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Ms Nonkululeko Nyembezi

Sanibonani and good day to you.

My name is Nonkululeko Nyembezi and I am the Chancellor of the Durban University of Technology.

By the powers vested in me as Chancellor, I now constitute this virtual graduation event for the Durban University of Technology.

Congratulations to Ms Thembi Mtshali-Jones, who will be receiving an honorary doctoral degree, Doctor of Philosophy in Visual Arts in the 

Faculty of Arts and Design. Thembi Mtshali-Jones is a multitalented, celebrated artists as a singer, actress, producer and playwright. 

Ms Mtshali-Jones is currently one of the leads in Imbewu where she stars as MaNdlvou. Imbewu, The Seed was produced for ETV and has 

been awarded the fastest growing TV drama.  We welcome Ms Thembi Mtshali-Jones to the DUT family.

Congratulations to our newest alumni, the graduating class of 2021. You have accomplished an enormous amount and you have even greater 

SRWHQWLDO�WKDQ�ZKHQ�\RX�EHJDQ�\RXU�VWXGLHV�KHUH�DW�WKH�'XUEDQ�8QLYHUVLW\�RI�7HFKQRORJ\��<RX�KDYH�HDUQHG�\RXU�TXDOLÀFDWLRQ�DQG�\RX�KDYH�

accomplished so much.

For some, you will be earning your undergraduate degrees, for others, this will mark the culmination of your postgraduate and professional 

degrees. For all of us though, I am fully aware that our actions to prevent the further spread of COVID-19 may have caused a disruption to 

this special occasion. I am as heartbroken as you are that your graduation from the Durban University of Technology has been impacted by 

this global pandemic.

It is my utmost wish that you remain connected with your lecturers, your friends and your classmates. Remain steadfast, as I am in the knowl-

edge that your DUT education and the relationships you made, the learning you achieved and the experiences you had during your time at 

DUT will serve you well in the years to come.

You are DUT for life.  

i
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Professor Thandwa Mthembu

On behalf of DUT people, I take this opportunity to congratulate you on your important personal accomplishment. We recognize that 

this milestone carries with it important meanings, part of which suggests you have maintained the discipline of your thoughts and behavior 

characteristic of DUT people. Without the requirement of discipline, this day may not have been possible for many of you. For this reason, I 

dare say that the very discipline you have demonstrated thus far will carry you through your next personal growth trajectories, ranging from 

further studies, starting a career, starting your own business to even starting a family. 

To borrow from Jim Collins, a combination of a culture of discipline and an ethic of entrepreneurship produces “the magical alchemy of great 
of performance”. �:H��WKXV��KDYH�QR�GRXEW�WKDW�IRFXVHG�DQG�GLVFLSOLQHG�DV�\RX�ZHUH�GXULQJ�\RXU�VWXGLHV��DQG�ZLWK�'87�HQWUHSUHQHXULDO�ÁDLU�ZH�
have been instilling over a number of years now, you will be greatly successful in your pursuits. 

More especially over the last few years of study at DUT, you would have appreciated the strategic approach, outcomes and impacts of our 

teaching-learning and research-innovation philosophy. We have sought to position DUT as a university of and for its broader society. We 

H[LVW�EHFDXVH�RXU�SHRSOH�PXVW�XVH�WKHLU�LQGLYLGXDO�DQG�FROOHFWLYH�FUHDWLYLW\��LQQRYDWLRQ�DQG�HQWUHSUHQHXULDO�ÁDLU�WR�VROYH�SHUHQQLDO�DQG�QHZ�
problems our broader society faces. Solutions to these must contribute towards improving the lives and livelihoods in our society. Through 

our ‘Innovative Research and Curricula’, we expect you to become a model DUT ‘Adaptive Graduate’ who will unleash your creativity and 

imagination to become the source of change and advancement. By 2030 we will be a vanguard of that change and advancement in society. We 

see you as an equal partner in this historic voyage we have just embarked upon.

Your graduation coincides with a myriad of challenges confronting the world, the African continent and South Africa as a nation. We do not 

expect you to feel sorry for yourselves or mourn the persistence of these problems. As DUT, we have accepted Pascal Finnete’s assertion that 

people are a source of everything that happens across all institutions of society. This means that it is people who are behind the problems we 

know. Similarly, we know that it is a different type of people who contribute ideas that will lead to lasting solutions. In the recent past, I said 

the following when unpacking the Stewardship Perspective of ENVISION2030:

-X�MW�EFSYX�FIMRK�XVYI�ERH�WIP¾IWW�WXI[EVHW�SJ�IZIV]SRI�ERH�IZIV]XLMRK�[I�EVI�GYWXSHMERW�SJ��-X�MW�EFSYX�SYV�HIIT�GSRZMGXMSR�ERH�TYVMX]�SJ�GLEVEGXIV�MR�
SYV�GSPPIGXMZI�UYIWX�XS�VIEGL�SYV�YPXMQEXI�KSEP��-X�MW�EFSYX�WSQIXLMRK�HIITIV��MVVIHYGMFPI��WSQI[LEX�MRXERKMFPI��XLEX�[MPP�WYWXEMR�YW�SR�E�¾MKLX�XS�KVIEXRIWW��
%PPS[�QI�XS�WE]�7XI[EVHWLMT�MW�IWWIRXMEPP]�SYV�GSQTEWW�XS[EVHW�SYV�YPXMQEXI�ERH�WLEVIH�HIWXMR]�SJ�KVIEXRIWW�

As a DUT graduate, you should enthusiastically contribute towards the lives and livelihoods of all our people. In everything you do and will 

do onwards, may you demonstrate DUT’s DNA and the DUT-Way. May you live all DUT’s Values and Principles as part of your way of life. 

That way, you will stand out and be seen to be a distinctive DUT graduate that all will wish to associate with, perhaps employ and perhaps 

partner with on big and innovative projects. 

We wish you all the best in your future endeavours. Become the change you have always yearned for.

ii
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Ms Zama Mncube

As the newly-elected President of Convocation, I’d like to take this opportunity to congratulate each of you, on this momentous achievement. 

As the Graduating Class of 2021, having endured the majority of your studies while going through a worldwide pandemic with its concomitant 

HIIHFWV��\RX�ZHUH�FKDOOHQJHG�DQG�WHVWHG�LQ�WKHVH�GLIÀFXOW�WLPHV��<HW�KHUH�\RX�DUH�²�FHOHEUDWLQJ�RQH�RI�WKH�PRVW�MR\RXV�HYHQWV�LQ�\RXU�OLIH�²�\RXU�

JUDGXDWLRQ��<RXU�KDUG�ZRUN�DQG�GRJJHG�GHWHUPLQDWLRQ�LV�ZKDW�VWHHUHG�\RX�WRZDUGV�WKLV�SDWK�RI�IXOÀOOLQJ�RQH�RI�WKH�PDQ\�JRDOV�\RX�ZLOO�VHW�

for yourself.

