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6 WUXFWXUDO FKDUDFWHUL]DWEWRDQYDOWG RPAXQABXWDL®X

IURP QDWXUDO &RUG\FHSV VLQHQVLV

-XQTLDRP: BDRSLOIJBMHYHPE&EKLMXP :DQHG 2 B8KLOOLSV
*O\Q 2 3KLQROMIWODUQI\RQY ; LH
P6WDWH .H\ /DERUDWRU\ Rl ) RRG 6RLQFQAHD @Q LYHKQIRM\RI\ 1DQMLQJ (I
5RDG 1DQFKDQJ -LDQJ[L 3URYLQFH &KLQD
ExXHOSK ) RRG 5HVHDUFK & HQWUHRG BID.GHGW XU 6 WRGH$FEDG RHVW *XHO
2QWDULR 1* & &DQDGD
FEFKRRO RI OHGLFLQH 8QLYHUVLW\ Rl &DUGLII :DOHV 8
G3KLOOLSV +\GURFROORLGV 5HWHUMLKVE HQW KD P* YQG BU :®@HV 8.

H4LQJKDL 7D (U 6KHQJ *X $JUL FPKIQRBWRD O &FF LNQEH DLAYG @B &KLQD

&RUUHVSRQGLQJ DXWKRUV
VSQLH#QFX HGX FQ 3URIHVVRU 6KPHRSLQJ 1LH 3K' 7HO

P\[LH#QFX HGX FQ 3URIHVVRU OLQJ\BRQJ ;LH 3K’ 7HO



$EVWUDFW

$ ZDWHU VROXEOH SRO\VDFFKDURBWMD IQPHPG G UIRPE @ DW XADO & RUG\FHSV V
E\ KRW ZDWHU H[WUDFWLRQ DQE&FHSWWDRWR DR QUDAW IZDYDWOR@ HU DV D
VIPPHWULFDO SHDN DQG KDG DQ WYRIUDJH DPRDKH XONDWXZWXUK ZDV
GHWHUPLQHG E\ PRQRVDFFKDULBH PRPERVLWLRQ' POSVK'SHFWIURVFRS\ DC
HQJ\PDWLF K\GURO\VLV DQG FKRURVWFRMHDDWERY RI O08KH R PDVV

VSHFWURPHWU\ 7KH UHSHDWLQIGKADY BIURERVYHERDVYVIRKFKRZ V
+4)-0.—D—G1Cp-(1—> 4)-0-D-Glep-(I—» 4)-0-D-Glep-(1— 4)-q-D-Glep-(—= 4)-a-D-Glep-( 1+>
6 n

1
a-D-Glep

7KLV JOXFDQ VKRZHG SRWHQW L FRRXQRIMHVE BXOWVRR WWIVF WILNYQIWL FDQW DE
SURPRWH PDFURSKDJH SUROLIHUDRQR QV HGKD® MY IPQSURGHENL QHV |,/

71) . VHFUHWLRQ

.H\ZRUGV QDWXUDO &RUG\FHWSL QO@WL VX QJ X\O XFRX QRINVW L PXO DWR U\



 QWURGXFWLRQ

& RUG\FHSV VLQHQVLYV %HUN JRVDRRIREZY Q) ROIUMKIHVOBUXQ RI WKH FDW

ZKLFK zZDV DOVR FDOOHG 3*RQJ &¥RQB VLD &DRRXVQWIMKIGHNLRQDO &KL

PHGLFLQH & VLQHQVLV KDV D ORQRKEWVWEUFLEHL QdVESWAGDOO\ LQ 3

SURWHFWRUDWH" DQG 3NLGQH\ 3k PRURL QP E@RWE OV LA ORI QW =KX +D

-RQHV D E ,Q &KLQD UMEXWHGDW)@LEIKWOL 7LEHW 6LFKXDQ

DQG *DQVX SODWHDX DW WKH WOHYDVQL " RSUDLULHPNRLO 7KH JURZWI

& VLQHQVLV QHHGV D UHVWIGL EW HGL RDW HWS DMD FXR\ MDHKH % X0 WKH SURC

GHFUHDVLQJ JUDGXDOO\ GXULK)RWKHUURKNQW PBDH WRHAPRURJIJLFDO HQY

DQG UHFNOHVV KDUYHVWLQJ 7 KHQ GMPID FR@ENVUDKAN ROSNHMWHQFHV D FR

LQFUHDVH RZLQJ WR D UDLVLQELBDRUHRBUYV SRRIMNVPKO® WLR WKH SXE

SKDUPDFRORJLFDO HIITHFW RIL&EXWIHGH®RLMAL FKW PEH DOVWRQVWLWXHQWYV

LQJUHGLHQWY LQFOXGLQJ SRO\PDEHKDOM HY X FIDFHRML. ®WHY. G¥FRUG\FHSL

FRUG\FHSLQ HWF :DQJ HW D®RO\VDFBHROIGWKHEZKLFK DFFRXQW IRU

WKH WRWDO GU\ ZHLJKW =KDR SHHEHHQRLHPROVWUDWHDY WR H[KLELW I

UDQJH Rl ELRDFWLYLWLHV VXR®JDV DQMPLR[LGDD@WL IWXRRU &KHQ 6KL

/HH :DQJ OLYHU DQG NXG®XKR SURRVHFMW.XRQ /L:DQJ HW DO

:DQJ HW DO DQWL ILEURMQG LPPRQRIMRGKXODWRU\N HITHFW 1LH &X

3KLOOLSYV 3KLOOLSYV 6KHQJ &KHBW /DO =KDQJQ RXU SUHYLRXV

VWXG\ D K\GURSKLOLF SRO\VDPPKRQOLGHD GUHD K ¥/ IRR QI OK%RBH I[URP

FXOWXUHG & VLQHQVLV ZDV GWRRQN QW WHE WRRY IHF KHEBHWWSRJIJDLQVW U

1LH HW DO =KDQJ /LX 3$DOMVDN 3KLOOLSV 3K



%HVLGHY LQ YLYR DQG LQ YLWWRHWPRARPRGXIIFWKQRULSAHR SHBIRP FXO WX

VLQHQVLY KDYH EHHQ DOVR ZHOW GHRFXEHQWSG RBYHW BRB\YDFFKDULGH

P\FHOLD Rl & VLQHQVLV IXQJIJXW®0 SURPRWH WHQOIISHR@LIHUDWLRQ S

DELOLW\ 12 UHOHDVH DV ZH®QGDV¥KPPRWLOB\SEH\RVRMNMIHRQ LQ PDFURS

0HQJ HW DO &RUG\VLQRAEMM @ M [FRSRW XVBIEF RIRW G\FHSV 867

VKRZHG D VWLPXODWLQJ HITHFWWRHY WEWYW &KPBRQVWUODPBKEFDY ZHOO &KF&

DO =KDQJ HW DO UHSRKDWHGHVKRWOWKHQBRQFWRIRKH LPPXQLW\ F

UDGLDWLRQ LQGXFHG LPPXQRVXSSBUH\WIL ROL BDMAH YWHKURXIKUUBM QG PRGXC

F\WRNLQH SURGXFWLRQ =KDQJYLBWQFEIG WKDWWVEBVHHSRO\VDFFKDUL!

