8AWH7A7K79WÖçøçK\J7ÖY]=WYç’AVW7øcARP[A+=V7LA7K79WÖç9H7JY9=KAV7’VçÖAZ=VAXV7LAQçÖAWH7A9ç’WÖçKAçQA
WH7A=’=K\WY9=KAø7ÖQçÖJ=’97AçQAqP[A+=V7LA7K79WÖç9H7JY9=KAV7’VçÖcA;H7AV7K79WYYYW\AçQAWH7AqP[lFIwAV7’VçÖOAZHY9HAYVAWH7AJçVWA
9ÖYWY9=KA Y=KYL=WYç’Aø=Ö=J7W7ÖOAZ=VAjX=KYQY7LA+\A9çJø=ÖY’8A WH7A+Y’LY’8AçQA(NPOA7ÖKçWY’Y+OAL=V=WY’Y+OA’YKçWY’Y+OA=’LA YJ=WY’Y+OA
ZHY9HA=Ö7A(NPzKYW7AVWÖX9WXÖ7LA=’WY9=’97ÖALÖX8VcA
A
5HIHUHQFHVM
>B@A)c)cAMXzVçZ7OAMc6cA−çXOAqcVcAFÖ=]]Y’YOAqcwcAM=KKY’OAFc4cA0Y9WJ=’OADcA(JX’LVç’OA-cMcAIH7’OA)c(cA47ZçKY’VWYOA5cA
6=J=]=WYOA wc6cA0XOAqc(cAq9;Y8X7OA Xc0cAqXÖÖ=\OA 4c5cA D=’Y=OA [cA2¶Iç’’çÖOA )c4cA 5H=KY’VW\OA 5cVcA X7’L7ÖOA Rç’9KY’Y9=KA
=’WY=’8Yç87’7VYVA =’LA =’WYWXJçÖA =9WYYYWY7VA çQA =[YWY’Y+A a(FzEBSrSpyOA =’A çÖ=KOA øçW7’WOA =’LA V7K79WYY7A Y’HY+YWçÖA çQA Y=V9XK=ÖA
7’LçWH7KY=KA8ÖçZWHAQ=9WçÖAÖ797øWçÖAW\ÖçVY’7AWY’=V7VABOA3OASOAIKY’cAI=’97ÖA47VcABTAa3EEsyAr3r3±r3sScA
>s@AqcAFÖçVVzFçXøYKOAVcAgÖ=’oçYVOA(cA]XYY\OA(cA4=Y=XLOA([YWY’Y+dA(AÖ7YY7ZAçQAYWVAV=Q7W\A=’LA7QQY9=9\AY’AWH7AWÖ7=WJ7’WAçQA=LXKWVA
ZYWHA=LY=’97LAÖ7’=KA97KKA9=Ö9Y’çJ=OAIKY’cAq7LcAP’VY8HWVA2’9çKcArAa3EBSyA3pu±3rrcA
>E@ADcA;]ç8=’YOA×cA5WY+7KYOA PcA07VW8==ÖLOAqcA)=KHXVOAMcA;HçÖ7V7’OADcXcA5KçWOA[cA)=JWY7ÖOADcAMçQK=’LOA-cAXçÖÖ78==ÖLOA-cA
wÖV+¡KKOA ;cA 5=KJç’Vç’OA 4cA [Y7W7ÖVOA 4cA 5\KY7VW7ÖOAFcAqY9WYV9HOA -cA X7Ö8HOA gcA [Y8’=WWYOA ;H7A wXÖçø7=’Aq7LY9Y’7VA (87’9\A
(øøÖçY=KAçQA([YWY’Y+AaP’K\W=yA QçÖA WH7A;Ö7=WJ7’WAçQA(LY=’97LA47’=KAI7KKAI=Ö9Y’çJ=A(QW7ÖAg=YKXÖ7AçQA[ÖYçÖA;Ö7=WJ7’WA0YWHA
5X’YWY’Y+AçÖA=AI\WçWY’7dA5XJJ=Ö\AçQAWH7A59Y7’WYQY9A(VV7VVJ7’WAçQAWH7AIçJJYWW77AQçÖAq7LY9Y’=KA[ÖçLX9WVAQçÖOA2’9çKç8YVWcA
3EAa3EBhyABup±3EBcA
>h@A(cFcA(\=’WçZçOA-cA47XWOA(cAgøYWOA×cA5\ÖYWVWYOA5XKQ=J7WHY]çK7zYJøÖY’W7LAøçK\J7ÖAç’AV9Ö77’zøÖY’W7LA7K79WÖçL7VdA;çZ=ÖLVA
WH7AL7VY8’AçQA=AøçÖW=+K7A7’YYÖç’J7’W=KAV7’VçÖOA57’VçÖVA(9WX=WçÖVOAXAIH7JcAS3EAa3E3EyAB3spEEcA
>S@A 5cA qçWY=OA XcA XçX9HYWHYOA wcA VKç+7WOA RcA wKA X=ÖYOA 5\’WH7VYVA =’LA 9H=Ö=9W7ÖY]=WYç’A çQA =A HY8HK\A V7’VYWYY7A =’LA V7K79WYY7A
7K79WÖç9H7JY9=KAV7’VçÖA+=V7LAç’AJçK79XK=ÖK\AYJøÖY’W7LAøçK\J7ÖAZYWHA8çKLA’=’çø=ÖWY9K7VAJçLYQY7LAV9Ö77’zøÖY’W7LA7K79WÖçL7A
QçÖA8K\97ÖçKAL7W7ÖJY’=WYç’AY’AZ=VW7Z=W7ÖOA;=K=’W=cA3BpAa3E3EyAB3EuhScA
A
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7KHe,QIOXHQFHeRIe'LVLQWHJUDWLRQe0HWKRGeRQe0HWDERORPLFVe
$QDO\VLVS

S
.re$re0LHONRdMSBuS)DEáRĔVNLcMSLuSàXNDV]HZLF]cMSDuSLá\QDU]wSS
myn) PHSDUWPHQW) RI) NLRFKHPLVWU\B) 0ROHFXODU) NLRORJ\) DQG) NLRWHFKQRORJ\B) KDFXOW\) RI) RKHPLVWU\B) :URFODZ) 8QLYHUVLW\) RI) 6FLHQFH) DQG)
7HFKQRORJ\)
m,n)NLRWUDQVIRUPDWLRQ)PHSDUWPHQWB)KDFXOW\)RI)NLRWHFKQRORJ\B)8QLYHUVLW\)RI):URFODZ)
S
e
.H\ZRUGV�ePLFURRUJDQLVPVB)GLVLQWHJUDWLRQB)PHWDERORPLFVB)105e
S
S
S
BFLHQWLVWVSDUHSORRNLQJSIRUSDSWRROSWKDWSZLOOSDOORZSWKHPSWRSHIIHFWLYHO\MSTXLFNO\MSDFFXUDWHO\SDQGSORZŁFRVWSGHWHUPLQHSWKHSW\SHSRIS
EDFWHULDuS[LQGLQJSVXFKSDSPHWKRGSRISLGHQWLI\LQJSPLFURRUJDQLVPVSZLOOSVLJQLILFDQWO\SDFFHOHUDWHSWKHSLPSOHPHQWDWLRQSRISWUHDWPHQWS
DQGSDOORZSIRUSEHWWHUSHIIHFWLYHQHVVuSRQHSSDUWSRISPHWDERORPLFSH[SHULPHQWSLVSGLVLQWHJUDWLRQSPHWKRGVSZLWKSKDYHSDSELJSLQIOXHQFHSS
RQSWKHSUHVXOWVS–wMc4uSS
(QS WKLVS H[SHULPHQWS VL[S EDFWHULDOS VWUDLQVS s3VHXGRPRQDV) DHUXJLQRVDB) EVFKHULFKLD) FROLB) .OHEVLHOOD) SQHXPRQLDHB)
RRU\QHEDFWHULXP)JOXWDPLFXPB)NDFLOOXV)FHUHXVB)EQWHURFRFFXV)IHDFDOLVkSZHUHSDQDO\]HGuS-OOSVDPSOHVSZHUHSSUHSDUHGSLQSILYHS
UHSHWLWLRQVuS[RUSWKLVSDQDO\VLVSWKUHHSGLIIHUHQWSPHWKRGVSRISFHOOSGLVLQWHJUDWLRQSZHUHSFRPSDUHGSsVRQLFDWLRQMSVDQGSPLOOSDQGSjLVVXHS
T\VHUkSDQGSWKHSPHWKDQROŁZDWHUSH[WUDFWLRQSPHWKRGSswgSwkSZDVSFKRVHQuSSS
NHVXOWVSVKRZHGS WKDWS WKHSPHWDEROLWHVSFRQFHQWUDWLRQS LVSFKDQJLQJSGHSHQGVSRQSXVHGSGLVLQWHJUDWLRQSPHWKRGuSjKHSVDQGSPLOOS
SURYHGSWRSEHSWKHSEHVWSPHWKRGSIRUSWZRSVWUDLQVSsEc)FROLSDQGSEc)IDHFDOLVkuSBRQLFDWLRQSSURYHGSWRSEHSWKHSEHVWSPHWKRGSIRUSWKUHHS
VWUDLQVSs.c)SHQXPRQLDHB)3c)DHUXJLQRVDSDQGSRc)JOXWDPLFXPkuSSjLVVXHST\VHUSZDVSWKHSEHVWSIRUSNc)FHUHXVuSOLIIHUHQFHVSDUHSPRUHS
OLNHO\SGXHSWRSGLIIHUHQWSFHOOSZDOOSVWUXFWXUHVuSNHVXOWVSZHUHSSURYLGHSDOVRSWKDWSHDFKSEDFWHULDSVWUDLQSKDYHSWKH\SRZQSPHWDERORPLFS
SURILOHuSSDF-SDQGSRDTBSPRGHOVSVKRZHGSJRRGSJURXSLQJSRISGLIIHUHQWSVWUDLQVuSS
DURSHUSGLVLQWHJUDWLRQSPHWKRGSDQGSFRQGLWLRQVSIRUSVHOHFWHGSPDWHULDOSPD\SEHSFUXFLDOSIRUSWKHSH[SHULPHQWSUHVXOWVuS(WSPD\SEHSYHU\S
VLJQLILFDQWS IRUSVDPSOHVSFRQWDLQLQJSGLIIHUHQWSVSHFLHVSRISPLFURRUJDQLVPuSjKHVHSUHVXOWVSSURYLGHSWKDWS:LNSsFXUUHQWO\SLBSLVS
ZLGHO\SXVHGkSFDQSDOVRSEHSDSPHWKRGSIRUSLGHQWLI\LQJSDQGSGLVWLQJXLVKLQJSEDFWHULDOSVWUDLQVuS

S
�

S
S
S
S
S
S
S
S
5HIHUHQFHVe
>d@SNuSpXMDNMS3uSBWUXFNŁTHZLFNDMSLuS)uSLDUNXV]HZVNLMSDQGSNuSADOLV]DQMSLHWDERORPLFVSIRUSODERUDWRU\SGLDJQRVWLFVMS)uS

DKDUPuSpLRPHGuS-QDOuSwwPSscewnkSwet±wceuS
>b@SIuSDHDUVRQMSLHHWSWKHSKXPDQSPHWDERORPHMS:DWXUHSyyrSscee1kStuS
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zOHFWURFKHPLFDOeRPPXQRVHQVRUeIRUeOHWHUPLQDWLRQeRIe1OLDOe
kLEULOODU\e3FLGLFe3URWHLQe8VLQJe6FUHHQs3ULQWHGezOHFWURGHVe
0RGLILHGeZLWKe3Xe13VD2s.\VWHLQHe

.
1fe2]FHOLND\Fnet3.TROODUDVRXOL-U.T3z3./QDOBU.I3.vDUDGDVn1DNLUKDQkU.v3.(XFX\HQHUhU.p3.pUJHQHNRQ4U.[3z3.;]NDQ.
de
iuv3)QNDUD)8QLYHUVLW\t)SDFXOW\)RI)9KDUPDF\t)4HSDUWPHQW)RI)3QDO\WLFDO)gKHPLVWU\t)3QNDUDt)7XUNH\,)
ilv)8QLYHUVLW\)RI)7DEUL]t)SDFXOW\)RI)gKHPLVWU\t)4HSDUWPHQW)RI)3QDO\WLFDO)gKHPLVWU\t)7DEUL]t)GUDQ,)
iov)3QNDUD)8QLYHUVLW\t)SDFXOW\)RI)HQJLQHHULQJt)9K\VLFV)HQJLQHHULQJt)3QNDUDt)7XUNH\,)
ifv5)LWLW)8QLYHUVLW\)SDFXOW\)RI)6FLHQFH)DQG)3UWVt)4HSDUWPHQW)RI)gKHPLVWU\t)gRUXPt)7XUNH\,)
iPv)dD]L)8QLYHUVLW\t)SDFXOW\)RI)*HGLFLQHt)4HSDUWPHQW)RI)9DHGLDWULF)-HXURORJ\t)3QNDUDt)7XUNH\,)
ihv)dD]L)8QLYHUVLW\)5RVSLWDOt)4LYLVLRQ)RI)-HRQDWRORJ\t)4HSDUWPHQW)RI)9HGLDWULFVt)3QNDUDt)7XUNH\,)
)
)e)HyPDLOC)JRNVX,R]FHOLND\puIJPDLO,FRP))
.
.H\ZRUGV�y3X)QDQRSDUWLFOHV)i3X-9Vvt)dOLDO)SLEULOODU\)3FLGLF)9URWHLQ)idS39vt)6DEHOyIUHH) LPPXQRVHQVRUt)6FUHHQySULQWHG)
FDUERQ)HOHFWURGH)i69gHvy
.
(OLDO.ILEULOODU\.DFLGLF.SURWHLQ.i(tzw2.PD\.VHUYH.DV.D.VHUXP.PDUNHU.RI.WUDXPDWLF.EUDLQ.LQMXU\.i]1)2.WKDW.FDQ.EH.XVHG.WR.PRQLWRU.
ELRFKHPLFDO.FKDQJHV.LQ.SDWLHQWV.DQG.HYDOXDWH.WKH.UHVSRQVH.WR.WUHDWPHQW3.(tzw5.)W.LV.D.SURWHLQ.LQ.DVWURF\WHV.DQG.SURYLGHV.
LQIRUPDWLRQ.DERXW.WKH.SK\VLRORJLFDO.DQG.SDWKRORJLFDO.FRQGLWLRQV.RI.DVWURF\WHV3.zQ.LQFUHDVH.RI.(tzw.FRQFHQWUDWLRQ.LQ.VHUXP.
RFFXUV.ZKHQ.WKH.EUDLQ.LV.GDPDJHG3.xHFHQW.VWXGLHV.KDYH.VKRZQ.WKDW.(tzw.LV.DQ.LGHDO.ELRPDUNHU.LQ.GHWHFWLQJ.LVFKHPLF.
EUDLQ.GDPDJH.DQG.GHWHUPLQLQJ.DVWURF\WH.DFWLYLW\.LQ.QHRQDWDO.K\SR[LFnLVFKHPLF.EUDLQ.GDPDJHDd93..
.
1LRVHQVRUV.DUH.LPSRUWDQW.GHWHFWLRQ.WHFKQRORJLHV.LQ.ELRPHGLFDO.VFLHQFHU.ZKLFK.DUH.GHILQHG.DV.D.VLQJOH.GHYLFH.SODWIRUP.WKDW.
LGHQWLILHV.WDUJHWV.WKURXJK.ELRFKHPLFDO.UHDFWLRQV.DQG.FRQYHUWV.WKHVH.UHDFWLRQV.LQWR.HOHFWULFDOU.WKHUPDOU.RU.RSWLFDO.VLJQDOV3.]KH.
XVH.RI.VHQVLWLYH.DQG.VHOHFWLYH.DQDO\WLFDO.PHWKRGV.LV.HVVHQWLDO.IRU.WKH.HDUO\.GLDJQRVLV.DQG.WUHDWPHQW.RI.WKH.GLVHDVH3.]KH.
ELRVHQVRU.RIIHUV.VRPH.DGYDQWDJHV.VXFK.DV.UDSLG.GHWHFWLRQU.SRUWDELOLW\U.FKHDS.DQG.XVHUnIULHQGO\3.pOHFWURFKHPLFDO.VHQVRUV.
EDVHG.RQ.GLYHUVH.PDWHULDOV. iH3J3U.QDQRPDWHULDOVU.SRO\PHUVU.DQG.ELRORJLFDO.PDWHULDOVU.HWF32.DUH.FXUUHQWO\. LQ.ZLGH.XVH. IRU.
GUXJVU.SURWHLQVU.ELRPDUNHUVU.KRUPRQHVU.HWFD-93..
.
)Q. WKLV. VWXG\U. WKH. ODEHOnIUHH. HOHFWURFKHPLFDO. LPSHGDQFH. LPPXQRVHQVRU. IRU. WKH. GHWHUPLQDWLRQ. RI. (tzw. LV. UHSRUWHG3. z.
VHQVLWLYH. ODEHOnIUHH. LPSHGDQFH. LPPXQRVHQVRU. IRU. WKH. GHWHFWLRQ. RI. (tzw. ZDV. GHYHORSHG. E\. LPPRELOL]LQJ. DQWLn(tzw.
DQWLERGLHV. YLD. FRYDOHQW. ERQG. RQWR. WKH. DFWLYDWHG. zX. IwVNjnF\VWHLQH. PRGLILHG. VFUHHQnSULQWHG. FDUERQ. HOHFWURGHV.
izXIwVNjfN[wfp23.f\FOLF.YROWDPPHWU\.ifL2.DQG.HOHFWURFKHPLFDO.LPSHGDQFH.VSHFWURVFRS\.ip)[2.ZHUH.XVHG.WR.VWXG\.WKH.
VWHSZLVH.DVVHPEO\. RI. WKH. LPPXQRVHQVRU3. ]KH.XVH.RI. jnF\VWHLQHU. zX. IwV. DQG. JUHDWO\. HQKDQFHG. WKH. VHQVLWLYLW\. RI. WKH.
LPPXQRVHQVRU3.]KH.ELQGLQJ.RI.DQWLJHQV.WR.WKH.LPPRELOL]HG.DQWLn(tzw.RQ.WKH.VXUIDFH.RI.WKH.PRGLILHG.HOHFWURGH.LQFUHDVHG.
WKH.HOHFWURQnWUDQVIHU.UHVLVWDQFH.ixHW2U.ZKLFK.ZDV.PHDVXUHG.ZLWK.p)[.XVLQJ.h.PT.RI.DtHifI249BnNkn.DV.D.UHGR[.SUREH3.z.OLQHDU.
UHODWLRQVKLS.EHWZHHQ.xHW.DQG.(tzw.FRQFHQWUDWLRQ.ZDV.REWDLQHG.DQG.XVHG.IRU. WKH.FDOLEUDWLRQ.SORW3.z. OLQHDU.UHODWLRQVKLS.
EHWZHHQ.¨xFW.DQG.(tzw.FRQFHQWUDWLRQ.ZDV.YHULILHG.LQ.WKH.UDQJH.IURP.d.WR.dKKK.SJ3PjndU.ZLWK.D.j;b.RI.K3hd.SJ3Pjnd3.]KH.
SHUIRUPDQFH.RI.WKH.LPPXQRVHQVRU.ZDV.YDOLGDWHG.E\.HYDOXDWLQJ.VDPSOHV.ZLWK.WKH.FRPPHUFLDOO\.DYDLODEOH.HQ]\PHnOLQNHG.
LPPXQRVRUEHQW.DVVD\.PHWKRG3.]KHUHIRUHU.WKH.GHYHORSHG.SODWIRUP.FDQ.EH.XVHG.LQ.WKH.PRQLWRULQJ.RI.FHQWUDO.QHUYRXV.V\VWHP.
LQMXU\3.
�
.
.
.
3FNQRZOHGJPHQWVe
]KLV. UHVHDUFK. ZDV. VXSSRUWHG. E\. D. JUDQW. IURP. zQNDUD. /QLYHUVLW\. [FLHQWLILF. xHVHDUFK. wURMHFW. tRXQGDWLRQ. i(UDQW. IRe.
dy1K-BGKKk2.IRU.bU3.[LEHO.z3.;]NDQ3..
.
5HIHUHQFHVe
>F@. j3.jRUHQWHU.1LRPDUNHUV.DVVRFLDWHG.ZLWK.WKH.RXWFRPH.RI.WUDXPDWLF.EUDLQ.LQMXU\.SDWLHQWVU.1UDLQ.[FL3.G.i-KdG2.dndd3.

GRLedK3BByKNEUDLQVFLGddKdk-3.
>b@. ;3.PRVXU.(3.[HOYROLQLU.f3.fULVWHDU.(3.TDUUD]]DU.pOHFWURFKHPLFDO.)PPXQRVHQVRUV.IRU.bLVHDVH.bHWHFWLRQ.DQG.