 

This chapter of your life may have closed, but you are now open to a world of possibilities. Seize the opportunities that come your way 

and work towards a better life, while contributing towards improving your communities and the broader society. You are equipped with a 

TXDOLÀFDWLRQ�IURP�'87�ZKLFK�LV�\RXU�SDVVSRUW�WR�FUHDWLQJ�WKH�IXWXUH�\RX�ZDQW�DQG�OHDYLQJ�DQ�LQGHOLEOH�PDUN�

$V� \RX� FHOHEUDWH� WKLV� JUHDW� DFKLHYHPHQW�� OHW� XV� SD\� KRPDJH� WR� WKRVH� WKDW� KDYH�PDGH� VDFULÀFHV� WR� HQVXUH� \RX� IXOÀO� \RXU� SRWHQWLDO� DV� D�

contributing member of society. I encourage you to consider staying in touch with your Alma Mater and actively participate in the various 

SURJUDPPHV�DQG�LQLWLDWLYHV�RSHQ�WR�$OXPQL�DW�'87��:KHUH�SRVVLEOH��XQGHUVWDQGLQJ�WKDW�\RX�DUH�UHFHQW�JUDGXDWHV�DQG�WKXV�VWLOO�ÀQGLQJ�\RXU�

IHHW�LQ�WKH�ZRUOG�RI�ZRUN�DQG�EXVLQHVV��WKHUH�DUH�PDQ\�VWXGHQWV�ZKR�VWLOO�UHTXLUH�ÀQDQFLDO�VXSSRUW�WRZDUGV�WKHLU�VWXGLHV�DQG�WKXV�ZRXOG�

appreciate any assistance in this regard. To make a donation, or if you know of individuals or organisations that can assist in this regard, 

NLQGO\�JHW�LQ�WRXFK�ZLWK�WKH�$GYDQFHPHQW�DQG�$OXPQL�5HODWLRQV�2IÀFH�RQ�WKH�GHWDLOV�EHORZ�RU�WR�PDNH�D�GRQDWLRQ��JR�WR�WKH�ZHEVLWH��www.
dutalumni.com and click on “Ways to Give”. Select one of the three payment options. It is that easy.

We hope that you have created fond memories during your time at DUT. We look forward to welcoming you back should you choose to 

continue with postgraduate studies, which further enhances your skills and knowledge in the workplace. We would love for you to keep in 

WRXFK�ZLWK�XV�²�SOHDVH�UHJXODUO\�XSGDWH�\RXU�GHWDLOV�VR�WKDW�\RX�PDLQWDLQ�\RXU�OLIHORQJ�OLQN�ZLWK�'87��\RXU�Alma Mater.

7KH�*UDGXDWLQJ�&ODVV�RI������²�\RX�KDYH�D�EULJKW�IXWXUH�DKHDG�RI�\RX�

Stay safe. Stay blessed.

iii
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COUNCIL MEMBERS

Mr NZW Madinane  Chairperson of Council

Ms B Ntombela   Vice-Chairperson of Council

EXTERNAL COUNCIL MEMBERS

Mr D Makaya   Convocation

Mr MF Gumede   Convocation 

Mr M Shange    Convocation

Ms B Chiliza   Council Appointee 

Mr S Vezi   Council Appointee  

Mr ZS Gumede   Council Appointee 

Professor L Molamu Council Appointee

Mr B Singh  Council Appointee

Ms G Makhathini  Council Appointee 

Cllr.  N Khuzwayo  EThekwini Municipality nominee

Mr L Longwe   Minister’s Appointee  

Ms B Masinga   Minister’s Appointee  

Dr N Makhanya  Minister’s Appointee 

Mr LKT Mehta   ML Sultan Charitable and Educational Trust

INTERNAL COUNCIL MEMBERS

Professor TZ Mthembu  Vice-Chancellor and Principal 

Professor MN Sibiya  Deputy Vice-Chancellor: Teaching and Learning

Vacant    Deputy Vice-Chancellor: People and Operations

Professor JJ Mellem  Academic Staff

Mr Z Mbandlwa   Institutional Forum

Mr N Mthembu   Professional and Administrative Staff 

Mr S Gumede  Student Representative Council

Mr O Magadla  Student Representative Council   

Professor V Rawjee  Senate

Professor FG Netswera Senate 

Mr NG Munsamy   Support and Service Staff

iv
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Ms N Nyembezi  Chancellor

EXECUTIVE AND SENIOR MANAGEMENT

Professor TZ Mthembu Vice-Chancellor and Principal  PhD (Wits); MSc (Vanderbilt); BSc Hons (UFH)

Professor MN Sibiya Deputy Vice-Chancellor:    DTech (DUT); MTech (TN); BCur Hons (UniZulu)
   Teaching and Learning
 
Professor S Moyo  Deputy Vice-Chancellor:   PhD (UND); MTEM (UniMelb); MSc (UND); BSc (UniZa)
   Research, Innovation   
   and Engagement

Vacant   Deputy Vice-Chancellor: 
   People and Operations
 
Dr MJ Nkonoane  Registrar     PhD (CUT): MEd (VISTA); B Paed (UniZulu)

Professor OO Olugbara Executive Dean:    PhD (UniZulu); MSc (UniIlorin)
   Accounting and Informatics
 
Professor S Singh  Executive Dean:    PhD (UDW)
   Applied Sciences
 
Professor R Kruger  Executive Dean:    PhD (UP); NHD (TUT)
   Art and Design 

Professor S Rathilal  Executive Dean:    PhD (UKZN)
(Interim)   Engineering and the 
   Built Environment 
 
Professor GG Mchunu Executive Dean:   PhD (UKZN)
   Health Sciences
 
Professor FG Netswera Executive Dean:   DPhil (SU); PGD (Buckinghamshire Chilterns); NDP (TSA); BAHons   
   Management Sciences   (UWC); BA (UniVenda)

0U�6�1\DQJLQWVLPEL�� &KLHI�5LVN�2IÀFHU�� � � 03KLO��83���0%/��8QL6$���%&RP��:68�

'U�437�0WVKDOL��� � &KLHI�,QIRUPDWLRQ�2IÀFHU� � 3K'��168���%6F��681<��

Dr JM Molete   Director:     PhD (PSU); MBA (UCT); MSc (HU); BSc Hons (WU)
   Midlands Campuses 

Dr D Mohale   Director:    DLitt et Phil (UniSA); MMPP (Wits); BA (Cum Laude) (CUT)
   Special Projects 

