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5HFHLYHG )HEUXDU\ �� ����

+RPR DQG FRSRO\PHUV RI SRO\ODFWRQHV KDYH EHHQ WKH VXE�

MHFW RI JURZLQJ DWWHQWLRQ EHFDXVH RI WKHLU QXPHURXV DSSOLFD�

WLRQV LQ ELRPHGLFDO DQG HQYLURQPHQWDO ILHOGV� 3RO\JO\FROLF�

DFLG �3*$�� D FRPPRQ ELRFRPSDWLEOH SRO\PHUV� LV ZLGHO\

XWLOL]HG WR PDNH YDULRXV NLQGV RI PHGLFDO GHYLFH DQG VXV�

WDLQHG PDWHULDOV IRU GUXJ GHOLYHU\ V\VWHP���� 2IWHQ WKHVH YDU�

LRXV DSSOLFDWLRQV UHTXLUH D KLJK PROHFXODU ZHLJKW SRO\PHU�

GHSHQGV RQ WKH FDWDO\VW DQG SRO\PHUL]DWLRQ PHWKRG���� 7KH

W\SH DQG TXDOLW\ RI PRQRPHUV DUH DOVR LPSRUWDQW LQ REWDLQ�

LQJ SRO\PHUV RI KLJK PROHFXODU ZHLJKW DQG JRRG TXDOLW\����

7KH PDQ\ NLQGV RI LPSXULWLHV LQ JO\FROLGH GHSHQG RQ LWV

PDQXIDFWXULQJ SURFHVV DQG WUHDWPHQW� :DWHU LQ JO\FROLGH LV

NQRZQ WR KDYH D VHULRXV HIIHFW RQ WKH GHJUHH RI SRO\PHUL]D�

WLRQ������

.RKQ HW DO� VWXGLHG WKH HIIHFW LPSXULWLHV KDG RQ SRO\PHU

PROHFXODU ZHLJKW DQG PROHFXODU ZHLJKW GLVWULEXWLRQ RI '�/�

ODFWLGH�� 7KH\ IRXQG WKDW LPSXULWLHV LQ ODFWLGH� VXFK DV ZDWHU

RU HWK\O DFHWDWH� FDXVHG VHULRXV UHGXFWLRQ LQ PROHFXODU ZHLJKW�

7KH\ DOVR VWXGLHG WKH DJLQJ HIIHFW RI '�/�ODFWLGH� 3RO\PHU

SUHSDUHG IURP ROG '�/�ODFWLGH KDG D ORZHU PROHFXODU ZHLJKW

WKDQ SRO\PHU SUHSDUHG IURP WKH IUHVK RQH� 8QIRUWXQDWHO\�

WKH\ GLG QRW JLYH DQ\ FOHDU FKDUDFWHUL]DWLRQV IRU LPSXULWLHV LQ

WKH ROG '�/�ODFWLGH� 0RUHRYHU� LQ WKH FDVH RI JO\FROLGH DQG

3*$� WKHUH DUH QR V\VWHPDWLF VWXGLHV RI LPSXULWLHV DQG DJLQJ

HIIHFW RQ SRO\PHUL]DWLRQ� ,W LV YHU\ LPSRUWDQW WR KDYH WKLV

LQIRUPDWLRQ EHFDXVH LW FDQ EH WKH EDVLV RI WKH HVWDEOLVKLQJ D

PHWKRG WR SURGXFH TXDOLW\ SRO\PHU�

,Q WKLV VWXG\� ZH V\QWKHVL]H 3*$V IURP JO\FROLGHV FRQ�

WDLQLQJ GLIIHUHQW DFLG FRQFHQWUDWLRQ� DQG WKHLU PHOW YLVFRVL�

WLHV DUH FRPSDUHG� ,Q DGGLWLRQ� ZH REWDLQ LQIRUPDWLRQ RQ WKH

LPSXULWLHV IRUPHG LQ WKH DJHG JO\FROLGH� :H XVH 105 VSHF�

WURVFRS\ WR LGHQWLI\ WKHVH LPSXULWLHV DQG SUHVHQW WKH UHVXOWV

RI TXDQWLWDWLYH DQDO\VLV RI WKHVH LPSXULWLHV LQ JO\FROLGH� ,W LV

EHOLHYHG WKDW WKLV PHWKRG SURYLGHV D PRUH FRPSOHWH DQDO\VLV�

([SHULPHQWDO 6HFWLRQ

0DWHULDOV DQG ,QVWUXPHQWDWLRQ� *O\FROLGH ZDV SXUFKDVHG

IURP 385$& %,2&+(0 %9 �7KH 1HWKHUODQGV�� 7LQ RFWRDWH

DQG ODXU\O DOFRKRO ZHUH SXUFKDVHG IURP 6LJPD &KHP� &R�

*O\FROLGHV RI GLIIHUHQW DFLG FRQFHQWUDWLRQ ����� PHT�NJ�

ZHUH UDQGRPO\ REWDLQHG IURP WKH SXUFKDVHG JO\FROLGH� )UHH

DFLG FRQFHQWUDWLRQV LQ JO\FROLGH LQFUHDVHG DV WLPH SDVVHG�

5KHRPHWULFV '\QDPLF 6SHFWURPHWHU $0(6 ZDV WR GHWHU�

PLQH WKH PHOW YLVFRVLW\ DW ��� R&� DW D IUHTXHQF\ RI �� UDG�

VHF� �+ 105 VSHFWUD ZHUH WDNHQ LQ DFHWRQH�G� VROXWLRQ RQ D

%UXNHU $0;���� 105 VSHFWURPHWHU� 7KH IUHVK JO\FROLGH

�VDPSOH �� DQG WKH ROG JO\FROLGH �VDPSOH �� ZHUH SUHSDUHG WR

NQRZ WKH W\SHV RI LPSXULWLHV� 6DPSOH � ZDV SUHSDUHG DV IRO�

ORZV� )UHVK JO\FROLGH ZDV VWRUHG DW URRP WHPSHUDWXUH DQG

OHIW IRU � \HDU WR GHWHUPLQH WKH DJLQJ HIIHFW RI JO\FROLGH� )RU

WKHVH WZR VDPSOHV� SHDN DVVLJQPHQWV DQG TXDQWLWDWLYH DQDO\�

VLV RI WKH LPSXULWLHV ZHUH FDUULHG RXW E\ 105 H[SHULPHQWV

ZLWK GHOD\ RI �� VHF XVLQJ ��R SXOVH� 7KH LQWHJUDWLRQ RI WKH

SHDNV RI WKLV SURWRQ VSHFWUXP ZDV SHUIRUPHG DV FORVHO\ DV

SRVVLEOH� 3URWRQ UHOD[DWLRQ �7�� H[SHULPHQWV RI VDPSOH �

ZHUH DOVR SHUIRUPHG IRU GHWDLOHG DQDO\VLV RI FRPSRVLWLRQV�

7KH SURWRQ 105 UHOD[DWLRQ WLPH �7�� ZDV PHDVXUHG E\ WKH

VWDQGDUG LQYHUVLRQ UHFRYHU\ PHWKRG��� 7� ZDV XVHG IRU LQWHU�

PHGLDWH UHOD[DWLRQ ZLWK �� µVHF� ��R SXOVH DQG GLIIHUHQW

GHOD\V LQ WKH UDQJH IURP ���� WR �� $ UHOD[DWLRQ GHOD\ RI ��

VHF JDYH XV VXIILFLHQWO\ DFFXUDWH UHOD[DWLRQ WLPHV IRU WKLV

SXUSRVH�

3UHSDUDWLRQ RI 3RO\PHUV� 7KH PHWKRG IRU V\QWKHVLV ZDV

VLPLODU WR WKDW GHVFULEHG E\ *LOGLQJ DQG 5HHG��� 7R D ��� /

WKUHH�QHFN URXQG�ERWWRP IODVN� ILWWHG ZLWK D QLWURJHQ LQOHW

DQG D PDQWOH� JO\FROLGH ������ PRO� DQG ODXU\ DOFRKRO ������

PRO� DV D FDWDO\VW DQG FKDLQ FRQWURO DJHQW ZHUH LQVHUWHG� 7KH

PL[WXUH ZDV PDLQWDLQHG IRU � KU DW �� R& XQGHU ��� WRUU DQG

WLQ RFWRDWH ����� × ��−� PRO� ZDV DGGHG� 7KH UHDFWLRQ

RFFXUUHG IURP �� R& WR ��� R& ZLWK WKH WHPSHUDWXUH HOHYDWHG

��� R&�PLQ DQG PDLQWDLQHG DW ��� R& IRU ��� PLQ� 7KH SRO\�

PHU ZDV TXHQFKHG DW URRP WHPSHUDWXUH DQG FUXVKHG WR ILQH

SRZGHU� 5HVLGXDO PRQRPHU ZDV UHPRYHG E\ UHIOX[LQJ WKH

FUXVKHG SRO\PHU LQ HWK\O DFHWDWH� DQG WKH LQVROXEOH SRO\PHU

IUDFWLRQ ZDV ZHLJKHG WR REWDLQ ������ FRQYHUVLRQ�

0HDVXUHPHQW RI )UHH $FLG &RQFHQWUDWLRQ� *O\FROLGH

���� J� ZDV GLVVROYHG LQ PHWKDQRO DQG DFHWRQH ��� P/���

P/�� 7KH W\SLFDO PHWKRG RI SRWHQWLRPHWULF WLWUDWLRQ ZDV

XVHG� 7R HDFK FROOHFWHG VROXWLRQ� WKH W\SLFDO DSSDUDWXV �VDWX�

UDWHG FDORPHO HOHFWURGH�S+ JODVV HOHFWURGH ZLWK PLOOLYROW

VFDOH� ZDV ILWWHG� 7KH DFLG FRQFHQWUDWLRQ ZDV PHDVXUHG E\

WLWUDWLRQ ZLWK ���� PRO�/ �0� VRGLXP PHWKR[LGH VROXWLRQ LQ

D PL[HG VROYHQW RI PHWKDQRO DQG DFHWRQH ���9���9��
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$SSUR[LPDWH HTXLOLEULXP LV LQGLFDWHG ZKHQ WKH PHDVXUHG