HITHFWLYH LPPXQRGXODWLQJ DS WL YDWDEZWR \PH L DOX FAFDGHDQG PDQQRVH

+RZHYHU WKHUH DUH IHZ UHSRUWWFW HPR GR®@ WDFIERD WMOGHY HURP QDV

RFFXUULQJ & VLQHQVLV DW SUHVFDOW $BSGEIHYHRGBYOLNQ WLBUPV RI F|

FRPSRVLWLRQ DQG PROHFXO DU RO\ R DADVEHY  1EHWIIHHQHGDW XUDO &

DQG WKH FXOWXUHG P\FHOLXP KDUYHFHWQVREAGIUY:PQJIL BWR DWW DFFHS

7KHUHIRUH LQ WKLV VWXG\ WK H GHWD WRHEK BKBFMAHDWOL MW UXFWXUH RI1 D

QDWXUDO & VLQHQVLV XVLQJ PBWIKFOKWURQ\BRDODSLY, HQ]\DQG '

105 VSHFWURVFRS\ DQG IXUWKHUPXO'MDWRKDWHIMWEM LZRRXKQRVAMIDUG WR

SUROLIHUDWLRQ DVVD\ SURGXEWISRQ RI 1P HIOQWYVFWWMKRNLDRMWN ZLOO SUR

XVHIXO LQIRUPDWLRQ RQ WKH PWWDO¥WGEFYWRIXFXXUBROFKDEBPKDUL GHYV

VLQHQVLV DQG ZLOO EH KHGXSI X®URKE WXUW KHUG VIWXE Y QW WUHO DWL RQVK

ODWHULDOV DQG PHWKRGV

ODWHULDOV



1DWXUDO & VLQHQVLV ZDV VDPEBH&KIRP 4L QBKDH\SGRYWQDQV 7 7
7 7 DQG 7 ZHUH SXUFKD\H® IBERMFIKDBBB¥DOD 6ZHGHQ DQ
PRQRVDFFKDULGH VWDQGDUGYV INFRYD® DBEWRNGR VI XBRYEL GFDQQRVH  [\(
IUXFWRVH ULERVH JDODFWXBRQLFOIFRSRQG/ DEXKEXUR®HF/B6 DQG VXS
ZHUH IURP 6LJPD $OGULFK 6W /RXPV RO2GHB6'DQG HXRGLXP
ERURGHXWHULGHDWR®'' ZHUH IURP $FURV 2UJORLFV DPN@DWUVH\ 8
ZDV SXUFKDVHG IURP OHJD]\PH :LBN®RUDGHEBQWE&DQERG ZDV IURP OHUN
'DUPVWDGW *HUPDQ\ $00 RWKMUL UBIOJHDGW KQDHRY YGBFLILHG
,VRODWLRQ DQG SXULILFDWLRQ
7KH QDWXUDO & VLQHQVLV ZDVWHKRXQGMHD QRG BMHUWQWHONZ 6 XEVHTXHQ
GULHG HWKDQRO LQVROXEOH HHVILBHH Y LAMK H5 HY WU DFOWIGGZ Y WK ZY
K HDFK WLPH $IWHU FHQWURWDQW LR DRQFMQWMUDXEHE @ QG SUHFLSI
HWKDQRO XQWLO UHDFKLQJ D |L7¢®»OUFR®BMQWQU DWIHFQ RIWDWH ZDV FRC
FHQWULIXJDWLRQ DQG O\RSKLSRQDWDIFE@DULGHQJ W EBVF WKGH) UHPRYHG S
6HYDJ UHDJHQW FKORURIRUP BEXWD@R® 2KYWH SROWVWYKXFKDULGH QDP
1&63
1&63 ZDV WKHQ SXULILHG E\ D WWASILWBWURGWLIRQO WK BQRO 6SHF
DQK\GURXV HWKDQRO ZDV DGGH® WMGGRZ @R QW MWKY SRRIVFDFRRWLO WKH
FRQFHQWUDWLRQ RI HWKDQRO ZANDMKHHD N HS\WWHY WROWOROPQ\ RY HUQL JKW
E\ FHQWULIXJDWLRQ DW USSL VRDWH RIDY F RO GBHMHFLDQG UHSHDWHGO\ ;
DQK\GURXV HWKDQRO WKUHH WHH HRW KHH KDGEE UDDW B RBM HREOVWG WR WKH

Rl SUHFLSLWDWLRQ ZLWK D KQJK&UWVKWYXDAIR O WHHQ SHGWUDVWIRWHG IUDF



REWDLQHG VXFFHVVLYHO\ DW QLEDO HWKDRR®G FRQGHQWQDWIHG DV
1&63 1&63 DQG 1&63 UHV S HF WWXYSH\Q DIMO-QWL QDDFWLRQ QDP
1&63 6 ZDV DOVR FROOHFWHG

$VVD\ IRU VWUXFWXUDO DQDO\VLYV

+RPRJHQHLW\ DQG PROHFXO®U ZHLJKW GHWHUPLQDWLR

7KH KRPRJHQHLW\ DQG PROHFXO® SR Q@MKWK GUIVGH LEXPMW RRQR ZHUH GHYV
E\ +3*3& RQ DQ $JLOHQW / & 1ZQWWKUDX RHQWDHF KL H®GH] GHWHFWRU
YDULDEOH ZDYHOHQJWK GHWHF\8RW UDKIG BRXBOAGPQALWK BRQ1

PP :DWHUV 86$% DQG DO BIOQMDDKFGORPIQO PP | PP :DWHUV 86%
3RO\WDFFKDULGH VROXWLRQ ZDR IILL@WHIW HS3 VRKIU RWRI KL QM HFWLRQ ZLW
1D&O 1DTXHRXV VROXWLRQ DV PRELOH BKPY® DMKID PR A B RXID/DHW R
ZHLJKW RI SRO\VDFFKDULGHV ZDG/DHEWLADWH S UXNSIDRH® WD VHULHV GH
$FFRUGLQJ WR WKH LQIRUPDWL RQVRERWIO.® HEG! IGIRPF X8 VHEG WWIOWHU LQ Wi
ZH VHOHFWHG 1&63 IRU WKH IROORZLQJ DQDO\VLV

ORQRVDFFKDULGH FRPSRVLWLRQ DQDO\VLV

7KH LGHQWLILFDWLRQ DQG TXDQWHI ERP®RRIOVRIRORRIRYOEBEKD ZDV DFKLF
E\ KLJK SHUIRUPDQFH DQLRQ H[FK®DXE®HEKARRKWRBIOVSIKN BPSHURPHWL
GHWHFWLRQ +3%(& 3%$' 'LRQH[ ,&6&RUBSRUNWRRQ RS 1&63 PJ
ZHUH GLVVROYHG L®2 DW D@ KFH EDWK IRU PLQ DQGOWKHQ GLOXWHC
+62 WR IXUWKHU K\GURO\VLV K/DSMUI|R&PHHBRQUD & DRERZADF 3% FROXF

PPi PP 'LRQH[ &$ DQG D &DUERPPF 3$PP*XDBQH[ &$ ZLWK D

JUDGLHQW HOXWLRQ SURFHGXBIHQDDWD D8R Z7 KBIWHO RHQWFR/FRQVLVWHG RI



1D2+ VROXWLRQ $ GLVWLOOHGDEBWBW H% & DQ® L WV IVIRGQ X $ ZDV H
IRU PLQ DQG WKHQ D JUDGLW®W L@FDKIDYH PDRBWD& QL QJ $ )LQDC

