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'HJUDGDWLRQ DQG WR[LFLW\ DWWHQXDWL
FRQWDPLQDQWY E\ VHTXHQFH FRQWUROC
R[LGDWLRQ

JHL *DRHQOL :DHPR\X =K®KDIRTLQJ =KBQUHQJ /LX

6FKRRO Rl (FRORJ\ DQG (QYLURQPHQW ,QQH3BORIIROLD 8QLYHUVLW\ +RK}
6FKRRO RI ODWHULDOV 6FLHQFH DQG (QJLQHHULQJ ,QQHU ORQJROLD 8QLY

35 &KLQD
,QQHU ORQJROLD &RDO &KHPLFDO :DVWHZDWHU 7UHDWPHQW DQG 5HVRXUFH
&HQWHU +RKKRW 35 &KLQD

,QQHU ORQJROLD .H\ /DERUDWRU\ Rl 3ROOXWLRQ &RQWURO DQG /RZ &DUER(
&KLQD

"HPDJIKDQJVKDRTLQEFRBEP XKHDIWOTI#LPX HGM XQ

$SEVWUDFW

$GYDQFHG R[LGDWLRQ SURFHVVHV $23V RIIHU D SU
SHUVLVWHQW RUJDQLF SROOXWDQWYV \HW VLQJOH R[LG
UHDFWLYLW\ DQG LQFRPSOHWH PLQHUDOL]DWLRQ 7R R}
GHYHORSHG D VHTXHQFH FRQWUROGH®HHYV MW H Y BRPXQ
LWV SHUIRUPDQFH RQ IOXFRQD]JROH )/= DQG WHEXFRQ
WULD]JROHV 7KH NH\ LQQRYDWLRQ OLHV LQ R[LGDQW VH
IROORZHG E\ RJRQDWLRQ HQDEOLQJ GXDO EHQHILWV F
HQKDQFHG UHDFWLYH VSHFLHV IRUPDWLRQ VXEVWDQYV
DGGLWLRQ RU UHYHUVH RUGHULQJ 8QGHU WKH VHOHFW

UHDFKHG DQG ZLWKLQ PLQ ZLWK FRUUHVSRQG
DQG YDOXHV WKDW IDU H[FHHGHG WKH DGGLWLYH U}
FRQWUROV V\QHUJ\ LQGLFHYV IRU )/= IRU 7(% O

VXJIJHVWHG WKDW )H 9, SUH R[LGDWLRQ DOWHUHG UHDF\
IHUUDWH GHULYHG LURQ VSHFLHVY ZHUH DVVRFLDWHG ZL
VWURQJHU (35 GHWHFWDEOH UHDFWLYH VSHFLHV VLJQDC
X+ X2 q DQGDV FRQWULEXWROV\LOYUWWKH GRPLQDQW URO
FRQWULEXWLRQ IRU )/= IRU 7 (% ‘)7 DQG 8+3/&
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VXJJHVWHG SUHIHUHQWLDO DWWDFN DW WULD]JROH ULQ
LQLWLDWLQJ K\GUR[\ODWLRQ GHKDORJHQDWLRQ ULQJ
$OWKRXJK VRPH SURGXFWV UHWDLQHG SUHGLFWHG WR]
ELRORJLFDO HIIHFWV DIWHU WUHDWPHQW FRQVLVWHQW
ZRUN GHPRQVWUDWHY WKDW SURSHU R[LGDQW VHTXHQFL
HQKDQFHG PLQHUDOL]DWLRQ DQG GHWRI[LILFDWLRQ LQ W
RIRQH

H\ZRUGMHUUDWH 9, 2]JRQDWLRQ 7ULD]JROH SROOXWDQ
(FRWR[LFLW\

 QWURGXFWLRQ

7ULDJROH FRPSRXQGV DUH ZLGHO\ XVHG DV DQWLI
DJULFXOWXUDO IXQJLFLGHV ZKLFK DUH FRQWLQXRXVO\
WKURXJK PXQLFLSDO ZDVWHZDWHU KRVSLWDO HIIOXHQW
IXQJLFLGH WUHDMHG IEKDGYFWHULVWLF WULD]JROH ULQJ
DURPDWLF PRLHWLHV FRQIHU KLJK FKHPLFDO VWDELO
GHJUDGDWLRQ 8QOLNH PDQ\ RWKHU HPHUJLQJ FRQWDPL(
RU K\GURO\VLVY WKH WULD]JROH ULQJ H[KLELWV KLJK Ft
ZLWKGUDZLQJ KDORJHQ VXEVWLWXHQWY RQ DURPDWLF U
WRZDUG R[LGDWLYH DWWDFN 7KLV UHVXOWDQW VWDE
UHFDOFLWUDQW WR FROQRHEWYRQD®[RGDGOWHRGHJIUDG!
QLWURJHQ ULFK KHWHURF\FOH FDQ JHQHUDWH QLWURJF
WKDW PD\ PDLQW D M®E B UMIQOND BRPBRXQWBY RU HYHQ DFTXL!
FRQVHTXHQWO\ SDUHQW FRPSRXQG GLVDSSHDUDQFH GF
7KHVH LQKHUHQW FKDOOHQJHV2KLJK VWUXFWXUDO VWL
RSHQLQJ DQG WKH SRWHQWLDO IRUPDWLRQ RI WR[LF L
VWUDWHJIJLHY WKDW DFKLHYH QRW RQO\ SDUHQW FRPS
PLQHUDOL]DWLRQ DQG GHPRQVWUDEOH WR[LFLW\ DWWHQ