bLDJQRVLVU.fXUU3.THG3.fKHP3.-h.i-KdG2.kddy±kdBG3..
e
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)362S0HWKRGSIRUS6HQVLWLYHSwQDO\VLVSRIS9HQODID[LQHS
0ROHFXOHVSLQS8ULQHS6DPSOHV.
.
.
8vS0RUJXOlsSnu.[]YJPLUyU.Vuxu.COXVR\yU.)u.-RZjWJOOLMU.Pu.COXVR\LU.pu.EjUWjJOLjMU.pu.5j6LUcS..
u,m)BLYDV)2XPKXUL\HW)8QLYHUVLW\y)GDFXOW\)RI)LKDUPDF\y)–HSDUWPHQW)RI)@QDO\WLFDO)2KHPLVWU\y)BLYDVy)W84V“x)uJXOVXPPRUJXOgJPDLOtFRPm)
uFm)8QLYHUVLW\)RI)2KLHWL±LHVFDUD)³dt)G¶@QQXQ]LR´y)–HSDUWPHQW)RI)LKDUPDF\y)MLD)GHL)MHVWLQL)c,y)2KLHWL)ff,nny)zW@3x)
ucm)BLYDV)2XPKXUL\HW)8QLYHUVLW\y)MRFDWLRQDO)BFKRRO)RI)’HDOWK)BHUYLFHy)–HSDUWPHQW)RI)LKDUPDF\y)BLYDVy)W84V“x))�)
ulm)GORULGD)zQWHUQDWLRQDO)8QLYHUVLW\y)–HSDUWPHQW)RI)2KHPLVWU\)DQG).LRFKHPLVWU\y,,Fnn)B9)DWK)BWy)6LDPLy)G3)cc,ppy)8B@)
.
.H\ZRUGV�y’L32y)8ULQH)BDPSOHVy)GDEULF)LKDVH)BRUSWLYH)H[WUDFWLRQy)MHQODID[LQH)y
.
.
vJSUJVVLRQ. LV. jQ. LPSRUWjQW. KJjOWK. SUR6OJP. PjLQO\. jZZRPSjQLJY. 6\. YLVRUYJUV. LQ. ZRJQLWLYJU. SV\ZKRPRWRU. jQY.
SV\ZKRSK\VLRORJLZjO.–LJOYVU.ZKLZK.KjV.j.ZKURQLZ.ZRXUVJU.ZjQ.SURJUJVV.ZLWK.UJOjSVJVU.jQY.ZjXVJV.VJYJUJ.ORVV.R–.ZRUN.SRZJU.
jQY.YLVj6LOLW\u.;JQOj–j[LQJ. LV. WKJ.–LUVW.YUXJ.R–.VJURWRQLQ.1alVE,.jQY.QRUJSLQJSKULQJ.UJXSWjNJ.YXjO. LQKL6LWRUVU.jQY. LV.jOVR.
NQRZQ.jV.j.QRYJO.jQWLYJSUJVVjQW.ZLWK.XQLTXJ.ZKJPLZjO.VWUXZWXUJ.jQY.QJXURSKjUPjZRORJLZjO.jZWLYLWLJV.WKjW.YL––JUJY.–URP.
RWKJU.jQWLYJSUJVVjQWV. 7yRu.vJVSLWJ. WKJ.ZLYJVSUJjY.XVJ.R–.jQWLYJSUJVVjQWVU. UJOjWLYJO\. OLWWOJ.ZRUN.KjV.6JJQ.YRQJ.RQ. WKJLU.
SUJVJQZJ.jQY.VJQVLWLYJ.jQjO\VLV.LQ.XULQJ.VjPSOJV.6\.–j6ULZ.SKjVJ.VRUSWLYJ.J[WUjZWLRQ.jQY.RQO\.j.–JZ.jQjO\WLZjO.PJWKRYV.
J[LVW.WR.YJWJZW.jQWLYJSUJVVjQWV.LQ.QjWXUjO.ZjWJUVu.
..
GLWKLQ. WKJ. VZRSJ.R–. WKLV. WKJVLVU. j.QJZ.JQULZKPJQW.jQY.YJWJUPLQjWLRQ.PJWKRY. –RU.;JQOj–j[LQJ. 1;,.PROJZXOJV.KjV.6JJQ.
YJYJORSJY.6jVJY.RQ.wj6ULZ.]KjVJ.PRUSWLYJ.J[WUjZWLRQ.1wP]f,.jQY.V]-hlvpv.jQjO\VLVu.xQ.SURSRVJY.PJWKRYT.YJQOj–j[LQJ.
PROJZXOJV.ZJUJ.YUjZQ.WR.WKJ.PROlkJO.hjU6RZj[lMo).–j6ULZ.SKjVJ.LQ.WKJ.SUJVJQZJ.R–.SV.youo.6X––JU.jQY.JQULZKJY.ZLWK.
JWKjQRO.SULRU.WR.ZKURPjWRJUjSKLZ.YJWJUPLQjWLRQV.6\.YJVRU6LQJ.WR.j.ORZJU.YROXPJu.EKJ.VjPSOJV.ZKLZK.ZJUJ.WUjQV–JUUJY.WR.
V]-h.YLjOV.6\. –LOWUjWLRQ.ZLWK.j.ouca.ȝP.SRURXV.]Ewf. –LOWJU.6J–RUJ.V]-h.jQjO\VLVu.f[SJULPJQWjO.YjULj6OJV.VXZK.jV.SVU.
jYVRUSWLRQ. WLPJU.YJVRUSWLRQ. VROYJQW. jQY. LWV. YROXPJ.ZJUJ. VWXYLJY.jQY.RSWLPL]JY. LQ.YJWjLOu.n\.XVLQJ.RSWLPjO.ZRQYLWLRQVU.
jQjO\WLZjO.SjUjPJWJUV.VXZK.jV.OLQJJU.UjQJJVU.YJWJZWLRQ.OLPLWVU.SUJlZRQZJQWjWLRQ.–jZWRU.–RU.;JQOj–j[LQJ.ZJUJ.ZjOZXOjWJY.6\.
XVLQJ.J[SJULPJQWjO.YjWju...
xQ. WKJ.YJYJORSJY.PJWKRYT.YJQOj–j[LQJ.PROJZXOJV.ZJUJ.jQjO\]JY.RQ.JUjYLJQW.JOXWLRQ.R–.PJWKjQROU.jZJWRQLWULOJ.jQY.SVAL.
6X––JU.ZLWK.vpv.YJWJZWRU.jW.MM2.QP.ZjYJOJQJWKu.-LPLW.R–.YJWJZWLRQ.1-[v,.YjOXJ.ZjV.ZjOZXOjWJY.jV.cuMS.QJ.P-lyu.FJOjWLYJ.
VWjQYjUW.YJYLjWLRQV.1FPv,.ZJUJ.6JORZ.Muco.m.–RU.YJWJUPLQjWLRQV.R–.PRYJO.VROXWLRQV.LQZOXYLQJ.Loo.QJ.P-ly.YJQOj–j[LQJu.
wLQjOO\U.WKJ.YJYJORSJY.PJWKRY.KjV.6JJQ.jSSOLJY.WR.V\QWKJWLZjOO\.XULQJ.VROXWLRQV.jQY.ZjVWJZjWJU.VjPSOJV.ZLWK.TXjQWLWjWLYJ.
LQ.UJZRYJU\.J[SJULPJQWVu..
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wFNQRZOHGJHPHQWVS
EKLV.VWXY\.KjV.6JJQ.VXSSRUWJY.6\.EKJ.PZLJQWL–LZ.jQY.EJZKQRORJLZjO.FJVJjUZK.hRXQZLO.R–.EXUNJ\.1ECnøEp5,.jV.j.MMo3lp.
SURMJZW.ZLWK.WKJ.y3y3noyy3oL3ty.ZRYJu.
.
5HIHUHQFHVS
>l@.Pu.PKJQU.hu.:KjQJU.µu.)jRU.vJWJUPLQjWLRQ.R–.YJQOj–j[LQJ.jQY.LWV.jZWLYJ.PJWj6ROLWJ.[lYJVPJWK\OYJQOj–j[LQJ.LQ.KXPjQ.
SOjVPj.6\.V]-h.–OXRUJVZJQZJU.kJQ.]V\ZKLjWUu.1MoyS,.Ly1M,.Jooooyou.
>y@.pu.5j6LUU.Fu.)JVjU.(u.(XUPjLQU.jQY.5u.ku.wXUWRQU.wj6ULZ.SKjVJ.VRUSWLYJ.J[WUjZWLRQ.J[SOjLQJYU.PJSjUjWLRQVU.c1M,.1Moy2,.
y±Myu.
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0XOWLUHVLGXHlkQDO\VLVlRIlkQWLELRWLFVlLQl[HUHDOVlE\l/LTXLGl
[KURPDWRJUDSK\l7ULSOHl0DVVl6SHFWURPHWU\B
B
5bkbl3pUH]LaBqEBjO:GURgaB]E8EB7á5GRgaB-EB0LJXGOgB
mgn)0HSDUWDPHQWR)GH)0HGLR)7PELHQWH)\)7JURQRPtDM)-QVWLWXWR)1DFLRQDO)GH)-QYHVWLJDFLyQ)\)7HFQRORJtD)7JUDULD)\)7OLPHQWDULD)m-1-7nM)8WUDA)
GH)OD)8RUXxDM)UPA)NM)ícyIy)0DGULGM)6SDLQ))
B
.H\ZRUGV�y7QDO\VLVM)7QWLELRWLFVM)GUDLQVM)k8i06b06M)8SWDNH))
B
7KGBPáLQBURXWGVBRIBLQSXWBRIBáQWL:LRWL–VBLQBWKGBáJUL–XOWXUáOBGQYLURQPGQWBáUGBWKGBXVGBRIBUG–\–OG5BZáWGUBIRUBLUULJáWLRQBáQ5BWKGB
áSSOL–áWLRQBRIBVGZáJGBVOX5JGaB:LRVROL5VaBáQ5BPáQXUGBWRBOáQ5BáVBVRLOBáPGQ5PGQWEBjVBáBUGVXOWBRIBWKGVGBáJUL–XOWXUáOBSUá–WL–GVaB
áQWL:LRWL–VBSUGVGQWBLQBVRLOB–áQBOGá5BWRBWKGLUBXSWáNGB:\BSOáQWVEBFXGBWRBWKGBORZB–RQ–GQWUáWLRQVBG[SG–WG5BLQBSOáQWBPáWGULáOaBWKGB
–RPSOG[LW\BRIBWKGBPáWUL–GVBáQ5BWKGB–KáUá–WGULVWL–VBRIBWKGBáQWL:LRWL–VaBWKGUGBZGUGBáBOá–NBRIBYáOL5áWG5BáQáO\WL–áOBPGWKR5VBIRUB
WKGB5GWGUPLQáWLRQBRIBáQWL:LRWL–VBLQB–URSVEB7KGUGIRUGaBVWX5LGVBRQBWKGBOGYGOVBRIBáQWL:LRWL–VBLQB–GUGáOBVáPSOGVBZGUGBV–áU–GBLQB
WKGBáYáLOá:OGBOLWGUáWXUGEB7KGBPáLQBR:MG–WLYGBRIBWKLVBVWX5\BZáVBWRB5GYGORSBáBVGOG–WLYGaBVGQVLWLYGaBáQ5BGIIL–LGQWBáQáO\WL–áOBPGWKR5B
IRUBTXáQWLWáWLYGB5GWGUPLQáWLRQBRIBgpBáQWL:LRWL–VB:GORQJLQJBWRB5LIIGUGQWB–OáVVGVBLQBIRXUBW\SGVBRIB–GUGáOBJUáLQVEBB
(LUVWO\aB LQB –ROXPQdPL–URZáYGB áVVLVWG5B G[WUá–WLRQB 10j-JB ZáVB GYáOXáWG5B IRUB WKGB G[WUá–WLRQB RIB VGYGQB UGSUGVGQWáWLYGB
–RPSRXQ5VBIURPBZKGáWEB [QB WKLVBPGWKR5aBáBJOáVVBVáPSOGBKRO5GUB LQVL5GBWKGBPL–URZáYGBG[WUá–WLRQBYGVVGOB 3gRBZáVBXVG5BWRB
áYRL5BVáPSOGBWUáQVIGUBáQ5BWRBáOORZBáBSRWGQWLáOBVLPXOWáQGRXVB–OGáQdXSBRIB WKGB–GUGáOBG[WUá–WVEBFLIIGUGQWBRUJáQL–BVROYGQWVaB
VRU:GQWVBLQWRBWKGBJOáVVBVáPSOGBKRO5GUaBWGPSGUáWXUGBáQ5BG[WUá–WLRQBWLPGBZGUGBGYáOXáWG5EBºGYGUWKGOGVVaBQRQGBRIBWKGPBJáYGB
TXáQWLWáWLYGBUG–RYGULGVBRIBWKGBWáUJGWBáQáO\WGVEBjVBWGPSGUáWXUGVBá:RYGBfi�9B–RXO5BQRWB:GBXVG5BXVLQJBWKLVBVáPSOGBKRO5GUaB
ORQJGUBG[WUá–WLRQBWLPGVB5L5BQRWBLQ–UGáVGBG[WUá–WLRQB\LGO5VBáQ5BSGUIRUPLQJBWZRBG[WUá–WLRQB–\–OGVBUGTXLUG5BWKGB–RROLQJBRIBWKGB
VáPSOGBYGVVGOVB:GIRUGB–ROOG–WLQJBWKGBG[WUá–WVaBWKGBLPSURYGPGQWBRIBWKGB0j-BSUR–G5XUGBVGGPG5B–KáOOGQJLQJEB7KGUGIRUGaBWKGB
–RP:LQáWLRQBRIBPáWUL[BVROL5BSKáVGB5LVSGUVLRQB10>SFJBáQ5BXOWUáVRXQ5BáVVLVWG5BG[WUá–WLRQB1%j-JBZáVBGYáOXáWG5BLQBRU5GUBWRB
RYGU–RPGBWKGB5UáZ:á–NVBRIBWKGB0j-BPGWKR5EB[QBáBJGQGUáOaBWKGBG[WUá–WLRQBRIBVGYGQBáQWL:LRWL–VBZGUGBKLJKGUB:\B%j-d0>SFEBB
B

B
7KGB G[WUá–WLRQB RIB WKGB gpB áQWL:LRWL–VB IURPB JURXQ5B ZKGáWB JUáLQB :\B %j-d0>SFB VKRZG5B UG–RYGULGVB kB sieB IRUB ILIWGGQB
–RPSRXQ5VaB:XWBORZBUG–RYGULGVB1yBggeJBZGUGBR:WáLQG5BIRUBWKGBRWKGUBIRXUB–RPSRXQ5VB1WGWUá–\–OLQGaBGU\WKURP\–LQaBW\ORVLQB
áQ5B GU\WKURP\–LQdIuCJEB [QB RU5GUB WRB GQKáQ–GB WKGB G[WUá–WLRQB GIIL–LGQ–\B IRUB áOOB WKGB –RPSRXQ5VaB WKGB GIIG–WB RIB 5LIIGUGQWB
SáUáPGWGUVaB VX–KB áVB WKGB SUGVGQ–GB RIB ºáu-F7jB RUB 9gfB LQB WKGB 5LVSGUVLRQB VWáJGaB WKGB –OGáQXSB :\B 5>S-BZLWKB S>jaB WKGB
G[WUá–WLRQB VROYGQWB RUB WKGB QXP:GUB RIB %j-B –\–OGVaB ZGUGB GYáOXáWG5EB jIWGUB RSWLPL]áWLRQaB WKGB %j-d0>SFB PGWKR5B \LGO5B
UG–RYGULGVBRIB WKGB WáUJGWB áQáO\WGVB UáQJLQJB IURPBshB WRBguseB IRUB WKGB IRXUB–GUGáOVBáQáO\]G5B 3uREB9RPSáUG5BZLWKBPGWKR5VB
5GV–UL:G5BIRUBWKGBáQáO\VLVBRIBáQWL:LRWL–VBLQB–GUGáOVaBWKGB5GYGORSG5BPGWKR5BXVGVBáBORZGUBYROXPGBRIBG[WUá–WLRQBVROYGQWBáQ5B
YGU\BJRR5BUG–RYGULGVBZGUGBR:WáLQG5BIRUBáOOB–RPSRXQ5VEB7KGBYáOL5áWG5BPGWKR5BZáVBáSSOLG5BWRBWKGBáQáO\VLVBRIBáQWL:LRWL–VBLQB
gtB VáPSOGVB RIB –GUGáOVB 1ZKGáWaB :áUOG\aB RáWaB áQ5B UL–GJB KáUYGVWG5B IURPB áJUL–XOWXUáOB ILGO5VB RUB SXU–KáVG5B IURPB OR–áOB
VXSGUPáUNGWVEB -QURIOR[á–LQB ZáVB 5GWG–WG5B LQB RQGB UL–GB VáPSOGaB :GLQJB WKGB SUGVGQ–GB RIB GQURIOR[á–LQB LQB –GUGáOVB RUB LWVB
LQ–RUSRUáWLRQBLQWRB–URSVBIURPBVRLOBRUBZáWGUBQRWBSUGYLRXVO\BUGSRUWG5EB
B
kFNQRZOHGJHPHQWVl
jXWKRUVB ZLVKB WRB WKáQNB WKGB >SáQLVKB 0LQLVWU\B RIB -–RQRP\aB [Q5XVWU\B áQ5B 9RPSGWLWLYGQGVVB IRUB ILQáQ–LáOB VXSSRUWaB SURMG–WB
1U7juigmdiiigu9ihJEB7KGBáXWKRUVBZRXO5BOLNGBWRBWKáQNBFUEB0�B9áUPGQB8R:RBqG5PáUB1[0[FUjJBáQ5BFUEB]RVGB8XLVB7GQRULRB
1[º[jJBIRUBWKGB–GUGáOBVáPSOGVBJURZQBLQBWKGBáJUL–XOWXUáOBILGO5VEB
B
5HIHUHQFHVl
>L@B UEjEB SpUG]aB qEB jO:GURaB -EB 0LJXGOaB 9EB >iQ–KG]dqUXQGWGaB FGWGUPLQáWLRQB RIB SáUá:GQVB áQ5B GQ5R–ULQGd5LVUXSWLQJB
áON\OSKGQROVB LQB VRLOB :\B JáVB –KURPáWRJUáSK\dPáVVB VSG–WURPGWU\B IROORZLQJB PáWUL[B VROL5dSKáVGB 5LVSGUVLRQB RUB LQd–ROXPQB
PL–URZáYGdáVVLVWG5B G[WUá–WLRQcB áB –RPSáUáWLYGB VWX5\EBjQáOBqLRáQáOB9KGPEB miuB 1uiguJBuhms±ns]EB YáQB 5GUB)GGUaB ]EjE]EB
IáQUáá5VaBUEjEB8XSWRQaB7KGBáUWBRIBZULWLQJBáBV–LGQWLIL–BáUWL–OGaB]EB>–LEB9RPPXQEBgthB1uigiJBngdnpEB
>q@l qEB jO:GURaB ]E8EB 7á5GRaB -EB 0LJXGOaB UEjEB SpUG]B UáSL5B 5GWGUPLQáWLRQB RIB áQWL:LRWL–B UGVL5XGVB LQB –GUGáOVB :\B OLTXL5B
–KURPáWRJUáSK\BWULSOGBPáVVBVSG–WURPGWU\EBjQáOBqLRáQáOB9KGPEBmggB1uigpJBtgupdtghpEB
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2HWHUPLQDWLRQtRIt6HYHQt5HSUHVHQWDWLYHtgQWLELRWLFVtLQt
/HWWXFHtWRt0RQLWRUt7KHLUt8SWDNHt
R
R
[AtgOEHURLaRFowoR)pUH]laR-o]oR2W–HRlaRSoSoRxHVZW–RlaR<oRS9ZXHVlR
mgn)0HSDUWDPHQWR)GH)EHGLR)7PELHQWH)\)7JURQRPtDM)/QVWLWXWR)1DFLRQDO)GH)/QYHVWLJDFLyQ)\)7HFQRORJtD)7JUDULD)\)7OLPHQWDULD)m/1/7nM)8WUDA)
GH)OD)8RUXxDM)hPA)NM)ícyIy)EDGULGM)6SDLQ))
R
.H\ZRUGV�y7QDO\VLVM)UHWWXFHM)U8iE6bE6M)3KDUPDFHXWLFDOVM)874)
R
2QHRPW9QRHQWU\RURXWHVRRYRWQW9K9RW9GVR 9QWRRWQHRHQY9URQPHQWRWUHRWQHRWSSV9GWW9RQRRYRRUZWQ9GRUHV9–XHVRWVRVR9VRWPHQ–PHQWRRUR
YHUW9V9]HUaRWQ–RWQHRXVHRRYRUHG\GVH–RZWWHURYRUR9UU9ZWW9RQoR(QGHRWQW9K9RW9GVRWUHRUHVHWVH–R9QWRRWQHRHQY9URQPHQWaRWQH9URKHQWY9RURWQ–R
XSWWćHRK\RSVWQWVR–HSHQ–VRQRWRRQV\RRQRWQH9URSQ\V9GRGQHP9GWVRSURSHUW9HVaRKXWRWVVRRRQRWQHRGQWUWGWHU9VW9GVRRYRVR9VaRWQHRGURSRWQ–R
9WVRZURZ9QZRGRQ–9W9RQVoRFRRWRXSWWćHR9VRH[SHGWH–RWRRKHRWQR9PSRUWWQWRURXWHRRYRSVWQWRH[SRVXUHRWRRWQW9K9RW9GVoRR
2QHRPXVW9UHV9–XHRWQWV\V9VRRYRWQW9K9RW9GVR9QRYHZHWWKVHVRSUHVHQWVRPWQ\R–9YY9GXVW9HVR–XHRWRRWQHRGRPSVH[9W\RRYRWQHRPWWU9[RWQ–RWQHR
–9YYHUHQWRSQ\V9GRGQHP9GWVRSURSHUW9HVRRYRWQHVHRGRPSRXQ–VoR2QXVaR–9YYHUHQWRPHWQR–VRYRURWQHR–HWHUP9QWW9RQRRYRSQWUPWGHXW9GWVR
WQ–RSHUVRQWVRGWUHRSUR–XGWVR9QRSVWQWRW9VVXHVRQWYHRKHHQRUHSRUWH–aRKXWRYRURVRPHRRYRWQHRWWUZHWRGRPSRXQ–VRWQHRUHVWW9YHRUHGRYHU\R
UHVXVWVRZHUHRfRhDrR:ldu>oR4RaRWQHRW9PRRYRWQ9VRVWX–\RZWVRWRR–HYHVRSRWRVHVHGW9YHaRVHQV9W9YHaRWQ–RHYY9G9HQWRWQWV\W9GWVRPHWQR–RYRUR
WQHR TXWQW9WWW9YHR –HWHUP9QWW9RQR RYR VHYHQR UHSUHVHQWWW9YHR WQW9K9RW9GVR KHVRQZ9QZR WRR –9YYHUHQWR GVWVVHVR 1YVXRURTX9QRVRQHVaR
WHWUWG\GV9QHVaRVXVYRQWP9–HVRWQ–RV9QGRVWP9–HVJR9QRVHWWXGHoR2QHUHYRUHaRWQRWQWV\W9GWVRPHWQR–RKWVH–RRQRXVWUWVRXQ–dWVV9VWH–R
H[WUWGW9RQR1Bw<JRYRURWQHR–HWHUP9QWW9RQRRYRVHYHQRWQW9K9RW9GVR9QRVHWWXGHRZWVR–HYHVRSH–oRR
69UVWV\aR–9YYHUHQWRSWUWPHWHUVRRYRWQHRH[WUWGW9RQRRYRWQW9K9RW9GVRVS9ćH–R9QRWQWZH–RVHWWXGHRZHUHRRSW9P9]H–RKXWRUHGRYHU\R\9HV–VRYRUR
VXVYRQWP9–HVR –9–R QRWR H[GHH–R igroR OXWR ZQHQR WQHR H[WUWGW9RQR ZWVR GWUU9H–R RXWR YURPR V\RSQ9V9]H–R VWPSVHVaR XV9QZR V9P9VWUR
GRQ–9W9RQVRWRRWQHRWQWZH–RVWPSVHVaRWQHRH[WUWGW9RQRRYRWQHRWZRRVXVYRQWP9–HVRGVHWUV\R9PSURYH–oR
2QHR–HYHVRSH–RPHWQR–RZWVRWSSV9H–RWRRHYWVXWWHRWQW9K9RW9GRXSWWćHRK\RVHWWXGHRZURZQR9QRSRWVRYHUW9V9]H–RZ9WQRGRPSRVWH–RSRXVWU\R
V9WWHUR–RSH–RZ9WQRWRP9[WXUHRRYRWQW9K9RW9GVRWRRUHWGQRWRY9QWVRGRQGHQWUWW9RQRRYRgouR�ZMZR9QRVR9VoR]HWWXGHRZHUHRQWUYHVWH–RWYWHURglaR
EhR WQ–R uuR –W\VoR 69YHR RYR WQHR VHYHQR VWX–9H–R WQW9K9RW9GVR ZHUHR YRXQ–R 9QR WVVR VWPSVHVoR 2QHR Q9ZQHVWR XSWWćHR ZWVR YRXQ–R YRUR
V9QGRP\G9QR1ulRQZMZRYUHVQRZH9ZQWJRYRVVRZH–RK\RVXVYWPHWQR[W]RVHR1iiRQZMZRYUHVQRZH9ZQWJRWQ–RVXVYWPHWQW]9QHR1glRQZMZRYUHVQR
ZH9ZQWJR9QRVHWWXGHRQWUYHVWH–RWYWHURglR–W\VoRwQR9PSRUWWQWR–HGUHWVHRRYRWQH9URVHYHVVRZWVRRKVHUYH–RWYWHUREhR–W\VaRKXWRWQHVHR
VHYHVVRUHPW9QH–RV9P9VWURWYWHURuuR–W\VoRwVWQRXZQRVHYHVVRYRXQ–R9QRVHWWXGHRZHUHRVRZaRWQHRSUHVHQGHRRYRWQW9K9RW9GVR–HPRQVWUWWHVR
WQHRQHH–RYRURYXUWQHURWVVHVV9QZRYRR–RVWYHW\RU9VćVRUHVWWH–RZ9WQRWQHRXVHRRYRVR9VRWPHQ–PHQWVRRUR9UU9ZWW9RQRZWWHURGRQWWP9QWWH–R
Z9WQRWQW9K9RW9GVoR
[QRRU–HURWRR9PSURYHRWQHRH[WUWGW9RQRHYY9G9HQG\aRPR–9Y9GWW9RQVR9QRWQHR9Q9W9WVRH[WUWGW9RQRVRVYHQWaRWGHWRQ9WU9VHdZWWHUR1nDygDaRYMYJaR
ZHUHRWVVW\H–aRVXGQRWVRWQHRH[WUWGW9RQRZ9WQRWTXHRXVRYRUP9GRWG9–R9QVWHW–RRYRZWWHUaRWR–HGUHWVHR9QRWQHRSURSRUW9RQRRYRRUZWQ9GR
SQWVHR1WGHWRQ9WU9VHdWTXHRXVRYRUP9GRWG9–RDourR1hDyiDaRYMYJaRRURWQHRW––9W9RQRRYRPHWQWQRVR9QRWQHRH[WUWGW9RQRVRVYHQWR1WGHWRQ9WU9VHd
PHWQWQRVdWTXHRXVR YRUP9GRWG9–RDourR 1huyluygDaR YMYMYJoR2QXVaRZQHQR WZRRH[WUWGW9RQVRRYRDogRZRRYR V\RSQ9V9]H–R VHWWXGHRZHUHR
GWUU9H–RRXWRXV9QZRWGHWRQ9WU9VHdPHWQWQRVdYRUP9GRWG9–RDourR1huyluygDaRYMYMYJRRWQ–RBw<R–XU9QZRluRP9QaRYRVVRZH–RK\R–9VSHUV9YHR
VRV9–dSQWVHRH[WUWGW9RQR1–4)<JRZ9WQRlRZRRYRklnRYRURGVHWQXSaRWQHRUHGRYHU\RUHVXVWVRRKWW9QH–RZHUHRVWW9VYWGWRU\R1cRmDrJRYRURPRVWR
RYRWQHRGRPSRXQ–VR:h>oR
2QHRYWV9–WWH–RPHWQR–RZWVRWSSV9H–RWRRHYWVXWWHRWQW9K9RW9GRXSWWćHRK\RVHWWXGHRZURZQR9QRSRWVRYHUW9V9]H–RZ9WQRGRPSRVWH–RSRXVWU\R
V9WWHUR–RSH–RZ9WQRWRP9[WXUHRRYRWQW9K9RW9GVoR]HWWXGHVRZHUHRQWUYHVWH–RWWRWQUHHR–9YYHUHQWRSHU9R–VRRYRW9PHR1WYWHURglaREhRWQ–RuuR
–W\VJRWQ–R WQHRSVWQWRWQWV\VHVRVQRZH–R WQWWR Y9YHRRYR WQHRVHYHQRVWX–9H–RWQW9K9RW9GVRZHUHR YRXQ–R 9QRWVVRVWPSVHVoR2QHRQ9ZQHVWR
XSWWćHRZWVR YRXQ–R YRUR V9QGRP\G9QR YRVVRZH–RK\RVXVYWPHWQR[W]RVHRWQ–RVXVYWPHWQW]9QHR 9QR VHWWXGHRQWUYHVWH–RWYWHURglR–W\VoR
2QHVHRVHYHVVRWUHRVRZRKXWR9WVRSUHVHQGHRQ9ZQV9ZQWVRWQHRQHH–RYRURYXUWQHURWVVHVV9QZRYRR–RVWYHW\RU9VćVRUHVWWH–RZ9WQRWQHRXVHRRYRVR9VR
WPHQ–PHQWVRRUR9UU9ZWW9RQRZWWHURGRQWWP9QWWH–RZ9WQRWQW9K9RW9GVoRR
R
gFNQRZOHGJHPHQWVt
wXWQRUVR Z9VQR WRR WQWQćR WQHR 4SWQ9VQR S9Q9VWU\R RYR <GRQRP\aR [Q–XVWU\R WQ–R kRPSHW9W9YHQHVVR YRUR Y9QWQG9WVR VXSSRUWaR SURĐHGWR
1F2wgDlidDDDlgkDEJoR
R
5HIHUHQFHVt
>L@R3oR/XaR]o5oRxR–ZHQaR-o]oRkRQćVHaR-R0WQaR)VWQWRXSWWćHRRYRSQWUPWGHXW9GWVRWQ–RSHUVRQWVRGWUHRSUR–XGWVRYURPRUHG\GVH–R
ZWWHURWQ–RK9RVRV9–VyRwRUHY9HZoR4G9oR2RWWVR<QY9URQoRuEhR1gDluJRhuu±hhhoR
>u@R6oR%XaR5oRO9WQaRIoR]9XaRIoR4XaR2oR8QRXaR3oR4RQZaR]oR%HaRxHYHVRSPHQWRRYRWRPR–9Y9H–RUB9GćaR<WV\aRk%HWSaR<YYHGW9YHaR
FXZZH–RWQ–R4WYHRPHWQR–RYRURWQHR–HWHUP9QWW9RQRRYRPXVW9dGVWVVRWQW9P9GURK9WVVR9QRYHZHWWKVHVRK\RV9TX9–RGQURPWWRZUWSQ\RWWQ–HPR
PWVVRVSHGWURPHWU\oR-oRkQURPWWRZUoRwRlEhnR1gDliJRug±hEoR
>M@RIo%oRkQXWQZaRIoR8QWQZaR/oR8QWQZaR4owoROR\–aR%oR]9aRkRPSWU9VRQRRYRWGGHVHUWWH–RVRVYHQWRH[WUWGW9RQRWQ–RTX9GćaRHWV\aR
GQHWSaR HYYHGW9YHaR UXZZH–R WQ–R VWYHR PHWQR–R YRUR H[WUWGW9RQR WQ–R –HWHUP9QWW9RQR RYR SQWUPWGHXW9GWVVR 9QR YHZHWWKVHVoR -oR
kQURPWWRZUoRwRliDiR1gDluJRl±toR
>T@t-oOoR4WVVWGQaRxoR4QRZaR]oR%R–ZHVaR3oR]9aR4oROWUWHVWd%XQWaRxHYHVRSPHQWRWQ–RGRPSWU9VRQRRYRYRXURPHWQR–VRYRURWQHRH[WUWGW9RQR
RYRWQW9K9RW9GVRYURPRWRYHZHWWW9YHRPWWU9[oR<QY9URQoR2R[9GRVoRkQHPoREuR1gDlhJRnnt±ntmoR
>h@RĈoR2W–9üaRµoRSWWWPRURVaR-oSoROW\RQWaR49PXVWWQHRXVR–HWHUP9QWW9RQRRYRPXVW9GVWVVRWQW9K9RW9GVRWQ–RWQH9URPHWWKRV9WHVR9QRYRXUR
W\SHVRRYRY9HV–dZURZQRYHZHWWKVHVoRwQWVoRO9RWQWVoRkQHPoRillR1gDltJRugDt±ugggoR
>U@tOoR wVKHURaR -o]oR 2W–HRR SoSoR xHVZW–RaR <oR S9ZXHVaR FowoR )pUH]R wQWV\V9VR RYR PXVW9GVWVVR WQW9K9RW9GVR 9QR VHWWXGHR K\R V9TX9–R
GQURPWWRZUWSQ\±WWQ–HPRPWVVRVSHGWURPHWU\RWRRPRQ9WRURWQH9URSVWQWRXSWWćHRSRVHGXVHVRgiR1gDltJRiDhhoR
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]DEULFDWLRQbRIbDQb[OHFWURFKHPLFDOb6HQVRUbIRUb
4HWHUPLQDWLRQbRIbDb6HURWRQLQb3m+7Hb5HFHSWRUbşQWDJRQLVW.
.
/Sb.DUDGXUPXú5hThbmn.%DKLG.5kOk.]n.E.cDNLUKDQ.zk.mn.DKDK.ok.Dnmn.L]NDQ.5.
iuv)zQNDUD)8QLYHUVLW\t)3DFXOW\)RI)OKDUPDF\t)4HSDUWPHQW)RI)zQDO\WLFDO)bKHPLVWU\t)7XUNH\,)
ilv)4HSDUWPHQW)RI)bKHPLVWU\t)4XDLGyLyz]DP)8QLYHUVLW\t)SVODPDEDGt)fPolct)ODNLVWDQ,)
iov)8QLYHUVLW\)RI)HHDOWK)6FLHQFHVt)0XOKDQH)3DFXOW\)RI)OKDUPDF\t)4HSDUWPHQW)RI)zQDO\WLFDO)bKHPLVWU\t)7XUNH\,)
ifv)4HSDUWPHQW)RI)zQDO\WLFDO)bKHPLVWU\t)3DFXOW\)RI)OKDUPDF\t)zGÕ\DPDQ)8QLYHUVLW\t)7XUNH\,)
iPv))4HSDUWPHQW)RI)bKHPLVWU\t)bROOHJH)RI)6FLHQFHt)8QLYHUVLW\)RI)IDKUDLQt)6DNKLUt)olcoDt)IDKUDLQ,)
e
.H\ZRUGV�e7URSLVHWURQt)uyiltfyGLQLWURSKHQ\OvyGRGHFDQR\OWKLRXUHDt)=QZt)VFUHHQ)SULQWHG)HOHFWURGHt)HOHFWURFKHPLFDO)VHQVRU)
.
VURSLVHWURQ.2V4CN.LV.DQ.LQGROH.GHULYDWLYH.ZLWK.DQWLHPHWLF.DFWLYLW\n.mV.D.VHOHFWLYH.VHURWRQLQ.UHFHSWRU.DQWDJRQLVWk.WURSLVHWURQ.
FRPSHWLWLYHO\.EORFNV.WKH.DFWLRQ.RI.VHURWRQLQ.DW.ouVz.UHFHSWRUVk.UHVXOWLQJ.LQ.VXSSUHVVLRQ.RI.FKHPRWKHUDS\rDQG.UDGLRWKHUDS\r
LQGXFHG.QDXVHD.DQG.YRPLWLQJn.VURSLVHWURQ.DSSHDUV.WR.EH.ZHOO.WROHUDWHG.ZLWK.WKH.PRVW.IUHTXHQWO\.UHSRUWHG.DGYHUVH.HIIHFW.
EHLQJ.D.KHDGDFKHn.b[WUDS\UDPLGDO.VLGH.HIIHFWV.DUH.UDUH.XSRQ.XVLQJ.WURSLVHWURQ.U57n.
bOHFWURFKHPLFDO.PHDVXUHPHQWV. DUH. XVHUrIULHQGO\k. HIILFLHQWk. FKHDSHUk. DQG. HDVLHU. DV. FRPSDUHG. WR. RWKHU. WHFKQLTXHV. OLNH.
VSHFWURVFRS\. DQG. FKURPDWRJUDSK\n. DHYHUDO. VWUDWHJLHV. DUH. HPSOR\HG. WR. LPSURYH. WKH. HIILFLHQF\. RI. VHQVHn. LQH. RI. WKH.
VWUDWHJLHV.LV.WKH.XVH.RI.QDQRPDWHULDO.DV.D.UHFRJQLWLRQ.HOHPHQWk.FDWDO\VWk.RU.FRQGXFWRU.IRU.WKH.DPSOLILFDWLRQ.RI.VLJQDOV.IRU.WKH.
GHWHFWLRQ.RI.DQDO\WHVn.DHYHUDO. WHFKQLTXHV.KDYH.EHHQ.HPSOR\HG. IRU. WKH. VWXG\.RI.V4C.VXFK.DV.KLJKrSHUIRUPDQFH. OLTXLG.
FKURPDWRJUDSK\.2uCxyNk.FDSLOODU\.HOHFWURSKRUHVLVk.OLTXLG.FKURPDWRJUDSK\.2xyN.FRXSOHG.ZLWK.PDVV.VSHFWURPHWU\n.xLWHUDWXUH.
UHVHDUFK.UHYHDOV.WKDW.WKH.HOHFWURFKHPLFDO.LQYHVWLJDWLRQ.RI.V4C.DW.D.EDUH.RU.PRGLILHG.HOHFWURGH.LV.DQ.XQH[DPLQHG.PDWWHUn�
-Q.WKLV.ZRUNk.V4C.ZDV.LQYHVWLJDWHG.XVLQJ.HOHFWURFKHPLFDO.WHFKQLTXHV.IRU.WKH.ILUVW.WLPH.UOkz7n.
mQ.HOHFWURFKHPLFDO.VHQVRU.ZDV.LPSURYHG.E\.XVLQJ.VXUIDFWDQW.5r2OkTrGLQLWURSKHQ\ONrGRGHFDQR\OWKLRXUHD.2gm]N.DORQJ.ZLWK.
%QL.DV. D.PRGLILHU. RQ. WKH. VFUHHQrSULQWHG. HOHFWURGH. 2DCbN. IRU. WKH. GHWHUPLQDWLRQ. RI. V4Cn. VKH. GHVLJQHG.VHQVRU. IRU. WKH.
GHWHUPLQDWLRQ. RI. V4C. ZDV. FKDUDFWHUL]HG. E\. HOHFWURFKHPLFDO. WHFKQLTXHV. VXFK. DV. LPSHGDQFH. VSHFWURVFRS\k. F\FOLF.
YROWDPPHWU\.2yFNk.DQG.VTXDUH.ZDYH.YROWDPPHWU\.2D8FNn.fRU.RSWLPL]DWLRQk.WKH.HIIHFW.RI.VHYHUDO.IDFWRUV.VXFK.DV.VFDQ.UDWHk.
WKH. FRQFHQWUDWLRQ. RI. WKH. PRGLILHUk. DFFXPXODWLRQ. WLPHk. Suk. VXSSRUWLQJ. HOHFWURO\WHVk. HIIHFW. RI. GHSRVLWLRQ. SRWHQWLDO. ZDV.
LQYHVWLJDWHGn.VKH.OLPLW.RI.GHWHFWLRQ.ZDV.IRXQG.WR.EH.ez.S[.XVLQJ.gm]3%QL3DCbn.VKH.UHDVRQDEOH.SHUFHQWDJH.UHFRYHULHV.
ZLWK.OHVV.WKDQ.Od.4Dg.YDOXHV.ZHUH.REWDLQHG.IRU.WKH.KXPDQ.VHUXP.VDPSOH.DQDO\VLV.HQVXUHG.WKH.YDOLGLW\.RI.WKH.SURSRVHG.
VHQVRUn.fXUWKHUPRUHk. WKH.GHVLJQHG.VHQVRU. VKRZV.H[FHSWLRQDO. VWDELOLW\k. VHQVLWLYLW\k. DFFXUDF\k. DQG. UHSURGXFLELOLW\k.ZKLFK.
VXJJHVWV.RXU.SURSRVHG.VHQVRU.LV.D.SRWHQWLDO.FDQGLGDWH.IRU.WKH.GHWHFWLRQ.RI.V4C.LQ.LWV.ZRUNLQJ.VDPSOHVn.VKHRUHWLFDO.VWXG\.
RI.PRGLILHU.%QL3gm].ZLWK.V4C.ZDV.FDUULHG.RXW.XVLQJ.WKH.gHQVLW\rfXQFWLRQDO.VLJKWrcLQGLQJ.2gfVcN.PHWKRG.E\.mgf.VRIWZDUH.
DQG.WKH.QHJDWLYH.LQWHUDFWLRQ.HQHUJ\.EHWZHHQ.WKH.PRGLILHU.DQG.WDUJHW.DQDO\WH.IDYRUV.WKH.H[SHULPHQWDO.ILQGLQJVn..
.