$ ZDV HOXWHG WR UHJHQHUDWHK KURPARRERBPQVRRWZDPIH ZDV XVHG WR ¢
WKH GDWD

OHWK\ODWLRQ DQDO\VLV

OHWK\ODWLRQ DQDO\VLV ZDV EBWPHWCREXR REXRDQXIQWR NMUHN Zl
VOLJKW PRGLILFDWLRQ % ULHISD HOHMGGL&6/RO YZDB/ LIKRRPQK\GURXV '06
WKHQ DGGHG GULHG 1D2+ SRZGHW WHRHWRMWVBOXML RRUZLWK,RGRPHWKD
DGGHG WR UHDFW ZLWK WKH WR@®KWKRQOIDW HRE GHRO WRFFHKWDUWEBH $ FF
PHWK\ODWLRQ ZDV FRQILUPHG E\+WBBVBUSDSRDUDQER HBP2
VSHFWUXP 7KH PHWK\ODWHG SR]|®I\& DB HICXEFHGH DBV DA BWRMDOIWHG WR S|
SDUWLDO PHWK\ODWHG DOGLWROWRRH3IVBWNVZHWI$ DQDQLIGIBOB\ *& 06
$JLOHQW 7HFKQRORJ\ $ & 8P$63 HTXEDSHG ZQRWKFRO XPQ P 1

PP PP ILOP WKLFNQHVV 6XBHOFKRH %:8H OVHIRISRHQMIMW XUH SURJUDP Z
LVRWKHUPDO DW U& IROORZSEGVR\ U& PIQE JUD&LPIQAVXS WR O& 7t
LQGLYLGXDO SHDNV Rl WKH 30$%$ $\V UZ HFKID UDEMHVIL N\M GF EA&WHBHWHQWLR
%LHUPDQQ OF*LQQLV DQQ QWD JIJPHQ@WDWLRY BDAWRPSDULVRQ ZLWK
VSHFWUXP SDWWHUQV IURP O IRXHW D&V XIOK VDR DWDN L, DFRPILQL 6

105 VSHFWURVFRS\

1863 PJ ZDV GLVYRODYG® KKQ IUHH]H GULHG 7KGWSWRRFHGXUH ZDV
WLPHV WR FRPSOHWHDL\ WR F KW RO\WDFFKDULGH ZDV ILQDOO\ GLVVRO

' 2 DW URRP WHPSHUDWXUH IRU KR®WKIRQ& INVSHEWDAPVENUI UHFRUGHG



RQ D %UXNHU $YDQFH 0+] 105 WS HFKRHLRRHWHUW QU XAHNHPDQ\  DW
1&63 ZDV IXUWKHU VXEMHFWHG WRLQF OXSLQSHRKRRRYKRGHDU
FRUUHODWLRQ &26< 72&6< KWWRERGKEGBBH V4618 HDTDMAHWHURQXF
PXOWLSOH ERQG FRUUHODWL RQK ORAI&V VD QIEDIURGH GW X NHHKUUBXO VH VHTXHC
(Q]\PDWLF K\GURO\VLV DQG BBHWRUBWVRQVVWRHGE ]| DWVRQ WLPH RI |
0$/', 72) DQDO\VLV
1&63 PJ ZDV GLVVROYHG LQDQ®B GLYWMVOHICHGREDWHKWDW & ZLWK
RI . $P\ODVH (& IURP %DFLI@XV DHRNORQLPOMDF UHDFWLRQ Z
WHUPLQDWHG E\ KHDWLQJ WKHIROXMIRPRDXWLRQ IRDV LQMHFWHG LQW
REWDLQ WKH SURILOH RI PRO HF WGIDUHDHPH\G LG HVWU REXVZIORWKH RWKHU
VROXWLRQ ZDV SUHFLSLWDWHG GURXK HRXKDYPROXPBG RIKBQKEHQWULIXJ
UHVXOWLQJ SUHFLSLWDWLRQ HGVWRRE@DUHFMMGE D QG [@WREKLIRILROLIRVDI
QDPHG 1&63 ( 1&63 ( ZDV GLYGRRYWEHLQDAID/OHIHB E\ 0$/', 72)
YRU 0$/', 72) DQDO\VLV PDVV VSHOWAXM BDV&UHFRUEAG)R
6\WVWHP )UDPLQJKDP 0% 86$ WHRIHESBG\HWRSHUDWLQJ DW QP |
'+% ZDV XVHG DV WKH PDWUL[ DW®J P/FER¥FHRAIDGVILRQ Rl 7ULIOXRURDFH
DFLG 7)$ PHWKDQRO ZDWHU VROXMMMR@LARBZILWK — / RI WKH PDW!
VROXWLRQ DQG D WRWDO RI SOLHB!WRKDW R WXODHVADVWHHO SODWH DQ
XQGHU YDFXXP DW URRP WHPSH U DW®UER V8IS HFWWBHZE UBHIAT 0 QG UHIOHFYV
,PPXQRVWLPXODWRU\ DFWLYLW\ LQ YLWUR
&HOO FXOWXUH

OXULQH PDFURSKDJH FHOO OLQHWBISWXWH RIKRADKD 1% LRORJI\ 6 KDQJIKDL



ZDV FXOWXUHG LQ 530, PHG L XFO FRRWIIH VAU XP 1186 DQG 8 P/
SHQLFLOOLQ DQG J P/ VWUHSWRFGALQF XDOWRW KXRLG &2
ODFURSKDJH SUROLIHUDWLRQ DVVD\
7KH HIITHFW Rl 1&63 RQ WKH YLDHEQOVYWDRIGHWHUPLQHG E\ D :167 &t
&RXQWLQJ .LW % H\RWLPH % LRWHFKQIRGROOVLDQJIVXZHUKLVHHGHG LQV
ZHOO SODWH DW D GH@WLOW I DQGE LQFXEDWHG IRULHGDW U& LQ D
LQFXEDWRU ZLWIEXEVRBPXHQWO\ / 530, PHGHQ®PH LRI WKH SUHV
SRO\VDFFKDULGH VROXWLRQV ERNQDGHHGQWA ARBDKHMOWDWHRQ RI
DQG JP/ DQG LQFXEDWHG IRU ZDW X¥6G DIVPWKH SRVLWLYH FRQWURC
PHGLXP LQ WKH DEVHQFH Rl $SRDDVDR¥KBUDRGHVRBGRYPDO FRQWURO
530, PHGLXP ZLWKRXW FHOOWZBAKHK\HG M EQPREDVLRQ &&. VRO
/ ZDV DGGHG WR HDFK ZHO OUW®BUWKGRF XDDWHIG ZIRW I X K $ EVRUEDQF
UHFRUGHG DW QP RQ WKH PINFOURFODWKH UKBGPR ) OVDKHRYG FLHQWLILF 8
1LWULF R[LGH 12 SURGXFWLRQ
7KH 5% FHOOV ZHUH VXVSHQ®HG LLP WIS DI XVWHG WR D GHQVLW\
i  FHOO P/ IROORZHG E\ SLSHVOWD GRO®PHR RI ZHO O$SWBWISUH LQFXEDV
IRU K GLIIHUHQW FRQFHQWWIWLRQV Rl 1&63QG RU YWD DV ZHOO DV
/36 J P/ ZHUH WUHDWHG |RUDLERWHKHH FRQGLWHBDHG PHGLXP ZDV FR
DQG DQDO\]HG XVLQJ D FRPPHUFND@ DY%DBRWEOH %2 ROVNPKQRORJ\ -LD
&KLQD DFFRUGLQJ WR WKH PDQXIDFWXUHU{V SURWRFRO
&\WRNLQH VHFUHWLRQ