JOXFRQD]ROH )/= DQG WHEXFRQD]JROH 7(% DUH UHS
UHOHYDQW WULD]JROHV IURP SKDUPDFHXWLFDO DQG D.
FRPSRXQGY DUH SRRUO\ UHPRYHG E\ FRQYHQWLRQDO
IUHTXHQWO\ GHWHFWHG LEWLTOFDWXIUD BQY LUR ERIBDQW W ZR
DQG D GLIOXRURSKHQ\O JURXS ZKHUHDV 7(% FRQWDLQ)\
SKHQ\O ULQJ DQG D WHUW EXW\O VLGH FKDLQ 7KHVH V\
LQIOXHQFH PROHEXODU HOHFWURQ GLVWULEXWLRQ RJ[L
VLWHV Rl HOHFWURSKLOLF DQG UDGLFDO DWWDFN SRW!
SDWKZD\V IRU )/ZKHY® FRQWUDVWLQJ VWUXEFWXUDO IHDW
IRU H[DPLQLQJ KRZ PROHFXODU VWUXFWXUH JRYHUQV U
VHTXHQFH FRQWUROOHG )H 9, +2x R[LGDWLRQ

2]RQH RV ZLGHO\ DSSOLHG LQ DGYDQFHG ZDWHU WUH
RUJDQLF FRQWDPLQDQWY GLUHFWO\ DQG GHFRPSRVH W
UDGLFDOV +R2ZHYHU PROHFXODU R]JRQH LV LQKHUHQWO
UHDFWLQJ ZLWK HOHFWURQ ULFK PRLHWLHV VXFK DV & &
WKH KDORJHQDWHG DURPDWLF PRLHWLHV LQ )/= DQG
FRPSDUDWLYHO\ ORZHU UHDEWLYLW\ WRZDUG HOHFWU
DSSOLFDWLRQ LV OLPLWHG E\ JDV+OLTXLG PDVV WUDQVI
HIILFLHQF\ DQG LQFRPSOHWH R[LGDWLRQ FDQ SURGXFH
ELRORJLFDO DFWLYLW\ %\ FRQWUDVW IHUUDWH 9, LV
HOHFWURQ WUDQVIHU R[LGDWLRQ SURYLGLQJ UHDFWL
SUHGRPLQDQWO\ HOHFWURSKLOLF ,\WHD W GKEW LRRQP BOR
)H,,, DOVR FRQWULEXWHV WR FRDJXODWLRQ DQG DGV
UHDFWLYLW\ DQG VWDELOLW\ RI )H 9, DUH VWURQJO\ S
IHUUDWH VSHFLDWLRQ LQWULQVLF UHDFWLYLW\ DQG VH

5HFHQW VWXGLHV KDYH GHPRQVWUDWHG WKDW FRXSC
R[LGDWLRQ RI PLFURSROOXWDQWY WKURXJK LQWHUDFWL
RIRQH DQG UHDFWLYH RWHSDLVBHFHUHMWH SUH R[LGDWI
RIRQDWLRQ KDV DOVR EHHQ UHSRUWHG IRU VHOHFWHG
SUHWUHDWPHQW PD\ DOWHU ERWK SROOXWDQW UHDEFV



HQYLURQRRQ2MWYHU WKH UROH RI RILGDQW DGGLWLRQ RL
GHJUDGDWLRQ PLQHUDOL]DWLRQ UHDFWLYH VSHFLHV H
GHWRI[LILFDWLRQ RI VWUXFWXUDOO\ GLVWLQFW WULD]R
UHVROYHG ,Q SDUWLFXODU LW UHPDLQV XQFOHDU Z
VWUDWHILFDOO\ PRGLI\ UHFDOFLWUDQW WULD]JROH VW
VXVFHSWLELOLW\ WR VXEVHTXHQW R]J]RQDWLRQ UDWKHU
RI WKH WZR R[LGDQWV ‘H WKHUHIRUH K\SRWKHVL]HG \
WUDQVIRUP LQLWLDOO\ OHVV UHDFWLYH PROHFXODU PR
LOWHUPHGLDWHY WKDW IDYRU VXEVHTXHQW R]JRQH GUL
IRUPDWLRQ

$FFRUGLQJO\ ZH V\VWHPDWLFDOO\ LQYHVWLJDWHG LC
SURFHVV IRU )/= DQG 7(% ZLWK WKUHH REMHFWLYHV L
VHTXHQFH GHSHQGHQW V\QHUJLVWLF HIITHFWV WKURXJK
RI[LGDQW GRVLQJ FRQILIXUDWLRQV LL WR HOXFLGDWH
VIQHUJ\ E\ LGHQWLI\LQJ UHDFWLYH VSHFLHVY DQG SROOXYV
WR HYDOXDWH ZKHWKHU HQKDQFHG R[LGDWLRQ OHDGYV
LOQOWHJUDWHG LQ VLOLFR SUHGLFWLRQ DQG PXOWLVSHFLI
RI WKH SURFHVYV ZDV IXUWKHU HYDOXDWHG XVLQJ WZHOY

ODWHULDOV DQG PHWKRGYV

&KHPLFDOV DQG UHDJHQWYV

JOXFRQD]ROH WHEXFRQD]ROH)H2SRWBDWV¥MXPY HI NS H B M
VEDYHQJHUV VSLQ WUDSSLQJ UHDJHQWY DQG DQDO\W
UHFHLYHG )/= DQG 7(% VWREN VROXWLRQV ZHUH SUHS
VROXWLRQV ZHUH IUHVKO\ SUHSDUHG LPPHGLDWHO\ EHIR
2]RQH ZDV JHQHUDWHG IURP R[\JHQ XVLQJ D ODERUDW
LQIRUPDWLRQ RQ UHDJHQW SXULW\ DQG VXSSOLHUV LV S
,QIRUPDWLRQ



%DWFK H[SHULPHQWY ZHUH SHUIRUPHG LQ D P/ VWL
RJRQH JDV WUDQVIHU XQLW D JDV IORZ FRQWUROOHU
RWKHUZLVH VWDWHG WKH LQLWLDO FRQFHQWKWWLRQ
WHPSHUDWXUH ZDV PDLQWDLQHG DW “ f& DQG WKH L