�

b
6FKHPHb5S.yKHPLFDO.DWUXFWXUH.RI.VURSLVHWURQ.

5HIHUHQFHVb
>5@b[n. gRXODFKHk. ]nEn. cDNLUKDQk. cn. WVOXk. cn. DDLGDWk. [n. VUDULk. Dnmn. L]NDQk. DLPSOH. DQG. VHQVLWLYH. DGVRUSWLYH. VWULSSLQJ.
YROWDPPHWULF.DVVD\.RI.JUDQLVHWURQ.IURP.LWV.GRVDJH.IRUP.E\.SODWLQXP.QDQRSDUWLFOHV.PRGLILHG.HOHFWURGHVk.DHQVn.mFWXDWRUV.cr
yKHPk.Oo5.2OS5sN.osOroeOn..
>-@.]nEn.cDNLUKDQk.[nDncn.yHOLNk.un.yHOLNk.cn.WVOX.DQG.Dnmn.L]NDQk.bOHFWURFKHPLFDO.mSSURDFK.RQ.[HFKDQLVP.RI.DQ.LUDO.
CURJHVWLQ. LQ. mTXHRXV. [HGLD. DQG. LWV. fXOO\. FDOLGDWHG. gHWHFWLRQ. YLD. D. yDUERQ�[HWDO. cDVHG. yRPSRVLWH. DHQVRUk.
bOHFWURDQDO\VLVk.zS.2OS5eN.OOszrOOezn..
>H@. mn. %DKLGk. mn. DKDKk. fnqn. -IWLNKDUk. mnun. DKDK. DQG. 4n. IXUHVKLk. bOHFWURFKLPn. mFWDk. gHYHORSPHQW. RI. VXUIDFWDQW. EDVHG.
HOHFWURFKHPLFDO.VHQVRU.IRU.WKH.WUDFH.OHYHO.GHWHFWLRQ.RI.PHUFXU\k.Ozo.2OS5sN.sOrsen.
�
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1HYHORSPHQWvRIvDv/LTXLGuOLTXLGvw[WUDFWLRQv0HWKRGvIRUvWKHv
1HWHUPLQDWLRQvRIv6KRUWvkKDLQvgDWW\v.FLGVvIURPvTDFWHULDv
kXOWXUHD
D
.dkdv7RNxyDAcD6LPVRNtyDTcD)cD[L\PVUL1yDTcDLXPXVWVVuD
iov)/QNDUD)8QLYHUVLW\t)bQVWLWXWH)RI)PRUHQVLF)VFLHQFHVt)dHSDUWPHQW)RI)PRUHQVLF)7R[LFRORJ\t)uDSTut)/QNDUDI7XUNH\t)NFWRN9DQNDUD,HGX,WU)
ifv))/QNDUD)8QLYHUVLW\t)PDFXOW\)RI)qKDUPDF\t)dHSDUWPHQW)RI)qKDUPDFHXWLFDO)8LFURELRORJ\t)uDSSut)/QNDUDI7XUNH\)
iFv) 8QLYHUVLW\) RI) MHDOWK) VFLHQFHV) 7XUNH\t) hXOKDQH) PDFXOW\) RI) qKDUPDF\t) dHSDUWPHQW) RI) qKDUPDFHXWLFDO) 8LFURELRORJ\t) uDuomt)
/QNDUDI7XUNH\)
D
.H\ZRUGV�yVKRUWyFKDLQ)IDWW\)DFLGVt)GDFWLF)DFLGt)GLTXLGyOLTXLG)2[WUDFWLRQt)MqG.y89y
D
’QDWKLVDVWXJ\yDZRDSURVRQWDVQDR[WUVUWLRQDVQJDVDVRQVLWLYRDVRSVUVWLRQDPRWKRJDWKVWDUVQDPRDXVRJDIRUDWKRDJRWRUWLRQDRIDWKURRDVKRUWa
UKVLQDIVWW\DVULJVD26Fl(VMDVQJDOVUWLUDVULJD2](MDSURJXURJDP\DPVUWRULVDLQDVDPRJLXPcD
D
(OODPVWUL[aPVWUKRJDVQJDURVODVVPSORVDZRURDR[WUVUWRJDZLWKDVDPRJLILRJDYRUVLRQDRIDCVRUR¶VDR[WUVUWLRQDPRWKRJD2tGu1MDju9cD5KRD
OLTXLJaOLTXLJDR[WUVUWLRQDSURURJXURDZVVDUVUULRJDRXWDZLWKDWRUWaCXW\ODPRWK\ODRWKRUDVQJDPVUNDR[WUVUWLRQDZLWKDVRJLXPDK\JUR[LJRD
ZVVDVSSOLRJDLQDWKRDOVVWDVWRSc�D
D
5KRDUKURPVWRJUVSKLUDVRSVUVWLRQDZVVDSRUIRUPRJDRQDVD7CULJJRDFuwD2IchDPPD[DtnGDPPyDnD�PMDVQVO\WLUVODUROXPQyDVQJDWKRD
VVPRDW\SRDJXVUJDUROXPQD2IDPPDîD1DPPMDZVVDXVRJcDunDPTDSKRVSKVWRDPXIIRUD2SBDtcuMDVQJDVURWRQLWULORD2dGr1GyDY3YMDZRURD
XVRJDVVDPRPLORDSKVVRcD5KRDVQVO\VLVDZVVDSRUIRUPRJDP\DVJMXVWLQJDWKRD LQVWUXPRQWDVRWWLQJVDWRDVDIORZDUVWRDRIDuDP]cPLQDauyD
JRWRUWRUDZVYRORQJWKDtuGDQPyDUROXPQDWRPSRUVWXURDuG�DFyDVQJDVQDLQMRUWLRQDYROXPRDRIDnD�]cDLUVJLRQWDROXWLRQDZVVDSRUIRUPRJD
IRUDVRSVUVWLRQcD
D
FVOLPUVWLRQD UXUYRVD ZRURD UURVWRJD IRUD VOOD VQVO\WRVD VQJD URUUROVWLRQD URRIILULRQWVD ZRURD PRWZRRQD GcppI1±GcpppncD ]LPLWVD RID
JRWRUWLRQDVQJDTXVQWLILUVWLRQDUVQJRJDIURPDGcutDWRDGcnDPTDVQJDGc1dDWRDucnDPTyDURVSRUWLYRO\cD
D
5KRDPRJLILRJDR[WUVUWLRQDVQJDVRSVUVWLRQDPRWKRJDZRURDYVOLJVWRJDIRUDSVUVPRWRUVDVXUKDVVDVRORUWLYLW\yD OLQRVULW\yD]gAyD]g8yD
SURULVLRQyDVUUXUVU\DVSRULILRJDLQDWKRD’FBDJXLJROLQRVDjt9cD
D
(VD VD URVXOWyD LWD KVVD PRRQD VKRZQD WKVWD WKRD VQVO\VLVD RID VKRUWaUKVLQD IVWW\D VULJVD LQD WKRD UXOWXURD ILOWUVWRD VXSRUQVWVQWD UVQD PRD
VXUURVVIXOO\DSRUIRUPRJDZLWKDWKLVDVWXJ\DZRDKVYRDSURVRQWRJcD ’QDVJJLWLRQyD WKLVDPRWKRJDUVQDPRDXVRJDIRUD WKRDTXVQWLWVWLRQDRID
6Fl(VD2VURWLUyDSURSLRQLUyDPXW\ULUDVULJVMDVQJD](DSURJXURJDP\DPVUWRULVDVSRULRVDLVROVWRJDIURPDYVULRXVDPRJLVcD
D
.FNQRZOHGJHPHQWVv
D
5HIHUHQFHVv
>x@DARDCVRURD6yD)RUNKVXWD×yD6WRSSRDTyDARDTVRVVUKVOUNDFyDARDCVUNRUDXyD×VQD’PPRUVRRODlyDFURXPROVD6cDARYRORSPRQWDRID
VDBX]Faµ×DPRWKRJDIRUDWKRDTXVQWLWVWLYRDJRWRUPLQVWLRQDRIDIRXUDVKRUWaUKVLQDIVWW\DVULJVDVQJDOVUWLUDVULJDSURJXURJDP\DLQWRVWLQVOD
PVUWRULVDJXULQJDLQDYLWURDIRUPRQWVWLRQcD0DXKVUPDCLRPRJD(QVOcDwGD2tGu1MDuGdauuncD
>r@vFXTX3’FB31wu3pnDaD’FBDKVUPRQLVRJDWULSVUWLWRDJXLJROLQRDaD×VOLJVWLRQDRID(QVO\WLUVODXURURJXURVrD5R[WDVQJDTRWKRJRORJ\D
8t24uMcD tGuIcDKWWSVr33ZZZcRPVcRXURSVcRX3RQ3LUKaTtaUuaYVOLJVWLRQaVQVO\WLUVOaSURURJXURVaWR[WaPRWKRJRORJ\D2(UURVVRJD ID
gUWRPRUDtGtGMcD
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FN1DQRFRPSRVLWHN0DJQHWLFN[RUHC6KHOON0DWHULDONIRUN
6HQVLWLYHNFQDO\VLVNRIN4XHUFHWLQNLQN7HDN6DPSOHVNE\N+3/[NH
H
H
6rN8OXVR\hrH@a(aH1OXVR\mrH−aHQUE:VzrHQaH6LOP:]4rHDaHLR\O:NzH
u,m)6LYDV)EXPKXUL\HW)8QLYHUVLW\y)9RFDWLRQDO)6FKRRO)RI)gHDOWK)6HUYLFHy)KHSDUWPHQW)RI)3KDUPDF\y)6LYDVy)7XUNH\))VRQXOXVR\F\DKRRtFRP)
uVm)6LYDV)EXPKXUL\HW)8QLYHUVLW\y)LDFXOW\)RI)3KDUPDF\y)KHSDUWPHQW)RI)AQDO\WLFDO)EKHPLVWU\y)6LYDVy)7XUNH\)
uom)4UFL\HV)8QLYHUVLW\y)LDFXOW\)RI)6FLHQFHy)KHSDUWPHQW)RI)EKHPLVWU\y)QD\VHULy)7XUNH\)
ucm)4UFL\HV)8QLYHUVLW\y)LDFXOW\)RI)3KDUPDF\y)KHSDUWPHQW)RI)AQDO\WLFDO)EKHPLVWU\y)QD\VHULy)7XUNH\)))
H
H
H
.H\ZRUGV�yg3/Ey)0DJQHWLF)6ROLG)SKDVH)H[WUDFWLRQy)7HD)6DPSOHVy)4XHUFHWLQ)y
H
H
pQWLR[LG:QWH:FWLYLWLHVHRIHY:ULRXVHSRO\SKHQROLFHFRPSRXQGVH:VHIO:YRQRLGVH:UHHZHOOHNQRZQHLQHHGLEOHHSO:QWVrHYHJHW:EOHVrHZLQHrH
IUXLWVrH:QGHKHUE:OHWH:aHpQ:O\VLVHRIHIO:YRQRLGVHLQHQ:WXU:OHVRXUFHVHK:VH:WWU:FWHGHPXFKH:WWHQWLRQHE\HP:Q\HUHVH:UFKHUVHIURPH
GLIIHUHQWH:UH:aH–XHUFHWLQHLVHRQHHRIHWKHHPRVWH:FWLYHH:QGHFRPPRQHFRPSRXQGVHLQHIO:YRQRLGHI:PLO\aH[KLVHZRUNHZ:VH:LPHGHWRH
V\QWKHVLVH :QGH FK:U:FWHUL]:WLRQH RIH P:JQHWLFH FRUHbVKHOOH PXOWLZ:OOHGH F:UERQH Q:QRWXEHfQ:QRGL:PRQGH yD5w)[f)g2H
Q:QRFRPSRVLWHH IRUH WKHH VHQVLWLYHH VROLGbSK:VHH H[WU:FWLRQH RIH TXHUFHWLQH SULRUH WRH GHWHFWLRQH ZLWKH UHYHUVHGbSK:VHH OLTXLGH
FKURP:WRJU:SK\HZLWKH1]±YLVLEOHHGLRGHH:UU:\HGHWHFWRUHy@VNwbgpg2H9iRaH
pHQHZHP:JQHWLFHFRUHbVKHOOHPXOWLZ:OOHGHF:UERQHQ:QRWXEHfQ:QRGL:PRQGHQ:QRFRPSRVLWHHZ:VHV\QWKHVL]HGrHFK:U:FWHUL]HGH
:QGHXVHGH:VHP:JQHWLFHVROLGbSK:VHHH[WU:FWLRQHP:WHUL:OaH[KHHXV:ELOLW\HRIHP:WHUL:OHZ:VHFKHFNHGHRQHWKHHVHS:U:WLRQH:QGHSUHb
FRQFHQWU:WLRQHRIHTXHUFHWLQHLQHWH:HV:PSOHVHE\HP:JQHWLFHVROLGbSK:VHHH[WU:FWLRQH:QGHKLJKbSHUIRUP:QFHHOLTXLGHFKURP:WRJU:SK\H
ZLWKHGLRGHH:UU:\HGHWHFWRUHV\VWHPaH[KHUHHZ:VH:H OLQH:UH UHO:WLRQVKLSHEHWZHHQHFKURP:WRJU:SKLFH:UH:H:QGHFRQFHQWU:WLRQHRIH
TXHUFHWLQHLQHWKHHU:QJHHRIHMaY±SYYHQJHPNíiHaH[KHHOLPLWHRIHGHWHFWLRQH:QGHTX:QWLILF:WLRQHOLPLWVHZHUHHia4SH:QGH4aniHQJHPNíirH
UHVSHFWLYHO\aH[KHHGHYHORSHGHPHWKRGHK:VHEHHQH:SSOLHGHWRHGHWHUPLQHHTXHUFHWLQH:WHWU:FHHOHYHOVHLQHWH:HV:PSOHVaH
H

N
)LJXUHNhrH-U:SKLF:OH:EVWU:FWHRIHWKHHSURSRVHGHPHWKRGH9mRH

NH
H
NH
H
5HIHUHQFHVN
>h@NLaPaHh:QIRUX]LrHDaPaH@:GMPRK:PP:GLrH[ZRbSK:VHHKROORZHILEHUbOLTXLGHPLFURH[WU:FWLRQHE:VHGHRQHUHYHUVHHPLFHOOHHIRUHWKHH
GHWHUPLQ:WLRQHRIHTXHUFHWLQHLQHKXP:QHSO:VP:H:QGHYHJHW:EOHVHV:PSOHVaH[:O:QW:HymYik2HikztHi4±miaH
>l@NLaH1OXVR\rH@a(aH1OXVR\rH−aHQUE:VrHQaH6LOP:]rHDaHLR\O:NrH[U:FHH:Q:O\VLVHRIHTXHUFHWLQHLQHWH:HV:PSOHVHE\H@VNwbgpgHV\VWHPH
E\HPH:QVHRIH:HQHZHQ:QRFRPSRVLWHH LQFOXGLQJHP:JQHWLFHFRUHbVKHOOrHLHS:U:WLRQHLFLHQFHH:QGH[HFKQRORJ\H ymYmY2HMMH yii2H
mYmM±mYzSa�

N 3�vh�



�

�

1DWLYHt)OXRUHVFHQWt1DWXUDOt3HHSt5XWHFWLFt6ROYHQWVtIRUt
*UHHQt6HQVLQJtRSSOLFDWLRQVwt]XUFXPLQRLGVtLQt&XUFXPDr
ORQJDt3RZGHUE
E

E
Rp6pt/RUHQ]HWWLf1ExDE4LG&OJ1E)D[DE6LOY&n1EwDEkRPLQLJ1E[D(D4DE]RPH]nE
ord)DQVWLWXWR)GH)0LRORJtD)5JUtFROD)GH)8HQGR]D)oD058g,b@D,27d)QDFXOWDG)GH),LHQFLDV)5JUDULDV)8QLYHUVLGDG)@DFLRQDO)GH),X\R)5OPLUDQWH)
0URZQ)-AAl),KDFUDV)GH),RULDl)8HQGR]Dl)5UJHQWLQD)
ocd)D@;8D68xl)hHSDUWDPHQWR)GH);XtPLFDl)8QLYHUVLGDG)@DFLRQDO)GHO)6XU)o8@6dg,b@D,27l)5Yí)5OHP)rc-Ml)NAAA)0DKtD)0ODQFDl)5UJHQWLQDí)
FGRPLQLwFULEDíHGXíDU)
E
.H\ZRUGV�r5Sx22)8HWULFF),XUFXPLQRLGVF)QOXRUHVFHQFHW)@5h26F)6LQJOHgVWHS)H[WUDFWLRQF)8OWUDVRXQG)SUREHír
E
/&WXU&OEGHHSEHXWH8WL8EVROYHQWVE&UHE&EWUHQGLQJEWRSL8ELQE]UHHQEwKHPLVWU\DE%KHVHEVROYHQWVESUHVHQWEKLJKEVROXWLOL]&WLRQE8&S&8LW\1E
UHXV&WLOLW\1E WXQ&WOHESURSHUWLHV1EVLPSOHESUHS&U&WLRQ1EWLRGHJU&G&WLOLW\1EV&IHW\1EKLJKE&Y&LO&WLOLW\E&QGE ORZE8RVW1EP&NLQJE WKHPE
H[8HOOHQWE8&QGLG&WHVEIRUE&Q&O\WL8&OE&SSOL8&WLRQVEÁn7DEHQEWKLVEZRUN1E&EQHZEI&PLO\ERIEIOXRUHV8HQWEHXWH8WL8EV\VWHPVELVEGHV8ULWHG1E
WHLQJE WKHE IOXRUHV8HQ8HE SURSHUW\E XQNQRZQE &QGE XQXVHGEVRE I&UDE [RUE WKLVE SXUSRVH1E &EQRYHOE SUHS&U&WLRQEPHWKRGEXVLQJE &QE
XOWU&VRXQGESURWHEZ&VEHPSOR\HG1EW\EPH&QVERIE&QELQQRY&WLYHEVLQJOHEVWHSESUR8HGXUH1EWK&WELQ8OXGHGEWKHESUHS&U&WLRQERIE[wIE
MIUX8WRVH1E8LWUL8E&8LGE&QGEZ&WHU1EnpnpzEPRO&UEU&WLRFE&QGEWKHEH[WU&8WLRQoGHWHUPLQ&WLRQERIE8XU8XPLQRLGVEIURPE,XUFXPD)ORQJDE
SRZGHUE M[LJXUHE nFDE %KLVE PHWKRGRORJ\E Z&VE VX88HVVIXOO\E 8&UULHGE RXWE HPSOR\LQJE &E SRUW&WOHE &QGE LQH[SHQVLYHE GkE SULQWHGE
IOXRURPHWHUE&QGE&EVP&UWSKRQHEÁJ7DE HQE WKLVEZ&\1EH[WU&8WLRQEHIIL8LHQ8LHVEWHWZHHQErmCnmNa1EUHO&WLYHEWREWKHE/H6%EUHIHUHQ8HE
PHWKRG1EZHUHERWW&LQHGEÁG71ELQEMXVWEGDemEPLQDEfHVLGHV1EWKHEJUHHQQHVVERIEWKHEQHZEPHWKRGRORJ\EZ&VEHY&OX&WHGEHPSOR\LQJEWKHE
b]-xxE)HWUL8EÁe71EVKRZLQJEWK&WEWKHEGHYHORSHGE&SSUR&8KELVEPRUHEWK&QEJDzEWLPHVEJUHHQHUEWK&QESUHYLRXVO\ESXWOLVKHGEZRUNVE
IRUE8XU8XPLQRLGEGHWHUPLQ&WLRQDE%KLVEJURXQGWUH&NLQJESUR8HGXUHELVEURWXVW1EYHUV&WLOH1EVLPSOHEWRELPSOHPHQW1EGRHVEQRWEUHTXLUHE
VRSKLVWL8&WHGE&SS&U&WXVERUELQVWUXPHQWVELQEWKHEGHWH8WLRQEVWHSE&QGEP&LQO\1E&JUHHVEZLWKE]bwESULQ8LSOHVEÁz7DEE
E
E