JRU FAWRNLQH GHWHUPLQDWLRQ BBMOOV ZHPO@OVHUHIFXOWXUHG LQ WKH



Rl GLIIHUHQW FRQFHQWUDWLRQV Rl $R® VDFFRDUDGQGEV 36 J P/

IRU K DQG WKH FXOWXUH VX8R URHDWHICPL 3D W KR FRIOFWE®UDWL RQV

F\WRNLQHV ,/ DQG 71) . E\ [REQINLHHULRY WHRLWHG &RPSDQ\ : XKI

&KLQD DFFRUGLQJ WR WKH PDQXIDFWXUHUYTV LQVWUXFWLRQ

6 WDWLVWLFDO DQDO\VLYV

$00 GDWD ZDV H[SUHVVHG DV WKRQPHDQ & RFMEDUEMBR BHYWIONW GDWD Z

FRQGXFWHG XVLQJ RQH ZD\ DQDO\MOORZHUBUEDWKH B 2GHQW 1HZPDQ . F

WHVW $ YDOXH RI 3 ZDV PARIOAMIGOIUNGJIWRI ERDQWDWIOWO VWDWLVWLF

SHUIRUPHG WKURXJK VWDWLVWQFDO VRIWZDUH 6366 9HUVL

5HVXOWY DQG GLVFEXVVLRQ

,VRODWLRQ SXULILFDWLRQ DQG FRPSRVLWLRQ RI 1&63

$ FUXGH SRO\VDFFKDULGH 1& 6LV ZD GREWDOUWLDH @& EVKEMQZDWHU H[WUD|

HWKDQRO SUHFLSLWDWLRQ IROAQARAHG ENHOHPRYLQJ SERWHEQVHU VWHS?Z

HWKDQRO SUHFLSLWDWLRQ WIKH VXE/HIXHQMEBBHOBGQRILABD 6

ZHUH DQG Z WLYHYSHRKH PROHFXODU ZHLJKW GLVW

Rl WKHVH IRXU IUDFWLRQV ZDV VKRZAHGPDM RUJIUPFWE&BR® REWDLQHG IURF

HIKLELWHG RQO\ RQH V\PPHWUL DO LSHION- D W L+#B0* KDW. IWKH SRO\VDFFKD

KRPRIJHQHRXV 7KH RWKHU WKUHXOIW EHWEBRRVHWREAHYRU IXUR KHU SXULI

EHIRUH VWUXFWXUDO LGHQWIHWHRBWILIERE@ 7 KRUHBWKUHI RO WDWLUQJ DQDO\VL

VWXG\ 7KH PROHFXODU ZHLIJKWCGRWR&BR 'MBDVWHGNRRADVADOLEUDWLRQ

FXUYH SUHSDUHG ZLWK VWDQ G DAP® GO [ IVENDRINS WQRIG BWW L RQP BDV REVHU

UHYHDOHG E\ 89 GHWHFWRU RQJIJWLY%H VILRLO WWKMWBHWHKIMWRI WKH VLIQDC



1&63 LQ 5, GHWHFWRU L QG LFRXQMQ R IWKDRW WIK® RPDEBD MRQMXJIDWHG
1&63 ORQRVDFFKDULGH FRPSRAMA WKR® O@BA\VLARQNYMWEIG RI RQO\ JO
DQG QR XURQLF DFLG ZDV IRXQBG MKEDAM US&XOWXDVXDJIKVIKO\ SXULILI
ZDWHU VROXEOH QHXWUDO JO XF\D Q@ HSRIMWH W HYQH WKH BWMELRY KDG UH
SUHVHQFH Rl JOXFRVH JDODFWRVWDBRKGDPRGERVIHRR VKWL ORQVLY 0L\I
2LNDZD DQG <DPDGD UHY HEKDHIE GWK DVR BV RN FREQWIWF Rl1 & VLQHQV
FRPSRVHG Rl JDODFWRVH DQG RDRRQRVH. ZKR/K7DPRWD USKMWL DQG +DUD
DOVR SXULILHG D JDODFWRPDQRQQWHRF\WUDNWWGRIXR FDIUEHQVLV ZLWK D
ZHLJKW RI DERXW N'D DQG W RB RRFROVHJ DUDEN I ROBHAWARNHQ Z DV X HW
SRLQWHG RXW WKDW WKHQERULVDFRRMHFOHHEI IBRR/I6LFKXDQ SURY |
PDLQO\ FRPSRVHG Rl PDQQRVH JW&IFWRUBWQBWIORKRRVH ZL DQG KDC
PROHFXODU ZHLJKW RI N'D GHWHUPXWHEGKE\N FRA&HFX/O DU ZHLJKW RI
36&6 IUDFWLRQ D SRO\VDFFKREAXFH GURP &L QJKQHQVURYSQFH ZDV DER)
N'D &KHQ HW DO 1LH &W +30 | URK QG RQOIWWHGVKBRP ZDWHU VRO XEO
IURP FXOWXUHG & VLQHQVLV WKQRXDV 'PHI2QOY¥3FRPBRVHG Rl JOXFRVI
DORQJ ZLWK WUDFH DPRXQ@/Q®|JPDQERMARY H 1LH HW DO
,W VHHPHG WKDW GLIIHUHQFHQG @ KHWRILDRW QR P SUKW HWWAHO B LQ WKH G
RI PRQRVDFFKDULGH FRPSRVLWLRQ DQG PROHFXODU ZHLJKW
OHWK\ODWLRQ DQDO\VLV
%DVHG RQ WKH DQDO\VLV RI 30 RV 1W&8 OZONBIWXPPWWHHQ LQ 7DEOH
7KH UHVXOW VKRZHG WKH SUHVHWFLHY RY WKUWH B FeEMRXE L B/ROL Y

2 $F OHIOXFLWRO DQG OHXOXFLWRO LQ D PRODU UDWLR RI ¢



VXJIJHVWLQJ WKDW 1&63 ZDV' DIDXFIEUDQFKHG

+ 105 & 105 DQG ' 105

7KH 105 VSHFWUXP RI WKH SRO\VDFWKBUWGHHHR BRPHMIFEBURWRQ VLJQ

/ / DQG / SSP DQG ODBEROHGIVBHRBWLY%HDQ DFFRUGLQJ WR

GHFUHDVLQJ FKHPLFDO VKLIWV103L VSBFWUBRHBELRQ % DQG WKH FURVYV !