PRO /+&0 RU 1D2+ )H 9, zZDV DGGHG DW D PR
Q )H 9, Q FRQWDPLQDQW 2]RQH ZDV FRQWLQXRXV
FRQFHQWUDWLFR®@GA&ID JPY/IORZ UDWHWRLOHG RIQQRUPDWL|
UHDJHQW SXULW\ DQG VXSSOLHUV LV SURYLGHG LQ 7H[W

6LQJOH R[LGDQW FRQWUROYV

JRU RIRQDWLRQ DORQH R]JRQH ZDV LQWURGXFHG DW W
FRQWLQXRXVO\ VXSSOLHG WKURXJKRXW WKH UHDFWLRQ
SUHSDWHHZ5ZDV UDSLGO\ DGGHG DW W DQG WKH VROXWI
6DPSOHYVY ZHUH FROOHFWHG DW SUHGHWHUPLQHG WLPH)
DQDO\VLV

6HTXHQWLDO DQG VLPYXOMWDWPRPRQAEW )H 9, +2

7TKUHH FRXSOHG FRQILIJXUDWLRQV ZHUHSRRAFSD/WHG |, (
J)H 9, ZzDV DGGHG DW W DQG WKH VROXWLRQ ZDV DOOR
LQWURGXFWLRQ ,Q WKH SURKBEBWDQHRXVDB®,W2ZRQ DQG |
ZHUH LQLWLDWHG DW WKHHVDPHS WRAHNVYV,Q,QVKVKH 2x )
SURFHVV R]JRQH ZDV DSSOLHG EHIRUP/)Z YU HDLLGN G RZ B
DW DQG PLQ 6RGLXP WKLRVXOIDWH Z
WHUPLQDWH UHVLGXDO R[LGDQWYV DQG UHDFWLYH LQWI
ILOWHUHG WKURXJK P PHPEUDQHY EHIRUH FKHPLFDO

6\QHUJ\ DQDO\VLV

5HPRYDO HIILFLHQF\ ZDV FDOFXODWHG EDVHG RQ W



FRQFHQWUDWLRQ DW WLPH W WR LWV LQLWLDO FRQFHQ
H[SUHVVHG DV IUDFWLRQV WKH SUREDELOLVWLF DGGLW
DQG 2x WUHDWPHQWY ZDV FDOFXODWHG DV

SpGGOHI,; 2  FH9,D2

SyH9,; 2 SpGe
g Hes2 B

SYHO, 2

7TRWDO RUJDQLF FDUERQ 72& UHPRYDO ZDV XVHG DV
HYDOXDWH WKH RYHUDOO R[LGDWLRQ SHUIRUPDQFH

2SHUDWLRQDO SDUDPHWHUV DQG ZDWHU FRQ

7KH HIITHFWV RWRKOWBPL,QDQW PRODU UDWLR R]JRQH
DQG LQLWLDO S+ ZHUH HYDOXDWHRKNVQJ MIKHLQWDIHHGF
0J A&DA62 A&RA 12" &2 "' DQG +&2HUH DOVR H[DPLQHG

&KHPLFDO DQDO\VLV

5HVLGXDO )H 9, zZDV GHWHUPLQHG E\ WKH $%76 PHWK
XVLQJ WKH LQGLIJR PHWKRG 72& ZDV PHDVXUHG DIWHU Pt
SURGXFWYV ZHUH DQDO\]HG E\ 8+3/& 06 'HWDLOHG DQDO\V
)H 9, GLVVROYHG 2x 72& DQG WUDQVIRUPDWLRQ SURG.
6

SHDFWLYH VSHFLHVY LGHQWLILFDWLRQ DQG FR

SHDFWLYH VSHFLHV ZHUH LGHQWLILHG E\ (35 XVLQJ DS
IR+ 2 q DQG (35 VSHEWUD ZHUH FROOHFWHG DW VHOHF
LGHQWLFDO LQVWUXPHQWDO FRQGLWLRQV 6FDYHQJHU
EXWDQRG® IRIEHQ]RTXLD®RQBIQIRU KLVWLGAKIH DRSFDUHQW

FRQWULEXWLRQ RI HDFK UHDFWLYH VSHFLHV ZDV HVWLP
UHPRYDO FDXVHG E\ WKH FRUUHVSRQGLQJ VEDYHQJHU %



VHOHFWLYH DQG PD\ DIIHFW R[LGDQW FKHPLVWU\ WKHYV
TXDQWLWDWLYH DSSDUHQW FRQWULEXWLRQV UDWKHU W
(35 VHWWLQJV DQG VFDYHQJHU FRQFHQWUDWLRQV DUH S

7TUDQVIRUPDWLRQ SURGXFW DQDO\VLVY DQG ")7

6DPSOHVY FROOHFWHG GXULQJ R[LGDWLRQ ZHUH LPI
H[WUDFWHG DQG DQDO\]HG E\ 8+3/& 06 7UDQVIRUPDWL
DVVLJQHG SULPDULO\ RQ WKH BRKDWFRH WKWLREVHUJ HE
SODXVLEOH PROHFXODU WUDQVIRUPDWLRQV ZLWK DYDLC
VXSSRUWLQJ HYLGHQFH OROHFXODU VWUXFWXUHV ZHUH
OHYHO (OHFWURVWDWLF SRWHQWLDO IURQWLHU PROHF
DQG WKH GXDO GHVFULSWRU ZHUH XVHG WR LGHQWLI\ !
QXFOHRSKLOLF DQG UDGLFDO DWWDFN 7UDQWQIRUPDWLR
SUHGLFWHG UHDFWLYH VLWHV ZHUH FRQVLVWHQW ZLWK
'HWDLOHG FRPSXWDWLRQDO SURFHGXUHV DQG )XNXL IXC
TH[W 6