E
)LJXUHtfpE]U&SKL8&OEUHSUHVHQW&WLRQERIEWKHESURSRVHGELQQRY&WLYHEVLQJOHCVWHSEHQWLUHO\EJUHHQESUR8HGXUHEIRUEWKHESUHS&U&WLRQERIEQHZE

IOXRUHV8HQWE/bkx6E&QGE&Q&O\WHEH[WU&8WLRQDE
E
5HIHUHQFHVt
>f@E)DExVSLQRD1E)DEGHEORVEÈQJHOHVE[HUQiQGH]1E[DE(DE4D]RPH]1E)DE[DE6LOY&1E/&WXU&OEkHVLJQHUE6ROYHQWVEIRUE]UHHQLQJEbQ&O\WL8&OE
wKHPLVWU\DE%UbwE%UHQGVEbQ&ODEwKHPDEtNEMJmnNFEnJN±nGNDEE
>G@ExDE4LG&O1EbDE6DE5RUHQ]HWWL1E)DEÈDEbJXLUUH1EbDEw&Q&OV1EwDExDEkRPLQL1E/HZ1EHQH[SHQVLYHE&QGE6LPSOHEGkE9ULQW&WOHEkHYL8HE
IRUE/HSKHORPHWUL8E&QGE[OXRULPHWUL8EkHWHUPLQ&WLRQEf&VHGERQE6P&UWSKRQHE6HQVLQJDE-6wEbGYDEnmEMJmJmFEnrtnG±nrtnrDE
>g@E/&WLRQ&OE HQVWLWXWHERIE6W&QG&UGVElE%H8KQRORJ\DEwHUWLIL8&WHERIEbQ&O\VLV1E6W&QG&UGE-HIHUHQ8HE)&WHUL&OEGJrrDEJmnr1E/RDE
6HSWHPWHU1EJ±zDE
>A@E[DE9HQ&C9HUHLU&1EBDEBRMQRZVNL1E)DE%RWLV]HZVNL1Eb]-xxECEbQ&O\WL8&OE]-xxQQHVVE)HWUL8EbSSUR&8KE&QGE6RIWZ&UHDEbQ&ODE
wKHPDErJEMJmJmFEnmmtN±nmmuJDE
>:@E6DEbUPHQW&1E[DEbDExVWHYHC%XUULOO&V1E6DE]&UULJXHVElE)DEGHEO&E]X&UGL&1E]UHHQEx[WU&8WLRQE%H8KQLTXHVpE9ULQ8LSOHV1EbGY&Q8HVE
&QGEbSSOL8&WLRQV1E4ROEtN1EnVD1ExOHQ&EHW&QH]E&QGEbOHM&QGUREwLIXHQWHV1ExGD1ExOVHYLHU1EJmntDE
�
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9ROWDPPHWULFl'HWHUPLQDWLRQlRIl[QWLFDQFHUl'UXJl[[LWLQLEll
8VLQJl]RURQu'RSHGl'LDPRQGl(OHFWURGHB

B
[gl2HWLQND\DUiBG2R2B9RSQOziB)2G2BVWLFLkiB52V2BM]NQQzl
iuv)EQNDUD)8QLYHUVLW\t)&DFXOW\)RI)0KDUPDF\t)SHSDUWPHQW)RI)EQDO\WLFDO)HKHPLVWU\t)-DQGRJDQt)EQNDUDt)-XUNH\t)DKPHW,FHWLQN\D2\DKRR,FRP)
ilv)SR9E)çROGLQJ)E,b,t)xrS)HHQWHUt)NDUDDJDo)6K,)&DWLK)VOY,)5RC)lht)PpPuc)NDSDNOÕt)-HNLUGDJt)-XUNH\)
B
.H\ZRUGV�yE[LWLQLEt)VRURQyGRSHG)GLDPRQG)HOHFWURGHt)0KDUPDFHXWLFDO)GRVDJH)IRUPVt)9ROWDPPHWU\y
B
9\URVLQHBNLQQVHBLVBQBVLJQLILFQQWBLQWHUPHGLQU\BWKQWBWULJJHUVBYQULRXVBW\SHVBRIBFQQFHUiBVXFKBQVBNLGQH\BQQGBWK\URLG2B9KHBYQVFXOQUB
HQGRWKHOLQOBJURZWKBIQFWRUBUHFHSWRUB1C)x3–EBW\URVLQHBNLQQVHVBziBkiBQQGBniBSOQ\BQBUROHBLQBWKHBSURJUHVVBRIBYQULRXVBFQQFHUV2B
V[LWLQL:B1VL9EiBQBVHFRQGcJHQHUQWLRQBWQUJHWHGBGUXJiBLVBQBSRWHQWBQQGBVHOHFWLYHBLQKL:LWRUBRIBC)x3–BW\URVLQHBNLQQVH2BB
VBYROWQPPHWULFBWHFKQLTXHBKQVB:HHQBGHYHORSHGBIRUBWKHBTXQQWLILFQWLRQBRIBVL9BXVLQJB:RURQcGRSHGBGLQPRQGBHOHFWURGH2B9KHB
R[LGQWLRQBPHFKQQLVPBRIBVL9BZQVBLQYHVWLJQWHGB:\BF\FOLFBQQGBGLIIHUHQWLQOBSXOVHBLQBWKHBVXSSRUWLQJBHOHFWURO\WHVBZKLFKBQFHWQWHiB
SKRVSKQWHiBGULWWRQB–R:LQVRQB:XIIHUVBQQGBVXOIXULFBQFLGBVROXWLRQVBLQBWKHBSbBUQQJHB:HWZHHQBO2zBQQGBe2O2B9KHBVFQQBUQWHBVWXGLHVB
RIB VL9B ZQVB SHUIRUPHGB :\B F\FOLFB YROWQPPHWULFB WHFKQLTXHB LQB SbB O2zB 0B bk5My2B VFFRUGLQJB WRB WKHB VFQQB UQWHB VWXGLHViB WKHB
R[LGQWLRQBUHQFWLRQBRIB WKHBVL9BZQVBIRXQGBWRB:HB LUUHYHUVL:OHBQQGB LQYHVWLJQWHGBQVBGHWQLOVBQQGBFRPSQUHGBZLWKBVRPHBPRGHOB
FRPSRXQGVBQQGBGUXJV2B9KHBORJBXS±ORJBYBVORSHVBZQVBIRXQGBQVBO2rrer2BVFFRUGLQJBWRBWKLVBUHVXOWiBWKHBHOHFWURFKHPLFQOBUHQFWLRQB
ZQVBIRXQGBQVBGLIIXVLRQBFRQWUROOHGBSURFHVV2BBB
VB VLPSOHiB VHQVLWLYHiB QQGB ORZcFRVWB YROWQPPHWULFB PHWKRGB XVLQJB :RURQcGRSHGB GLQPRQGB HOHFWURGHB ZQVB GHYHORSHGB IRUB WKHB
GHWHUPLQQWLRQBRIBVL92BVL9BSURYLGHGBQQBLUUHYHUVL:OHBR[LGQWLRQBSHQNBQWBQBSRWHQWLQOBRIBO2fzkBCBYHUVXVBVJSVJFOSqFOB1nBPROBHc

zEBHOHFWURGHBLQBQFHWQWHB:XIIHUBVROXWLRQB1SbBn2eE2B/QGHUBRSWLPQOBH[SHULPHQWQOBFRQGLWLRQViBGLIIHUHQWLQOBSXOVHBYROWQPPHWU\B1R4CEB
ZQVBXVHGBIRUBWKHBGHWHUPLQQWLRQBRIBVL92BR4CBPHWKRGRORJ\BZQVBSURSRVHGBIRUBWKHBVHQVLWLYHBGHWHUPLQQWLRQBRIBVL9BLQBQBOLQHQUB
FRQFHQWUQWLRQBUQQJHBIURPBO2sOB�0BWRBgOB�0iBZLWKBQBGHWHFWLRQBOLPLWBRIBO2nsgBQ0BQQGBQBJRRGBUHSHQWQ:LOLW\B1–5RBRIBO2kgrBpE2B
9KHBGHYHORSHGBPHWKRGVBZHUHBQSSOLHGBWRBQQQO\VLVBRIBWKHBKXPQQBXULQHiBV\QWKHWLFBVHUXPBVQPSOHVBQQGBWQ:OHWBGRVQJHBIRUPB
ZLWKBWKHBUHFRYHULHVBzOO2ngBpiBzOO2kfBpiBQQGBzOz2krBpiBUHVSHFWLYHO\2B
9KHBGHYHORSHGBPHWKRGVBFQQB:HBXVHGBZLWKBWKHBGHVLUHGBQFFXUQF\BQQGBSUHFLVLRQBIRUBURXWLQHBFRQWUROBQQQO\VLVBRIB:LRORJLFQOBQQGB
SKQUPQFHXWLFQOBVQPSOHV2B9KHBUHVSRQVHBWLPHBIRUBVHQVLQJiBJUHHQHUiBVLPSOLFLW\BRIBVQPSOHBSUHcWUHQWPHQWBLVBWKHBQGYQQWQJHBRIB
GHYHORSHGBPHWKRGV2B
l
B
5HIHUHQFHVl
>U@BV2BVURUQiB)202B5FKROQUiB–ROHBRIBW\URVLQHBNLQQVHBLQKL:LWRUVBLQBFQQFHUBWKHUQS\iB-2B4KQUPQFRO2B)[S2B9KHU2BnzrB1kOOrEBfez±
fef2BB
>s@B02BxURVVcxRXSLOiBH2B3UQQoRLViBV2BIXLY\iBV2B–QYQXGiBV[LWLQL:mBVBUHYLHZBRIBLWVBVQIHW\BQQGBHIILFQF\BLQBWKHBWUHQWPHQWBRIBQGXOWVB
ZLWKBQGYQQFHGBUHQQOBFHOOBFQUFLQRPQiBFOLQ2B0HG2BXQVLJKWVBMQFRO2BeB1kOznEBksf±kee2BB
B
�
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$QGUHZOd$XWRPDWHGd2DVLVdS[ld0L[HGd0RGHd6RUEHQWd
6HOHFWLRQd63(d3URWRFROK

K
02d%OD]HMdK+hK;UHQQDQtK
Clo):DWHUV)uRUSRUDWLRQn)fd)0DSOH)6Wn)0LOIRUGn)0cMl7A7n)PHOYLQBEOD]H.ZDWHUV3FRP3))
)
K
.H\ZRUGV�ycQGUHZin)cXWRPDWLRQn)0HWKRG)hHYHORSPHQWn)0L[HG)PRGHn)63Dn)2DVLV3)y
K

OLTXLGK PKURPDWRJUDSK\K TDVVK 9SHFWURPHWU\K LOPCT9iK DQDO\VLVK RIK FRPSOH[K ELRORJLFDOK VDPSOHVK RIWHQK UHTXLUHVK
H[WHQVLYHK VDPSOHK FOHDQXSK WRK UHPRYHK WKHK XQGHVLUDEOHK FRPSRQHQWVK IURPK WKHK VDPSOHK PDWUL[dK ZKLFKK RWKHUZLVHK ZLOOK
LQDGYHUWHQWO\K DIIHFWK WKHK DQDO\VLV)K UHVXOWLQJK LQK T9K LRQK VLJQDOK VXSSUHVVLRQK RUK HQKDQFHPHQWhK TL[HGK PRGHK VROLGK SKDVHK
H[WUDFWLRQK L94HiK LVK DK FRPPRQO\K XVHGK VDPSOHK SUHSDUDWLRQK WHFKQLTXHK IRUK OPCT9K DQDO\VLVK WRK DWWDLQK JUHDWHUK VHOHFWLYLW\hK
FRZHYHUdKGHYHORSLQJKPL[HGKPRGHK94HKPHWKRGVKFDQKEHKDKFKDOOHQJLQJKWDVNhK®RWKNQRZLQJKZKHUHKWRKVWDUWKRUKZKLFKKVRUEHQWVK
WRKFKRRVHKFDQKEHKGDXQWLQJhKkXUWKHUPRUHdKDGGLQJKWRKWKHKFRPSOH[LW\dKPRVWKPL[HGKPRGHK94HKZRUNIORZVKLQYROYHKVHYHUDOKVWHSVK
RIKSLSHWWLQJKDQGKWUDQVIHUKRIKVDPSOHVdKUHDJHQWVKDQGKVROYHQWVhKwXWRPDWLRQKRIKWKHVHKSLSHWWLQJKDQGKWUDQVIHUKZRUNIORZVKXVLQJK
H[SHQVLYHKOLTXLGKKDQGOHUVKRIWHQKLQYROYHKFRPSOH[KSURJUDPPLQJdKQHHGLQJKH[SHUWdKWUDLQHGKDQGKGHGLFDWHGKSHUVRQQHOKWRKSHUIRUPK
WKHKWDVN)KZKLOHKSHUIRUPLQJKZRUNIORZVKPDQXDOO\KFDQKEHKH[WUHPHO\KWHGLRXVKDQGKSURQHKWRKHUURUVdKUHTXLULQJKJRRGKDQDO\WLFDOKVNLOOVK
IRUKDKUHSURGXFLEOHKUHVXOWhKAQKWKLVKZRUNKDQKDXWRPDWHGK94HKZRUNIORZKIRUKDKTXLFNdKUHOLDEOHKDQGKUHSURGXFLEOHK94HKPL[HGKPRGHK
VRUEHQWKVHOHFWLRQKPHWKRGKGHYHORSPHQWdKXVLQJKwQGUHZuKSLSHWWLQJKURERWdKFRQQHFWHGKDQGKRSHUDWHGKXVLQJK2QHODEdKDQKHDV\K
WRKXVHKEURZVHUCEDVHGKLQWHUIDFHKLVKGHVFULEHGKLQKWKLVKZRUNhK5RKGHPRQVWUDWHKWKHKHDVHKRIKDXWRPDWHGK94HKPHWKRGKGHYHORSPHQW)K
DQDO\WHVKZHUHKH[WUDFWHGKIURPKVSLNHGKKXPDQKEORRGKSODVPDKIROORZLQJKWKHK2DVLV�Kg[yKPHWKRGKGHYHORSPHQWKSURWRFROKXVLQJK
7DWHUV�K2DVLVKPHWKRGKGHYHORSPHQWK(MKZHOOK�HOXWLRQKSODWHhK

K
K

�
K
5HIHUHQFHVd
>M@K2DVLVK9DPSOHKH[WUDFWLRQK4URGXFWV-THWKRGRORJ\hK7DWHUVKwSSOLFDWLRQK®RWHKSgmmmpsS(dK9HSWHPEHUKgmtmhK
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(QKDQFLQJh/DERUDWRU\h7KURXJKSXWh8VLQJh)XOO\h
.XWRPDWHGh+LJKufDSDFLW\h6RUSWLYHh([WUDFWLRQR
R
5ph6]DIQDXHUFsR5TRvROHisROTR3TR0D\VHUiTRR
IGn)yDUNHV);QWHUQDWLRQDO)hWGo).ZDXQ)fODL)yHGLl6FLHQFH)KDPSXVo)hODQWULVDQWo)5K7o)K@cw)C;ho)8go)UV]DIQDXHU8PDUNHVLFRPL)
R
.H\ZRUGV�yXXWRPDWLRQR�ALJKlFDSDFLW\)VRUSWLYH)H[WUDFWLRQR)hDERUDWRU\)WKURXJKSXWR)6DPSOH)bUHSDUDWLRQy
R
7KHRDSSOLFDWLRQRRIRSRO\GLPHWK\OVLOR[DQHR P3-06MRDVRDQRH[WUDFWLRQRPHGLXPR IRUR WKHRHQULFKPHQWRRIRERWKRDSRODURDQGRSRODUR
DQDO\WHVRIURPRJDVHRXVRKHDGVSDFHRDQGROLTXLGRVDPSOHVRKDVRUHFHQWO\RIRXQGRZLGHRDFFHSWDQFHRIRURDRUDQJHRRIRDSSOLFDWLRQVTRB\R
XVLQJRDR ODUJHRDPRXQWRRIR VRUSWLYHRSKDVHsR YRODWLOHR DQGRVHPLrYRODWLOHRRUJDQLFR FRPSRXQGVRFDQREHRHIILFLHQWO\R HQULFKHGRDQGR
FRPSDUHGRWRRVROLGrSKDVHRPLFURH[WUDFWLRQsRDRVLJQLILFDQWRLQFUHDVHRLQRVHQVLWLYLW\RLVRDFKLHYHGTR
R
8QWLORUHFHQWO\sRKLJKrFDSDFLW\RVRUSWLYHRH[WUDFWLRQRKDVREHHQRDRPDQXDORPHWKRGRLQRZKLFKRWKHRXVHURZDVRUHTXLUHGRWRRUHPRYHRWKHR
SKDVHsRFOHDQsRGU\RDQGRSODFHR LWR LQWRRDRWKHUPDORGHVRUSWLRQRXQLWTR7KLVRPDGHRWKHRWHFKQLTXHRWLPHrFRQVXPLQJRUHVXOWLQJR LQR ORZR
VDPSOHRWKURXJKSXWsRDRFRQFHUQRIRURPDQ\RDQDO\WLFDORODERUDWRULHVsRHVSHFLDOO\RWKRVHRGHDOLQJRZLWKRDRKLJKRYROXPHRRIRVDPSOHVsRLQR
SDUWLFXODUsRFULWLFDORVDPSOHVRWKDWRUHTXLUHRDRIDVWRWXUQDURXQGRWLPHTR7KHRQHHGRWRRVWUHDPOLQHRSURFHVVHVRZKLOHRUHPRYLQJRWKHRKXPDQR
HUURURIDFWRURLVRH[WUHPHO\RLPSRUWDQWTR
R
‘LJKrFDSDFLW\R VRUSWLYHR H[WUDFWLRQR FDQR RYHUFRPHR WKHVHR OLPLWDWLRQVR DQGR RIIHUVR KLJKR VDPSOHR WKURXJKSXWsR WKDQNVR WRR IXOOR
DXWRPDWLRQRRIRWKHRHQWLUHRZRUNIORZRXVLQJRJROGrVWDQGDUGRURERWLFVRDQGRWKHRSDWHQWHGRµJUDERDQGRUHOHDVH¶RWHFKQRORJ\RRQRvHQWULTR
2QHRYDOXDEOHRDGGLWLRQDORIHDWXUHRRIRWKHRH[WUDFWLRQRWHFKQLTXHRLVRVDPSOHRPDQDJHPHQWSRDRVL[rSODFHRLQWHJUDWHGRVDPSOHRDJLWDWRUR
FRPELQHGRZLWKRWKHRSDWHQWHGRWHFKQRORJ\RDOORZVRVLPXOWDQHRXVRH[WUDFWLRQRRIRPXOWLSOHRVDPSOHRYLDOVRDWRDQ\RRQHRWLPHRPNQRZQRDVR
µSUHS�DKHDG¶RPRGHMsRDOORZLQJRIRURMXVWrLQrWLPHRVDPSOHRSUHSDUDWLRQsROHDGLQJRWRRKLJKHURWKURXJKSXWRDQGRIDVWHURWLPHRWRRUHVXOWVTTR
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4S6WUDLJKWIRUZDUGSDQGS6HPLDXWRPDWHGSkHPEUDQHmEDVHGS
kHWKRGSIRUSWKHS.HWHUPLQDWLRQSRISJRFDLQHSDQGSLWVS
kHWDEROLWHVSLQS8ULQHS6DPSOHVS8VLQJS2Jm16(m47]ymk6G
G
G
)uSkHULE-CG[cGH=–U=ECG-cGmLUNdCGucGP+V±L4dCGPcGwOO±UdCGDcGmURJQROLECG:cGbU=Q+RG4±G9OLY±LU=dCGwcGu=U=V±NEGG
m,n).HSDUWDPHQWR)GH)bDUPDFRFLrQFLDVF)EQLYHUVLGDGH)bHGHUDO)GH)JLrQFLDV)GD)6D~GH)GH)4RUWR)BOHJUHF)4RUWR)BOHJUHF)L6)AssCsc,úsF)zUD]LO)
mfi)íHULEF)MRVLDV7XIFVSDiHGXiEUn))
mUn).HSDUWDPHQWR)GH)HXtPLFDF)EQLYHUVLGDGH)bHGHUDO)GH)6DQWD)JDWDULQDF)bORULDQySROLVF)6J)PPslscAssF)zUD]LO)
G
.H\ZRUGV�yBXWRPDWLRQF).UXJV)RI)BEXVHF)@bLQíF)6DPSOH)4UHSDUDWLRQF)AScZHOO)SODWHiy
G
uR+=LQ±GBu9uiGLVG=QG=ON=ORL4GSV\+VRVWLPXO=QWG±[WU=+W±4G–URPGMU\WKUR[\OXP)FRFDGO±=Y±VGZVL+VGLVGP=LQO\GXV±4G4X±GWRGLWVG
WU=QVL±QWG±XSVRULJ±QL+G±––±+WVcGuR+=LQ±G=7XV±G+=QGO±=4GWRG4±S±Q4±Q+±G=Q4GLWVG+VURQL+=OGXV±GSURPRW±VG=GY=UL±W\GR–G±––±+WVG
LQ+OX4LQJG S=U=QRL=CG 4LVRUL±QW=WLRQG =Q4G VX44±QG +=U4L=+G 4±=WVG jdNcG IQG WVLVG VWX4\CG =G QRY±OG =Q4G VWU=LJVW–RUZ=U4G =Q=O\WL+=OG
P±WVR4RORJ\GZ=VG SURSRV±4G –RUG WV±G 4±W±UPLQ=WLRQG R–G +R+=LQ±G Bu9uiG =Q4G LWVGP=LQGP±W=7ROLW±VG 7±Q]R\O±+JRQLQ±G Bm5wiG
+R+=±WV\O±Q±G BuwiG =Q4G V\4UR[\S+R+=LQ±G Bu9uS9]iG LQG XULQ±G V=PSO±VcG :VLVG =SSUR=+VG +RQVLVW±4G R–G =G V±PL=XWRP=W±4G
+RQ–LJXU=WLRQG 7=V±4G RQG VROORZS–L7±UG U±Q±Z=OG OLTXL4GP±P7U=Q±G ±[WU=+WLRQG B]bD-HiG +RXSO±4G WRG =G FgSZ±OOG SO=W±G V\VW±PG
SURSRV±4CG –RUG WV±G –LUVWG WLP±CG WRG=Q=O\]±G +RPSO±[G7LRORJL+=OGV=PSO±VG VX+VG=VGXULQ±cG:V±G=Q=O\WL+=OG4±W±UPLQ=WLRQVGZ±U±G
S±U–RUP±4GXVLQJGXOWU=SVLJVGS±U–RUP=Q+±G OLTXL4G+VURP=WRJU=SV\G+RXSO±4G WRGTX=4UXSRO±G WLP±SR–S–OLJVWSP=VVGVS±+WURP±WU\G
B-uSwPISQ:9bSHPicG:V±G=Q=O\WL+=OGP±WVR4RORJ\GZ=VG–XOO\GRSWLPL]±4GWVURXJVGxR±VO±UWG=Q4GVLPSO±[S+±QWURL4G4±VLJQVCG=Q4G
XQLY=UL=W±G=SSUR=+V±VcG6RO\SURS\O±Q±GP±P7U=Q±VGR–GdG+PGO±QJWVGZ±U±GLQV±UW±4GLQGWV±GSLQVGR–G=QG±[WU=+WLRQG7O=4±G+RP7LQ±4G
ZLWVG=GFgSZ±OOGSO=W±GV\VW±PG=Q4G LWVGSRU±VGZ±U±G–LOO±4GZLWVGV±[=Q±O4L+VORURP±WV=Q±O±WV\OG=+±W=W±GBdOdOdGYhYhYiG –RUGdTeGVvG
PRU±RY±UCGEeGȝ-GR–GWVLVGPL[WXU±GZ=VG=44±4GWRGWV±GV=PSO±GWRG=OORZG–RUG=GU±Q±Z=7O±GOLTXL4GP±P7U=Q±cGG:V±G±[WU=+WLRQGVW±SG
Z=VG+=UUL±4GRXWG7\GN±±SLQJGWV±G7O=4±VGLPP±UV±4GLQGYL=OVG+RQW=LQLQJGdcoGP-GR–G4LOXW±4GXULQ±G=4MXVW±4G=WGS]GdeGZLWVGderG
BZhYiGR–Gq=Eu9lG4XULQJGEeGPLQCG–ROORZ±4G7\GOLTXL4G4±VRUSWLRQGZLWVGdeeGP-GR–G=+±WRQLWULO±cGbLQ=OO\CGWV±G±[WU=+WGZ=VG4UL±4GXQ4±UG
qEGVWU±=PG=Q4GU±VXVS±Q4±4GZLWVGEeGP-GR–GXOWU=SXU±GZ=W±UG=Q4GLQM±+W±4GLQGWV±G+VURP=WRJU=SVL+GV\VW±PcG/VLQJGWVLVG=SSUR=+VCG
V=WLV–=+WRU\GU±VXOWVGZ±U±G=+VL±Y±4G–RUGWV±G=Q=O\WL+=OGS=U=P±W±UGR–GP±ULWG=VGVVRZQGLQG:=7O±GdcG
G
7DEOHS-uGtQ=O\WL+=OGS=U=P±W±UVGR–GP±ULWGR7W=LQ±4GZLWVGWV±G]bD-HhFgGZ±OOSSO=W±GP±WVR4RORJ\GjENcG