LQ WKH +64& VSHFWUXP )LJ ( VWIKQDOQRWHULF SEBPER@HUODSSHG ZI

FRUUHODWHG WR ERWK WKH DQRPWWGLF SGBWRDOGLWXHOVWQARWHULF FDUE

VLIJQDO DW SSP ZDV FRUUBORWRG WR QMX® DWRPHWISP 7KH FKHPLFDC

Rl DQRPHULF SURWRQ DQG FDU®RQOW M WK QBH FUDAWHE XHKDZHUH SUF

FRQILIXUDWLR@Q®O BKWKIHFDO VKLIWYVY 7DEOH GHXML BRPSOHWHO\ |

&26< 72&6< +64& DQG +0% & H[SHULPHQWYV

7KHUH zZzDV D KLJK GHJUHH Rl VHIXQDEBVRGMNHOD DIP@Q U HEHVNWGHH % LQ 72€&

VSHFWUXP 7KLV LVVXH KRZHYHULQDVWBEBEGIUHYUHBHERCGYBIBL GURVYV SHIL

&26< VSHFWUXP 7KH SURWRQ RKBPRED®LVKHGEWAHBRH UHVLGX

DQG SSPIRU + + + + DQOY IURPVSREW VSHFWUXP )LJ ' DQ

7DEOH 7KH FKHPLFDO VKLIWV BISP DQJ & DQG SSP RQ WKH RWKH

KDQG ZHUH FRQILUPHG E\ +64& WSHRWUMFSROQGLQJ FKKHPLFDO VKLIWYV |

RWKHU FDUERQ DOVR UHYHDOHG E\ +64& VSHFWURRGZHUHSSP

IRU& & & & DQG & UHYGQBFMIEOHD\ )AKHVHV DVVLJQPHQWYV ZHL

VXSSRUWHG E\ SUHYLRXV UHSRUWYV 1LX3HWKRUVHQ <TCRWDZEKK O0jOOHU

+LQGVJIDXO OHLHU 6 KDGREAWIIDHDO G VKL IMKIRI & SSP FRQILUF

WKDW UHVLGXH $*Q2B$ :



/LNHZLVH IRU UHVLGXH % WKHWRHPLEEBOHVBYWYQHW®RRURP &26< VSHFW
/ DQG SSP G )9DUW RDQ@WKHVH ZDV FRQILUPHG E\ 72
VSHFWUXP )LJ & DQG 7DEOH FKRM\FHIG® ROEMHPY. EDAWRKQIWV REWDLQHG
E\ +64& VSHFWUXP ZHUH SSP DBGSHFWLYHO\ )LJ (
$FFRUGLQJ WR WKH UHVXOWYV TWDE® RHWKDO BQ.L RQ VIDK) B\K\W LOL WHUDW XU H
HW DO WKH UHVLGXH % ZDWPYVLJIQHG WR :

,Q WKH FDVH RI UHVLGXH & WKH FKHPLFDO DMXGIWV RDW VXFFHVVIX0O\
REWDLQHG IURP WKH &26< )LJ ' ZKLFK ZQ8 SSP UHVSHFWLYHO\
7KH VSHFLILF DOORFDWLRQ RHUH VIXBRRBMAD® EXK+6W& YSHFWUXP )LJ
$FFRUGLQJ WR 72&6< VSHFWUXP HPINV Rl + RGO\ FURWY S§  ZHUH
DYDLODEOH GXH WR WKH ZHDNG ¥ RE HB W DWIRRVER BNWEISHIOMKKK VYV R
UHVLGXH & ZHUH DFKLHYHG IURP +6&RPSBHEWRQPRI)BIRWRQ DQG FDUE
FKHPLFDO VKLIWV ZLWK WKHQ IHWVWHDDWXUH WBDOXDR JHWHNRH X
DOORZHG DVVLJQLQJ*ORSLGXH & WR .

7KH +0% & H[SHULPHQW ZDV FDUUGHGWIXIW JOR FRYLEBAF OV QNRDJIHV EHWZH
UHVLGXHV DV VKRZQ LQ )LJ )HDNOPIRQLERWW KBQRERHEYV ASDF K

VXJDU UHVLGXH FRXOG KHOS WRJHGHRWIM \L Y KIMKYHIROQFBF RKDULGH &L

EHWZHHQ + SSP RI UHVLGX3EB RQAJKRVLGXH $ + SSP RI
UHVLGXH $ DQG & SSP Rl UIBA GXHUHVEGXH % DQG & SSP
Rl UHVLGXH $ ZHUH REVHUYHG *0OF3 FDWDQ& WKOWS: : .ZHUH

OLQNHG WR HDFK RWKHU WKURBYKWKH2PDQ\F RXDG QFRERIGY SRO\VDFFKDUI

(QI\PDWLF K\GURO\VLY DQG 0%/', 72) DQDO\VLYV



,Q RUGHU WR FRQILUP WKH SURSRV&E3 FKHBLFDHF VIW B XFQJ XRIMWLF K\GURO
SURFHGXUH ZDV SHUIRUPHG 7 KHZBQ]LRDWHVAV KJ 06 WRIG\ \XYWEJ +3/& VR D\
PRQLWRU WKH FKDQJHV Rl PRGHBPXWBU WHHDIWW. GL ZWWKEXWIPRODVH $V L
LI $ LW ZDV REYLRXV WR VHHKWKDIWLKH PROMFXOIMU IZHEDQWO\ GHFU
VXJIHVWLQJ WKDW WKH SRO\VIYAF KDRILGHPXDYDVHHUAKHBQ VAW IUHPRY HG
FRUUHVSRQGLQJ GLJHVWYV E\ SDGIRQ SIROMVRIZRIG ZL VWK QW BMWKIDWLRQ WR
SRO\VDFFKDULGH GHVLJQDWHG DWR)1&6RILGH R{HL&$B', ( ZDV VKRZQ LQ
)LJ % DQG & 7KH GLVWDQFHHBPNWZHHQ W RD\DGMQEWZWFRUUHVSRQGL Q.
KH[RVH UHVLGXH LQ WKLV SRO\VD¥FRDDEGEBRVIHQWERMH VXRKFK KDV
SHDN WR SHDN PDVV GLIIHUHQFNHQWHGDL @MKL QRWDEWLRQ LQ DJUHHPH
DIRUHPHQWLRQHG UHVXOW $ PD[QRWXKRGSRIUIMHG BRI SREDRHULIP |
LQGLFDWLQJ WKDW 1&63 ZDV EXFFBEPVORY B\ KKEBURORPHG WKH UHVXOW
WKDW : OFQNBEGI[LVWHG LQ WKH EDFNERQH RI 1&63

7KH VWUXFWXUH Rl 1&63 VHHPV RIRSPW LPPHOHWY WVR WKDLQNHG JO)
+RZHYHU WKH & OLQNHG VLGH FRQVWY W)XQWHE6 B\ VEBUEH . JOXFRVH
HYHU\ IRUWK Rl WKH PDLQ FKXE® X,WD® HHPW WKIDWR WK ¥W ZDV VLPLODU
DP\ORVH ZKLFK ZDV DOVR D NIGQGORFDQQBRUHRYHWLQXNHY DFNQRZOHG
VWDUFK SRO\VDFFKDULGHYV DUHADKHAG OQ G LKDWRO B HGE 1IQ YARGFBR VL W\ 1&67
WKH FRQWUDU\ ZDV VROXEOH DQPER®NGZEDWHU WUNVSOIDUGQW VRO XW!
GLVFUHSDQFLHV LQ SK\VLFRFKHRLEFDO BQBSHRIWRNY PHWWAMHEG DWWUL E X\
WKHLU GLITHUHQFHV LQ VWUXFWXUH FKDUDFWHULVWLFV