7TR[LFLW\ DVVHVVPHQW

SRWHQWLDO DFXWH DQG FKURQLF WR[LFLW\ RI WKH S
ILVK 'DSKQLD DQG JUHHQ DOJDH ZDV VFUHHQHG XVLQJ
HYDOXDWHG XVLQJ ZKHDW VHHG JHUPLQDWLRQ DQG VKR
IRUPDWLRQ DQG JHEUDILVK HPEU\R GHYHORSPHQW 8QW
HITOXHQWY IURP VLQJOH R[LGDQW DQG FRXSOHG V\VWHP\
SHVLGXDO R[LGDQWYV ZHUH FRPSOHWHO\ TXHQFKHG EHIR
GLVLQIHFWLRQ HIIHFWV '"HWDLOHG (&26%5 SURFHGXUHYV
SURYLGHG LQ 7H[W 6

6 XEVWUDWH VFRSH H[SHULPHQWYV

7KH VXEVWUDWH VFRSH RURHKH VVEDYHXYWRHU2ZHYDOXDW |
UHSUHVHQWDWLYH DQWLELRWLFV EHORQJLQJ WR WKH W



IOXRURTXLQRORQH FODVVHV 7KHVH FRPSRXQGV ZHUH \
DVVHVVPHQW RI WKH UHDFWLYLW\ RI WKH SURFHVV WRZ
8QOHVV RWKHUZLVH VSHFLILHG HDFK DQWLELRWLF ZDV
RSHUDWLQJ FRQGLWLRQV XVHG IRU )/= DQG 7(% )H 9, ZC
HISHULPHQW IROORZHG E\ RIRQH LOQWURGXFWLRQ DIWHL
WKH WRWDO UHDFWLRQ WLPH ZDV PLQ 6DPSOHV FROO
LPPHGLDWHO\ TXHQFKHG DQG DQDO\|[HG WR GHWHUPLQH \
7KHVH H[SHULPHQWYVY ZHUH FRQGXFWHG DV D VFUHHQLQJ
UDWKHU WKDQ DV HYLGHQFH RI IXOO VFDOH WUHDWPHQ\
FRQFHQWUDWLRQV RI WKH VHOHFWHG DQWLELRWLFV DUH

6WDWLVWLFDO DQDO\VLYV

$O00 H[SHULPHQWY ZHUH SHUIRUPHG XVLQJ LQGHSHQG'}
DV PHV@YWDQGDUG GHYLDWLRQ 'LITHUHQFHY DPRQJ WUHD)
DSSURSULDWH DQDO\VLV RI YDULDQFH IROORZHG E\ D PX
FRQVLGHUHG VWDWLVWLFDOO\ VLIJQLILFDQW

SHVXOWY DQG GLVFXVVLRQ

6\QHUJLVWLF GHJUDGDWLRQ DQG RUJDQLF
GLITHUHQW )3RY,LQ@J FRQILIXUDWLRQV

7KH UHPRYDO RI )/= DQG 7(% XQGHU GLIIHUHQW R[LGD
LQ )LJ $IWHU PLQ )HDOR @D RE R RYQE 2 DQG RI
UHVSHFWLYHO\ ZKLOH WKH FRUUHVSRQGLQJ UHPRYDOV
&RXSOLQJ )H VYXEMWH QWLDOO\ LPSURYHG PRIQWDPLQDQW
VLPXOWDQHRXVD)XHGIVYWD IHBR)PHIIOIXBDWLRQV DEKLHYHG )/:
RI DQG UHVSHFWLYHO\ DQG 7(% UHPRYDO
UHVSHFWLYHO\ $PRQJ WKH WHVWHG FRQILJXUDWLR

E\ RIRQDWLRQ SURYLGHG WKH KLJKHVW UHPRYDO RI ERW



7KH GLIIHUHQFHV DPRQJ WKH FRQILIJXUDWLRQV ZHU}
UHPRYDO )H 9, DORQH DBBRXHG DQG RI )/= GHU
UHVSHFWLYHO\ ZKHUHDSURKEHMWWDBKGHYHS, 2 72& UHPF

7(% 72& UHPRYDO LQFUHDVHG IURP ZLWBOQORQ@H DORC
WR LQ WKH VWDJHG SURFHVWU BDRNFOHADQ HRRRYH®,
)/= DQG Rl 7(% EXW DFKLHYHG 72& UHPRYDOV RI R

UHVSHFWLYHO\ 7KH UHODWLYHO\ KLJK SDUHQW FRPSRXC
XQGHU VLPXOWDQHRXV GRVLQJ LQGLFDWHYV WKDW SDUH
ZHUH QRW HTXDOO\ HQKDQFHG ,Q FRQWUDVW WKH VWD
ERWK HI[WHQVLYH SDUHQW UHPRYDO DQG JUHDWHU R[LGELC
7KH SUREDELOLVWLF DGGLWLYH UHPRYDOV GHULYHG |
IRU )/= DQG IRU 7(% ERWK VXEVWDQWLDOO\ O
UHPRYDOV LQ WKHSWRIFHMY/ )HKOH FARUUHVSRQGLQJ VIQHUJ
DQG GHPRQVWUDWLQJ WKDW WKH REVHUYHG HQKDC
WKH LQGHSHQGHQW UHPRYDO SUREDREQOLWKHYV HRIKD K P}
SHUIRUPDQFH zZDV OLNHO\ UHODWHG WR LQWHUDFWLRQ
VXEVHTXHQW R]RQH GHULYHG R[LGDWLRQ 7KH XQGHUO)
WUDQVIRUPDWLRQ PHFKDQLVPV'DUH H[DPLQHG LQ 6HFWL
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yLJ '"HJUDGDWLRQ RI )/= DQG 7(% LQ ZDWHU E\ GLIIHUHQW V\
E 72& UHPRYDO UDWH RI )/= LQ GLIITHUHQW V\VWHPV W PLQ

UHPRYDO UDWH RI 7(% L@ GA3 I ALOHUW\VDQWEPALY | 7(% V\QHU



DQDO\WLV ([SHULPHQWDO FRQGLWLROQORJ 'RVLQRZADD/WHR | L

S+ WHPSHUDWXUH f&

(ITHFWV RI RSHUDWLRQDO SDUDPHWHUYV DQG .