SRWHQWLDO FHDVHV WR GULIW E\ PRUH WKDQ D IHZ PLOOLYROWV� 6WLU�

ULQJ LV IUHTXHQWO\ HIIHFWLYH LQ KDVWHQLQJ WKH DFKLHYHPHQW RI

HTXLOLEULXP�

5HVXOWV DQG 'LVFXVVLRQ

6HYHUDO SRO\PHUL]DWLRQV RI JO\FROLGHV FRQWDLQLQJ GLIIHUHQW

DFLG FRQFHQWUDWLRQ ����� PHT�NJ� ZHUH FDUULHG RXW XQGHU WKH

VDPH H[SHULPHQWDO FRQGLWLRQ DQG WKH FKDQJH RI PHOW YLVFRV�

LW\ ZDV PHDVXUHG WR ILQG WKH HIIHFW RI IUHH DFLG� )LJXUH �

VKRZV PHOW YLVFRVLW\ DV D IXQFWLRQ RI IUHH DFLG FRQWHQW LQ

JO\FROLGH� 7KH UHVXOWV VKRZ WKDW PHOW YLVFRVLW\ GHFUHDVHV

QRQOLQHDUO\ DV IUHH DFLG FRQWHQW LQFUHDVHV� 7KHUHIRUH� ZH

SURSRVHG WKDW PROHFXODU ZHLJKW FRXOG EH LQIOXHQFHG E\ WKH

IUHH DFLG FRQFHQWUDWLRQ� 7R JHW KLJK PROHFXODU 3*$� IUHVK

JO\FROLGH FRQWDLQLQJ D ORZ FRQFHQWUDWLRQ RI IUHH DFLG VKRXOG

EH XVHG�

,Q WKH SUHVHQW VWXG\� ZH GHVFULEH RXU HIIRUW WR LQYHVWLJDWH

IUHH DFLG LQ JO\FROLGH E\ WKH DJLQJ HIIHFW� 7KH UHVXOW FRXOG EH

REWDLQHG E\ WKH FORVH H[DPLQDWLRQ RI SURWRQ 105 VSHFWUD RI

WZR VDPSOHV� WKH IUHVK JO\FROLGH �VDPSOH �� DQG WKH ROG RQH

�VDPSOH ��� 3URWRQ 105 VSHFWUD RI VDPSOHV � DQG � LQ QRU�

PDO LQWHQVLW\ VKRZ VLJQLILFDQW GLIIHUHQFHV EHWZHHQ WKH WZR

VSHFWUD� 7KH VSHFWUXP RI VDPSOH � VKRZV SXUH JO\FROLGH DW

���� SSP �)LJXUH ��D��� ZKLOH WKH YDULRXV FRPSRQHQWV LQ WKH

VSHFWUXP RI VDPSOH � ZHUH REVHUYHG LQ WKH UDQJH IURP ��� WR

��� SSP �)LJXUH ��E��� ,Q )LJXUH ��F� LV WKH SURWRQ VSHFWUXP

RI VDPSOH �� ZKLFK ZDV PDJQLILHG DERXW WZR KXQGUHG WLPHV

IRU )LJXUH ��D�� 7KH SHDNV RI LPSXULWLHV� H[FHSW JO\FROLGH�

DSSHDUHG LQ WKH VDPH UDQJHV DV WKRVH RI VDPSOH �� 0RUHRYHU�

LW FDQ EH HDVLO\ VHHQ WKDW WKH SHDN SDWWHUQ RI WKH LPSXULWLHV LV

YHU\ VLPLODU WR WKDW RI VDPSOH �� H[FHSW IRU WKH VSLQQLQJ VLGH

EDQG �VVE� DQG FDUERQ VDWHOOLWHV RI JO\FROLGH� 7KH VWUXFWXUHV

RI WKH LPSXULWLHV RI VDPSOH � DUH GLIILFXOW WR LGHQWLI\ EHFDXVH

RI WKH VPDOO TXDQWLW\� +RZHYHU� IRU VDPSOH � GHWDLOHG VWUXF�

WXUDO DQDO\VHV IRU WKH FRPSRQHQWV ZHUH SHUIRUPHG� 7KH UHVR�

QDQFH SHDNV RI JO\FROLGH LV LWVHOI� DW ���� SSP� D PDMRU

FRPSRQHQW �)LJXUH ��D��� DQG WKH VHFRQG PDMRU FRPSRQHQW

RI VDPSOH � LV WKH GLPPHU RI JO\FROLFDFLG �+2��&+�&22���

+�� ZKLFK LV REVHUYHG DW WKH SHDNV RI ���� DQG ���� SSP�

�)LJXUH ��E�� ,W LV FRQVLGHUHG D SURGXFW RI K\GURO\VLV RI JO\�

FROLGH DV VXJJHVWHG LQ WKH VWXG\ RI ODFWLGH DQG 3/$�� 7KH

LQWHJUDO YDOXHV RI � SHDNV ������ ����� ���� DQG ���� SSP��

ZKLFK KDYH VLPLODU LQWHQVLWLHV� VWURQJO\ VXJJHVW WKDW WKH WKLUG

PDMRU FRPSRQHQW RI WKH VDPSOH LV WHWUDPHU RI JO\FROLFDFLG

�+2��&+�&22���+�� ,Q DGGLWLRQ� WKHUH DUH RWKHU � PLQRU

SHDNV� LQFOXGLQJ VKRXOGHUV DW ����� ���� DQG ���� SSP� DQG �

SHDNV IURP ���� WR ���� SSP� �)LJXUH ��E�� .HHSLQJ ZLWK WKH

DERYH UHDVRQLQJ� LW FRXOG EH WKRXJKW WKDW WKH KH[DPHU RI JO\�

FROLFDFLG �+2��&+�&22���+� ZDV IRUPHG�

,Q DGGLWLRQ WR WKH FKHPLFDO VKLIW DQG LQWHJUDO YDOXH RI HDFK

SHDN RI WKH SURWRQ �' VSHFWUD� WKH PHDVXUHG UHOD[DWLRQ WLPHV

�7�� RI WKH SURWRQ JLYH XV DGGLWLRQDO HYLGHQFH DERXW WKH DERYH

DVVLJQPHQW� 7KH SURWRQ 105 SHDN DVVLJQPHQW DQG PHD�

VXUHG UHOD[DWLRQ WLPHV �7�� RI WKH UHVRQDQFH OLQHV RI WKH VXJ�

JHVWHG FRPSRQHQWV RI VDPSOH � DUH VXPPDUL]HG LQ 7DEOH ��

,W LV ZHOO NQRZQ WKDW WKH 7� YDOXH RI RQH DWRP LQ D VPDOO

RUJDQLF PROHFXOH LQ WKH VROXWLRQ LV SURSRUWLRQDO WR WKH PRELO�

LW\ RI WKH JLYHQ DWRP� $FWXDOO\� WKLV FRUUHVSRQGV WR WKH H[WUHPH

QDUURZLQJ UHJLRQ LQ WKH G\QDPLFV RI PROHFXOHV� DQG LQ WKDW

FRQGLWLRQ 7� LQFUHDVHV DV WKH WHPSHUDWXUH LQFUHDVHV� YLVFRVLW\

GHFUHDVHV DQG PROHFXODU VL]H GHFUHDVHV������ 7KHUHIRUH� WKH

RUGHU RI 7� YDOXHV LQ 7DEOH � JLYH JRRG SURRI IRU WKH DERYH

LGHQWLILFDWLRQ� )RU H[DPSOH� WKH UHOD[DWLRQ WLPHV IRU WKH SHDNV

RI WKH VXJJHVWHG KH[DPHU DUH VKRUWHU WKDQ WKRVH RI RWKHU VXJ�

JHVWHG FRPSRQHQWV� )LQDOO\� IURP WKH VLPLODULWLHV EHWZHHQ

WKH VSHFWUD RI VDPSOH � DQG �� ZH PD\ FRQFOXGH WKDW WKH

PDLQ LPSXULWLHV RI JO\FROLGH� RWKHU WKDQ ZDWHU� DUH GLPHU� WHW�

UDPHU DQG KH[DPHU RI JO\FROLFDFLG�

)LJXUH �� 0HOW YLVFRVLW\ �SRLVH� DV D IXQFWLRQ RI DFLG FRQWHQW LQ
JO\FROLGH�

)LJXUH �� �+ 105 VSHFWUD RI JO\FROLGH LQ WKH UDQJH ������� SSP�
D� VDPSOH �� E� VDPSOH �� F� ��� PDJQLILHG VSHFWUXP RI �D��

7DEOH �� 7KH �+ 105 SHDN DVVLJQPHQW DQG PHDVXUHG UHOD[DWLRQ
WLPHV �7� V� RI WKH UHVRQDQFH OLQHV FRUUHVSRQGLQJ VXJJHVWHG
FRPSRQHQWV RI VDPSOH �

*O\FROLF DFLGV
5HVRQDQFH OLQHV

�SSP�

0HDVXUHG UHOD[DWLRQ

WLPHV �VHF�

�&+�&22�� ���� ����

+2��&+�&22���+ ����� ���� ����� ����

+2��&+�&22���+ ����� ����� ����� ���� ����� ����� ����� ����

+2��&+�&22���+ ����� ����� ����� �����

����� ����

QRW DYDLODEOH IRU �

SHDNV� ����� ����� ����
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,QWHUHVWLQJO\� WKHUH DUH RQO\ HYHQ QXPEHU RI PXOWLPHUV� VXFK