,Q RXU SUHYLRXV VWXG\ WKH N/ BEFXPWRBW HRU L§ G- 3ZKD¥KEKDG D PDLQ Fi



OLQNHGES WRJHWKHU ZLWK VPDOO DPRXGWDRG WKH GBUQRHAKLQJ

SRLQWYV ZHUH ORFDWHG DW 2 LE&NHL *DIREKDY WHBHPLFKKDOQ @ 1LH HW DO

2EYLRXVO\ &% +3 KDG KLJKHU GHDUHB R/IREUOEF KL PBIQRRAKIHU GLIITHUHQ

EHWZHHQ WKHP ZDV WKH VPDOO DPROXKEBNURIVLGXHW SQNMEBQWHG LQ WKH

FKDLQ RI &% +3 :H VSHFXO DWHGWKKDWD ¥ B VEH UIHDAH @RHS RRWUDFWLRQ S

PLIJKW DFFRXQW IRU WKH Y DXEMMWUHVERIWE KH @ MHRL AMYQRR WWRO\VDFFKDULG

,PPXQRVWLPXODWRU\ DFWLYLWLHV RQ PDFURSKDJHV

(ITHFW RI 1&63 RQ PDFURSKDJH SUROLIHUDWLRQ

ODFURSKDJHV DUH SUHVHQWHDBQG KDYIHWX R QD E BIO® PRIQWNOGHUHG DV DQ L

FRPSRQHQW RI KRVW GHIHQVH MJDQGVRD ®LFQREEDBVL OXQ@GH®WDUNH (ZD¢

6LPPRQV $GGLWLRQDOO\ PQGURRBKDRYO FDMQR UMYSRIHQRXV VWLHF

JHQHUDWHG E\ LQMXU\ RU LQOMWSURQXEK® DONRWWRHQLVBFLILF LPPXC

ORVVHU (GzZzDUGYV 7 KHUHMRKHH LAFRX @GRV WD PWO D WRU\ HITHFW Rl 1&¢

LQ DQ LQ YLWUR PDFURSKDJHYHN®/Q JDR\GHD WEKH LLQIOWBQEK RI FHOOV SU

WKH SUHVHQFH Rl SRO\VDFFKDUDWHRRQVWK LYDUBRXY | AMRHUFHQWL QF XEDWLR

WKH SRO\WDFFKDULGH VROXWLREYV WKH SURDQGHUDWLRQ UDWH RI 5%:

FHOOV ZDV GHWHUPLQHG E\ WKR )&7 BVME\63}V WKRZELWHG D VLIQLILF

VWLPXODWRU\ HIITHFW RQ 5%: , Q AMIOHD ¥ R MW HDDAWRRORI J P/ W

SUROLIHUDWLRQ UDWHV RI SRO YHMAF RDRURGEHL WEWW O H & LIKRIXS WKDQ WK

SRVLWLYH FRQWURO JURXS S

(ITHFW RI 1&63 RQ 12 SURCXAWLRQ LQ PDFURSK

12 LV UHSRUWHG WR EH DVVRFLMOMWHIBNEZ RW KL QDWHKRSKRVWVGBIHFHQVH DJDL



FHOOV DQG PLFURRUJDQLVPV 6FKBSRWGEHQ WRXL@QMHVWLIDWH WKH HII

1&63 RQ PDFURSKDJH UHVSRQVH 58KH 12 BSHRGXFADMRGHWVHUPLQHG E\

*ULHVV DVVD\ $V LV VKRZQ LQ WUDWHKHRWRH WXKH FIAPHMXUH VXSHUQDYV

VLIJQLILFDQWO\ LQFUHDVHG L@EDWIRVHWEHRMQGHAYW POORHU J P/

3 7KH OHYHO RI 12 UHDFKH®UHDWFR@QW EWHU P/ Rl 1&63 VLPLOD

WR WKDW RI WKH SRVLWLYH HRGBALWR®RQ/3BQ RUFPHU WR ILIXUH RXW WKI

EHWZHHQ 1&63 DQG VWDUFK 1% KU RGXFWL RQVADNUBB&VRQHY DO XDWHG )

$IWHU K LQFXEDWLRQ LQ WIOH FFQWVBYER@Y RDVYMRDUFKRLW ZDV REYLF

WKDW WKH SURGXFWLRQ RI 12 Z@WHGQRDIW \ARFADUHRBQWR \WHKBKFRQWURO .

J P/ 7KH UHVXOWY GHPRQVWUDKWH®GNVEBODWL FWIDIFK DOWXRPDQ EDFNE

VWUXFWXUH VKRZHG QR HIIHFMWR@ XSWH3 XODWLBOBAQWHFU

(I"THFW RI 1&63 RQ ,/ D @QGL Q1P DF WRIFKIHWIVR

&\WRNLQHV DUH LQWHUFHO OXW/WIULGHVIRDDWK QUHODRM. MIHQY RBRZS PROHFXOL

DUH UHOHDVHG E\ WKH FHO OV X0QPWHLRIQQ JD K IMR K HU QMK HRLW \RERVH RI DGM

SDUDFULQH +DGGDG 7 KH\WRUN L RYRONMHEWVLRPHBRBXODWLQJ LP

UHVSRQVH DQG LQIODPPDWRU\ UHRBWLRE¥WBRQWLFXOMWIRPGX ,Q DGGL

UHJXODWLQJ FHOOV RI WKH LQQVWHPD@GWRANLIYHVY BI LHFPHOQFHHO O SURO

GLITHUHQWLDWLRQ DQG IXQFWLIRQYW 7+tRSNDQW WZR WASLFDO SUR LQIODF

F\WRNLQHV ZKLFK FDQ EH VHFKBWHGZHWX WRPOCRIPE CDFDWRREU\ SURSHU\

LV RI VLIJQLILFDQFH WKDW 7 1) R G >XRXDRQ VRV L PKORPWHR WWKPR® HF XOHV VX|

DQG UHDFWLYH R[\JHQ VSHFL HVDWBRJDN DRRX @ BWDMOLR QAR “1$VEDLQ +RIVH

+DUULYV ,Q WKH SUHVHQWHMWR®\ RWK& 6\BW L RXD DANRWBURGXFWLRQ RI



DQG 71) . E\ 5%: FHOOV ZDV G6HWWNUWPKRHAG EQ (/L6 ' DQG (
1&63 FRXOG VLJQLILFDQWO\ SWRPRWE HBBVH ,/ FH@OGV71) . :LWK UHV:
WR ,/ LW LV REYLRXVO\ WKBHWWK&6 3/ FRMOBEXAWERGDOVW D GRVH GHSFH
PDQQHU &RPSDUHG ZLWK WKH FROMHORVUDWRRE) IMKH VLIQIEILFDQWO\ L QF
1&63 WUHDWPHQW JP/ S JP/ S DQG DQG UHDFKHG XS WR

SJ P/ DW D FRQFHQWUDWLR® ®RZHUJ WKDQOWKROWOL QGXFHG E\ /36
SJ P/ 2Q WKH RWKHU KDQG ZLWRVURQDUG6BR 70O VR WHRZHG D QRWDI
SURPRWLRQ HIIHFW ZLWK WKH L PKHW D ARG HRIWUDWLRQ RI JP/
FRQWUDVW WKH LQIOXHQFH RRQ/WDW FR}RWQVLZ IRL | LFDRGKPWLDOO FRQFH!
HYLGHQW LQ )LJ ) 7KHVH UBYXOWRXOGGUHRBMHGDBEEDWURPRWH WKH VH
RI F\WRNLQHV LQ 5%: FHO OQR EHKHHFWDV VWDUFK KDG
7KHUHIRUH LW ZDV FRQILUPHG LWWPKDWWRKH BRWHQWWVL PRIXQRE®  VKRXO
FDXVHG DQG LQIOXHQFHG E\ LWVFV VGIUKFWHQW FKDR) VKD LRAWW KH VW E
GLVFUHSDQF\ PLJKW EH DWW UL\BWIMMBEWAL R QVRE WHHUPBILRI RBKOLQ WKH OF
FKDLQV DQG WKH FRQIRUPDWL RQGHWFDUEKWZHHQ 1&63 D