)H 9, GRVDJH VWURQJO\ DIIHFWHG WKH SHUIRUPDQFH
DQG G ,QFUHDVWER@WBPIHQPQW PRODU UDWLR IURP
)/= UHPRYDO IURP W R DQG 7(% UHPRYDO IURF
UHVSHFWLYHO\ 7KH FRUUHVSRQGLQJ 72& UHPRYDOV LQF

DQG UHVSHFWLYHO\ $ IXUWKHU LQFUHDVH WR
LPSURYHPHQWYVY ZLWK )/= DQG 7(% UHPRYDOV UHDEKLQ.
KRZHYHU WKH UHPRYDOV GHFUHDVHG WR DQG
PRQRWRQLF UHVSRQVH LQGLFDWHY WKDW LQFUHDVLQJ
ZLWKLQ DQ R[LGDQW OLPLWHG UDQJH $W H[FHVVLYH GI
UHDEWLRQV DQG FRPSHWLWLRQ IRU UHDFWLYH VSHFL
XWLOL]DWQRQHDVHG IRUPDWLRQ RI )H ,,, SUHFLSLWD\
FRQWDPLQDQW PDVV WUDQVIHU DQG WKH DSSDUHQW 72&
PRODU UDWLR RI ZDV WKHUHIRUH VHOHFWHG DV D SUI
SHUIRUPDQFH DQG FKHPLFDO GHPDQG

,QFUHDVLQYX8BK®\2DOVR HQKDQFHG WUHDWPHQW SHU
LQFUHPHQWDO EHQHILW GLPLQLVKHG DW KLJKHU FRQFH
RJIRQH IHHG FRQFHQWUDWLRQ ZDV /@ FWHMR/NIZO I URPU HWB R
IURP W R ZKLOH 7(% UHPRYDO LQFUHDVHG IURP
FRUUHVSRQGLQJ 72& UHPRYDOV LQFUHDVHG IURP DQ
UHVSHFWLYHO\ ,PFEQHDYWYDWKRQ2IXDWKHG W& DQR 7(%
UHPRYDO WR RQO\ DQG ZLWK 72& UHPRYDOV R
REVHUYHG SODWHDX VXJJHVWV D WUDQVLWLRQ IURP R]
LQFUHDVLQJO\ FRQWUROOHG E\ FRPSHWLWLRQ DPRQJ WK
SURGXFWVY DQG EDFNJURXQG FRQZVRQMHXBAQ WY WKW R ¥.IKF!
JDVVLQJ DQG QRQ WDUJHW GHFRPSRVLWLRQ PD\ DOVR E



LQSXW $FFRUGLQ@DW XVHG LQ VXEVHTXHQW H[SHULPHQW)
EHQHILW DVVRFLDWHG ZLWK WKH KLJKHU R]JRQH VXSSO\

7KH )H 9,S@QRFHVV SHUIRUPHG PRVW HIIHFWLYHO\ XQGH
FRQGLWLRQV ZLWK UHODWLYHO\ KLJK FRQWDPLQDQW DQ
SHUIRUPDQFH DW S+ DQG )L H DQG | 7KLV WUH(¢
HIIHFWV Rl )H 9, VWDELOLW\ SURWRQDWLRQ VWDWH I
SURWRQDWHG )H 9, VSHFLHV KDYH FRPSDUDWLYHO\ KLJK
JH 9, GHFD\ XQGHU DFLGLF FRQGLWLRQV PD\ VKRUWHQ V
QHXWUDO S+ LPSURYHG )H 9, SHUVLVWHQFH FRLQFLGHYV
UHDFWLYHWSHHARHY $W KLIKHU S+ WKH LQFUHDVLQJ SUHG
JH2 VSHFLHV PD\ ZHDNHQ GLUHFW R[LGDWLRQ 2Q WKH ED
WKH S+ UDQJH FRPPRQO\ HQFRXQWHUHG LQ HQYLURQPHQ
VXEVHTXHQW H[SHULPHQWYV %HFDXVH GLIIHUHQW EXIIHU
KRZHYHU WKH REVHUYHG WUHQG UHSUHVHQWYV WKH FI
FRPSRVLWLRQ WKHLU LQGLYLGXDO FRQWULEXWLRQV U
FRQGLWLRQV

7KH WHVWHG LQRUJDQLF LRQV SURGXFH®GAVWLQFW F
&DA62 TA&ODQI2" FDXVHG RQO\ OLPLWHG FKDQJHV LQ )/=
LQGLFDWLQJ D GHJUHH Rl WROHUDQF&2WR QMK VH FRPPR
PDUNHGO\ LQKLELWHG WKH UHPRYDO RI ERWK FRQWDPLQ
FRPSHWLWLYH ®FDE\HRDOUBR@®IWH VSHFLHV ZKLFK FRQYH
X2+ LQWR WKH PRUH VHOHFWLYH DQG OMHYEROHMFNDOM FO L
PD\ DOVR PRGLI\ VROXWLRQ S+ )H 9, VSHFLDWLRQ DQG
7KHVH UHVXOWY LGHQWLI\ DONDOLQLW\ DV D FULWLFDO
JH 9, 2SURFHVV WR QDWXUDO ZDWHUV DQG ZDVWHZDWI
LQRUJDQLF LRQ WHVWYVY DORQH GR QRW UHSUHVHQW WKF
VFDYHQJLQJ H[SHFWHG LQ ZDWHUV FRQWDLQLQJ QDWXUD
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ney (%) =

efficie
I efficiency (%)
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)L (IITHEWV Rl NH\ RSHUDWLRQDO SDUDPHWHUVY DQG ZDWHU PI
GHJUDGDWLRQ DFEQFIHQFMW BWRERQ RQ WKH GHJUDGDWLRQ NLQH!
(IIHEW RI WWHRBAOWDPLQDQW GRVLQJ UDWLR H | (IIHFW RI LQLWL
FRH[LVWLQJ LRQV ,QVHWV VKRZ WKH FRUUHVSRQGLQJ UHPRYDO
FRQGLWLRQV 'RVLQJ UDWUR / IOR& WDWH / PLQ S+ WH |