0UV�1)�'KXPD]L� � &KLHI�)LQDQFLDO�2IÀFHU� � 0&RP��83���3*'�$XGLWLQJ��8QL6$���%&RP��8QL9HQGD����������������������������������������������������������

Dr VL Mthethwa   Senior Director:   PhD (UKZN)
   Human Capital Services  

v
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DEPARTMENT NAMES QUALIFICATIONS

Biotechnology and Food Technology Professor F M Swalaha DTech (DUT); MSc (UDW)

Chemistry Professor N Deenadayalu PhD (UN); BSc (UDW)

Clothing and Textile Studies Dr A Fassihi  PhD (NMU); M Eng (MSU)

Food and Nutrition Consumer Sciences Dr H Grobbelaar PhD (DUT)

Horticulture Dr I Matimati PhD (UCT); MSc (UWC); M Phil; BSc Hons (UZ)

Maritime Studies Mr M Manqele MSc (UKZN) BSc Hon (UniSA); BA (SU)

Mathematics Professor D Lortan PhD (UKZN)

Physics Dr S Moolla PhD (UKZN); BSc Hons (UDW)

Sports Studies (Interim) Dr S Currie PhD (UniZulu) 

Statistics Dr A Ananth PhD (UKZN)

vi
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7LWOH�RI�7KHVLV
7KH�  SUHYDOHQFH� RI� VHOHFWHG� HPHUJLQJ� SDWKRJHQLF� EDFWHULDO� VSHFLHV� LQ� ZDVWHZDWHU� DQG� UHFHLYLQJ �ZDWHU� ERGLHV

6XPPDU\
$� PDMRU� WKUHDW� WR� JOREDO� KHDOWK� LV� DQWLELRWLF� UHVLVWDQFH�� GXH� WR� WKH� H[FHVVLYH� XVH� RI� DQWLELRWLFV�� DPRQJ� RWKHU� IDFWRUV�� $TXDWLF� 
HQYLURQPHQWV� DUH� FRQVLGHUHG� D� KRWVSRW� IRU� DQWLELRWLF�UHVLVWDQW� EDFWHULD� DQG� JHQHV� GXH� WR� WKH� SROOXWLRQ� FDXVHG� E\� YDULRXV� 
DQWKURSRJHQLF�DFWLYLWLHV��

ΖQ�WKLV�VWXG\��IRXU�HPHUJLQJ�RSSRUWXQLVWLF�SDWKRJHQV�YL]��$FLQHWREDFWHU�VSS���3VHXGRPRQDV�VSS���$HURPRQDV�VSS���DQG�6WHQRWURSKRPRQDV� 
PDOWRSKLOLD�ZHUH�LQYHVWLJDWHG�WR�XQGHUVWDQG�WKHLU�GLVWULEXWLRQ��VRXUFH��DQG�UHVLVWDQFH�YLUXOHQFH�SDWWHUQV�LQ�ZDVWHZDWHU�DQG�VXUIDFH� 
ZDWHU�� 7KH� SRVVLEOH� HHFW� RI� DQWKURSRJHQLF� VRXUFHV� VXFK� DV� ZDVWHZDWHU� WUHDWPHQW� SODQWV�� KRVSLWDOV�� LQIRUPDO� VHWWOHPHQWV�� DQG� 
YHWHULQDU\�FOLQLFV�RQ�WKH�RFFXUUHQFH�RI�DQWLELRWLF�UHVLVWDQFH��DQG�YLUXOHQFH�VLJQDWXUHV�RI�WKH�WDUJHWHG�RUJDQLVPV��ZDV�VWXGLHG��7KH�VWXG\� 
FRQWULEXWHG�WR�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�DEXQGDQFH�DQG�GLVWULEXWLRQ�RI�WKHVH�RSSRUWXQLVWLF�SDWKRJHQV�LQ�ZDVWHZDWHU�DQG�VXUIDFH� 
ZDWHUV�ZLWKLQ�H7KHNZLQL�PXQLFLSDOLW\��6RXWK�$IULFD��0RUHRYHU��WZR�QRYHO�DSSURDFKHV�KDYH�EHHQ�GHYHORSHG�IRU�LWV�UDSLG�GHWHFWLRQ�LQ� 
GLHUHQW�ZDWHU�VDPSOHV��ΖQ�DGGLWLRQ��WKH�ȴQGLQJV�LQGLFDWHG�WKH�SRVVLELOLW\�RI�FRPPXQLW\�DFTXLUHG�LQIHFWLRQV�ZLWK�WKHVH�EDFWHULD��WKXV� 
GHPRQVWUDWLQJ�WKH�QHFHVVLW\�IRU�ULVN�UHGXFWLRQ�LQWHUYHQWLRQV�DLPHG�DW�UHGXFLQJ�HQYLURQPHQWDO�SROOXWLRQ�DQG�H[SRVXUH��

7KH�VWXG\�KDV�UHVXOWHG�LQ�SXEOLFDWLRQV�LQ�WZR�SUHVWLJLRXV�LQWHUQDWLRQDO�MRXUQDOV�DQG�D�FRQIHUHQFH�SUHVHQWDWLRQ�

6XSHUYLVRU� 3URI�7�$�6WHQVWU¸P
&R�6XSHUYLVRUV� 3URI�6�.XPDUL
� 3URI�)�0�6ZDODKD
� 3URI�)�%X[�
�
5$0$11$� /XYHVKDQ

7LWOH�RI�7KHVLV
(YDOXDWLRQ� RI�WKH� HHFWV� RI� G\H�PHGLDWHG� LUUDGLDWLRQ� RQ� PHWDEROLWH� SURGXFWLRQ�L Q� &KODP\GRPRQDV� UHLQKDUGWLL

6XPPDU\
0LFURDOJDH� KDYH� HPHUJHG� DV� RQH� RI� WKH� PRVW� SURPLVLQJ� IHHGVWRFNV� IRU� WKH� SURGXFWLRQ� RI� KLJK�YDOXH� PHWDEROLWHV� DQG� ELRDFWLYH� 
FRPSRXQGV��\HW�WKH�FRPPHUFLDO�VXFFHVV�RI�ODUJH�VFDOH�FXOWLYDWLRQ�V\VWHPV�KDV�EHHQ�UHVWULFWHG�GXH�WR�OLPLWHG�OLJKW�DYDLODELOLW\��

7KH�VWXG\�DLPHG�WR�HQKDQFH�OLJKW�DYDLODELOLW\�WR�WKH�PLFURDOJD�&KODP\GRPRQDV�UHLQKDUGWLL�XVLQJ�RUJDQLF�G\HV�DV�VSHFWUDO�FRQYHUWHUV�� 
SRWHQWLDOO\� LPSURYLQJ�SKRWRV\QWKHWLF�HɝFLHQF\��DQG�PHWDEROLWH�SURGXFWLRQ��(LJKW�G\HV�ZHUH�HYDOXDWHG�IRU� WKHLU�DELOLW\� WR�DEVRUE�� 
FRQYHUW��DQG�HPLW�OLJKW�LQ�WKH�EOXH�DQG�UHG�ZDYHOHQJWKV������Ȃ����QP�DQG�����Ȃ����QP��UHVSHFWLYHO\���SKRWRV\QWKHWLF�DFWLYH�UDGLDWLRQ� 
>3$5@���/XPRJHQ�5HG�DQG�5KRGDPLQH��*�G\H�LUUDGLDWLRQ�ZDV�DVVRFLDWHG�ZLWK�LQFUHDVHG�ELRPDVV�SURGXFWLYLW\�DQG�PHWDEROLF�FRQWHQW� 
FRPSDUHG�ZLWK�WKH�FRQWURO��8QGHU�G\H�LUUDGLDWLRQ��DOJDO�FDUERK\GUDWH�DQG�OLSLG�FRQWHQW�ZHUH�LQFUHDVHG�HDUO\�LQ�WKH�JURZWK�SKDVH��ZKLOH� 
ELRPDVV�DQG�SURWHLQ�FRQFHQWUDWLRQV�ZHUH�DFFXPXODWHG�WRZDUG�ODWHU�VWDJHV��7KH�ȴQGLQJV�VKRZHG�WKDW�RUJDQLF�G\HV�FDQ�EH�DSSOLHG�WR� 
PLFURDOJDO�FXOWLYDWLRQ�V\VWHPV�WR�LPSURYH�OLJKW�DYDLODELOLW\��HQKDQFH�SKRWRV\QWKHWLF�RXWSXW��DQG�LQFUHDVH�KLJK�YDOXH�PHWDEROLWH�\LHOGV� 
ZLWK�OHVV�LQSXW�RI�HQHUJ\��7KH�SURSRVHG�G\H�PHGLDWHG�DOJDO�V\VWHPV�PD\�SRWHQWLDOO\�FRQWULEXWH�WRZDUG�WKH�6XVWDLQDEOH�'HYHORSPHQW� 
*RDOV��������DQG�����

7KH�RXWSXWV�RI�WKLV�VWXG\�LQFOXGH�WKUHH�MRXUQDO�SXEOLFDWLRQV�DQG�WKUHH�LQWHUQDWLRQDO�FRQIHUHQFH�SUHVHQWDWLRQV�

6XSHUYLVRU� 3URI�)�%X[�

)DFXOW\�RI
$SSOLHG�6FLHQFHV�

	�
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7LWOH�RI�7KHVLV
(OHFWURFKHPLFDO� DSWDVHQVRU� IRU� WKH� GHWHFWLRQ� RI� P\FRWR[LQV �LQ� IRRG� VDPSOHV� E\� H[SHULPHQWDO�DQG�F RPSXWDWLRQDO� PHWKRGV

6XPPDU\
7KH�DQDO\VLV�RI�P\FRWR[LQV�LQ�IRRG�LV�D�FULWLFDO�SUDFWLFH�IRU�HQVXULQJ�IRRG�VDIHW\�DQG�FRQWUROOLQJ�KHDOWK�KD]DUGV�SRVHG�E\�LQIHFWHG�IRRGV�� 
7KH�FDQGLGDWH�XQGHUWRRN�VHYHUDO�FDVH�VWXGLHV�UHODWHG�WR�WKH�GHVLJQ�RI�QRYHO�VPDUW�QDQRPDWHULDOV�IRU�DSSOLFDWLRQ�DV�VHQVRUV��ZKHUH� 
QDQRSDUWLFOHV�LQWHUDFW�ZLWK�ELRPDUNHUV��7KH�DSWDVHQVRUV�DQG�LPPXQRVHQVRUV�GHVLJQHG�DQG�DSSOLHG�LQ�WKLV�VWXG\�FRPELQH�WKH�PRVW� 
GHVLUDEOH�FKDUDFWHULVWLFV�RI�D�JRRG�ELRVHQVRU�DQG�GHPRQVWUDWHV�D�ZLGH�UDQJH�RI�DSSOLFDWLRQV�ZLWK�SURPLVLQJ�UHVXOWV��7KH�LQWHJUDWLRQ�RI� 
H[SHULPHQWDO�DQG�FRPSXWDWLRQDO�')7�UHVXOWV�KDV�QRW�RQO\�KHOSHG�WR�XQGHUVWDQG�VHQVLQJ�DW�WKH�PROHFXODU�OHYHO��EXW�LW�FDQ�OHDG�WR�WKH� 
IHDVLEOH�GHVLJQ�DQG�RSWLPL]DWLRQ�RI�PHWKRGV�EDVHG�RQ�WKH�VHQVLQJ�RI�ELRPROHFXOHV�LQ�WKH�SUHVHQFH�RI�QDQRSDUWLFOHV��

7KH�UHVXOWV�REWDLQHG�DUH�SXEOLVKHG�LQ�WKH�LQWHUQDWLRQDOO\�UHFRJQLVHG�KLJK�LPSDFW�IDFWRU�MRXUQDOV��6HQVRUV�DQG�$FWXDWRUV�%��&KHPLFDO�� 
%LRVHQVRUV�DQG�%LRHOHFWURQLFV��DQG�$&6�)RRG�6FLHQFH�DQG�7HFKQRORJ\��ΖQ�DGGLWLRQ��LQ�������0LVV�.XQHQH�ZDV�DZDUGHG�D�)UHQFK�(PEDVV\� 
6FKRODUVKLS�WR�VSHQG�VL[�PRQWKV�VWXG\LQJ�DW�WKH�ΖQVWLWXW�(XURSHHQ�GHV�0HPEUDQHV�DW�WKH�8QLYHUVLW\�RI�0RQWSHOOLHU�DV�SDUW�RI�KHU�3K'� 
VWXGLHV�

6XSHUYLVRU� 3URI�.�%LVHWW\
&R�6XSHUYLVRUV� 3URI�6�.DQFKL
� 'U�0�6DEHOD�

07+(0%8� /HWKLZH�'HEUD

7LWOH�RI�7KHVLV
2SWLPL]DWLRQ� RI� WKH� V\QWKHVLV� RI� OHYXOLQLF� DFLG� DQG� OHYXOLQLF� DFLG� GHULYDWLYHV� IURP� VXJDUFDQH� EDJDVVH� XVLQJ �LRQLF� OLTXLGV