DV GLPHU� WHWUDPHU� DQG KH[DPHU RI JO\FROLF DFLG LQ JO\FROLGH�

7KH QHZO\ LGHQWLILHG LPSXULWLHV RI JO\FROLGH DUH IRUPHG GXU�

LQJ VWRUDJH� 3UHVXPDEO\� WKH GLPHU RI JO\FROLF DFLG ZRXOG EH

IRUPHG E\ K\GURO\VLV RI JO\FROLGH� DQG WKH IROORZLQJ SURFHVV

PD\ KDSSHQ \LHOGLQJ WHWUDPHU IURP GLPHU RI JO\FROLF DFLG�

+H[DPHU RI JO\FROLF DFLG PD\ EH IRUPHG E\ D VLPLODU SUR�

FHVV EHWZHHQ WKH WHWUDPHU DQG JO\FROLGH �6FKHPH ��� $FWX�

DOO\� ZH IRXQG VPDOO DPRXQWV RI SUHFLSLWDWLRQ LQ VDPSOH ��

ZKLFK LV FRQVLGHUHG WR EH D KLJKHU PXOWLPHU RI JO\FROLFDFLG

WKDW LV QRW VROXEOH LQ DFHWRQH�

7KH DPRXQW RI LPSXULWLHV �GLPHU� WHWUDPHU DQG KH[DPHU�

ZDV HVWLPDWHG WKURXJK SURWRQ 105 VSHFWUD� $ FRPSDULVRQ

EHWZHHQ LQWHJUDO YDOXHV RI WKH SHDNV RI WKH SURWRQ VSHFWUXP

RI VDPSOH � DQG VDPSOH � ZDV SHUIRUPHG� 7KH UHVXOWV RI D

TXDQWLWDWLYH DQDO\VLV RI VDPSOH � DUH VKRZQ LQ 7DEOH �� 7KH

DPRXQWV RI LPSXULWLHV VKRZQ DERYH DUH DERXW ��� ZHLJKW ��

)RU VDPSOH �� WKH UHODWLYH DPRXQW RI LPSXULW\ FRXOG EH

REWDLQHG IURP FRPSDULVRQ RI WKH LQWHJUDO YDOXHV RI WKH 105

SHDNV RI HDFK LPSXULW\ ZLWK WKDW RI JO\FROLGH �DURXQG ����

SSP�� )LUVW� ZH LGHQWLILHG WKH LQWHJUDOV RI WKH 105 SHDNV RI

LPSXULWLHV DQG WKDW RI JO\FROLGH� ,W ZDV GLIILFXOW WR REWDLQ WKH

H[DFW LQWHJUDOV RI 105 SHDNV RI DOO LPSXULWLHV VHSDUDWHO\

EHFDXVH RI VHYHUH RYHUODS RI 105 SHDNV� 7KRXJK GLPHU

KDYH LVRODWHG SHDNV LQ WKH VSHFWUXP �)LJXUH ��� DOO SHDNV RI

WHWUDPHU RYHUODSSHG ZLWK WKRVH RI KH[DPHU� PDNLQJ LW LP�

SRVVLEOH WR JHW LQWHJUDO LQWHQVLWLHV RI WHWUDPHU GLUHFWO\� )RUWX�

QDWHO\� WZR SHDNV RI KH[DPHU ZHUH LVRODWHG IURP WKH RWKHU