f&

SHDFWLYH VSHFLHVY DQG WKHLU DSSDUHQW FF

(35 DQDO\VLV LQGLFDWH#G2 \ K B @ QJHRIMWLHRE \RIJQDOV L
)H 9, 2SURFHVV )LJ 1R 3% LRSH Q082’9 3LIQDOV ZHUH
GHWHEWHG LQ WKH )H 9, DORQH V\VWHPV GXULQJ WKH |
R[LGDWLRQ SURFHHGHG SUHGRPLQDQWO\ WKURXJK GLUHI
WHVWHG FRQGLWLRQV 2]RQDWLRQ DORQKRWJKRQHUDWHG Z
DQG DW DQG PLQ LQGLFDWLQJ OLPLWHG UHDFWLYH \
GHFRPSRVL®/IFRQWUDVW )H 9, SUH R[LGDWLRQ IROORZ}
HQKDQFHG DOO WKUHH (35 UHVSRQVHV ZLWK FRPSDUDEC



6LPXOWDQHRXVG)GLW,L RQ DVR RBWRPWRMRHG EXW WKH VLIQI
ZDV ORZHU WKDQ WKDW REVHUYHG LQ WKH VWDJHG FRQIL
)H 9, 2FRXSOLQJ LQFUHDVHG ERWK WKH GLYHUVLW\ DQ(
UHDFWLYH VSHFLHV 1HYHUWKHOHVV EHFDXVH VSLQ WUI
VKRUW OLYHG LOQWHUPHGLDWHY WKH (35 GDWD ZHUH LQ\
WKDQ DEVROXWH TXDQWLILFDWLRQ

6EFDYHQJHU H[SHULPHQWY IXUWKHU FODULILHG WKH UF
,Q WKH DEVHQFH RI VFDYHQJHUV RI )/= DQG RI 7

PLQ $GGLWLROHRW BXWDQRO GHFUHDVHG WKHLU UHPR
UHVSHFWLYHOW+F PYILWRHQBGRPLQDQW R[LGDQW ,Q WK
EHQJRTXLQRQH )/= DQG 7(% UHPRYDOV GHFUHDVHG WR
KLVWLGLQH UHGXFHG WKH FRUUHVSRQGLQJ UHPRYDOV
LQGLFDAH MKDWVR FRQWULEXWHG WR FRQWDPLQDQW WL
FKDQJHV LQ HQGSRLQWX@HH PR ® /@ L BX\M LIRES/D DHIQWV HV W L P
IRU )/= DQG IRU 7(% 7KH DS SDJJEPWHFRQWUWLEXWLRQV
ZKLOH WRKRXHURI DQG UHVSHFWLYHO\ 7KXV GH.
WULD]ROHV ZDV FKRYIERPHQDWEGERDLGDWLRQ UHJLPH V.
VXSHUR[LGH DQG VLQJOHW R[\JHQ DVVRFLDWHG SDWKZD

SOWKR¥JBFFRXQWHG IRU WKH PDMRU R@IlgUBI@® R[LGDWI
OLNHO\ SOD\HG FRPSOHPHQWDU\ UROHV 6XSHUR[LGH JH
WRZDUG PDQ\ SHUVLVWHQW RUJDQLF FRQWDPLQDQWYV
GHFRPSRVLWLRQ FKDL@* BUR OWFHNLHREQY VBLQUDH@ R[\JHQ
D PRUH VHOHFWLYH SDWKZD\ IRU KHWHURF\FOLF RU HOH
7KH VOLJKWO\ J2Hp V@EFBRYSIUULHEIWLRQV REVHUYHG IRU |
GLIIHUHQFHVY LQ DFFHVVLELOLW\ DQG UHDFWLRQ VHOHFW
JURXS WULD]JROH ULQJ DQG K\GURSKRELF VLGH FKDL!
FRPSOHWHO\ VSHFLHY VHOHFWLYH DQG PD\ DOVR SHUW}
WUDQVIRUPDWLRQ WKH FDOFXODWHG IUDFWLRQV VKR
TXDQWLWDWLYH DSSDUHQW FRQWULEXWLRQV 7KH UHVLG
IRU 7(% PD\ LQFOXGH GRYHEDW)HR®, PWKHL QRQ UDGLFEDC



SRVVLEOH KLIJK YDOHQWKH RRUIUHDMU AM GGBQYHN KRZHYH!
WR DVVLIQ WKH HQWLUH UHVLGXDO IUDFWLRQ VSHFLILFI
DPRQJ WKHVH SDWKZD\V DUH |
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yLJ 6FDYHQJHU H[SHULPHQWY DQG DSSDUHQW FRQWULEXWLF

7(% GHIJUDGDWLRQ

OHFKDQLVWLF LQWHUSUHWDWLRQ RI WKH HQ

VWDJIJHG )HSYRRHVV

)H 9, SURFHVV ZDV QRW VLPSO\ D FRQVHTXHQFH RI FF
)L  VKRZV EHORZ WKH V\QHUJLVWLF DSS®DEDAVRE\RD ]
DGYDQFHG R[LGDWLRQ V\WVWHP ZLWK PXOWLYDOHQW LURC
UHDFWLYH R[\JHQ VSHFLHV 7KH DGYDQWDJH RI WKH VWD
DFWHG DW GLIIHUHQW VWDJHV Rl WKH UHDFWLRQ %HIRU
ZLWK )/= DQG 7(% LQLWLDWLQJ R[LGDWLRQ DW WKH WU
JURXSV DQG VLGH FKDLQ SRVLWLRQV )HUUDWH UHGXFV
DQG )H ,,, SURGPHEBW LQWURGXFHG YWUR®QJIB®G/LIQDOV
ZHUH GHWHFWHG LQGLFDWLQJ WKDW WKH SUHFHGLQJ )
JRYHUQLQJ RJRQH GHFRPSRVLWLRQ DQG UHDFWLYH VSHF

7KLV VWDJHG SURFHVV SURYLGHG D EHWWHU WUD
WUDQVIRUPDWLRQ WR IXUWKHU R[LGDWLRQ RI WKH UHV
GXULQJ )H 9, SUH R[LGDWLRQ ZHUH OLNHO\ PRUH VXVFH
UHDFWLYH VSHFLHV WKDQ WKH RULJLQDO WULD]JROH V!