4QDO\WHS 2LQHDUS1TXDWLRQS 6ORSHS6WDQGDUGS
.HYLDWLRQS

2].S
oQJSP2m-wS

2]4S
oQJSP2m-wS

2LQHDUS5DQJHSS
oQJSP2m-wS 5sS

u9uG \G(Gecedon[G1GecedFRG �GeceeeloG dcoG oG oGSGTeGG ecFFToG
m5wG \G(Geceel[G1GecedRgG �GeceeedFG docdG oeG oeGSGoeeG ecFTnoG
uwG \G(GeceEnR[G1GeceoelG �GeceeeoeG dcoG oG oGSGTeG ecFFTgG

u9uS9]G \G(Geceegg[G1GeceEnFG �GeceeeEEG dcoG oG oGSGTeG ecFFolG
G
HRU±RY±UCG LQWU=S4=\GSU±+LVLRQGBQ(oiG U=QJ±4G –URPGdcgG WRGdlcorG=Q4G LQW±US4=\GSU±+LVLRQG BQ(oiGY=UL±4G –URPGEcEG WRGdncorcG
D±O=WLY±G U±+RY±UL±VG U=QJ±4G –URPGnecnrG B�GlcFriG WRGdERcdrGB�GecnricG:V±GP±WVR4RORJ\GZ=VG=SSOL±4G LQGXULQ±GV=PSO±VG
R7W=LQ±4G–URPGuQVWLWXWR)jHUDO)GH)4HUtFLDVG±GDPCGmU=]LOCG=++RU4LQJGWRGWV±GwWVL+VGtSSURY=OGQXP7±UGeeFdlndTclceeeecedEdCG
=Q4G+R+=LQ±GRUG LWVGP±W=7ROLW±VGZ±U±G 4±W±UPLQ±4G LQG QLQ±GRXWG R–G ±O±Y±QGV=PSO±VG±[=PLQ±4cG9QO\GRQ±G V=PSO±G±[VL7LW±4G
+RQ+±QWU=WLRQVG ORZ±UG WV=QG -9QG –RUG WV±G +RPSRXQ4VG VWX4L±4cG 9WV±UG LPSRUW=QWG –=+WRUG WRG 7±G QRWL+±4G LVG U±J=U4LQJG WV±G
+RQ+±QWU=WLRQGR–Gm5wCGZVL+VGLVGWV±GP=LQGP±W=7ROLW±GR–G+R+=LQ±GWV=WG+=QG7±G–RXQ4GLQGXULQ±cG[±Q±U=OO\CGWV±G+RQ+±QWU=WLRQGR–G
m5wG LQG XULQ±G LVG VLJV±UG WV=QG RWV±UG P±W=7ROLW±VcG IQG V=PSO±VG +RQW=LQLQJG +RQ+±QWU=WLRQVG VLJV±UG WV=QG -9QCG WV±G –RXQ4G
+RQ+±QWU=WLRQVGY=UL±4G–URPGdlEclGWRGllncFGQJGP-SdG–RUGm5wvG–URPGgcEGWRGEocFGQJGP-SdG–RUGu9uvG–URPGocFGWRGdgcTGQJGP-SdG–RUG
uwvG=Q4G–URPGocnGWRGdEcTGQJGP-SdG–RUGu9uS9]cG
:V±G=Q=O\WL+=OGP±WVR4RORJ\G7=V±4GRQGWV±GXV±GR–GVROORZG–L7±UGU±Q±Z=7O±GOLTXL4GP±P7U=Q±G±[WU=+WLRQGB]bD-HiG+RXSO±4GWRG
FgSZ±OOGSO=W±GV\VW±PG+RQVLVW±4GR–G=QG±QYLURQP±QW=OO\S–UL±Q4O\GV=PSO±GSU±S=U=WLRQGSUR+±4XU±G LQGZVL+VG–±ZGPL+UROLW±UVGR–G
RUJ=QL+GVROY±QWGZ±U±GXV±4G–RUGWV±G±[WU=+WLRQh4±VRUSWLRQGR–GWV±G=Q=O\W±VCG=Q4G-uSwPISQ:9bSHPG=OORZ±4G–RUG=++XU=W±G=Q4G
Y±U\GV=WLV–=+WRU\G=Q=O\WL+=OGU±VXOWVcGIQG=44LWLRQCGWVLVGW±+VQLTX±GSURYL4±4GVLJVSWVURXJVSXWGVLQ+±GFgGV=PSO±VG+=QG7±G±[WU=+W±4G
VLPXOW=Q±RXVO\cG
G
4FNQRZOHGJHPHQWVS
:V±G =XWVRUVG =U±G JU=W±–XOG WRG WV±G mU=]LOL=QG JRY±UQP±QW=OG =J±Q+\GJRQVHOKR) óDFLRQDO) GH) .HVHQYROYLPHQWR) JLHQWtILFR) H)
wHFQROyJLFR)Buq6TiG=Q4GJRRUGHQDomR)GH)BSHUIHLoRDPHQWR)GH)4HVVRDO)GH)ótYHO)6XSHULRUGBut6wPGSGbLQ=Q+±GuR4±GeediG
–RUGWV±G–LQ=Q+L=OGVXSSRUWGWV=WGP=4±GWVLVGU±V±=U+VGSRVVL7O±cGG
G
5HIHUHQFHVS
>-@G HczcG 8=O±QW±CG bcG u=UY=OVRCG Hc-cG m=VWRVCG HcG u=UY=OVRCG 6c[G 6LQVRCG x±Y±ORSP±QWG =Q4G Y=OL4=WLRQG R–G =G J=VG
+VURP=WRJU=SV\hLRQG WU=SSP=VVG VS±+WURP±WU\G P±WVR4G –RUG VLPXOW=Q±RXVG TX=QWL–L+=WLRQG R–G +R+=LQ±G =Q4G LWVG P±W=7ROLW±VG
7±Q]R\O±+JRQLQ±G=Q4GQRU+R+=LQ±OGtSSOL+=WLRQGWRGWV±GVWX4\GR–G+R+=LQ±GP±W=7ROLVPGLQGVXP=QGSULP=U\G+XOWXU±4GU±Q=OG+±OOViGzcG
uVURP=WRJUcGmcGTnTGBEedeiGleTlSleTTcG
>s@G [cG H=–U=CG -cG mLUNCG ucG P+V±L4CG PcG wOO±UCG DcG mURJQROLCG :cbcG 9OLY±LU=CG wcG u=U=V±NCG zcG H±UL7CG tG VWU=LJVW–RUZ=U4G =Q4G
V±PL=XWRP=W±4GP±P7U=Q±S7=V±4GP±WVR4G=VG±––L+L±QWG WRROG –RUG WV±G4±W±UPLQ=WLRQGR–G+R+=LQ±G=Q4G LWVGP±W=7ROLW±VG LQGXULQ±G
V=PSO±VGXVLQJG OLTXL4G+VURP=WRJU=SV\G+RXSO±4G WRGTX=4UXSRO±G WLP±SR–S–OLJVWSP=VVGVS±+WURP±WU\cGzcGuVURP=WRJUcGtcGdgEdG
BEeEeiGRgdeTTcS
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7UDFHa6LEXWUDPLQHa'HWHUPLQDWLRQaLQa+HUEDOa6OLPPLQJa
3URGXFWV.
.
.
+l,la8OXVR\doaEy.wHPLULs.:y.0OXVR\cs.Py.WRF7WHOOLas.py.]7ELUtya
u,m)9LYDV)dXPKXUL\HW)gQLYHUVLW\y)”DFXOW\)RI)8KDUPDF\y)’HSDUWPHQW)RI)“QDO\WLFDO)dKHPLVWU\y)9LYDVy)bXUNH\)uKLXOXVR\–\DKRRtFRPm)
uFm)gQLYHUVLW\)RI)dKLHWL±8HVFDUD)³Vt)G¶“QQXQ]LR´y)’HSDUWPHQW)RI)8KDUPDF\y)xLD)GHL)xHVWLQL)c,y)dKLHWL)ff,nny)6WDO\)
ucm)9LYDV)dXPKXUL\HW)gQLYHUVLW\y)xRFDWLRQDO)9FKRRO)RI)3HDOWK)9HUYLFHy)’HSDUWPHQW)RI)8KDUPDF\y)9LYDVy)bXUNH\)
ulm)”ORULGD)6QWHUQDWLRQDO)gQLYHUVLW\y)’HSDUWPHQW)RI)dKHPLVWU\)DQG)GLRFKHPLVWU\y,,Fnn)9:)DWK)9Wy)4LDPLy)”H)cc,ppy)g9“)
.
.H\ZRUGV�y38Hdy)3HUEDO)VOLPPLQJ)SURGXFWVy)4DJQHWLF)VROLG)SKDVH)H[WUDFWLRQy)9LEXWUDPLQH)y
.
.
:LEXWU7PLQH. S:kPU. LV. 7. V\QWKHWLF. VHURWRQLQoQRU7GUHQ7OLQ. UHoXSW7NH. LQKLELWRUs. VWUXFWXU7OO\. UHO7WHG. WR. 7PSKHW7PLQHVy.
gRZHYHUs.VRPH.XQVFUXSXORXV.P7QXI7FWXUHUV.7UH.PL[LQJ.:LEXWU7PLQH.ZLWK.IRRG.VXSSOHPHQWV.7QG.VOLPPLQJ.SURGXFWV.VROG.
LOOHJ7OO\.WKURXJK.RXWOHWV.RQOLQH.7QG.LQ.WKH.EO7FN.P7UNHWy.IQ.WKH.LQWHUHVWV.RI.FRQVXPHU.V7IHW\s.7.VLPSOH.7QG.VHQVLWLYH.PHWKRG.
LV.WKHUHIRUH.QHHGHG.WR.HIIHFWLYHO\.VFUHHQ.7QG.GHWHFW.:LEXWU7PLQH.LQ.WKHVH.SURGXFWV.RLqy.
.
5LWKLQ.WKH.VFRSH.RI. WKLV.VWXG\s.7.QHZ.HQULFKPHQW.7QG.GHWHUPLQ7WLRQ.PHWKRGs.ZKLFK. LQFOXGHV.g;WHowpw.7Q7O\VLV.7IWHU.
P7JQHWLF.k7VHG.:ROLG.;K7VH.PLFUR.v[WU7FWLRQ.SP:;vUs.K7V.EHHQ.GHYHORSHG.IRU.WU7FLQJ.:LEXWU7PLQH.PROHFXOHVs.ZKLFK.7UH.
ZLGHO\. XVHG. HVSHFL7OO\. LQ. VOLPPLQJ. SURGXFWVs. 7W. WU7FH. OHYHOy. IQ. WKLV. SURSRVHG. PHWKRG(. 8KH. VLEXWU7PLQH. PROHFXOHV. 7UH.
HQULFKHG.E\.XVLQJ.WKH.P7JQHWLF.SK7VH.V\QWKHVL]HG.LQ.RXU.O7ERU7WRU\.7V.7.VRUEHQW.LQ.WKH.SUHVHQFH.RI.Sgn.byM.EXIIHU.7QG.
IXUWKHU. HQULFKHG. E\. GHVRUSWLRQ. WR. 7FHWRQLWULOH2PHWK7QRO. PL[WXUH. EHIRUH. FKURP7WRJU7SKLF. GHWHUPLQ7WLRQVy. kHIRUH. WKH.
7Q7O\VLVs.V7PSOHV.WU7QVIHUUHG.WR.g;WH.YL7OV.E\.ILOWHULQJ.ZLWK.Myt3.ȝP.SRURXV.;8fv.ILOWHU.ZHUH.SO7FHG.LQ.WKH.g;WH.GHYLFH.
7QG. 7Q7O\WLF7O. S7U7PHWHUV. VXFK. 7V. OLQH7U. LQWHUY7Os. HQULFKPHQW. I7FWRU. 7QG. GHWHUPLQ7WLRQ. OLPLW. ZHUH. GHWHUPLQHG. 7IWHU.
RSWLPL]LQJ.H[SHULPHQW7O.Y7UL7EOHV.VXFK.7V.LQWHU7FWLRQ.WLPHs.GHVRUSWLRQ.VROYHQWs.Sgy.IQ.WKH.GHYHORSHG.PHWKRG(.VLEXWU7PLQH.
PROHFXOHV. ZHUH. 7Q7O\]HG. RQ. LVRFU7WLF. HOXWLRQ. RI. 7FHWRQLWULOH. StMU. 7QG. Sgna. EXIIHU. SAMU. ZLWK. wpw. GHWHFWRU. 7W. cca. QP.
Z7YHOHQJWKy.WLPLW.RI.GHWHFWLRQ.SWEwU.Y7OXH.Z7V.F7OFXO7WHG.7V.Lyta.QJ.PWoLy.zHO7WLYH.VW7QG7UW.GHYL7WLRQV.Sz:wU.ZHUH.EHORZ.
aycM.r.IRU.GHWHUPLQ7WLRQV.RI.PRGHO.VROXWLRQV.LQFOXGLQJ.cMM.QJ.PWoL.RI.VLEXWU7PLQHy.fLQ7OO\s.WKH.GHYHORSHG.PHWKRG.K7V.EHHQ.
7SSOLHG.WR.KHUE7O.VOLPPLQJ.WH7.V7PSOHV.ZLWK.TX7QWLW7WLYH.LQ.UHFRYHU\.H[SHULPHQWVy.
.
..

�

a
)LJXUHadlaaxU7SKLF7O.pEVWU7FW.RI.WKH.SURSRVHG.PHWKRG..a

.

.
[FNQRZOHGJHPHQWVa
8KLV.VWXG\.K7V.EHHQ.VXSSRUWHG.E\.:LY7V.HXPKXUL\HW.0QLYHUVLW\.:FLHQWLILF.zHVH7UFK.;URMHFWV.HRPPLVVLRQ.7V.WKH.UHVH7UFK.
SURMHFW.ZLWK.WKH.vH6oM3K.FRGHy.
.
5HIHUHQFHVa
>d@.:y.]L7WWLV7Ns.;y.57U7NRUQs.5y.WLPEXWs.pGVRUSWLRQ.7QG.GHWHUPLQ7WLRQ.RI.VLEXWU7PLQH.LQ.LOOHJ7O.VOLPPLQJ.SURGXFW.XVLQJ.
SRURXV.JU7SKHQH.LQNoPRGLILHG.HOHFWURGHs.87O7QW7.ScMcMU.cLc.LcMKbby.
aa�
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'HWHFWLRQtRIt&DWLRQLFt6XUIDFWDQWVtLQt'LVLQIHFWDQWVtDQGt
RQWLVHSWLFVtE\t1HZt'LUHFWt3RWHQWLRPHWULFt6XUIDFWDQWt
6HQVRUM
M
M
1At6DNDþydM)čMTR]RQRYLüSdMkčM)R:XQLþuýRþLüKdM0čMPRYRþ3čM
ygo)pDFXOW\)RI)mHRWHFKQLFDO)DQJLQHHULQJe)8QLYHUVLW\)RI)=DJUHEe)UrEEE)9DUDåGLQe)@URDWLD0)QnVDNDF;JIYnXQL]JnKU)
yro)zHSDUWPHQW)RI)@KHPLVWU\e)8QLYHUVLW\)RI)PVLMHNe)O5h,gEEE)PVLMHNe)@URDWLDn)
y,o)6DSRQLD)@KHPLFDOe)IKDUPDFHXWLFDO)DQG)pRRGVWXII)jQGXVWU\e)jQFne),gEEE)PVLMHNe)@URDWLD)
)
.H\ZRUGV�y.QWLVHSWLFe)@DWLRQLF)VXUIDFWDQWe)IRWHQWLRPHWU\e)IHUVRQDO)FDUH)SURGXFWVny
M
wRWLRQLQMVXUIRQWRQWVMRUHMXVH:MRVMRQWLVHSWLQVdM:LVLQIHQWRQWVdMLRQWHULQL:HVdMQRUURVLRQMLQKLLLWRUVMRQ:MQOHRQLQJMRJHQWVMLQMKRPHM
SUR:XQWVMRQ:MSURIHVVLRQROMSUR:XQWVMLQMKRVSLWROVdMLQ:XVWU\dMRVMRLOILHO:MQKHPLQROVMRQ:MLQMRJURQRP\čMwRWLRQLQMVXUIRQWRQWVMKRYHM
RMSRVLWLYHO\MQKRUJH:MKHR:MZKLQKMROORZVMWKHPMWRMVWLQNMWRMQHJRWLYHO\MQKRUJH:MVXUIRQHVdMSUHYHQWLQJMWKHMHOHQWURVWRWLQMUHSXOVLRQM
RQ:MROVRMRQWLQJMRVMWH[WLOHMVRIWHQHUVčM5RQLRQLQMVXUIRQWRQWVMRUHMRPSKLSRWKLQMPROHQXOHVMWKRWMQRQWRLQMRMOLSRSKLOLQMSRUWdMXVXROO\M
ORQJMRON\OM QKRLQM RUM IRWW\M RQL:dM RQ:M RMK\:URSKLOLQM SRUWLRQM VXQKM RVM HWK\OHQHM R[L:HM QKRLQM RIM YRULRXVM OHQJWKM RQ:M WKXVdM RUHM
QRQLRQL]RLOHMLQMZRWHUM>y@čM5RQLRQLQMVXUIRQWRQWVMHQKRQQHMWKHMQOHRQLQJMSURSHUWLHVMRIMQRWLRQLQMVXUIRQWRQWVM>N@čMNRUPXORWLRQVMRIM
QRWLRQLQMZLWKMQRQLRQLQMVXUIRQWRQWVMRUHMQRPPRQMLQMPRQ\MSHUVRQROMQRUHMSUR:XQWVMRQ:MSKRUPRQHXWLQROVM>wsP@čM
mMQHZO\MV\QWKHVL]H:MQRWLRQLQMVXUIRQWRQWMLRVH:MRQMLPL:R]ROHMZRVMXVH:MRVMQRXQWHUMLRQMWRMWHWURSKHQ\OLRURWHMi69yćMWRMIRUPM
WKHMLRQRSKRUHMLPSOHPHQWH:MLQMSRWHQWLRPHWULQMVXUIRQWRQWMVHQVRUMWRM:HWHQWMQRWLRQLQMVXUIRQWRQWVMLQMQRPPHUQLROMSHUVRQROMQRUHM
SUR:XQWVMRQ:MRQWLVHSWLQVčM6KHMVXUIRQWRQWMVHQVRUMVKRZH:MJRR:MUHVSRQVHMQKRURQWHULVWLQVMWRMQRWLRQLQMVXUIRQWRQWVMXVXROO\MXVH:M
LQMQRPPHUQLROMSUR:XQWMIRUPXORWLRQVčMZLWKM5HUQVWLRQMVORSHMIURPMCcč3MWRMCrč3MPE-:HQR:HčM6KHMORZHVWMOLPLWMRIM:HWHQWLRQMZRVM
RLWRLQH:MIRUMQHW\OS\UL:LQLXPMQRWLRQLQMVXUIRQWRQWMi3č3[3ČutM)ćčM0HQVRUMH[KLLLWH:MIRVWM:\QRPLQMUHVSRQVHMWRM:R:HQ\OMVXOIRWHM
ikk0ćM RQ:M 69ydM ORZM LQWHUIHUHQQHM LQIOXHQQHM RQ:M ORZM SAM LQIOXHQQHčM xWKR[\ORWH:M QRQLRQLQM VXUIRQWRQWVM KR:M RM VLJQLILQRQWM
LQIOXHQQHMRQMQRWLRQLQMVXUIRQWRQWM:HWHQWLRQMZLWKMVXUIRQWRQWMVHQVRUM LQM WHUPVMRIMHQ:uSRLQWM:HWHQWLRQMRQ:MVKRSHMRQ:MVL]HMRIM
:LUHQWMSRWHQWLRPHWULQMWLWURWLRQMQXUYHVčM6KHMVHQVRUMZRVMVXQQHVVIXOO\MRSSOLH:MIRUMWKHMTXRQWLILQRWLRQMRIMWHQKQLQROMJUR:HMQRWLRQLQM
VXUIRQWRQWVMRQ:MWZHOYHMSUR:XQWVMQRPPHUQLROMSHUVRQROMQRUHMRQ:MRQWLVHSWLQMSUR:XQWVMZLWKMJRR:MRJUHHPHQWMZLWKMUHIHUHQWMWZRu
SKRVHMWLWURWLRQMPHWKR:čM