& RQFOXVLRQ
,Q WKH SUHVHQW VWXG\ WKH 2\DWMUHUF WXO KESOWHR SROWDHFF IRDUD GH 1& 63
QDWXUDO & VLQHQVLV ZHUH W®REHGDWKHIBN ¥YBKB P ROIMRROIVU ZHLIKW RI
ZDV  1'D 8VLQJ PRQRVDFFKDULGH FRPSRY LW.LIVR QH QR HMDKY DD \WLERORD \ VL V
0$/', 72) DQDO\VLV DQG 105 VSHFWHRYFRSA3 WKEDVWEHKEXPHG WR EH D
KRPRJHQRXV JOXFDQ FRPSULVHGODL @®HGOFISDZQWK D YQO3OH

EUDQFK VXEVWLWXWHG DW & 8QOHNHDOWDBUWIR \MI&IBBLILEZDQWO\ VWLP.



SUROLIHUDWLRQ Rl PDFURSKDJHR/GXFWRFRW B QE. WQ KB QFE[H GHNWRNLQH VHF

2XU UHVXOWV GHPRQVWUDWHG WKDW W&6BH DKDGPRXQRSRWHQ@QWLDWLQJ I

WKH LQ GHHS UHVHDUFK RQ WKH RWRBWKG FHFEDQOVPH FR WIXFWHG LQ |

ZRUN

$FNQRZOHGJPHQW

7KH ILQDQFLDO VXSSRUW | UR M@K )IRDVQIGROMDLAR @ IRV XRUKA.Q B FRU ([FHO O HG

6 FKRODUV WKH RXWVWBKER@RJVAIGHIRHD QB QVWHDP SURMHFW L
3URYLQFH % & % WKH 3URMHMWKRR®RI\H@FH- IDIRJ[L 3URYLQFL
(GXFDWLRQ 'HSDUWPHQW . -/' FDQA&| 56WBWHF KHBUPMRUDWRU\ RI )R
6FLHQFH DQG 7HFKQRORJ\ 6./) ==% LV 6UDWHHXO0O\ DFNQRZOHGJIHG

5HIHUHQFH

%LHUPDQQ & - OF*LQQLV *RI! & DUERKQY®WDWHNY E\ */& DQG 06 &5&
3UHVV
&KHQ < - B6KLDR 0 6 J/HH 6 6 (IIHF@JR6 &RUG\FHSV VLQHQVLV RQ

SUROLIHUDWLRQ DQG GLIIHUHQ®LDWH®AQ VRI/ KNP BF LHQENMNPL F

& KHXQJ - . /L - &KHXQJ $. < =X <& =KH®JIDO & RUG\VLQRF

D SRO\WDFFKDULGH LVRODWHG IEWREYPXCHNXUHABX@HRUMHNFBRQVHV L

FXOWXUHG 7 O\PSKRF\WHV DQG PDFD®IS KDIG L. QELXFYDIORM@ RIFF\WRN L

-RXUQDO RI (WKQRSKDUPDFRORJ\

&LXFDQX .HUHN ) $ VHWREBE8 DG WBRISLSHPPHWK\ODWLRQ



FDUERK\GUDWHY &DUERK\GUDWH 5HVHDUFK

'XQQ % DUNH 5 $ (ZzDOG ' & 6L PEHFQRSKDIHVY DQG

WUDQVO\PSKDWLF DEVRUSWLRIQKRNSW IGHHRQN W KH WK WHUL@HRQHDO

$UFKLYHV RI 6 XUJHU\

+DGGDG - - &\WRNLQHV PBGLDWOBWHGE QUHFHSWSBDWKZD\V %LRF

DQG LRSK\WVLFDO 5HVHDUFK &RPPXQLFDWLRQV

+RSNLQV 6 - 7 KH SDW KIRBWVRINR @QRIVL F BIODWCR OHGR FL QH 6 6
+XVVDLQ 6 3 +RIVHWK / - SHDAILADO &DXVHV Rl FDQFHU 1DWXUH &
&DQFHU

.LKR 7 7DEDWD + B8NDL 6 PLQROWBSUKRWHLQ BRQWDLQLQJ JDODFWRPD

D VRGLXP FDUERQDWH H[WUDFW RRKABUGWHSWHVHDRDUBRKLY &D

/L 6 3 /L 3 'RQJ 7 7 ; 7TVERWL R[LGDWLRQ DFWLYLW\ RI GLIIHU

RI QDWXUDO &RUG\FHSV VLQHQWLW\PRGL BXGWXVURIEHGIRRLEGHAHS

/ILX < =XR - 7DR < /ILXYH HITHFVWVBUWRWHFWA\FHSY SRO\WDFFKDUL

K\GURJHQ SHUR[LGH LQGXFHG PLWRFKRQG U LFBD 084V | XRE MARMD U

OHGLFLQH 5HSRUWYV

OHQJ / = )YHQJ . 'DQJ / <1LBKHRQIKDR/ - HW DO $FWLYDWL

PRXVH PDFURSKDJHV DQG GHQGUL®AVD DO VGHYGXFRG E\QBRHO

& RUG\FHSV VLQHQVLV IXQJXV 8O JRRGYDO RI ) XQFWLRQ

OL\D]DNL 7 2LNDZD 1 <DPDGEN RQ IXQJDOWSKBOQ\VDFFKDULGHV ;.

*DODFWRPDQQDQ RI &RUG\FHSV \KIOQUHRD\AHX WELKEIDRY FBX00 D 6 & L



ORVVHU " O (GZzDUGV - 3 H IXOQSVOFHAVQUXWKRI PDFURSKDJH DFWL®
IDWXUH 5HYLHZV ,PPXQRORJ\

1LH 6 3 &XL 6 : BKLOOLSMKLHORSV;L*H 20 80 $VVDI 6 HW DO
(OXFLGDWLRQ RI WKH VWUXFWXIHF RSRD \KIDRFRKWUYEBHKIGRRSKRUG\F

VLQHQVLV E\ PHWK\ODWLRQ DQB3®\%IDW BRI\ A0 B WS RO URFR

1LH 6 &XL 6 s LH O 3KLGBOLSV2S$S 2 YBKRODFEONLYH SRO\WVDFFKDU
IURP &RUG\FHSV VLQHQVLV ,VBPVDWLER® EVRMDKWWKIUWLHYDWAELRDF
& DUERK\GUDWHY DQG "'LHWDU\ )LEUH

1LX < <bQ : /Y - <DR : KDUXFWHUL]DWLRQ RI D QRYHO SRO\VDFFK
WHWUDSORLG *\QRVWHPPD SHQWDERK\GOXPFRONIXQ®O - RAGQDRRG
& KHPLVWU\

3bwub 6 3DwWuUD 3 O0ODLW\ . .. 0DHOG®O HW BKXQLD & KHWHURJO\F
I[URP WKH P\FHOLD Rl 30HXURGHWHNVQBEYWREY DEYGUXWWRUIRI DQWLI
SURSHUWLHV &DUERK\GUDWH 5HVHDUFK