SHDNV LQ WKH UDQJH RI ���� WR ���� SSP� &DUHIXO LQWHJUDWLRQ

RI WKHVH WZR SHDNV DOORZHG XV WR HVWLPDWH WKH UHODWLYH LQWH�

JUDOV RI KH[DPHU DQG WHWUDPHU DIWHU DSSURSULDWH VXEWUDFWLRQV

RI LQWHJUDOV RI KH[DPHU IURP WKH RYHUODSSHG WHWUDPHU 105

SHDNV �IURP ���� WR ������ )LQDO WKH ZW�� RI HDFK LPSXULW\

ZDV HYDOXDWHG E\ VLPSOH FDOFXODWLRQ FRQVLGHULQJ� VLPXOWD�

QHRXVO\� LQWHJUDO YDOXHV� PROHFXODU VWUXFWXUHV �SDUWLFXODUO\

QXPEHU RI SURWRQV� DQG PROHFXODU ZHLJKWV RI DOO FRPSR�

QHQWV� LQFOXGLQJ JO\FROLGH DV ZHOO DV DOO LPSXULWLHV� 105

DQDO\VLV LV DYDLODEOH WR FKHFN WKH SXULW\ RI JO\FROLGH LQ WKH

SURGXFWLRQ OLQH� :H VXJJHVW WKDW WKH JO\FROLGH LPSXULWLHV

KDYH VHULRXV HIIHFWV RQ WKH SRO\PHUL]DWLRQ RI 3*$ WR REWDLQ

KLJK PROHFXODU ZHLJKW SRO\PHU� :KHQ WKH DPRXQW RI LPSX�

ULW\ H[FHHGHG ���� RI WKH JO\FROLGH PRQRPHU� WKH GHJUHH RI

SRO\PHUL]DWLRQ ZDV VLJQLILFDQWO\ UHGXFHG� 7KHUHIRUH JUHDW

FDUH PXVW EH WDNHQ WR WUHDW DQG HYDOXDWH WKH SXULW\ RI JO\�

FROLGH�

7KH HIIHFW RI IUHH DFLG LQ JO\FROLGH RQ PHOW YLVFRVLW\ ZDV

VWXGLHG� 7KH PHOW YLVFRVLW\ GHFUHDVHG DV WKH IUHH DFLG LQ JO\�

FROLGH LQFUHDVHG� 7KH FKHPLFDO VWUXFWXUHV RI WKH LPSXULWLHV LQ

JO\FROLGH ZHUH LQYHVWLJDWHG E\ 105 VSHFWURVFRS\� ,PSXUL�

WLHV ZHUH LGHQWLILHG DV GLPHU� WHWUDPHU� DQG KH[DPHU RI JO\�

FROLFDFLG� ZKLFK DUH LQKLELWRUV WR WKH SRO\PHUL]DWLRQ UHDFWLRQ

RI JO\FROLGH� 105 VSHFWURVFRS\ ZDV XVHG DV D VLPSOH

PHWKRG IRU TXDQWLWDWLYH DQDO\VLV RI WKHVH LPSXULWLHV�

$FNQRZOHGJPHQW� 7KLV SDSHU ZDV VXSSRUWHG E\ .RQNXN

8QLYHUVLW\ �������
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