�
5HIHUHQFHVt
>y@M )čM 0RNuyRVQRUdM kčM )R:XQLüuýRþLüdM 5čM 0RNRþdM 7čM FRORYLüdM )čM 0RPRU:åLüdM žčM FURLRULüdM 9RWHQWLRPHWULQM 0HQVRUM IRUM
9RO\HWKR[\ORWH:M5RQLRQLQM0XUIRQWRQWMkHWHUPLQRWLRQčMxOHQWURQKLPčMmQWRMCCMiSČČrćMCSs±CK1čMM
>N@MPčM7JLQRdM)čMmLHdM)L[H:M0XUIRQWRQWM0\VWHPVdMVHQRQ:MH:čdM)RUQHOMkHNNHUdM(QQčdM5HZMGRUNdM3rrKčM
>w@M /čM PRZRLdM )čM 5LNLdM 0čM GR:RdM 6čM GRVKLPXURdM 0XUIRQHM m:VRUSWLRQM 9URSHUWLHVM RQ:M BR\HUM 0WUXQWXUHVM RIM ARPRJHQHRXVM
9RO\R[\uHWK\OHQHu6\SHM5RQLRQLQM0XUIRQWRQWVM LQMVXRWHUQRU\umPPRQLXPu0ROWu6\SHMmPSKLSKLOLQMFHPLQLM (RQLQMBLTXL:VMZLWKM
7[\JHQuMRUM5LWURJHQuwRQWRLQLQJM0SRQHUVdM)ROHQXOHVMSCMiSČSČćM1ss3u1sr3čM
>P@MAčM5RWVKHKdMxčM6RXLWRXdM9KRVSKROLSL:MEHVLQOHVMIRUMkHUPRO-6URQV:HUPROMRQ:M5RVROMm:PLQLVWURWLRQMRIMmQWLYHM)ROHQXOHVfM
6KHMxIIHQWMRIM0XUIRQWRQWVMRQ:MmOQRKROVMRQMWKHMNOXL:LW\MRIM6KHLUMBLSL:MyLOR\HUVMRQ:M9HQHWURWLRQMxQKRQQHPHQWM9URSHUWLHVdM
)ROHQXOHVMSCMiSČSČćMSrCruKČČ3čM
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ZRPSDULVRQmRIm2HDGVSDFHm6ROLGS3KDVHm0LFURH[WUDFWLRQm
2LJKmZDSDFLW\m[LEHUmZRDWLQJVmIRUm8QWDUJHWHGmDQDO\VLVmRIm
.HHUm9RODWLOHVm8VLQJm]ZS06-989H
H
H
1lm=DQHOODhSHxbHfbHDQGHUVRQaSH[bHOHO9\aSHqbxbHU8JQXVRQHGGaSH[bHVLGHQaSHCblvbHvRF8QWMSH/bDbHOFKXJaSgbHH
slt)8QLYHUVLW\)RI)PLHJHf)wROHFXODU)6\VWHPf)2UJDQLF)e)zLRORJLFDO).QDO\WLFDO)@KHPLVWU\)TURXSf)PLHJHf)zHOJLXPf)HPDLOA)Gg]DQHOODdXOLHJHgEHg)
sct)bHSDUWPHQW)RI)@KHPLVWU\)DQG)zLRFKHPLVWU\f)7KH)8QLYHUVLW\)RI)7H[DV)DW).UOLQJWRQf).UOLQJWRQf)7H[DVf)86.g)
sut).IILOLDWH)RI)@ROODERUDWLYH)PDERUDWRULHV)IRU)2QYLURQPHQWDO).QDO\VLV)DQG)5HPHGLDWLRQf)7KH)XQLYHUVLW\)RI)7H[DV)DW).UOLQJWRQf).UOLQJWRQf)
7H[DVf)86.)
H
.H\ZRUGV�y.EVRUSWLRQ)VSHFWURVFRS\f)zHYHUDJH)DQDO\VLVf)wXOWLYDULDWH)FODVVLILFDWLRQf)63w2).UURZy
H
wHVSLWHHWKHHV8PHH98VLFHLQJUHGLHQWVHXVHGHLQH9UHZLQJSHWKHUHHLVH8HVLJQLILF8QWHY8UL8WLRQHLQH9HHUHVW\OHVbHH0LWKHWKHHU8SLGHLQFUH8VHH
LQHFU8IWH9UHZLQJSH9HHUHVW\OHVHK8YHH9HFRPHHHYHQHPRUHHQXPHURXVH8QGHFRPSOH[HLQHWKHHUHFHQWHS8VWbHDHWmlUOy<]<HsSRVWl
FROXPQHVSOLWHIRUHGX8OHGHWHFWLRQoHLQVWUXPHQWHZLWKHKH8GVS8FHHKLJKHF8S8FLW\HOPUfHZ8VHXVHGHWRHLQYHVWLJ8WHHaMHGLIIHUHQWH
9HHUVHZKLFKHUHSUHVHQWHWKUHHH9HHUHVW\OHVHlHGQGL8HS8OHH8OHVSH9ORQGHVSH8QGHKHIHZHL]HQVbHxH8GVS8FHHVROLGlSK8VHH
PLFURH[WU8FWLRQHsOPUfoHLVHRQHHRIHWKHHPRVWHIUHTXHQWO\HXVHGHH[WU8FWLRQHWHFKQLTXHVHIRUHWKHH8Q8O\VLVHRIHYRO8WLOHHRUJ8QLFH
FRPSRXQGVHs<)mVoHLQHFRPSOH[HP8WULFHVH4MβbHxLJKHF8S8FLW\HOPUfHIL9HUVHSRVVHVVH8HO8UJHUHH[WU8FWLRQHSK8VHHYROXPHSH
LQFUH8VLQJHWKHHVHQVLWLYLW\HRIHWKHHWHFKQLTXHH8QGHWKHUHIRUHHLPSURYLQJHWKHHH[WU8FWLRQH8SSUR8FKH4aβbHOLQFHHUHVXOWVHIURPH
XQW8UJHWHGHVWXGLHVHF8QH9HH8IIHFWHGH9\HWKHHVRU9HQWHP8WHUL8OHXVHGSHWKHHH[WU8FWLRQHSHUIRUP8QFHVHRIHWKUHHHKLJKHF8S8FLW\H
OPUfHIL9HUVSHLbHbSHSRO\GLPHWK\OVLOR[8QHSHSRO\GLPHWK\OVLOR[8QHyF8U9RQHZLGHHU8QJHSH8QGHSRO\GLPHWK\OVLOR[8QHyF8U9RQHZLGHH
U8QJHyGLYLQ\O9HQ]HQHSHZHUHHHY8OX8WHGbH[KHHH[WU8FWLRQHFRQGLWLRQVSHLbHbSHLQFX98WLRQHWLPHSHH[WU8FWLRQHWLPHSHH[WU8FWLRQH
WHPSHU8WXUHSH8QGHGHVRUSWLRQHWLPHSHZHUHHRSWLPL]HGHXVLQJH8HFHQWU8OHFRPSRVLWHHGHVLJQbHWRRGHUHSURGXFL9LOLW\HstMRdHqOwoH
Z8VHR9W8LQHGHIRUHH8FKHKLJKHF8S8FLW\HIL9HUHXVLQJH9RWKHWmH8QGH<]<HGHWHFWRUVbH[KHHPwUOym8U0qHIL9HUHH[KL9LWHGHWKHH
KLJKHVWHUHSURGXFL9LOLW\HZLWKH8HIbadqOwHXVLQJHWKHHUOHIRUHGHWHFWLRQH8QGHLbudqOwHXVLQJHWKHH<]<b�vRUHPRVWHRIHWKHH
FRPSRXQGHFO8VVHVHGHWHFWHGHLQHWKHH9HHUHV8PSOHVSHKLJKHUHH[WU8FWLRQH\LHOGVHZHUHHR9W8LQHGHXVLQJHWKHHGLSK8VLFH8QGHWULSK8VLFH
IL9HUVbHxRZHYHUSHVLPLO8UHFOXVWHULQJHZ8VHR9VHUYHGHZLWKHWKHHWKUHHHIL9HUHFKHPLVWULHVSHLQGLF8WLQJHVLPLO8UHH[WU8FWLRQH
SHUIRUP8QFHVHIRUHWKHHWKUHHHIL9HUHW\SHVb[KHHW8QGHPHUOy<]<HGHWHFWLRQHFRXSOHGHZLWKHWmHVHS8U8WLRQHSURYHGHWRH9HH
S8UWLFXO8UO\HY8OX89OHHIRUHFRPSRXQGHLGHQWLILF8WLRQSHHVSHFL8OO\HIRUHLVRPHUVH8QGHFRPSRXQGVHZLWKHVLPLO8UHVWUXFWXUHVbH[KHH
HY8OX8WLRQHRIH<]<HGHWHFWLRQHIRUHXQW8UJHWHGH8Q8O\VLVHOHGHWRHVLPLO8UHSHUIRUP8QFHVH8VHUOHGHWHFWLRQbHpRWKHWKHH<]<H8QGHWKHH
UOHZHUHH89OHHWRHHIIHFWLYHO\HGLIIHUHQWL8WHH9HWZHHQH9HHUHVW\OHVHXVLQJHSULQFLS8OHFRPSRQHQWH8Q8O\VLVbHGQH8GGLWLRQSHWKHHXVHHRIHgH
GLIIHUHQWHVW8WLVWLF8OH8SSUR8FKHVHXQLYHUV8OO\HLGHQWLILHGHMaHRIHWKHHFRPSRQHQWVHPRVWHLQIOXHQWL8OHLQHGLVWLQJXLVKLQJHWKHHWKUHHH9HHUH
VW\OHVHsHbJbSHȕlP\UFHQHSHOLQ8ORROSHLVRSHQW\OH8FHW8WHSHaSulGLlWHUWl9XW\OSKHQROobH[KLVHLVHWKHHILUVWHUHSRUWHGHHY8OX8WLRQHRIH<]<H
GHWHFWLRQH8QGHWKHHILUVWHFRPS8ULVRQHRIHVLPXOW8QHRXVH<]<H8QGHUOHGHWHFWLRQHIRUHXQW8UJHWHGHFO8VVLILF8WLRQHRIHFRPSOH[H
PL[WXUHVHXVLQJHWmbH
H
5HIHUHQFHVm
>h@HebDbHORX]8lOLOY8SHfbHWLRQIULGGRSHCbHP8ZOLV]\QSHDHFULWLF8OHUHYLHZHRIHWKHHVW8WHHRIHWKHH8UWHRIHVROLGlSK8VHHPLFURH[WU8FWLRQHRIH
FRPSOH[HP8WULFHVHGGbHvRRGH8Q8O\VLVSH[UDmHlH[UHQGVHDQ8ObHmKHPbHiMHsaRMIoHagL±auJbH
>M@HDbH/UHPVHUSHUbDbHCRFKP8QQSH[bmbHOFKPLGWSHPDVHOPUfHDUURZHlHfY8OX8WLRQHRIH8HQRYHOHVROLGlSK8VHHPLFURH[WU8FWLRQHGHYLFHH
IRUHIUHHO\HGLVVROYHGHPDxVHLQHZ8WHUSHDQ8ObHpLR8Q8ObHmKHPbHuRJHsaRMLoH-ug±-Iab�
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].Ak.îk.A7R106w1mBO-5-3RZHUIXO-7HFKQLTXH-IRU-026g-
DQG-025g-4XDQWLILFDWLRQ-DQG-.KDUDFWHUL]DWLRQG
G
kP-0DXZHQVreGqhG]XUFDURbhGG
ucx) wHPEORX[) pJUR-2LR) 7HFKr) 8QLYHUVLW\) RI) qLHJHr) 3DVVDJH) GHV) 0pSRUWpVr) hr) wHPEORX[r) 2-nT,Tr) 2HOJLXPr)
JUHJRU\BEDXZHQVéVWXGHQWBXOLHJHBEHB))
G
.H\ZRUGV�y 5RPSUHKHQVLYH) WZR-GLPHQVLRQDO) JDV) FKURPDWRJUDSK\r) q5-w5îw5r) 0LQHUDO) RLO) DURPDWLF) K\GURFDUERQVr)
0LQHUDO)RLO)VDWXUDWHG)K\GURFDUERQVr)TXDQWLILFDWLRQBy
G
FLQHUDOG RLOG K\GURFDUERQVG 1F[-VMG DUHG JHQHUDOO\G FODVVLILHGG LQWRG PLQHUDOG RLOG VDWXUDWHGG DQGG DURPDWLFG K\GURFDUERQVG ZLWKG
GLIIHUHQWGWR[LFRORJLFDOGUHOHYDQFHGDQGGDQDO\WLFDOGFKDOOHQJHVhG0PRQJGWKHGPDQ\GFKDOOHQJHVeGGDWDGLQWHUSUHWDWLRQGDQGGLQWHJUDWLRQG
UHSUHVHQWGDQGLPSRUWDQWGVRXUFHGRIGXQFHUWDLQW\GLQGWKHGUHVXOWVGSURYLGHGGE\GGLIIHUHQWGODERUDWRULHVGOHDGLQJGWRGDGYDULDWLRQGHYDOXDWHGG
RQGWKHGRUGHUGRIGsdchGjKHGXVHGRIGPXOWLGLPHQVLRQDOGFRPSUHKHQVLYHGJDVGFKURPDWRJUDSK\G1qTîqTMGKDVGEHHQGSURSRVHGGWRG
VXSSRUWGWKHGGDWDGLQWHUSUHWDWLRQGEXWGWKHGLQWHJUDWLRQGDQGGWKHGUHOLDELOLW\GRIGWKHGUHVXOWVGXVLQJGWKLVGPHWKRGRORJ\GKDYHGQHYHUGEHHQG
V\VWHPDWLFDOO\GHYDOXDWHGhGjKHGDLPGRIGWKLVGZRUNGZDVGWRGDVVHVVGWKHGLQWHJUDWLRQGDQGGTXDQWLILFDWLRQGSHUIRUPDQFHVGRIGDGWZRl
GLPHQVLRQDOG1sCMGVRIWZDUHhGjKHGGDWDGZHUHGJHQHUDWHGGXVLQJGDGQRYHOeGFRPSOHWHO\GDXWRPDWHGGSODWIRUPeGQDPHO\GzTlqTîqTG
FRXSOHGG WRG GXDOG GHWHFWRUVeG LhHheG WLPHlRIlIOLJKWG PDVVG VSHFWURPHWHUG 1FNMG DQGG IODPHG LRQL]DWLRQG GHWHFWRUG 1kDCMhG kURPG DG
V\VWHPDWLFG VWXG\G RIG WKHG IDLOXUHVG RIG WKHG WZRlGLPHQVLRQDOG TXDQWLILFDWLRQG DSSURDFKG DG QRYHOG VROXWLRQG ZDVG SURSRVHGG IRUG
VLPSOLI\LQJGDQGGDXWRPDWLQJGWKHGHQWLUHGSURFHVVhGjKHGQRYHOGDOJRULWKPGZDVGWHVWHGGRQGDGGKRFGFUHDWHGGVDPSOHVG1LhHhGDGSDUDIILQG
PL[WXUHGDGGHGGRIGQlDONDQHVMGDQGGUHDOlZRUOGGVDPSOHVGSURYLQJGWKHGDJUHHPHQWGRIGWKHGUHVXOWVGREWDLQHGGE\GqTîqTGDQGGWKHG
WUDGLWLRQDOG PRQRlGLPHQVLRQDOG 1bCMG DSSURDFKhG FRUHRYHUeG WKHG EHQHILWVG RIG XVLQJG DQG HQWLUHO\G LQWHJUDWHGG SODWIRUPG ZHUHG
HPSKDVL]HGeGSDUWLFXODUO\GUHJDUGLQJGWKHGLGHQWLW\GFRQILUPDWLRQGFDSDELOLW\GRIGWKHGFNGGDWDeGZKLFKGFDQGEHGHDVLO\GWUDQVODWHGGLQWRG
WKHGsCGkDCGTXDQWLILFDWLRQGIHDWXUHG>b@hG
�

-
5FNQRZOHGJPHQWV-
jKLVGZRUNGLVGVXSSRUWHGGE\GkRQGVGGHGODGBHFKHUFKHGNFLHQWLILTXHG%HOJLTXHG1kIBNMG1TCBGSURMHFWVlF[-]ODWIRUPeGLhdbgdhsdMhG
jKHGDXWKRUVGWKDQNGz×T[GDQGGBHVWHNGIRUGLWVGVXSSRUWhG
-
5HIHUHQFHV-
>r@GqhG%DXZHQVeGNh]DQWyeGqhG]XUFDUReGLhGTKRUODWRJUDSK\G0eGsdsbG1XQGHUGUHYLVLRQMG
-
�
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3ULVWLQHiDQGi[XQFWLRQDOL]HGi0XOWLz:DOOHGiwDUERQi
1DQRWXEHViDVi,GVRUEHQWi0DWHULDOiIRUi6ROLGz3KDVHi
R[WUDFWLRQiRIi0XOWLzwODVVi2UJDQLFi0LFURSROOXWDQWVi.
.
0M2MikDUERVDCli5a3a.5L7HLURvF.(a5aHa.5L7HLURvF.[a-a5a.0HUHLUãvF.(a[a2a.3LOYãv.
ycf)πDERUDWRU\)RI)6HSDUDWLRQ)DQG)5HDFWLRQ)0QJLQHHULQJ)i)πDERUDWRU\)RI)4DWDO\VLV)DQG)0DWHULDOV)yπ650iπ40fp)6DFXOGDGH)GH)0QJHQKDULDp)
8QLYHUVLGDGH)GR)3RUWRp)5XD)2Un)5REHUWR)6ULDV)VdQp)-ERRi-lC)3RUWRp)3RUWXJDOn)
.
.H\ZRUGV�y4RQWDPLQDQWV)RI)HPHUJLQJ)FRQFHUQu)FDUERQ)QDQRWXEH)FDUWULGJHVu)JUHHQ)VROYHQWu)SULRULW\)VXEVWDQFHVu�XOWUDiKLJK)
SHUIRUPDQFH)OLTXLG)FKURPDWRJUDSK\iWDQGHP)PDVV)VSHFWURPHWU\ny
.
8Q.WKH.SUHVHQW.ZRUNF.RULJLQãO.ãQG.IXQJWLRQãOL]HG.PXOWLZãOOHG.JãU7RQ.QãQRWX7HV.,[UC]2VA.ZHUH.LQYHVWLJãWHG.ãV.ãGVRU7HQW.
PãWHULãO.LQ.VROLGPSKãVH.H[WUãJWLRQ.,30)A.JãUWULGJHV.IRU.H[WUãJWLRQ.RI.w.RUJãQLJ.PLJURSROOXWãQWV.ZLWK.GLIIHUHQW.SKã.ãQG.SROãULW\.
UãQJH. ,ãJHWãPLSULGF. ãWUã]LQHF. JãU7ãPã]HSLQHF. GLJORIHQãJF. LVRSURWXURQF. PHWãIOXPL]RQHF. PHWKLRJãU7. ãQG. 0-63. P.
SHUIOXRURRJWãQHVXOIRQLJ.ãJLGA.IURP.VXUIãJH.ZãWHU.,3UA.VãPSOHVa.2KH.SULPãU\.JRQGLWLRQV.LQIOXHQJLQJ.WKH.HIILJLHQJ\.RI.WKH.
30)F.QãPHO\.WKH.VãPSOH.SE.ãQG.YROXPHF.WKH.HOXWLRQ.ãQG.H[WUãJWLRQ.VROYHQW.ãQG.UHVSHJWLYH.YROXPHVF.ãQG.WKH.ãPRXQW.RI.
[UC]2V.SãJNHG.LQ.HãJK.JãUWULGJHF.ZHUH.RSWLPL]HG.ZLWK.WKH.SULVWLQH.PãWHULãO.jvDa.2KH.UHJRYHULHV.R7WãLQHG.ZHUH.ã7RYH.plr.
IRU.h.RXW.RI.WKH.w.WãUJHW.SROOXWãQWV.,ãJHWãPLSULGF.ãWUã]LQHF.JãU7ãPã]HSLQHF.GLJORIHQãJ.ãQG.LVRSURWXURQAF.ZKHQ.XVLQJ.ã.ORZ.
ãPRXQW.RI.ãGVRU7HQW.,hl.PJA.ãQG.ãQ.HJRPIULHQGO\.VROYHQW.,HWKãQROA.IRU.7RWK.JRQGLWLRQLQJ.ãQG.HOXWLRQ.VWHSVa.[RUHRYHUF.WKH.
[UC]2.JãUWULGJHV.JãQ.7H.UHXVHG.IRU.ãW.OHãVW.n.JRQVHJXWLYH.J\JOHV.ZLWKRXW.ORVV.RI.HIILJLHQJ\.ãQG.ãUH.JKHãSHU.WKãQ.W\SLJãOO\.
HPSOR\HG.JRPPHUJLãO. JãUWULGJHVa.2KH. LQWURGXJWLRQ.RI.R[\JHQãWHG.VXUIãJH.JURXSV.RQ. WKH.PãWHULãOF. WKURXJK.ã.JRQWUROOHG.
E]6n.K\GURWKHUPãO.R[LGãWLRQ.PHWKRGRORJ\.jIDF.HQKãQJHG.WKH.UHJRYHULHV.R7WãLQHG.IRU.WKH.LQGXVWULãO.JRPSRXQG.0-63.ãQG.
WKH.JãU7ãPãWH.SHVWLJLGH.PHWKLRJãU7.,ãWWUL7XWHG.WR.WKH.K\GURJHQ.7RQG.ãGVRUSWLRQ.PHJKãQLVPAF.7XW.UHGXJHG.WKRVH.R7VHUYHG.
IRU.WKH.QHRQLJRWLQRLG.SHVWLJLGH.ãJHWãPLSULG.ãQG.IRU.WKH.SKãUPãJHXWLJãOV.JãU7ãPã]HSLQH.ãQG.GLJORIHQãJ.,VXJJHVWLQJ.ʌiʌ.
GLVSHUVLYH.LQWHUãJWLRQVAa.8Q.WKH.VSHJLILJ.JãVH.RI.PHWKLRJãU7F.ã.JRRG.JRUUHOãWLRQ.ZãV.IRXQG.7HWZHHQ.WKH.UHJRYHU\.R7WãLQHG.
ãQG.WKH.ãPRXQW.RI.R[\JHQãWHG.VXUIãJH.JURXSV.RQ.IXQJWLRQãOL]HG.[UC]2V.,-LJXUH.vAF.WKH.UHJRYHU\¶V.LQJUHãVH.7HLQJ.PRVWO\.
ãVJUL7HG.WR.WKH.LQJUHãVH.RI.SKHQROVF.ãQG.JãU7RQ\O.ãQG.TXLQRQH.JURXSVa.2KHUHIRUHF.WKH.IXQJWLRQãOL]ãWLRQ.PHWKRG.ãSSOLHG.WR.
[UC]2V.ãOORZHG. WKH. ILQH. WXQH.RI. WKH.VXUIãJH.JKHPLVWU\.RI. WKH.JãU7RQ.PãWHULãO.XQGHU. VWXG\.ãJJRUGLQJ. WR. WKH. VSHJLILJ.
PLJURSROOXWãQWV.WR.7H.H[WUãJWHG.IURP.3U.VãPSOHVa.2KLV.ZRUN.RIIHUV.ã.QHZ.LQVLJKW.IRU.WKH.GHYHORSPHQW.RI.PRUH.HIILJLHQWF.
ORZPJRVW.ãQG.JUHHQHU.PHWKRGV.IRU.SUHPJRQJHQWUãWLRQ.RI.)’.PXOWLPJOãVV.RUJãQLJ.PLJURSROOXWãQWV.LQ.ZãWHU.PãWULJHVa.

.
[LJXUHiCM.5HJRYHU\.R7WãLQHG.IRU.PHWKLRJãU7.ãV.ã.IXQJWLRQ.RI.,jC6ID.M.jC6DAT6W)2a.

.
,FNQRZOHGJHPHQWVi
0URMHJW. ]652)PlvPlvthP-)N)5Plnvltk. ,8Q3SHCWA. IXQGHG. 7\. )5N-. WKURXJK. ]652). IlIl. ãQG. 7\. QãWLRQãO. IXQGV.
,08NN(CA. WKURXJK. -C2T[C2)3d. ãQG. 0URMHJW. 06C8PlvPlvthP-)N)5PlnlhIv. ,3([05)0A. IXQGHG. 7\. )5N-. WKURXJK.
C6[0)2)IlIl.P.0URJUãPã.6SHUãJLRQãO.CRPSHWLWLYLGãGH.H.8QWHUQãJLRQãOL]ãomR.,06C8A.ãQG.7\.QãWLRQãO.IXQGV.,08NN(CA.
WKURXJK.-C2T[C2)3a.0URMHJW.(VVRJLãWH.Hã7RUãWRU\.H35)PHC[.P.’8NWThllIlTIlIl.P.IXQGHG.7\.QãWLRQãO. IXQGV.WKURXJK.
-C2T[C2)3.,08NN(CAa.(5H5.ãJNQRZOHGJHV.-C2. IXQGLQJ.XQGHU.NHhsTIlvp.2UãQVLWRU\.]RUP.0URP.JUãPPH.ãQG.[6W.
ãJNQRZOHGJHV.WKH.ILQãQJLãO.VXSSRUW.IURP.-C2.,5HIa.3-5ETWNTvvhhpwTIlvpAF.WKURXJK.WKH.)XURSHãQ.3RJLãO.-XQG.ãQG.WKH.
EXPãQ.0RWHQWLãO.6SHUãWLRQãO.0URJUãPPHa.
.
5HIHUHQFHVi
>C@i[a6a.WãU7RVãF.5a3a.5L7HLURF.(a5a.5L7HLURF.[a-a5a.0HUHLUãF.(a[a2a.3LOYãF�3ROLGPSKãVH.H[WUãJWLRQ.JãUWULGJHV.ZLWK.PXOWLP
ZãOOHG.JãU7RQ.QãQRWX7HV.ãQG.HIIHJW.RI. WKH.R[\JHQ. IXQJWLRQãOLWLHV.RQ.WKH.UHJRYHU\.HIILJLHQJ\.RI.RUJãQLJ.PLJURSROOXWãQWVF.
3JLHQWLILJ.5HSRUWV.vl.,IlIlA.IInlta.
>b@i(a[a2a.3LOYãF.Wa-a.[ãJKãGRF.yaHa.-LJXHLUHGRF.yaHa.-ãULãF.CRQWUROOLQJ. WKH.VXUIãJH.JKHPLVWU\.RI.JãU7RQ.[HURJHOV.XVLQJ.
E]6nPK\GURWKHUPãO.R[LGãWLRQF.CãU7RQF.ts.,IllkA.vpslPvpskai
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6XEl1PELHQWb7HPSHUDWXUHb6DPSOLQJbRIb9RODWLOHVbIURPb
RKHHVHb8XVLQJb9DFXXPl1VVLVWHGb+HDGVSDFHb7KLQb3LOPb
0LFURH[WUDFWLRQbDQGb6ROLGb3KDVHb0LFURH[WUDFWLRQbD
D
1gb3DWHUDNLVPDèiD0]:QHWRXGPDCiDOVLOO:NLVGiDD
yef)/DERUDWRU\)RI)-TXDWLF)3KHPLVWU\u)6FKRRO)RI)kQYLURQPHQWDO)kQJLQHHULQJu)7HFKQLFDO)8QLYHUVLW\)RI)3UHWHu)3RO\WHFKQHLRXSROLVu)@5iEsehh)
3KDQLDu)@UHHFHu)DSDWHUDNLSRLVFcWXFcJU)
e
.H\ZRUGV�)3KHHVHu)SDUPHVDQu)VROLG)SKDVH)PLFURH[WUDFWLRQu)WKLQ)ILOP)PLFURH[WUDFWLRQu)YRODWLOH)FRPSRXQG)DQDO\VLV)
D
FRRGD:URP:D:QGD IO:YRUD:UHDHVVHQWL:ODTX:OLW\DFULWHUL:D IRUDFKHHVHDFRPPHUFL:OL]:WLRQiD0KHVHD WZRDS:U:PHWHUVD:UHDVWURQJO\D
FRQQHFWHGDZLWKDWKHDYRO:WLOHDIU:FWLRQDSURGXFHGDGXULQJDWKHDULSHQLQJDSURFHVViD(QDI:FWPDWKHDYRO:WLOHDSURILOHDF:QD8HDFRQVLGHUHGD:D
ILQJHUSULQWD:VDLWDGLIIHUVD:FFRUGLQJDWRDFKHHVHDY:ULHW\DNGYiD
]FFRUGLQJDWRDWKHDOLWHU:WXUHPDVHYHU:ODVWXGLHVDK:YHD8HHQDFRQGXFWHGDLQDRUGHUDWRDLQYHVWLJ:WHDWKHDYRO:WLOHDSURILOHDRIDY:ULRXVDK:UGD
:QGDVHPLsK:UGDFKHHVHVPDLQFOXGLQJDP:Q\DZHOOsNQRZQDY:ULHWLHVDVXFKD:VDCPPHQW:OPDFUX\qUHPD-KHGG:UPDFRXG:PDFU:Q:D:QGD
O:UPLJL:QRDºHJJL:QRD:QGDRRVV:DFKHHVHD:PRQJDRWKHUVDNGYiDºHFHQWO\PDWKHDFK:U:FWHUL]:WLRQD:QGDGHWHUPLQ:WLRQDRIDWKHDYRO:WLOHVD
RIDFKHHVHDLVDF:UULHGDRXWDXVLQJDWKHDVROLGDSK:VHDPLFURH[WU:FWLRQDo5OjCuDFRXSOHGDZLWKDF-PDP:LQO\DGXHDWRDLWVDH:V\DRSHU:WLRQPD
KLJKDVHQVLWLYLW\PDOLPLWHGDULVNDRID:UWLI:FWVD:QGD8HF:XVHDRIDWKHDLQWHJU:WLRQDRIDV:PSOLQJPDH[WU:FWLRQPDFRQFHQWU:WLRQD:QGDLQMHFWLRQD
LQWRD:DVLQJOHDVROYHQWsIUHHDVWHSDSULRUDWRDLQVWUXPHQW:OD:Q:O\VLVDNGPdYiDD
0KHDR8MHFWLYHDRIDWKLVDZRUNDZ:VDWRDFK:U:FWHUL]HDWKHDYRO:WLOHDIU:FWLRQDRIDFU:Q:DO:G:QRDS:UPHV:QPDSHUIRUPLQJDWKHD:SSUR:FKHVD
RIDKH:GVS:FHDVROLGDSK:VHDPLFURH[WU:FWLRQDox5s5OjCuD:QGDWKLQDILOPDPLFURH[WU:FWLRQDo0RjCuiD0KLVDFKHHVHDLVDFKRVHQD:VDLWDLVD
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Conventional cigarette butts are the single most collected item in annual international coastal and urban clean-ups. Once 
dumped, they move through sewer systems and streams into the oceans and/or accumulate in localized areas. 
Environmental awareness on the disposal of tobacco products mainly focuses on the inability of discarded filters to 
biodegrade. There is markedly less awareness on the potential of tobacco products to act as point sources and leach 
toxicants. Indeed, the cumulative effect of many littered cigarette butts may present a significant threat to local organisms 
as past studies have found cigarette litter toxic to some aquatic species [1]. At the same time, a novel ‘heat-not-burn’ 
tobacco products was introduced that is becoming increasingly popular. However, the impact of disposing these heated 
tobacco sticks and exposing them to environmental water bodies is unknown.  
Hitherto, a limited number of published studies attempted to identify and quantify leached organic compounds and all 
studies focused on conventional cigarette butts. Chemicals belonged to different classes including polycyclic aromatic 
hydrocarbons (PAHs) [2-4], one alkaloid, several aromatic amines (including nicotine) [5] and carbonyls, three phenols and 
one terpene were only identified in water leachates produced from smoked CCs.  
The complexity of tobacco is expected to result in leachates consisting of highly complex mixtures of compounds and 
sample preparation is a crucial step for selectively extracting target organic compounds. The present work aims to quantify 
for the first time, PAHs and nicotine (an emerging organic pollutant) leaching from used and unused tobacco products. 
HiSorb sorptive extraction is used high capacity PDMS-based probes for the extraction of organic compounds directly from 
the complex leachates. Results obtained with heated tobacco sticks with aluminum paper (TSAl) were compared to those 
obtained from conventional cigarettes (CC). Total and bioavailable concentrations of each of the investigated PAHs at both 
unused and used tobacco products are being determined. As proven, naphthalene is the compound with the highest total 
and bioavailable concentrations recorded, a fact that might be due to its substantially high water solubility. Used CC 
displayed the widest range and highest concentrations of PAH compounds detected. The contribution of the different parts 
of tobacco products (i.e., filter, tobacco and paper) to the amounts of PAHs and nicotine of leachates was assessed for 
used and unused tobacco products. The results were compared to the dissolved and total concentrations found for tobacco 
product entities. Tobacco was the major source of metals for both the dissolved and total concentrations. The effects of 
varying pH, salt and humic acids on the leaching behavior of metals from TPs was also studied, next to the effect of matrix 
where rainwater, river water and seawater were used to leach metals from used and unused tobacco products.  All in all, 
discarded tobacco products may look like the end point of a life cycle, but there is still a way to go in addressing post-
consumer waste clean-up and responsible disposal. 
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JU||Q. VLPSO|. ZQ–.|JRQRPLJZO. VZPSO|. SU|WU|ZWP|QW. ZRUNIORZ. IRU. WK|. V|O|JWLY|. |[WUZJWLRQ.RI. V|Y|Q. SZUZW|QVn. LQJOX–LQJ.
P|WK\O. SZUZW|Q. FfGPun. |WK\O. SZUZW|Q. FyGPun. SURS\O. SZUZW|Q. FGGPun. WXW\O. SZUZW|Q. FPGPun. LVRSURS\O. SZUZW|Q. FLGGPun.
LVRWXW\O. SZUZW|Q. FLPGPun. ZQ–. W|Q]\O. SZUZW|Q. FP]GPun. IURP. KXPZQ. WU|ZVW. WLVVX|. VZPSO|V. ZQ–. WK|LU. VXWV|TX|QW.
–|W|UPLQZWLRQ.ZLWK.Z.IZVW.KLJKŽS|UIRUPZQJ|.OLTXL–.JKURPZWRJUZSK\.SKRWR–LR–|ŽZUUZ\.P|WKR–R�GZUZW|QV.W|ORQJ.WR.WK|.ZL–|U.
JURXS.RI.yQ–RJULQ|.)LVUXSWLQJ.EK|PLJZOV.ZQ–.ZU|.ZL–|O\.XV|–.ZV.SU|V|UYZWLY|V.ZJ|QWVR./V7.
BK|.-GMy.SURWRJRO.ZZV.P|WLJXORXVO\.RSWLPL]|–.LQ.W|UPV.RI.WK|.W\S|.RI.-GMy.P|PWUZQ|n.WK|.VL]|.RI.WK|.-GMy.P|PWUZQ|n.
WK|.WZJNŽ|[WUZJWLRQ.VROY|QW.V\VW|Pn.WK|.|[WUZJWLRQ.ZQ–.–|VRUSWLRQ.WLP|n.WK|.LPSZJW.RI.VWLUULQJ.–XULQJ.WRWK.WK|.|[WUZJWLRQ.ZQ–.
|OXWLRQ.SURJ|VVR.(PRQJ.QLQ|W||Q.W|VW|–.-GMy.P|PWUZQ|Vn.VROŽJ|O.SRO\FW|WUZK\–URIXUZQu.FVROŽJ|O.GBq-u.JRZWLQJ.RQ.3eer.
JRWWRQ. J|OOXORV|. IZWULJ. WKZW. U|SU|V|QWV. Z. P|–LXP. SROZULW\. PLJUR|[WUZJWLRQ. –|YLJ|. –|PRQVWUZW|–. WK|. KLJK|VW. |[WUZJWLRQ.
|IILJL|QJ\R.BK|.JKURPZWRJUZSKLJ.V|SZUZWLRQ.ZZV.ZJKL|Y|–.ZLWK.Z.MSK|ULVRUW.E.3m.JROXPQ.ZQ–.ZQ.LVRJUZWLJ.PRWLO|.SKZV|.
JRQVLVW|–.RI.eRekf.ZPPRQLXP.ZJ|WZW|.ZQ–.ZJ|WRQLWULO|.ZW.Z.IORZ.UZW|.RI.3Rč.PgjPLQR.BK|.WRWZO.ZQZO\VLV.WLP|.ZZV.3VR4.PLQR.
BK|.–|Y|ORS|–.P|WKR–.ZZV.ZOVR.YZOL–ZW|–R./č7.gLPLWV.RI.–|W|JWLRQ.ZQ–.OLPLWV.RI.TXZQWLILJZWLRQ.UZQJ|–.IURP.eRII.WR.eRVV.ZQ–.
eR4S.WR.3Re.QJjJn.U|VS|JWLY|O\n. IRU.ZOO.ZQZO\W|VR.T|OZWLY|.U|JRY|UL|V.Z|U|.W|WZ||Q.mSR4.r.ZQ–.3edRmrn.ZKLO|.ZLWKLQŽ–Z\.
U|S|ZWZWLOLW\.ZQ–.W|WZ||QŽ–Z\.SU|JLVLRQ.TM)V.Z|U|.ORZ|U.WKZQ.3eRdr.ZQ–.33Rmrn.U|VS|JWLY|O\R.
BK|. ZQZO\WLJZO. JRPS|W|QJ|. RI. WK|. –|Y|ORS|–. P|WKR–. ZZV. JO|ZUO\. W|VWLIL|–. W\. LWV. VXJJ|VVIXO. LPSO|P|QWZWLRQ. LQ. WK|.
WLRZQZO\VLV.RI.U|ZO.JZQJ|URXV.ZQ–.QRQŽJZQJ|URXV.WLVVX|.VZPSO|V.|PZQZW|–.IURP.–LII|U|QW.VXW.U|JLRQV.RI.ZRP|Q.WU|ZVWV.
LQJOX–LQJ.Z[LOZn. WK|.XSS|U. O|IW.ZQ–. WK|. ULJKW.TXZ–UZQWR. 0Q.ZOO.VZPSO|Vn.ZW. O|ZVW.RQ|.SZUZW|Q.ZZV.–|W|JW|–R. 0QW|U|VWLQJO\n.
JRQJ|QWUZWLRQ. O|Y|OV. RI. SZUZW|QV. LQ. JZQJ|URXV. WLVVX|V. Z|U|. KLJK|U. WKZQ. LQ. K|ZOWK\. WLVVX|VR. T|VXOWV. KLJKOLJKW|–. Z.
WLRZJJXPXOZWLRQ.SRW|QWLZO.RI.SZUZW|QV.LQ.KXPZQ.WU|ZVW.WLVVX|.W|JZXV|.RI.WK|.ORZŽ–RV|.ORQJŽW|UP.|[SRVXU|.RI.KXPZQVn.
U|JZU–O|VV.RI.WK|.VWZWXWRU\.OLPLWVR�-LQZOO\n.WK|.–|Y|ORS|–.P|WKR–RORJ\.|[KLWLW|–.J|UWZLQ.SUZJWLJZOLW\.ZQ–.PZ\.W|.Z.XV|IXO.
ZQZO\WLJZO.WRRO.IRU.|SL–|PLRORJLJZO.ZQ–.WR[LJRORJLJZO.VXUY|\VR.
.
5HIHUHQFHVb
>f@.(R.]ZWLUn.]RlR.-XUWRQn.-ZWULJ.SKZV|.VRUSWLY|.|[WUZJWRUV.FISV|un.DMIe3čeISč44e(3n.Ie3čR.
KWWSV1jjSZW|QWVRJRRJO|RJRPjSZW|QWjDMIe3čeISč44e(3j|Q.R.
>m@�yR.LLOIL–RXn.(R.]ZWLUn.]RlR.-XUWRQn.HR.MZPZQL–RXn.-ZWULJ.SKZV|.VRUSWLY|.|[WUZJWLRQ1.JXUU|QW.VWZW|.RI.WK|.ZUW.ZQ–.IXWXU|.
S|UVS|JWLY|Vn.M|SZUZWLRQV.k.FIe3mu.čeR.
>H@�GR)R.)ZUWU|n.GR%R.qZUY|\n.GZUZW|Q.|VW|UV1.U|YL|Z.RI.U|J|QW.VWX–L|V.RI.|Q–RJULQ|.WR[LJLW\n.ZWVRUSWLRQn.|VW|UZV|.ZQ–.
KXPZQ.|[SRVXU|n.ZQ–.–LVJXVVLRQ.RI.SRW|QWLZO.KXPZQ.K|ZOWK.ULVNVn.[.(SSO.BR[LJROR.Im.FIeemu.k43±kSmR..
>u@.T|JRPP|Q–ZWLRQV.IURP.WK|.yXURS|ZQ.PLRZQZO\VLV.-RUXP.RQ.P|WKR–.|VWZWOLVKP|QW.IRU.WLVVX|.KRPRJ|QZW|V._.
PLRZQZO\VLVn.FQR–RuR.KWWSV1jjZZZRIXWXU|ŽVJL|QJ|R.JRPj–RLjIXOOj3eRč3kkjWLRR3čRVč.R.
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IHWDLQHDEDVHGt1DWXUDOt1HHStkXWHFWLFt6ROYHQWVtDVt
3URPLVLQJtRUHHQtk[WUDFWLRQt.JHQWVtIRUt3HVWLFLGHVt
1HWHUPLQDWLRQtLQt9DORUL]HGtwRRGtI\D3URGXFWVt
.