6XPPDU\
7KH�HHFWV�RI�FOLPDWH�FKDQJH�GXH�WR�QDWXUDO�VRXUFHV�DQG�KXPDQ�DFWLYLWLHV�WKDW�UHOHDVHV�JUHHQKRXVH�JDVHV�KDV�OHG�WR�D�JUHDWHU�QHHG�IRU�D� 
VXVWDLQDEOH�DQG�UHQHZDEOH�UHVRXUFH�IRU�FKHPLFDO�SURGXFWLRQ��ΖQ�.ZD=XOX�1DWDO�WKHUH�LV�DQ�H[FHVV�RI�VXJDUFDQH�EDJDVVH�ZKLFK�ZDV�XVHG� 
LQ�WKLV�VWXG\�IRU�ELRFKHPLFDO�SURGXFWLRQ��6XJDUFDQH�EDJDVVH�ZDV�YDORULVHG�WR�UHSODFH�FKHPLFDOV�REWDLQHG�IURP�IRVVLO�IXHO�SURFHVVLQJ�� 
/HYXOLQLF�DFLG��/$��LV�D�SODWIRUP�FKHPLFDO�PHDQLQJ�PDQ\�FRPSRXQGV�DUH�SURGXFHG�IURP�OHYXOLQLF�DFLG�WKHUHIRUH�SURGXFWLRQ�RI�WKUHH� 
OHYXOLQLF�DFLG�GHULYDWLYHV�QDPHO\�GLSKHQROLF�DFLG��'3$���ƀ�YDOHURODFWRQH��*9/��DQG�HWK\O�OHYXOLQDWH��(/��IURP�VXJDUFDQH�EDJDVVH�ZDV� 
VWXGLHG��

7KH�PDLQ�SXUSRVH�RI�WKLV�ZRUN�ZDV�WR�RSWLPL]H�WKH�SURGXFWLRQ�RI�OHYXOLQLF�DFLG�IURP�GHSLWKHG�VXJDUFDQH�EDJDVVH��'6%��XVLQJ�LRQLF� 
OLTXLGV��ΖOV���ZKLFK�DUH�HQYLURQPHQW�EHQLJQ��

7KH� RSWLPDO� UHDFWLRQ� FRQGLWLRQV� WR� SURGXFH� OHYXOLQLF� DFLG� IURP� '6%� XVLQJ� ��HWK\O���PHWK\OLPLGD]ROLXP� K\GURJHQ� VXOIDWH� Ζ/� ZHUH� 
LQYHVWLJDWHG��7KH�HHFW�RI�WHPSHUDWXUH���������r&���UHDFWLRQ�WLPH������K���DQG�LRQLF�OLTXLG�ORDGLQJ������J��ZDV�DVVHVVHG�XVLQJ�UHVSRQVH� 
VXUIDFH�PHWKRGRORJ\��560��EDVHG�RQ�WKH�%R[�%HKQNHQ�GHVLJQ��%%'���7KH�RSWLPXP�FRQGLWLRQV�ZHUH�����r&���K��DQG��J�RI�Ζ/��ZKLFK� 
\LHOGHG�������RI�/$�IURP�'6%���

$Q�/$�GHULYDWLYH��HWK\O�OHYXOLQDWH��(/��ZDV�SURGXFHG�XVLQJ�DQ�HQYLURQPHQWDOO\�IULHQGO\�KRPRJHQHRXV�FDWDO\VW��PHWKDQHVXOIRQLF�DFLG� 
�0V2+���7KH�(/�\LHOG�DQG�VHOHFWLYLW\�REWDLQHG�ZHUH�������DQG������UHVSHFWLYHO\��DW�D�/$�FRQYHUVLRQ�RI������7KH�RSWLPL]HG�FRQGLWLRQV� 
ZHUH�WKHQ�XWLOL]HG�WR�SURGXFH�(/�IURP�'6%�GHULYHG�/$�ZLWK�D�(/�\LHOG�RI�����XVLQJ�0V2+�

6XSHUYLVRU� 3URI�1�'HHQDGD\DOX
&R�6XSHUYLVRU� 3URI�'�/RNKDW
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'HJUHH� RI� 'RFWRU� RI� 3KLORVRSK\� LQ�
)22'� $1'� 1875Ζ7Ζ21
0$.$1-$1$� 2QZDED�=XULFK

7LWOH�RI�7KHVLV
7KH �LPSDFW� RI� DQ� RUDQJH�ȵHVKHG� VZHHW� SRWDWR� \RJKXUW� RQ �WKH� QXWULWLRQDO� VWDWXV� RI� SUH�VFKRRO� FKLOGUHQ� LQ� 'XUEDQ�� 6RXWK� $IULFD

6XPPDU\
9LWDPLQ�$�DQG�LURQ�GHȴFLHQF\�DUH�FRPPRQ�DPRQJ�SUH�VFKRRO�FKLOGUHQ�LQ�6RXWK�$IULFD��7KHUH�KDV�EHHQ�D�JURZLQJ�WUHQG�WR�LQFOXGH�IRRG� 
EDVHG�VROXWLRQV�WR�DGGUHVV�GLHWDU\�GHȴFLHQFLHV���ΖQ�WKLV�VWXG\��RUDQJH�ȵHVKHG�VZHHW�SRWDWR��2)63���ULFK�LQ�YLWDPLQ�$��ZDV�XVHG�DV�D�IRRG� 
EDVHG�VROXWLRQ�WR�DGGUHVV�WKH�YLWDPLQ�$�GHȴFLHQF\��9$'����

7KH�SXUSRVH�RI�WKH�VWXG\�ZDV�WR�GHWHUPLQH�WKH�QXWULHQW�LQWDNH��WR�GHYHORS�DQG�WHVW�WKH�LPSDFW�RI�DQ�2)63�\RJKXUW�RQ�WKH�QXWULWLRQDO� 
VWDWXV�RI�SUH�VFKRRO� FKLOGUHQ� LQ�'XUEDQ��.ZD=XOX�1DWDO��E\�GHWHUPLQLQJ� WKH�YLWDPLQ�$�DQG� LURQ�VWDWXV�RI�SUHVFKRRO� FKLOGUHQ��7KH� 
LQWHUYHQWLRQ� WULDO� ZDV� FRQGXFWHG� DW� WZR� UDQGRPO\� VHOHFWHG� (DUO\� &KLOGKRRG� 'HYHORSPHQW� �(&'�� FHQWUHV�� � 7KH� SDUWLFLSDQWV� LQ� WKH� 
H[SHULPHQWDO�JURXS�ZHUH�JLYHQ����J�RI�WKH�GHYHORSHG�2)63�\RJKXUW�GDLO\�IRU�WKUHH�PRQWKV��

$IWHU�WKH�LQWHUYHQWLRQ�SHULRG��DQWKURSRPHWU\�DQG�GLHWDU\�LQWDNH�ZDV�DVVHVVHG�DQG�EORRG�VDPSOHV�ZHUH�WDNHQ�WR�GHWHUPLQH�WKH�LPSDFW� 
RQ�VHUXP�UHWLQRO�DQG�+E�OHYHOV���7KH�FRQVXPSWLRQ�RI�WKH�2)63�\RJKXUW�PDGH�D�VPDOO�FRQWULEXWLRQ�WR�GLHWDU\�YLWDPLQ�$�LQWDNH�ZLWK�OLWWOH� 
HHFW�RQ�LURQ�OHYHOV��

7KH�VWRU\�UHVXOWHG�LQ�D�SXEOLFDWLRQ�LQ�DQ�LQWHUQDWLRQDO�MRXUQDO�

6XSHUYLVRU� 3URI�&�1DSLHU
&R�6XSHUYLVRU� 'U�$�1DLFNHU
�
'HJUHH� RI� 0DVWHU� RI� $SSOLHG� 6FLHQFH �LQ�
%Ζ27(&+12/2*<
$//<� )DUQDD]
�)XOO�5HVHDUFK�

7LWOH�RI�'LVVHUWDWLRQ
*HQHWLF� WUDQVIRUPDWLRQ� RI� 'DWXUD� VWUDPRQLXP� IRU� WKH� SURGXFWLRQ� RI�W URSDQH� DONDORLGV� LQ� KDLU\� URRW� FXOWXUHV

6XSHUYLVRU� 3URI�%�2GKDY
&R�6XSHUYLVRU� 3URI�9�0RKDQODOO
�
'/8'/$� :LQLOH�1RNZD]L� � � � � � � � � � &80�/$8'(
�)XOO�5HVHDUFK�

7LWOH�RI�'LVVHUWDWLRQ
&DUEDSHQHP� UHVLVWDQFH� SURȴOLQJ� RI� VHOHFWHG� EDFWHULDO� VSHFLHV �EHORQJLQJ� WR� WKH� (QWHUREDFWHULDFHDH� IDPLO\� LQ� YDULRXV� ZDWHU� PDWULFHV

6XSHUYLVRU� 3URI�7�$�6WHQVWU¸P
&R�6XSHUYLVRUV� 3URI�6�.XPDUL
� 'U�$�$�$GHJRNH�

0%$0$/Ζ� 6LSKLZHQJHVLKOH�.XKOH�6LOLQGLOH� � � � � � � � � &80�/$8'(
�)XOO�5HVHDUFK�

7LWOH�RI�'LVVHUWDWLRQ 
&ORQLQJ� DQG� FKDUDFWHULVDWLRQ� RI� WKUHH� QRYHO� OLSDVHV� IURP� 7KHUPRP\FHV� ODQXJLQRVXV

6XSHUYLVRU� 3URI�.�3HUPDXO
&R�6XSHUYLVRU� 'U�1�3�0FKXQX
�

	�




1*8%$1(� 6DQGLOH
�)XOO�5HVHDUFK�

7LWOH�RI�'LVVHUWDWLRQ 
/DFFDVHV� DV� ELRFDWDO\VWV� IRU� WKH� ELRV\QWKHVLV �RI� K\EULG� DQWLR[LGDQWV

6XSHUYLVRU� 3URI�7�.XGDQJD
&R�6XSHUYLVRU� 3URI�.�3HUPDXO

5$0$/Ζ1*80� 1ROHQH
�)XOO�5HVHDUFK�

7LWOH�RI�'LVVHUWDWLRQ
%LRGHJUDGDWLRQ� RI� SRXOWU\� IHDWKHUV� XVLQJ� D� NHUDWLQRO\WLF� HQ]\PH� WR� SURGXFH �IHDWKHU� PHDO

6XSHUYLVRU� 3URI�.�3HUPDXO
&R�6XSHUYLVRU� 3URI�6�.�.�3LOODL
� �
'HJUHH�RI�0DVWHU�RI�$SSOLHG�6FLHQFH�LQ�
&+(0Ζ675<
.$81'$� 7KDELVLOH�3HQHORSH
�)XOO�5HVHDUFK�

7LWOH�RI�'LVVHUWDWLRQ
'HVLJQ�DQG�RSWLPL]DWLRQ�RI�DQ�DGVRUSWLRQ�PHWKRG�IRU�WKH�UHPRYDO�RI�WH[WLOH�D]R�G\HV�IURP�DTXHRXV�VROXWLRQV�XVLQJ�3ODQWDJR� 
ODQFHRODWD

6XSHUYLVRU� 3URI�5�0�*HQJDQ�
&R�6XSHUYLVRU� 'U�7�6LQJK

.Ζ/(/(� -RDQ�&KHSNRHFK� � � � � � � � � � &80�/$8'(
�)XOO�5HVHDUFK�

7LWOH�RI�'LVVHUWDWLRQ 
1RYHO� VHQVRUV� IRU� GHWHFWLRQ� RI� DQWL�DVWKPD� GUXJV� LQ� SKDUPDFHXWLFDO� IRUPXODWLRQV

6XSHUYLVRU� 3URI�*�*�5HGKL
&R�6XSHUYLVRU� 'U�5�&KRNNDUHGG\
�
1$'$5� 5RZHQD
�)XOO�5HVHDUFK�

7LWOH�RI�'LVVHUWDWLRQ
4XDOLWDWLYH� FODVVLȴFDWLRQ� RI� VXJDU� SURFHVVLQJ� VWUHDP� SURGXFWV� E\� QHDU� LQIUDUHG� VSHFWURVFRS\�

6XSHUYLVRU� 3URI�5�0�*HQJDQ
&R�6XSHUYLVRU� 0U�6�:DOIRUG

� � � � � � � � � &80�/$8'(

'HJUHH RI� 0DVWHU�RI� $SSOLHG�6FLHQFH�LQ� 
)22'�$1'�1875Ζ7Ζ21
6Ζ1*+� 9LKDUD� �)XOO�5HVHDUFK�

7LWOH�RI�'LVVHUWDWLRQ
'HYHORSPHQW�RI�D�VHQVRULDOO\�DFFHSWDEOH�IRRG�SURGXFW�IURP�&LVVXV�TXDGUDQJXODULV�WR�FUHDWH�DZDUHQHVV�DPRQJ�\RXQJ�DGXOWV

6XSHUYLVRU� 'U�$�1DLFNHU
&R�6XSHUYLVRU� 0V�.�3DOPHU
�
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3RVWJUDGXDWH�'LSORPD�LQ�
&+(0Ζ675<
%(0Ζ$+� &DLWOLQ�0DULVVD� &80�/$8'(
*+805$1� 6Dȴ\DK� &80�/$8'(
-2-2� $QGLVLZH�
121*Ζ1=Ζ� =LQWOH�
1=Ζ0$1'(� 0RQZDELVL�&\ULO�
4(*8� 6L]LSLZH�

3RVWJUDGXDWH�'LSORPD�LQ�
Ζ17(51$7Ζ21$/�6+Ζ33Ζ1*
'/$0Ζ1Ζ� 3KXPODQL�
*480$1Ζ� 2QJH]LZH� &80�/$8'(�
0+/21*2� 6LSKHVLKOH�*LIW�
0<(1'(� 1RPFHER�+ORELVLOH� &80�/$8'(
6+21*:(� 6SKDPDQGOD�/ZD]L�
=:$1(� 6LERQHOR�'DYLG� &80�/$8'(

3RVWJUDGXDWH�'LSORPD�LQ�
6867$Ζ1$%/(�+257Ζ&8/785(
*29Ζ1'$6$0<� 6LOLFLD�$QQH�
0%21$0%Ζ� %KHND�

'HJUHH�RI�%DFKHORU�RI�$SSOLHG�6FLHQFHV�+RQRXUV�LQ�
%Ζ27(&+12/2*<
'/$0Ζ1Ζ� $QHOH�-R\IXOO�
'/$0Ζ1Ζ� 6LOLQGLOH�0DU\�
':(%$� <DPNHOD�
(/Ζ6+$� &KHULVH� &80�/$8'(
*29(1'(5� -HGG�'DQLHO�
0$'216(/$� .KXPEXODQL�
0$*:$=$� %XND�:HOFRPH�
0$+/$1*8� 3KLOLVLZH�(YLGHQFH�3ULVFD�
0$+08'� 8ZDLV�
0$6+$� 0RVHEMDGL�)RUWXQDWH�
01<$<Ζ� 1RNXOXQJD�3UHFLRXV�
1$Ζ'22� .D\OHQH� &80�/$8'(
1'28� 0RVLWOL�
5$03$'$5$7+� $WKLND�
6(+2'Ζ� 1ROXIHIH�
6Ζ1*+� $VKPLWD�
:$1*� )DQ]KL� &80�/$8'(

'HJUHH�RI�%DFKHORU�RI�$SSOLHG�6FLHQFH�+RQRXUV�LQ�
)22'�6&Ζ(1&(
6+$%$1� 1GD\LVHQJD�-HVVLFD�$PLVD�
8:$6(� /HRQL�

'HJUHH�RI�%DFKHORU�RI�$SSOLHG�6FLHQFH�LQ�
%Ζ27(&+12/2*<
%87+(/(=Ζ� $\DQGD�1RNXOXQJD�
%87+(/(=Ζ� *XJXOHWKX�1REXKOH�=LSKH]LQKOH�
&+(//$1� 7KHRO\Q�
)5$=(1%85*� 0HHND�6RQMD�
*29(1'(5� %HYDQ�'DQLHO�
+(15<� 7\UD�0DUWLQLTXH�
-Ζ<(=$� 1RNZDQGD�
/(.+(/$� .DWOHKR�
0$%8<$.+8/8� 6LIXQGR�6KDURQ�

0$.8<Ζ� $GHHOD�
0$7<(.:Ζ1$� 2GZD�2PHJD�
0$=Ζ%8.2� .ZDQHOH�
0%$7+$� 1RWKDQGR�6DPXNHOLVLZH�
0%8/81*(1Ζ� 'HQJD�7VKLOLG]L�0HPRULDK�
0.+:$1$=Ζ� %RQJDQL�6DNKLOH�
07$0%2� 1WRPELIXWKL�
081Ζ/$//� -HURPH�
1$*$522� $FDFLD�2OLYLD�
1'=Ζ0$1'(� $QDWKL�
1(/$1Ζ� +ORQHOD�
1.81$� 6DQGLOH�&\SULDO�
178/Ζ� &KXPD�
178/Ζ� 2NXKOH�
1;80$/2� 7DQHOH�$QLWD�
3(580$/� +DVKPLWKD�
3+25Ζ(� 0[ROLVL�0OXOHNL�
3Ζ//$<� .DLWO\Q�$QQH�
6
7+(%(� 1RVLSKR�:HQG\�
6215$-+� 0LFKDHOD�
76+21$3+Ζ� 7KDELVR�6LGLPD�
=$0Ζ6$� 1ROZD]L�
=21'Ζ� 9X\LVZD�6LWKDELOH�

'HJUHH�RI�%DFKHORU�RI�$SSOLHG�6FLHQFH�LQ�
)22'�6&Ζ(1&(�$1'�7(&+12/2*<
%87+(/(=Ζ� 1NDQ\LVR�$QGLOH�
&(/(� *XJX�6HQDPLOH�
'80Ζ6$� 0X]LNKRQD�
'<$17<Ζ� /XVHNHOR�
'<26Ζ� 3KHORND]L�
(66$� 7DVPL\DK�
)(/67($'� $QMDOL�
)(0(/(� 1NROLVR�
*23Ζ� .DXVKDO�
*80$� 0WKRNR]LVL�6L\DQGD�
+/$%Ζ6$� 6DQHOLVLZH�
Ζ6:$/$/� 0LFDHO�
-$&.621� 6KDUOHQH�$PLUD�/HWKLZH� &80�/$8'(
-$*/$/� <XNWKD� &80�/$8'(
.Ζ6+221�3(56+$'�<DVKPLND�
.:(6$%$� 7KDOHQWH�1NRVLQDWKL�
0$%$62� 6L]RSKLOD�
0$Ζ675<� /HWLVKD�
0$1<Ζ.(� 5LSIXPHOR�7HUVKLD�
0$6Ζ1*$� 6LPLVR�9LQFHQW�
0%$7+$� 6LQHOLVR�1WRNR]R�
0(0(/$� 7KRELOH�.DWH�
0)(.$<Ζ� 1WXWKXNR�7KDEDQL�
0+/21*2� 6EHNH]HOR�3ULPURVH�
07+(0%8� /RQGHND�0DWKHPED�
07+(0%8� 7KDQGLVZD�6LQDNKR�
081'5((� &DLWO\Q�
1'$%$� *OXOLVLOH�3UHFLRXV�
1'2.:(1Ζ� /X\DQGD�7KHPEDOHWKX�
1':$1':(� 4LQLVDQL�.KXODQL�
1(1(� $QGLOH�
1*&2%2� 1RPIXQGR�0DU\�
3(7(5� &KULVWLQD�

�'HDQȇV�0HULW�$ZDUG�IRU�$FDGHPLF�([FHOOHQFH
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3(7(5� .LPRHQ�
4202<Ζ� 6LPSKLZH�<ROLVZD�
6(:/$//� 5LDVK�
6(:1$5$Ζ1� 3UL\DQWD�
6+(0%(� /XWKDQGR�6LEXVLVR�
6+:$/$� 1NRVLQJLSKLOH�=DQHOH�
6Ζ%Ζ6Ζ� 1RNXNKDQ\D�6LORQGLZH�
6Ζ%Ζ<$� :DOHV�0IDQD�0OXQJLVL�
6Ζ%Ζ<$� =DQGLOH�%UHQGD�
6Ζ7+2/(� 0DVDQD�
622%%(1� 7DQHLVKLD�
9Ζ/$1(� %RQJLZH�$QJHO�
=8/8� 7KDELVR�(GGLH�
=:$1(� 6LQHJXJX�0LQHQKOH�

$GYDQFHG�'LSORPD�LQ�
%Ζ27(&+12/2*<
$//Ζ� 8PPH�+DDQL�
'$:-((� %LEL�$\HVKD�(EUDKLP�
'+$9$5$-� &DLWOLQ�%HQLWD� &80�/$8'(
'/$0Ζ1Ζ�� &RPIRUW�6LEXVLVR�0HOXVL��
*29(1'(5� +DQQDK�0HOLWD�
*80('(� /HWKLQWRNR]R�=DQR[ROR�&ROOHHQ�
*80('(� 1HOLVLZH�6DPXNHOLVLZH�
1$Ζ5� .LPHVKDQ�
1'(/8� 6LSKHSKHOR�6L\DPXNHOD�
1.21<$1$� 0EDOL�&DPHOLD�
3Ζ//$<� %U\QLWD� &80�/$8'(
3Ζ//$<� .\OH�-RKQ�
5(''<� .DHODQ�.HRQ� &80�/$8'(
6$5$1� $OL\DK�
=80$� 7KDELVR�6LQDNKRNRQNH�

$GYDQFHG�'LSORPD�LQ�
&+(0Ζ675<
%87+(/(=Ζ� $PDQGD�6DPRUD� &80�/$8'(
-26(3+� &DUO�'DUUHQ� &80�/$8'(
0&+818� 0DQTRED�*DEULHO�
01*81Ζ� .ZHQDPD��
081'(0%(� )DG]DL�6LPELVDL�6\OYLH�
6Ζ%$/Ζ� $VHQDWKL�
6Ζ7+2/(� =HQ]HOH�6LKOH�

$GYDQFHG�'LSORPD�LQ�
&21680(5�6&Ζ(1&(6�Ζ1�)22'�$1'�1875Ζ7Ζ21
*$6$� =X]LZH�+DSSLQHVV�
+/21*:$1(� 0DWKHPED�2SXOHQFH�
.+$1<Ζ/(� 6GXGX]R�9X\LVZD�
/$/'(2� 5LYDWL�
/8'Ζ'Ζ� 6LVDQGD�1RPDKOXEL�
0$'216(/$� 6LPSKLZH�%ULJKW�
0$*:$=$� 1TXEHNR�6L\DERQJD�
0$1=Ζ1Ζ� 1R]LȴVR�/XFLD�
0$6Ζ1*$� &HER�:LOOLDPV�
0$7+(� 6DQHOLVLZH�
0.+Ζ=(� /RQGLZH�$\DQGD�
0/$%$� 7KRELVLOH�&\QWKLD�
02/2Ζ� 6LQHQKODQKOD�3DOOLVD�
0=Ζ0(/$� 6DQHOLVLZH�$QHOH�

1'$%$� 6
%RQJDNRQNH�3KLZRNXKOH�0HPHQWR�
1'$%(=Ζ7+$� 1RPIXQGR�/RUDLQH�
1'/$=Ζ� 6LQHWKHPED�3RUWLD�&ODXGLD�
1'/298� 6SKLZRNXKOH�$QGLVZD�
1*&2%2� &KDUORWWH�%RQJHND� &80�/$8'(
1*&2%2� 1TRELOH�
1+/$1+/$� /XQJLOH�%RQJLZH�
6$+$'(2� 6DQULND�
6(/(3(� /HUDWR�
6+(/(0%(� 1RNXNKDQ\D�3KXPHOHOH�
62'2'Ζ/(� 1DQLZH�
=Ζ172� =LPELQL� &80�/$8'(
=8/8� 'RUFXV�6LQHJXJX�=DQGLOH�
=:$1(� 6DVLOH�3KHWKLOH�

$GYDQFHG�'LSORPD�LQ�
)22'�6&Ζ(1&(
%87+(/(=Ζ� 0WKRELVL�+DODOLVDQL�9HOHQNRVLQL�
&(/(� 7KREHND�
.(.$1$�� 0RNJDHWML�6DGLH��
.Ζ67(1� <HVKDQWD� &80�/$8'(
0+/21*2� /LQGRNXKOH�
3(580$/� 7KDYHQGUDQ�-XVWLQ� &80�/$8'(
62.+(/$� 6LQHWKHPED�3KDWKXPXVD�4XHQWLQ�

$GYDQFHG�'LSORPD�LQ�
0$5Ζ1(�(1*Ζ1((5Ζ1*
-Ζ/$� 6WKHPELVR� &80�/$8'(
.8'80$1(� 7KDEDQJ� &80�/$8'(
0%$7+$� 6LSKDNHPH�*LIW� &80�/$8'(
06Ζ0$1*2� 1FHER�/LQGDQL� &80�/$8'(
1'2%(� 1ZDELVD�'RPLQLFD� &80�/$8'(
6((0$� (OLDV� &80�/$8'(
6+$%$/$/$� 6EXVLVR�ΖVUDHO� &80�/$8'(
6Ζ7+2/(� )H]LOH�1REOHPDQ�:DQGLOH� &80�/$8'(
=Ζ48%8� .ZDQHOH� &80�/$8'(

$GYDQFHG�'LSORPD�LQ�
1$87Ζ&$/�678'Ζ(6
&(/(� *FLQXWKDQGR�1RNXERQJD�
'+/202� 1RPFHER�$QGLOH�
'<(5� 1JZDQLZDSR�7LNDQL�
/$1*$� 7KREHODQL�
0$%$11$� $XWR�.DJLVR�
0$&Ζ� /XFN\�
0$-2/$� 6LSKLZH�3HUFLYDO�
0$.+$1<$� 1RPSXPHOHOR�.KDQ\LVLOH�
0$9Ζ0%(/$� %DQGLOH�%DKOH�
0%21$0%Ζ� 0EDOL�3URPLVH�
0+/21*2� 6L]ZH�
0.+Ζ=(� 3KLQGLOH�;ROD�
0.+Ζ=(� 6L\DERQJD�*LGHRQ�
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