VLPXOWDQHRXV LPSURYHPHQW LQ SDUHQW UHPRYDO DQ
)H 9, ERQILIJXUDWLRQ 8QGHU VLPXOWDQHRXV GRVLQJ ¢
DQGDW WKH EHJLQQLQJ Rl WKH UHDFWLRQ PD\ KDYH FDXV
D VKRUW OLYHG UHOHDVH RI UHDFWLYH VSHFLHV 6XFK
FRPSRXQG GLVDSSHDUDQFH ZLWKRXW VXVWDLQLQJ WKH
VXJIJHVWHG E\ WKH ORZHU ZD¥ DESAYPOG ILKIW@ 2SDUW RI \
KDYH EHHQ FRQVXPHG EHIRUH IHUUDWH GHULYHG LURQ V
7KH VIQHUJ\ WKHUHIRUH DSSHDUV WR DULVH IURP WK
)H 9, SUH R[LGDWLRQ ZLWK VXEVHTXHQW RJR@H GULYHQ
UHDFW2AHRQRPLQDWHG R[LGDWLRQ DQG RX[LOR® U\ SDWK:
OLNHO\ FRQWULEXWHG WRJHWKHU 7KH SUHVHQW GDWD
)JH 9 )H ,9 UHGR[ F\FOH ,Q DGGLWLRQ DGVRUSWLRQ
K\GU R[LGHV PD\ KDYH FRQWULEXWHG WR WKH REVHUYH(

o~ s - =
-

O; + OH — HO, +

[FeO,]*

Fe(VI) + R — Fe(V) + R-

HO, — ‘0, +H

Fe(V)+ R — Fe(IV) + R- . v+ H » HO.*

WNe(V) + R — Fe(IV) + Roy HO;* — ‘OH + O,

," »
- ‘7"

Intermediate

Intermediate™ 2 - ‘ s
products B . ; / products
)LJ B3URSRVHG GHJUDGDWLRQ PHFKDQLVPWVWHMQG 7(% LQ

OROHFXODU WUDQVIRUPDWLRQ SDWKZzZD\V RI ).

')Y7 FDOFXODWLRQV ORFDWHG WKH PRVW UHDFWLYH U
ULQJV WKH GLIOXRURSKHQ\O JURXS DQG WKH HWKHU O
LQ WKH WULD]JROH ULQJYV VHOHFWHG DURPDWLF FDUERC



UHODWLYHO\ KLJK HOHFWURSKLOLF RU UDGLFDO VXVFHS
)XNXL IXQFWLRQ GLVWULEXWLRQV 1LQH WHQWDWLYH )/=
E\ 8+3/&6 )LJ 2QH SDWKZD\ LQYROYHG LQLWLDO K\GUF
DW WKH GLIOXRURSKHQ\O JURXS IROORZHG E\ R[LGDW
VWUXEWXUHV SURGXFLQJ LQWHUPHGLDWHY DW P ]
VHFRQG SDWKZD\ LQYROYHG FOHDYDJH QHDU WKH HWKH
ULQJ \LHOGLQJ VPDOOHU SURGXFWV DW P ])/=
WUDQVIRUPDWLRQ WKHUHIRUH LQYROYHG VHYHUDO FRQ
VXEVWLWXWLRQ & 1 & 2 ERQG FOHDYDJH DQG KHWHURF\

JRU 7(% WKH SUHGLFWHG UHDFWLYH UHJLRQV ZHUH
DURPDWLF ULQJ WKH WULD]JROH PRLHW\ DQG WKH FDU
WUDQVIRUPDWLRQ URXWHY ZHUH LQIHUUHG )LJ 7KH 1L
FKDLQ RU FKORULQDWHG DURPDWLEF UHJLRQ IROORZHG E
RI SURGXFWV DW P ] DQG 7KH VHFR
K\GUR[\ODWLRQ VLGH FKDLQ R[LGDWLRQ DQG FDUERQ\O
DW P ] DQG EHIRUH IXUWKHU
DURPDWLF IUDPHZRRWY SODHDY ZIMK )/= WKH K\GURSKREL
FKORULQDWHG DURPDWLF JURXS RI 7(% SURYLGHG DGGL
DQG DURPDWLF WUDQVIRUPDWLRQ ZKHUHDV RSHQLQJ RI
FRPSRXQGYV