SHWHUVHQ % 2 ORWDZLH O 6 DXQOQHU ®HLHU +6QGVJ 105
FKDUDFWHUL]DWLRQ RI FKHPLFDO O&HYWW KRHWRGEIBEO EBRRFRXGG V
& DUERK\GUDWH 5HVHDUFK

6DVVDNL * / *RULQ 3 § 6RX]B $ 0 ,BRFROXYQLDN 5DSLG
VIQWKHVLYV Rl SDUWLDOO\ 2 PHAWBQ®EDWBS® DROGEHNHRD DERIMDWHO DW

DFWLYLWLHV RI K\GUR[\O JURXSWLGHVPR®@KSAUGOQH FPHWRQIRDWL RC



6 FKH

6 KDQ

6KHQ

:DQJ

:DQJ

‘DQJ

:DQJ

& DUERK\GUDWH 5HVHDUFK

SHWNLQ , $ 4XLQQ O 7 SRO\VDFRRIWD@GIHADO PDFURSKDJH

LPPXQRPRGXODWLRQ DQG WKHUWSRXW OF , BRIVIRSWDD®D FRORIUNQD

- 6XQ * B5HQ - =KXDO -LD 3Q4X JOXAWQ LVRODWHG IURP U
,VDWLV ,QGLJRWLFD LWV VWUXFWO\RRERG VDG YWD Q RIX DG V@ Y
J /| &KHQ - /L - =KJR$IRO\VDFFKOWLGH IURP FXOWLYDWHG &

VLQHQVLV DQG LWV HIITHFWV RQPPXWR RLVOHV H [$SSE/IVHE® QVL RFKHPL VV
DQG %LRWHFKQRORJ\

- .DQ / 1LH 6 &KHQO+SVW&X 2% HW3K0QO $ FRPSDULVRQ
FKHPLFDO FRPSRVLWLRQ ELRDFR{LGHQVRPSREYHQMNV\ RYGQDYWUDO
FXOWXUHG &RUG\FHSV VLQHQVIHWFKQRPRBG 6 FLHQFH DQG 7

- 1LH 6 .DQ/ &KHQ $ ZRXHW DOKIERPSHSWLVRQ RI VWUXFWXUD!
DQG DQWLR[LGDQW DFWLY LW\WR{UBRO D\IEF FKDWOGHIG I BRI @B HSV VL
)RRG 6FLHQFH DQG %LRWHFKQRORJ\ $FFHSWHG

< /LX ' =KDR + -LDQJ + HWKAO& :DQJ&RUG\FHSV VLQHQVL
SRO\VDFFKDULGH &36 SURWHFWV IKRPDG@'*PHN 2QI QB F HFG O OV
SUROLIHUDWLRQ WKURXJK WKH 3'*SDWNKZIQE® 70ROHERD®U DQG
&HOOXODU (QGRFULQRORJ\

< <LQ + /Y ; :DQJ < *DR +3URWHFEWDORQ RI FKURQLF UHQ

IDLOXUH E\ D SRO\VDFFKDULGH) )IURRWRWUGBSEBSY VLQHQVLYV



X "7 OHQJ /= :DQJ [/ < IY. */ 3 +XKHRQJ HW DO &KDLQ
FRQIRUPDWLRQ DQG LPPXQRPRGXOUENMDF RA® LSROVV XA FKDKISGH |UR
&RUG\FHSV VLQHQVLV &DUERK\GUDWH 3RO\PHUV

<DR ; OHUDQ 6 )DQJ < ODBWQQO0 -0 OHWIDGI\ $ &RUG\FHSV VLQH

,Q YLWUR DQWL ILEURWLF BXGRWEKUHG [SMH 8D IDMDRPO PRIBEGF+\GURF

=KDQJ - <X < =KDQJ = 'LQJ < 'DUHFW RVLSRO\VDFFKDULGH IURI
FXOWXUHG &RUG\FHSV VLQHQVLVDQ®W LLRPXRHWLRIF WERQ YOLQW RI P
H[SRVHG&RR ,QWHUQDWLRQDO ,PPXQRSKDUPDFRORJ\

=KDQJ ; /LX % $0 $VVDlI 6 GBELSOWOVLSV2* 2 SRUG\FHSV VLQHQV
GHFUHDVHV 7*) GHSHQGHQW HSIOWRHOD@GLWRURBWH@FKARD D
DWWHQXDWHV UHQDO ILEURVLV )RRG +\GURFROORLGV

=KDR & /L 0 [XR < X :Q DQG YWRIXFWIXRIDO FKDUDFWHUL]DWL
LPPXQRVWLPXODWLQJ SRO\VDFFKPURBHPLERPHOX]L & HEERKWGUDWH
5HVHDUFK

=KDR - ;LH - :DQJ / < GMD@HLG GHYH®RSPHQW LQ FKHPLFDO DQI
&RUG\FHSV -RXUQDO RI 3KDUPD$ER®LADO DQG %LRPHGLFDO

=KX - 6 +DOSHUQ * 0 -RGHWQWL LD UHGHH MRY HU\ Rl D SUHFLRX\
&KLQHVH KHUEDO UHJLPHQ & RUBGKHHSRXVIQDHQ\RIVSODMHYU QDWLYH L
& RPSOHPHQWDU\ OHGLFLQH

=KX - 6 +DOSHUQ * 0 - RIQWNLHQWLIEF UMGLVFRYHU\ Rl DQ DQFLH(

KHUEDO PHGLFLQH &RUG\FHSV VLILQMHDYLWRI 3POWHUY QDMWHYHRRQG



& RPSOHPHQWDU\ OHGLFLQH



7$%/ (6

7DEOH

*& 06 RI DOGLWRO DFHWDWH GHWW MG VBIURIEK FWR/PRW K& 3 W K\

OHWK\ODWHG VXJDU 57 PLQ '"HGXFHRG OLQNDJH
2 $F OHOXFLWRO ' *OFS

2 $F OHIOXFLWRO : ' *OFS

2 $F OHJOXFLWRO : " *OFS

P5HODWLYH PRODU UDWLR FBE&BXODMBE IURP WKH UDWLR RI

OF



7DEOH

7KH 105 DQ% 105 FKHPLFDO VKLIWV IRU 1&BB8DOL¥ROGWHGMV VR B KOWL V

LQ2 DW

&KHPLFDO VKLIWV SSP

*O\FRVLGLF OLQNDdH& + & + & + & + &

$ : . " *OFS D E
% : . " *OFS
& . *OFS : D E

D EL QWHUFKDQJHDEOH



),*85(6

)LIXUH
5000 —
—— NCSP-30
(A) ~ ——NCSP-50
[\ ——NCsP-70
4000 7 [l ——Ncsp-s70
3000
2
[hq
< 2000
1000
0
T T T T T T T T T 1
15 20 25 30 35 40
Time (min)
30004 -6
(B)
2500
20004 14
= 1500
E 2
=
1000 - 12
500
0 H0
v T T T T T T
0 10 20 30 40

Time (min)



)LIXUH

30000
28000
26000
r24000
22000
20000
18000
F16000
14000
12000
10000
8000
6000
4000

2000

—2000

38000
36000
34000
32000
30000
28000

26000

24000
22000
20000
F18000
16000

14000

12000
10000
r8000
[6000
4000
2000

—2000

6.4 6.0 5.6 5.2 4.
f1 (ppm)
%
AB
C
R T L L
105 100 g5 90 80 5] 70 65

f1 (ppm)

4000









)LIXUH

%



)LIXUH