.
qz.:RP6VeWRGUtJXH]Du.IzEz.bORQVRe[6UPt6Du.Hzbz.EHQGLRO6Du.bz.wLIXHQWHVDu.kpt]EDxH]Sp.
yIf) /DERUDWRU\) RI) @RRGRPLFVm) gQVWLWXWH) RI) @RRG) 6FLHQFH) 5HVHDUFKm) pg0/m) p6gpm) 1LFROiV) pDEUHUD) Am) 0DGULGm) nC,eAm) 6SDLQm)
HOHQDcLEDQH]8FVLFcHVc))
.
.H\ZRUGV�yE\iSURGXFWm)YDORUL]DWLRQm)JUHHQ)FKHPLVWU\m)QDWXUDO)GHHS)HXWHFWLF)VROYHQW))
)
.
bJULeIRRG. LQGXVWU\.JHQHU6WHV.6.JUH6W.6PRXQW.RI.RUJ6QLP.UHVLGXHV.WK6W.P6Q.SURGXPH.LPSRUW6QW.HQYLURQPHQW6O.SURFOHPV.LI.
WKH\.6UH.QRW.SURSHUO\.GLVSRVHG.6QG.P6Q6JHGz.bGHTX6WH.UHP\POLQJ.RI.VXPK.IRRG.Z6VWH.WR.RFW6LQ.HQHUJ\.6QG.RWKHU.Y6OX6FOH.
P6WHUL6OV.K6V.FHHQ.SURSRVHG.6V.6.VXLW6FOH.VWU6WHJ\.WR.VROYH.WKLV.LVVXHz.OQ.WKLV.VHQVHu.WKH.Y6ORUL]6WLRQ.RI.IRRG.F\eSURGXPWV.
F\. WKH.H[WU6PWLRQ.RI.Y6OX6FOH.PRPSRXQGV.6QG. WKHLU. WU6QVIRUP6WLRQ. LQ.QHZ.SURGXPWV. LQWHQGHG. IRU. OLYHVWRPN. IHHG.RU. IRRGu.
QXWU6PHXWLP6Ou. 6QG. SK6UP6PHXWLP6O. LQGXVWULHV. LV. 6. ZLGHO\. H[WHQGHG.SU6PWLPH. WK6W. QRW. RQO\. K6V. 6. SRVLWLYH. LPS6PW. RQ. WKH.
HQYLURQPHQW.VXVW6LQ6FLOLW\u.FXW.6OVR.PRQWULFXWHV.WR.GHPUH6VH.SURGXPWLRQ.PRVWV.6QG.LQPUH6VH.WKH.HIILPLHQP\.RI.WKH.IRRG.V\VWHP.
8Djz.TQ.WKH.RWKHU.K6QGu.WKLV.Y6ORUL]6WLRQ.VWU6WHJ\.PXVW.PRQVLGHU.WKH.SRVVLFOH.PKHPLP6O.PRQW6PLQ6QWV.RU.SRWHQWL6O.S6WKRJHQV.
PRQW6LQHG. LQ. WKH. IRRG. F\eSURGXPWV. WR. HQVXUH. WKH. TX6OLW\. RI. Y6ORUL]HG. F\eSURGXPWV. LQWHQGHG. IRU. KXP6QV. 6QG. 6QLP6O.
PRQVXPSWLRQ.FHIRUH.LWV.XVHz..
.
]RZHYHUu.GHVSLWH.WKH.QXPHURXV.VWXGLHV.SXFOLVKHG.6FRXW.IRRG.Y6ORUL]6WLRQu.V6IHW\.6VVHVVPHQW.K6V.FHHQ.U6UHO\.P6UULHG.RXWz.
OQ.WKLV.VHQVHu.WKH.GHYHORSPHQW.RI.QHZ.PHWKRGRORJLHV.6OORZLQJ.WKH.UHOL6FOH.HY6OX6WLRQ.RI.SRVVLFOH.PRQW6PLQ6WLRQ.LQ.WKLV.NLQG.
RI.IRRG.F\eSURGXPWV.PRQVWLWXWHV.6Q.LVVXH.RI.XWPRVW.LPSRUW6QPH.LQ.WKH.ILHOGz.qHVLGHVu.PRQVLGHULQJ.VXVW6LQ6FLOLW\.LVVXHVu.VXPK.
PHWKRGRORJLHV.VKRXOG.FH.P6UULHG.RXW.IURP.6.JUHHQ.6QG.HQYLURQPHQW6OO\.IULHQGO\.SHUVSHPWLYHz..
.
)6WXU6O.GHHS.HXWHPWLP.VROYHQWV.d)bIx:Vr.K6YH.HPHUJHG.LQ.WKH.O6VW.IHZ.\H6UV.6V.6.QHZ.JHQHU6WLRQ.RI.H[WU6PWLRQ.VROYHQWV.
6PPRPSOLVKLQJ.ZLWK.WKH.SULQPLSOHV.6QG.JXLGHOLQHV.RI.[UHHQ.wKHPLVWU\.GXH.WR.WKHLU.S6UWLPXO6U.PK6U6PWHULVWLPVz.4KRVH.LQPOXGH.
ORZ.WR[LPLW\.6QG.KLJK.FLRGHJU6G6FLOLW\u.H6V\.V\QWKHVLVu.6V.ZHOO.6V.ORZ.PRVW.6QG.O6UJH.6Y6LO6FLOLW\.RI.U6Z.P6WHUL6OVu.6PRQJ.
RWKHUVz.)bIx:V.6UH.PRQVWLWXWHG.F\.PL[WXUHV.RI.6W.OH6VW.WZR.Q6WXU6O.VXFVW6QPHVu.6.K\GURJHQ.FRQG.6PPHSWRU.d]qbr.6QG.6.
K\GURJHQ.FRQG.GRQRU.d]qIru.ZLWK.6.IUHH]LQJ.SRLQW.PXPK.ORZHU.WK6Q.WK6W.RI.HLWKHU.RI.H6PK.PRPSRQHQW.ZKLPK.P6NHV.WKHP.
6Q.LQWHUHVWLQJ.6OWHUQ6WLYH.WR.WKH.6SSOLP6WLRQ.RI.PRQYHQWLRQ6O.VROYHQWV.LQ.V6PSOH.SUHS6U6WLRQ.8Mjz.OQ.WKLV.VHQVHu.WKH.XVH.RI.
FHW6LQHeF6VHG.)bIx:V.K6V.FHHQ.ZLGHO\.6SSOLHG.VLQPH.WKLV.Q6WXU6O.6ON6ORLG.LV.6Q.H[PHOOHQW.]qbu.OHVV.WR[LP.6QG.PKH6SHU.
WK6Q.RWKHUV.PRPPRQO\.XVHG.VXPK.6V.PKROLQH.PKORULGH.8Ajz.]RZHYHUu.WKHLU.6SSOLP6WLRQ.IRU.WKH.H[WU6PWLRQ.RI.SHVWLPLGHV.IURP.
IRRG.P6WULPHV.K6V.QRW.FHHQ.P6UULHG.RXW.VR.I6Uz..
.
4KXVu.LQ.WKLV.ZRUN.ZH.K6YH.PRPS6UHG.WKH.6SSOLP6WLRQ.RI.QLQH.)bIx:Vu.SUHS6UHG.LQ.RXU.O6FRU6WRU\.6QG.PRQVWLWXWHG.F\.FHW6LQH.
6V.]qb.6QG.GLIIHUHQW.]qIV.dLzHz.PLWULPu. O6PWLPu.FXW6QRLP.6QG.SURS6QRLP.6PLGVu.JO\PHUROu.HWK\OHQH.JO\PROu.SURS\OHQH.JO\PROu.
IUXPWRVH.6QG.JOXPRVHru.IRU.WKH.H[WU6PWLRQ.RI.SHVWLPLGHV.IURP.PLWUXV.F\eSURGXPWV.LQ.RUGHU.HY6OX6WH.WKH.RPPXUUHQPH.RI.WKHVH.
PRQW6PLQ6QWV. LQ.VXPK.P6WULPHV.6QGu.PRQVHTXHQWO\u. WR.HQVXUH. WKH.TX6OLW\.6QG.V6IHW\.RI. WKH.SURGXPWV.RFW6LQHG. IURP.WKHLU.
Y6ORUL]6WLRQz.”LWK.WKLV.6LPu.6.)bIx:eF6VHG.OLTXLGeOLTXLG.H[WU6PWLRQ.Z6V.6SSOLHG.IRU.WKH.UHPRYHU\.RI.WKH.W6UJHW.PRPSRXQGV.
IROORZHG.F\.J6V.PKURP6WRJU6SK\eP6VV.VSHPWURPHWU\.GHWHUPLQ6WLRQz.WHVXOWV.LQGLP6WHG.WK6W.WKH.PRPFLQ6WLRQ.RI.FHW6LQH.ZLWK.
SURS\OHQH.JO\PRO.RU.FXW6QRLP.6PLG.LQ.PRO6U.U6WLRV.Dfl.6QG.DfMu.UHVSHPWLYHO\u.SURYLGHG.WKH.HIILPLHQW.H[WU6PWLRQ.RI.WKH.O6UJHVW.
QXPFHU.RI.W6UJHW.SHVWLPLGHVu.VLPXOW6QHRXVO\u.6V.ZHOO.6V.WKH.KLJKHVW.UHPRYHU\.Y6OXHVz.4KLV.G6W6.SRLQWV.RXW.WKH.6SSOLP6WLRQ.RI.
FHW6LQHeF6VHG.)bIx:V.6V.VXLW6FOH.JUHHQ.6OWHUQ6WLYH.VROYHQWV.IRU.WKH.H[WU6PWLRQ.RI.RUJ6QLP.PRQW6PLQ6QWV.IURP.PLWUXV.IUXLW.
F\eSURGXPWVu.RIIHULQJ.6.UHOL6FOH.6QG.VXVW6LQ6FOH.VWU6WHJ\.IRU.IRRG.V6IHW\.6VVHVVPHQW.RI.WKLV.NLQG.RI.SURGXPWV.LQWHQGHG.WR.FH.
PRPPHUPL6OL]HG.ZLWKLQ.WKH.IRRG.LQGXVWU\z..
.
.FNQRZOHGJHPHQWVt
qz:zeWz.ZRXOG.OLNH.WR.6PNQRZOHGJH.WKH.:S6QLVK.ELQLVWU\.RI.:PLHQPHu.OQQRY6WLRQ.6QG.UQLYHUVLWLHV.IRU.WKHLU.³HX6Q.GH.O6.wLHUY6´.
SRVWGRPWRU6O.JU6QWVz.4KH.6XWKRUV.6OVR. WK6QN. WKH.VXSSRUW. IURP.WKH.b[(M,DJeiClDJeW.SURMHPW. dELQLVWU\.RI.xPRQRP\.6QG.
wRPSHWLWLYHQHVV.dEO)xwTru.:S6LQrz.
.
5HIHUHQFHVt
>S@tbz.)6\6N6u.qULM.qKXVK6Qu.bQ.RYHUYLHZ.RI.WKH.UHPHQW.WUHQGV.RQ.WKH.Z6VWH.Y6ORUL]6WLRQ.WHPKQLTXHV.IRU.IRRG.Z6VWHVz.Hz.
xQYLURQz.E6Q6JHzu.MAA.dM,DCr.AnM±AJ,z..
>o@.bz.:6QW6Q6eP6\RUu.Wz.WRGUtJXH]eW6PRVu.bz“z.]HUUHU6e]HUUHU6u.qz.:RP6VeWRGUtJXH]u.IHHS.HXWHPWLP.VROYHQWVz.4KH.QHZ.
JHQHU6WLRQ.RI.JUHHQ.VROYHQWV.LQ.6Q6O\WLP6O.PKHPLVWU\u.4Ubwe4UHQGz.bQ6Oz.wKHPzu.DAl.dM,MDr.DDGD,iiz.
>v@.wz.k6Q6OLu.:z.IHOO6.2RVW6u.(z.IXJRu.bz.[HQWLOLu.(z.ERQGHOORu.(z.IH.[6U6u.wKROLQHePKORULGH.6QG.FHW6LQHeF6VHG.GHHS.HXWHPWLP.
VROYHQWV.IRU.JUHHQ.H[WU6PWLRQ.RI.QXWU6PHXWLP6O.PRPSRXQGV.IURP.VSHQW.PRIIHH.JURXQGu.Hz.2K6UPz.qLRPHGz.bQ6OzuDiCu.dM,M,r.
DDAlMDz.
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136bok3/.o3K5S0HWKRGSIRUSWKHSKHWHUPLQDWLRQSRIS
RQIODPPDWRU\S7RZHOSKLVHDVHS7UHDWPHQWSKUXJVSLQS:KROHS
7ORRGhS3ODVPDhSDQGS8ULQH.

.

.
5dS]DELUmhSSvqv.mXUWRQ2'.bv.xnwYL’LRE'.-v.5RV]WRR'.)v.fRQ”OOLE'.pv.×]UW]VOL]R'.)v.HR“]W”OOLR.
mdn).HSDUWPHQW)RI)AKHPLVWU\)DQG)9LRFKHPLVWU\C)–ORULGD)GQWHUQDWLRQDO)wQLYHUVLW\C)ddByy)H:)UWK)HWC)”LDPLC)–z)ccdvvC)wH3i)
mBn).HSDUWPHQW)RI)”HGLFLQH)DQG)3JLQJ)HFLHQFHVC)HHFWLRQ)RI)zHJDO)”HGLFLQHC)wQLYHUVLW\)RI)AKLHWL±bHVFDUD)³Pi)G¶3QQXQ]LR´C)AKLHWL)lldyyC)
GWDO\i)
mcn).HSDUWPHQW)RI)bKDUPDF\C)wQLYHUVLW\)RI)AKLHWL±bHVFDUD)³Pi)G¶3QQXQ]LR´C)9LD)GHL)9HVWLQL)cdC)AKLHWL)lldyyC)GWDO\i))
.
.H\ZRUGV�yELRORJLFDO)PDWULFHVC)–DEULF)bKDVH)HRUSWLYH)g[WUDFWLRQC)“bzAhb.3C)G9.C)ZKROH)EORRG)DQDO\VLVy
.
×J”.J”U”LQ.SRVW”U.U”SRUWV.].QRY”O. N]UUL“.SJ]V”.VRUSWLY”.”[WU]“WLRQOJLVJ.S”UNRUP]Q“”. OLTXL’.“JURP]WRVU]SJ\OSJRWR’LR’”.
]UU]\.’”W”“WLRQ.1mI0-OyIHbOIxp,.P”WJR’.NRU.WJ”.VLPXOW]Q”RXV.”[WU]“WLRQ.]Q’.]Q]O\VLV.RN.“LSURNOR[]“LQ'.VXON]V]O]]LQ”'.
]Q’. “RUWLVRQ”. 1XV”’. LQ. WJ”. WU”]WP”QW. RN. LQNO]PP]WRU\. URZ”O. ’LV”]V”'. (fx,. LQ. JXP]Q. ZJRO”. UORR’'. SO]VP]'. ]Q’. XULQ”.
V]PSO”Vv.×J”.“JURP]WRVU]SJL“.]Q]O\VLV.Z]V.“]UUL”’.RXW.XVLQV.].HXQ].b2B.1EadPPîsv3.PPA.a.ȝP.S]UWL“O”.VL]”,.“ROXPQ.LQ.
VU]’L”QW.”OXWLRQ'.ZLWJ.].WRW]O.UXQ.WLP”.RN.Ed.PLQv.×J”.]Q]O\WL“]O.P”WJR’.Z]V.RSWLPL]”’.]Q’.Y]OL’]W”’.LQ.WJ”.U]QV”.dvda±2d.
ȝViPH.NRU.ZJRO”.UORR’'.dvEa±2d.ȝViPH.NRU.JXP]Q.SO]VP]'.]Q’.dv2d±2d.ȝViPH.NRU.JXP]Q.XULQ”v.fO]QN.JXP]Q.ZJRO”.UORR’'.
SO]VP]'. ]Q’. XULQ”. Z”U”. XV”’. ]V. WJ”. V]PSO”. P]WUL[. NRU. WJ”. P”WJR’. ’”Y”ORSP”QW. ]Q’. Y]OL’]WLRQA. ZJLO”. P”WJ\OOSO
J\’UR[\U”Q]R]W”.Z]V.XV”’.]V.WJ”.LQW”UQ]O.VW]Q’]U’.1(0,v.;”LVJW”’OP]WUL[.P]W“J”’.VW]Q’]U’.“]OLUU]WLRQ.“XUY”V.VJRZ”’.].
VRR’.OLQ”]ULW\.XS.WR.].“RQ“”QWU]WLRQ.RN.2d.ȝViPHv.×J”.LQWU]O.]Q’.LQW”UO’]\.]““XU]“\.Y]OX”V.1SU”“LVLRQ.]Q’.WUX”Q”VV,.Z”U”.
NRXQ’.LQ.WJ”.U]QV”.NURP.í2dvet.WR.2EvRt'.]Q’.WJ”.S”UNRUP]Q“”V.RN.WJ”.Y]OL’]W”’.mI0-OyIHbOIxp.Z”U”.NXUWJ”U.W”VW”’.RQ.
U”]O.(fx.S]WL”QW.V]PSO”V.k2−v.
×JLV.LV.WJ”.NLUVW.mI0-.SUR“”’XU”.]SSOL”’.VLPXOW]Q”RXVO\.WR.ZJRO”.UORR’'.SO]VP]'.]Q’.XULQ”.V]PSO”V.NRU.WJ”.’”W”UPLQ]WLRQ.
RN.U”VL’X]O.(fx.’UXVV'.ZJL“J.SRVV”VV.].ZL’”.U]QV”.RN.SRO]ULW\.1ORVI.Y]OX”V.U]QVLQV.NURP.EvRd.NRU.bLSURNOR[]“LQ'.WR.2v33.NRU.
bRUWLVRQ”'.]Q’.EveE.NRU.0XON]V]O]]LQ”,v.×J”.Q”Z.]SSUR]“J.”[JLULWV.JLVJ.SRW”QWL]O.NRU.LPP”’L]W”.XV”.]V.].U]SL’'.URUXVW.]Q’.
VU””Q.]Q]O\WL“]O.WRRO.NRU.NXWXU”.“OLQL“]O.]Q’.SJ]UP]“”XWL“]O.]SSOL“]WLRQVv.
.
5FNQRZOHGJHPHQWVS
×J”.]XWJRUV.WJ]QN.)(45.”[.3dt'.³qv.’¶pQQXQ]LR´.4QLY”UVLW\.RN.bJL”WLOI”V“]U].1(W]O\,.]Q’.WJ”.x”S]UWP”QW.RN.bJ”PLVWU\.
]Q’.fLR“J”PLVWU\'.mORUL’].(QW”UQ]WLRQ]O.4QLY”UVLW\.NRU.VXSSRUWLQV.WJ”.SU”V”QW.ZRUNv.
.
5HIHUHQFHVS
>m@.pv.S]ULU'.Svqv.mXUWRQ'.zv.×LQ]UL'.Hv.qURVVL'.xv.(QQRV]'.xv.)]“”URO]'.pv.×]UW]VOL]'.6v.xL.xRQ]WR'.bv.x¶wYL’LR'.)v.HR“]W”OOL'.
m]UUL“. IJ]V”. 0RUSWLY”. -[WU]“WLRQOyLVJ. I”UNRUP]Q“”. HLTXL’. bJURP]WRVU]SJ\OIJRWR. xLR’”. pUU]\. x”W”“WLRQ. )”WJR’. NRU.
0LPXOW]Q”RXV.)RQLWRULQV.RN.×JU””.(QNO]PP]WRU\.fRZ”O.xLV”]V”.×U”]WP”QW.xUXVV.LQ.;JRO”.fORR’'.IO]VP].]Q’.4ULQ”'.Pv.
bJURP]WRVU.f.2dBs.1Ed2B,.aRO3Rv.
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w36ks[3/ts31.S.QDO\VLVSRIS6HYHQS3DUDEHQS5HVLGXHVSLQS
[XPDQS:KROHScORRGyS3ODVPDySDQGS8ULQH.

.
0iS/RFDWHOOLeySFs.S9UW9JOL92U.-shs.LOXVR\CU.bs.PiwYLGLRDU.ps.]RV9WR2U.(s.4RQHOOLCU.zsfs.kXUWRQ'U.Fs.z9ELU'.
mUn)IHSDUWPHQW)RI)LKDUPDF\P)EQLYHUVLW\)RI)0KLHWL±LHVFDUD)³Fc)G¶3QQXQ]LR´P)xLD)GHL)xHVWLQL)vUP)0KLHWL)––U,,P)5WDO\c))
min)IHSDUWPHQW)RI)3QDO\WLFDO)0KHPLVWU\P)2DFXOW\)RI)LKDUPDF\P)0XPKXUL\HW)EQLYHUVLW\P)9LYDV)CGUs,P)bXUNH\c)
mvn)IHSDUWPHQW)RI)kHGLFLQH)DQG)3JLQJ)9FLHQFHVP)9HFWLRQ)RI)THJDO)kHGLFLQHP)EQLYHUVLW\)RI)0KLHWL±LHVFDUD)³Fc)G¶3QQXQ]LR´P)0KLHWL)––U,,P)
5WDO\c)
msn)IHSDUWPHQW)RI)0KHPLVWU\)DQG)6LRFKHPLVWU\P)2ORULGD)5QWHUQDWLRQDO)EQLYHUVLW\P)UUi,,)9H)GWK)9WP)kLDPLP)2T)vvU..P)E93c)
.
.H\ZRUGV�yELRORJLFDO)PDWULFHVP)2DEULF)LKDVH)9RUSWLYH)l[WUDFWLRQP)SLT0hLI3P)SDUDEHQVP)ZKROH)EORRG)DQDO\VLVy
.
m9U9EHQV.UHSUHVHQW.9ON\O.HVWHUV.RI.SuK\GUR[\EHQ]RLF.9FLG.1m-4F,U.ZLGHO\.XVHG.9V.SUHVHUY9WLYHV.9QG.9QWLPLFUREL9O.9JHQWV.
LQ.IRRGU.SK9UP9FHXWLF9O.SURGXFWV.9QG.FRVPHWLF.SURGXFWVs.SKHVH.FRPSRXQGV.9UH.H9VLO\.9EVRUEHG.LQ.WKH.KXP9Q.ERG\U.WKXV.
WKH\. K9YH. EHHQ. UHFHQWO\. FO9VVLILHG. 9V. HQGRFULQH. GLVUXSWLQJ. FRPSRXQGV. 1pPbV,U. ZKLFK. LV. SURGXFWV. WK9W. LQWHUIHUH. ZLWK.
KRUPRQH.SURGXFWLRQU.UHOH9VHU.WU9QVSRUWU.PHW9EROLVP.RU.HOLPLQ9WLRQ.%2’s.SKH.XVH.RI.S9U9EHQV.LV.FXUUHQWO\.OLPLWHG.E\.QXPHURXV.
LQVWLWXWLRQV. IRU. ZKLFK. LQWHUHVW. LV. JURZLQJ. LQ. WKH. GHYHORSPHQW. RI. QHZ. 9QG. LQFUH9VLQJO\. VHQVLWLYH. PHWKRGV. IRU. WKHLU.
GHWHUPLQ9WLRQ.LQ.HQYLURQPHQW9OU.SK9UP9FHXWLF9OU.FRVPHWLF.9QG.KH9OWK.SURGXFWVs.
SKLV. SRVWHU. GHVFULEHV. 9Q. LQQRY9WLYHU. I9VW. 9QG. VHQVLWLYH. PHWKRG. IRU. WKH. VLPXOW9QHRXV. GHWHUPLQ9WLRQ. RI. VHYHQ. S9U9EHQ.
UHVLGXHV.LQFOXGLQJ.PHWK\O.S9U9EHQ.1(m4,U.HWK\O.S9U9EHQ.1pm4,U.SURS\O.S9U9EHQ.1mm4,U.LVRSURS\O.S9U9EHQ.1Lmm4,U.EXW\O.
S9U9EHQ.14m4,U.LVREXW\O.S9U9EHQ.1L4m4,.9QG.EHQ]\O.S9U9EHQ.14]m4,.LQ.KXP9Q.ZKROH.EORRGU.SO9VP9.9QG.XULQHs.SKH.9Q9O\WHV.
ZHUH. H[WU9FWHG. IURP. WKH. ELRORJLF9O. P9WUL[. E\. 9Q. LQQRY9WLYH. WHFKQLTXHU. I9EULF. SK9VH. VRUSWLYH. H[WU9FWLRQ. 1kmqp,. 9QG.
VXEVHTXHQWO\.9Q9O\]HG.E\.KLJKuSHUIRUP9QFH.OLTXLG.FKURP9WRJU9SK\.1-mcb,.FRXSOHG.ZLWK.SKRWR.GLRGH.9UU9\.1mPF,.GHWHFWRU.
%2’s..
SKH.VHS9U9WLRQ.Z9V.FRQGXFWHG.XVLQJ.9.qSKHULVRUE.b23.FROXPQ.ZLWK.PHWK9QRO.9QG.SKRVSK9WH.EXIIHU.9V.PRELOH.SK9VHVs.
SKH.9Q9O\WLF9O.PHWKRG.K9V.EHHQ.Y9OLG9WHG.9FFRUGLQJ.WR.WKH.hQWHUQ9WLRQ9O.fXLGHOLQHV.WKURXJK.WKH.FRQVWUXFWLRQ.RI.9.F9OLEU9WLRQ.
FXUYH. IRU. H9FK. ELRORJLF9O. P9WUL[. 9QG. FRQVLGHULQJ. SUHFLVLRQ. 1LQWU9. 9QG. LQWHU. G9\,U. 9FFXU9F\U. VHOHFWLYLW\U. cwPU. cw[. 9QG.
UREXVWQHVVs.qXEVHTXHQWO\U.WKH.SHUIRUP9QFH.RI.WKH.9Q9O\WLF9O.PHWKRG.Z9V.HY9OX9WHG.RQ.UH9O.ELRORJLF9O.V9PSOHV.FROOHFWHG.
IURP.KH9OWK\.YROXQWHHUVs..
SKH.SURSRVHG.PHWKRG.9OORZV.WKH.VLPXOW9QHRXV.9Q9O\VLV.RI.VHYHQ.S9U9EHQ.UHVLGXHV.LQ.WKUHH.GLIIHUHQW.FRPSOH[.P9WULFHVU.
LQFOXGLQJ. ZKROH. EORRGU. 9QG. WKHUHIRUH. LW. LV. H9VLO\. 9SSOLF9EOH. WR. PRQLWRU. WKHVH. VXEVW9QFHV. LQ. GLIIHUHQW. ELRORJLF9O. V9PSOH.
P9WULFHVM.IXUWKHUPRUHU.H[WU9FWLRQ.WHFKQLTXH.XVHG.LQ.WKLV.ZRUN.LV.I9VWU.H9V\.9QG.LQ.9FFRUG9QFH.ZLWK.WKH.QHZ.JUHHQ.9Q9O\WLF9O.
FKHPLVWU\.1fFb,.SULQFLSOHVs.
.
.FNQRZOHGJHPHQWVS
SKH.9XWKRUV.WK9QN.(hL].H[.vygU.³fs.G¶FQQXQ]LR´.LQLYHUVLW\.RI.bKLHWLumHVF9U9.1hW9O\,.9QG.WKH.PHS9UWPHQW.RI.bKHPLVWU\.
9QG.4LRFKHPLVWU\U.kORULG9.hQWHUQ9WLRQ9O.LQLYHUVLW\.IRU.VXSSRUWLQJ.WKH.SUHVHQW.ZRUNs.
.
5HIHUHQFHVS
>e@.Fs.S9UW9JOL9U.Fs.z9ELUU.qs.LOXVR\U.ps.qSHU9QGLRU.qs.mLFFRO9QWRQLRU.-shs.LOXVR\U.zsfs.kXUWRQU.(s.cRF9WHOOLU.kmqpu-mcbu
mPF.9Q9O\VLV.RI.VHYHQ.S9U9EHQ.UHVLGXHV.LQ.KXP9Q.ZKROH.EORRGU.SO9VP9U.9QG.XULQHU.xs.bKURP9WRJUs.4U.22CO.1Cy2E,.2u2ys.
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]VVHVVPHQWeRIe3RQWDPLQDQWVeLQe3HUHDOVeZLWKe4LIIHUHQWe
4HJUHHVeRIe3URFHVVLQJ.
.
2De6RFDVh5RGUtJXH]cw.H,.HR7UtjX:]2H5PRVts.È,.P5QW5Q52(5\RUtse(,.È,.HR7UtjX:]2A:Oj57Rt,..
yIf) zDERUDWRU\) RI) URRGRPLFVm) íQVWLWXWH) RI) URRG) EFLHQFH) THVHDUFKm) pí0zm) pEípm) ºLFROiV) pDEUHUD) Am) /DGULGm) nC,eAm) ESDLQm)
EDUEDUDcVRFDV8FVLFcHVc)
ynf)GQLGDG).HSDUWDPHQWDO)GH)óXtPLFD)0QDOtWLFDm).HSDUWDPHQWR)GH)óXtPLFDm)UDFXOWDG)GH)pLHQFLDVm)GQLYHUVLGDG)GH)zD)zDJXQD)yGzzfc)
0YGDc)0VWURItVLFR)UFRc)EiQFKH]m)VsQ�c)uCn,R)EDQ)pULVWyEDO)GH)zD)zDJXQDm)ñHQHULIHm)@VSDxDc)
)
.
.H\ZRUGV�yDUHHQ)H[WUDFWLRQ)WHFKQLTXHVm)3UJDQLF)FRQWDPLQDQWVm)URRG)VDIHW\))
y
.
)RZ575\Vs.VRáº:W\.ºV.ºQáU:5VºQjO\.5Z5U:.RŠ.WO:.ºPSRUW5Qá:.RŠ.áRQVXPºQj.OºjO2TX5OºW\.ŠRR7.SUR7XáWV.5Q7.áRQá:UQ:7.5%RXW.
á:UW5ºQ.jURXSV.RŠ.áRPSRXQ7V.WO5W.áRXO7.%:.O5UPŠXO.WR.SX%Oºá.O:5OWO.4n“,.LO:.(5á5URQ:Vº5.H:jºRQ.P57:V.XS.RŠ.1]RU:Vs.
(57:ºU5s.T5Q5U\.kVO5Q7V.5Q7.T5S:./:U7:.1UáOºS:O5jRs.5V.5Q.RXW:UPRVW.U:jºRQs.ºV.5Q.5U:5.:VS:áº5OO\.VXVá:SWº%O:.WR.ŠRR7.
áRQW5PºQ5WºRQ.7X:.WR.:[W:UQ5O.5j:QWV.áRPºQj.ŠURP.SUR7XáWV.RQ.WO:.ºQW:UQ5WºRQ5O.P5UN:W,.
LO:. S:áXOº5UºWº:V. RŠ. WO:V:. U:jºRQVs. ZºWO. ºQW:QVºY:. 5jUºáXOWXU:s. O:VV. VWUºáW. U:jXO5WºRQV. RU. :Y:Q. WO:ºU. ºQáRUU:áW. XV:s. P5N:.
Q:á:VV5U\.WO:.ŠRR7.V5Š:W\.5VV:VVP:QW.WR.jX5U5QW::.WO:.TX5OºW\.RŠ.WO:ºU.ŠRR7,.H:j5U7ºQj.WO:.SUR7XáWºRQ.RŠ.á:U:5OV.ºQ.WOºV.
j:RjU5SOºá5O. 5U:5s. QRW. RQO\. U5Z. P5W:Uº5OV. O5Y:. WR. %:. áRQWUROO:7s. %XW. 5OVR. áO:Pºá5OV. 5Q7. RWO:U. VX%VW5Qá:V. PXVW. %:.
PRQºWRU:7. 7XUºQj. VWRU5j:s. áRQV:UY5WºRQs. 5Q7. P5QXŠ5áWXUºQjs. ŠROORZºQj. WO:. CXURS:5Q. IRR7. P5Š:W\. 1XWORUºW\. zCIP1-.
jXº7:OºQ:V.4t“,.kQ.WOºV.V:QV:s.5S5UW.ŠURP.%ºRORjºá5O.áRQW5PºQ5WºRQs.WO:.:Y5OX5WºRQ.RŠ.S:VWºáº7:V.ºV.RŠ.VS:áº5O.áRQá:UQ,.LO5W.ºV.
ZO\s.ºQW:UQ5WºRQ5O.5Q7.Q5WºRQ5O.RUj5Qº]5WºRQV.O5Y:.:VW5%OºVO:7.VS:áºŠºá.U:jXO5WºRQV.ŠRU.WO:V:.áRPSRXQ7V.4n“,.
LO:U:ŠRU:s.ºQ.WO:.SU:V:QW.ZRUNs.5Q.5Q5O\Wºá5O.SURá:7XU:.%5V:7.RQ.UXCTOCHP.P:WOR7.4M“.áRP%ºQ:7.ZºWO.%RWOs.XOWU52OºjO.
S:UŠRUP5Qá:. OºTXº7. áOURP5WRjU5SO\. zGx3FT-2VºQjO:. TX57UXSRO:2WºP:. RŠ. ŠOºjOW. zU2LRI-2P5VV. VS:áWURP:WU\. 5Q7. j5V.
áOURP5WRjU5SO\. zVT-2WUºSO:. TX57UXSRO:. zUTU-2W5Q7:P. P5VV. VS:áWURP:WU\. z(PÁ(P-s. O5V. %::Q. 5SSOº:7. ŠRU. WO:.
7:W:UPºQ5WºRQ.RŠ. S:VWºáº7:V. ºQ. á:U:5OV. ŠURP. WO:.(5á5URQ:Vº5.H:jºRQ.ZºWO.7ºŠŠ:U:QW.SURá:VVºQj.7:jU::V,.LR.:QVXU:. WO:.
Y:U5áºW\. RŠ. WO:. 5Q5O\Wºá5O. U:VXOWVs. WO:. P:WOR7RORj\. Z5V. Y5Oº75W:7. ŠROORZºQj. WO:. CXURS:5Q. TRPPºVVºRQ. jXº7:OºQ:V.
zP1)LCÁntlwtÁtSnc.jXº7:-.4y“,.
.
]FNQRZOHGJHPHQWVe
],P,2H,. ZRXO7. OºN:. WR. WO5QN. WO:. PS5QºVO. (ºQºVWU\. RŠ. Páº:Qá:s. kQQRY5WºRQ. 5Q7. GQºY:UVºWº:V. ŠRU. O:U. ³vX5Q. 7:. O5. Tº:UY5´.
SRVW7RáWRU5O.jU5QW,.H,H,2H,.5Q7.È,P,2(,.ZRXO7.OºN:.WR.WO5QN.WO:.1j:Qá\.RŠ.CáRQRP\s.kQ7XVWU\s.LU57:.5Q7.EQRZO:7j:.RŠ.WO:.
VRY:UQP:QW.RŠ.WO:.T5Q5U\.kVO5Q7V.ŠRU.WO:.I3k.Š:OORZVOºS.záR2ŠºQ5Qá:7.wDg.ŠURP.WO:.CXURS:5Q.PRáº5O.IXQ7V-,.LO:.5XWORUV.
ZRXO7.OºN:.WR.5áNQRZO:7j:.WO:.XV:.RŠ.WO:.H:V:5UáO.PXSSRUW.V:Q:U5O.P:UYºá:.zPCV1k-.RŠ.WO:.GQºY:UVºW\.RŠ.F5.F5jXQ5,.
.
5HIHUHQFHVe
>c@eH,eHRP:UR2VRQ]iO:],.LU5á:.j5V.5Q7.7\Q5Pºá.SURá:VV.PRQºWRUºQj.%\.H5P5Q.VS:áWURVáRS\.ºQ.P:W5O2áR5W:7.OROORZ.jO5VV.
Šº%U:Vs.1Q5O,.(:WOR7V.N.ztSnD-.NncM2NtSn,e
>5@eCXURS:5Q.IRR7.P5Š:W\.1XWORUºW\.zCIP1-,.z(5UáOs.tStS-,.zOWWSiÁÁZZZ,:ŠV5,:XURS5,:XÁ:QÁWRSºáVÁWRSºáÁS:VWºáº7:V-.
>9@e (,e 1Q5VW5VVº57:Vs. P,v,. F:ORW5\s. A,. âW5MQ%5O:Us. I,v,. PáO:QáNs. I5VW. 5Q7. C5V\. (XOWºU:Vº7X:. (:WOR7. CPSOR\ºQj.
1á:WRQºWUºO:.C[WU5áWºRQÁ35UWºWºRQºQj.5Q7.³AºVS:UVºY:.PROº723O5V:.C[WU5áWºRQ´.ŠRU.WO:.A:W:UPºQ5WºRQ.RŠ.3:VWºáº7:.H:Vº7X:V.ºQ.
3UR7Xá:s.v.1Q1T.kQW,..wl.ztSSM-.ynt2Mn,�
>B@e1Q5O\Wºá5O.TX5OºW\.áRQWURO.5Q7.P:WOR7.Y5Oº75WºRQ.SURá:7XU:V.ŠRU.S:VWºáº7:.U:Vº7X:V.5Q5O\VºV.ºQ.ŠRR7.5Q7.Š::7,.ARáXP:QW.
)�.P1)LCÁntlwtÁtSnc,�
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RUHHQejSSURDFKeWRek[WUDFWLRQeRIe3ODQWe9RODWLOHVeIURPe
[HUEDOe7HDVe8VLQJe]RQLFe4LTXLGVM

M
2PejUVHQLMHYLüsćMkPMgUR+=92ćMIPMIUWLü-G:WURYLüNćMqPM]RY=þ:YLü2ćMAPMj=åLüKPMM
sdt) 8QLYHUVLW\) RI) 2HOJUDGH) ±) čDFXOW\) RI) CKDUPDF\f) .HSDUWPHQW) RI) CKDUPDFRJQRV\f) 9RMYRGH) 6WHSH) cuaf) dd––d) 2HOJUDGHf) 6HUELDf)
MHOHQDlDUVHQLMHYLF5SKDUPDF\lEJlDFlUVl)
s–t)8QLYHUVLW\)RI)2HOJUDGHf)9LQþD)LQVWLWXWH)RI)-XFOHDU)6FLHQFHVf)ćDERUDWRU\)RI)CK\VLFVf)ALNH)CHWURYLüD)0ODVD)d–Bdcf)ddFud)9LQþDf)2HOJUDGHf)
6HUELDl)
sFt)8QLYHUVLW\)RI)2HOJUDGH)±)čDFXOW\)RI)CKDUPDF\f).HSDUWPHQW)RI)0QDO\WLFDO)bKHPLVWU\f)9RMYRGH)6WHSH)cuaf)dd––d)2HOJUDGHf)6HUELDl)
M
.H\ZRUGV�yFLWUDOf)HVWUDJROHf)KHUEDO)WHDf)NALA)27Lf)NCćby
M
x:U+=OMW:=VM=U:MZL%:O\MXV:%M=VMWU=%LWLRQ=OMP:%L9LQ:VM=Q%MU:6U:VKLQJM+:Y:U=J:VPM(RO=WLO:MSO=QWM9RQVWLWX:QWVM=U:MLPSRUW=QWM
6RUMW:=M=URP=M=Q%M6RUMWK:LUM+:Q:6L9L=OM:66:9WVćM+XWMLQMVRP:M9=V:VćMWK:\M9RXO%M+:M=MU:=VRQM6RUMV=6:W\M9RQ9:UQVMWRMKXP=QM
K:=OWKPMpRUM:[=PSO:ćM9LWU=OćMLlHlM=MPL[WXU:MR6MPRQRW:US:Q:MLVRP:UL9M=O%:K\%:VMJ:U=QL=OM=Q%MQ:U=OćMZKL9KMLVMSU:V:QWMLQMO:PRQM
+=OPMRUMVXU=VL=QMWK\P:MW:=VćMLVMSU:VXP:%MWRMK=Y:M=QWLPL9UR+L=OM=Q%M=QWL-LQ6O=PP=WRU\MSURS:UWL:VćMLQM=%%LWLRQMWRMLWVMSO:=V=QWM
O:PRQM=URP=ML2UPM/QMWK:MRWK:UMK=Q%ćM:VWU=JRO:ćM=MSK:Q\OSURS=QRL%M9RPSRXQ%MSU:V:QWMLQM+=VLOćM6:QQ:OćMRUM=QLV:MW:=VćMLVM
9RQVL%:U:%M=VMSRW:QWL=OO\MWR[L9M=Q%MOLPLW:%M%=LO\MLQW=N:VM=U:MU:9RPP:Q%:%MLNUPMj:OL=+O:MP:WKR%VM6RUMWK:M%:W:UPLQ=WLRQMR6M
SO=QWMYRO=WLO:VMLQMK:U+=OMW:=VM=U:MQ::%:%M6RUM+RWKćM:OX9L%=WLRQMR6M9RPSRVLWLRQ-=9WLYLW\MU:O=WLRQVKLSVM=Q%MWK:M=VV:VVP:QWMR6M
V=6:W\MR6MWK:LUM9RQVXPSWLRQPMIK:M6LUVWMVW:SMLQMWK:M9RQY:QWLRQ=OM=Q=O\VLVMR6MYRO=WLO:VMLQMK:U+=OMW:=VMLVMWK:LUMLVRO=WLRQM6URPMWK:M
=TX:RXVMVROXWLRQćM=Q%MLQYROY:VMWK:MXV:MR6MW:9KQLTX:VMVX9KM=VMOLTXL%eOLTXL%M:[WU=9WLRQMZLWKMQRQ-SRO=UM=Q%MR6W:QM:9RORJL9=OO\M
LQ=SSURSUL=W:MVROY:QWVćMVROL%-SK=V:M:[WU=9WLRQćMK\%UR%LVWLOO=WLRQPMq:ZM=SSUR=9K:VćMLQ9OX%LQJM%LU:9WMFhMLQM:9WLRQMR6M=TX:RXVM
VROXWLRQVćM=U:MSURSRV:%MPRU:MU:9:QWO\MLKUPMxRZ:Y:UćM9XUU:QWMP:WKR%VMK=Y:MOLPLW=WLRQVPM
mVMJU::QM=SSUR=9KćMLRQL9MOLTXL%VM=U:M9RQVL%:U:%M=VMRQ:MR6MWK:MSURPLVLQJM=OW:UQ=WLY:VMWRMRUJ=QL9MVROY:QWVMLQMWK:MV=PSO:MSU:SM
SUR9:%XU:VPM EQM WK:M SU:V:QWM ZRUNćM Z:M W:VW:%M WK:M :[WU=9WLRQM :66L9L:Q9\M R6M LRQL9M OLTXL%M 2-K:[\O-K-P:WK\OLPL%=]ROLXPM
+LV1WUL6OXRUP:WK\OVXO6RQ\OTLPL%:M1xkEkMfIETM6RUMWK:M:[WU=9WLRQMR6M:VWU=JRO:M=Q%M9LWU=OM6URPM=TX:RXVMP:%LXPPM
AW=Q%=U%MVWR9NMVROXWLRQVMR6M9LWU=OMRUM:VWU=JRO:MZ:U:MSU:S=U:%M LQM=+VROXW:M:WK=QROćM=Q%MVX+V:TX:QWO\M%LOXW:%M LQMZ=W:UM WRM
R+W=LQM=TX:RXVMVROXWLRQVMR6M%L66:U:QWM9RQ9:QWU=WLRQVPMxkEkMfIEM12vvM�OTMZ=VM=%%:%MLQM2vMPOMR6M=QM=TX:RXVMVROXWLRQPMIK:M
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Sterols and, in particular, phytosterols play an important role in the human diet and in verifying the authenticity of the oil 
products (e.g., to discriminate olive oil from seed oil). The traditional determination of sterols usually involved a first 
saponification step, followed by liquid-liquid extraction of the unsaponifiable fraction, TLC for isolation of the sterol and final 
instrumental determination, most often in gas chromatography (GC) after derivatization.  
Interesterification is an industrial process used to redistribute the fatty acids among triglycerides changing the 
physicochemical characteristics of fat (e.g. changing crystallization behaviour and the melting point, improving plasticity).  
Different from the enzymatic process, the chemical one leads to the formation of dialkyl ketones (DAKs) as by-products. 
So far, only two papers have dealt with DAKs determination in food [1,2].  
Microwave-assisted saponification followed by a lab-made solid-phase extraction (SPE) was optimized for the 
characterization of either DAK or sterols or both simultaneously. The final instrumental determination was performed by 
GC-FID for quantification and GC-MS for confirmation purposes. The proposed method showed good recoveries (>80%) 
and limit of quantification (0.04-0.07 μg/g for the 4 DAK and of 0.07 μg/g for α-cholestanol). Repeatabilities (n=3) were 
below 15% for DAKs and generally lower than 6% for sterols. Accuracy on the entire sterol profile was confirmed in 
comparison to the International Olive Council reference method. The method was finally applied to real-world samples 
before and after chemical interesterification [3].  
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