7KH GHWHFWHG PDVV IHDWXUHV ZHUH EURDGO\ FRQ
UHDFWLYH VLWHVGRPE ZDLWHKGNVKRKOWL VSHFLHV R[LGDWLR
BHFWLRQ IHYHUWKHOHVY WKH SURGXFWV ZHUH W
PROHFXODU LRQ VLJQDOV DQG SODXVLEOH HOHPHQWDO
VHTXHQFH RI IRUPDWLRQ VKRXOG WKHUHIRUH EH FRQILL
IUDJPHQWY LVRWRSH SDWWHUQV DQG WLPH UHVROYH
DSSUR[LPDWHO\ 72& UHPRYDO LQGLFDWHV H[WHQVLY
RUJDQLF FDUERQ UHPRYDO 7KH REVHUYHG SDWKZD\V DU
DV SURJUHVVLYH IUDJPHQWDWLRQ DQG SDUWLDO RUJDQL
FRQYHUVLRQGVRQRUJIDQLF LRQV
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(1) Atom i Fr v ik CDD  Atom o T <4 CDD
1(C) | 00576 0.0601 00588 00025 18(C) 00210 00319 0.0264 00108
2(C) 0.0500 00563 -0.0127 19(N)  0.0328 0.0354 00341  0.0026
3(C) 00219 [NO09BN 00570 WOOFOIN 20C) 00356 00280 0.0318 -0.0076
4C) [ 00512 00508 00510 -0.0004 21(N) 00100 00204 00152  0.0104
5(C) 00422 00315 00368 -0.0108 22(H)  0.0310  0.0340 00325  0.0029
6(C) 00309 00851 0.0580 00541 @ 23(H) 00181  0.0404 00292  0.0223
7(F) [ 00569 00462 00515 -0.0107 24(H) 00258 0.0426  0.0342  0.0168
8(F) 0.0418 0.0308 0.0363 -0.0110 25(H) 0.0186 0.0112 0.0149 -0.0075
9C) 00111 00060 00085 -0.0051 26(H)  0.0140 00095 00118  -0.0045
10(C) 00152 00105 00128 -0.0048 27(H)  0.0107 00078 00092  -0.0029
1(C) 00140  0.0077 00108 -0.0063 28(H) 00149 0.0167 00158  0.0019
I20N) 00340 00091 00216 -0.0248 29(H)  0.0098  0.0072  0.0085 -0.0026
13(N) 0.0049 0.0063 0.0056 0.0014 30(H) 0.0316 0.0222 0.0269 -0.0094
140) 00226 00148 00187 -0.0078 31(H) 00129 00171 00150  0.0042
15(N) 0.0424 0.0273 0.0348 -0.0151 32(H) 0.0200 0.0202 0.0201 0.0002
16(C) 00352 00522 -0.0341 33C) | 00454 0.0373 00413 -0.0081
17(N) __ 0.0473  0.0376 __ 0.0424  -0.0097  34(H) _ 0.0218  0.0173 _ 0.0196 _ -0.0045
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yLJ 'Y7 FDOFXODWLRQV DQG SURSRVHG GHIJUDGDWLRQ SDWK?Z

D 2SWLPL]J]HG PROHFXODU VWUXFWXUH RI )/=

E OROHFXODU HO

JURQWLHU PROHFXODU RUELWDO GLVWULEXWLRQV RI )/= HxK 6

DQG FKDUJH GHQVLW\ GLITHUHQFH &"'

UHVSHFWLYHO\

L &RQGH

LOQGLYLGXDO DWRPV LQGLFDWLQJ WKH SUHIHUHQWLDO UHDFW|

SDWKzD\V RI )/= EDVHG RQ WKH WHQWDWLYHO\ DVVLIJQHG WUDQV

LQYROYLQJ GHIOXRULQDWLRQ R[LGDWLRQ ULQJ RSHQLQJ DQG

IUDJPHQWDWLRQ DQG SDUWLDO PLQHUDOL]DWLRQ



T

CDD
1(C) 00642 0.0367  0.0504 -0.0275  23(H) 00267 00243 00255  -0.0024
2(C) 0.0445 [UOOSOZM 0.0624 00357  24(H) 00246 00335  0.0290  0.0089
3(C) 0.0433 00395 00414  -0.0038  25(H) 00274 00273  0.0274  -0.0002
4C) 00648 00319 00483  -0.0330  26(H) 00171 00107 00139  -0.0064
5(C) 0.0416 00759 00587 00343  27(H) 00171 00102 00136  -0.0069
6(C) 0.0431 00430 00430  -0.0001  28(H) 00121 00072  0.0096  -0.0049
7(Ch  PNONSE0NN  0.0710 500 -0.0850  29(H ) 0.0072 0.0069 0.0070  -0.0003
8(C) 0.0148 0.0062 0.0105 -0.0086 30(H) 0.0166 0.0118 0.0142 -0.0048
9C) 00120 00049 00085  -0.0071  31(H) 00038 00026 00032  -0.0013
100C) 00153 00031 00092 -00122  32(H) 00041 00030 00036  -0.0011
1(C) 00143 00014 00065 -0.0157  33(H) 00179 00136 00157  -0.0043
120€) 00063  0.0040 00051  -00023  34H) 00073  -0.0036  0.0019  -0.0110
13(C) 00093  0.0025 00059  -0.0068  35H) 00066 00041 00054  -0.0024
14(C) 00078  0.0028 00053  -0.0049  36(H) 00047 00034 00040  -0.0012
I5C) 0008 00083 00084 -00002 37(H) 00173 00120 00146  -0.0053
16(N) 00044 00384 00214 00340  38H) 00082 00000  0.0041  -0.0081
1700) [00645° 00088 00367  -0.0557  39(H)  0.0084 00133 00109  0.0049
I8(N) 00019 00605 @ 00312 00586 40H) 00103 00104 00103  0.0001
19C) 00277 00556 00417 00280 4l(H) 00174 00066 00120  -0.0108
200N) 00292 00508 00400 00216  42(H) 00157 00313 00235 00155
21C) 00173 | 00763 0.0468 00590 | 43(H) 00106 00349 00228  0.0243
22(H) 00280 0.0374 _ 0.0327 _ 0.0094
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)LJ 'Y7 FDOFXODWLRQV DQG SURSRVHG G JUIXGCD\W WRIP SDWK?Z
D 2SWLPLJHG PROHFXODU VWUXFWXUH RI 7(% E OROHFXODU H(¢
JURQWLHU PROHFXODU RUELWDO GLVWULEXWLRQV RI 7(% HzxzK 6S
FKDUJH GHQVLW\ GLIIHUHQFH &"' UHVSHFWLYHO\ L &RQGHQVH
LOGLYLGXDO DWRPV LQGLFDWLQJ WKH SUHIHUHQWLDO UHDFWLYF
Rl 7(% EDVHG RQ WKH WHQWDWLYHO\ DVVLIQHG WUDQVIRUPDWLR
K\GUR[\ODWLRQ R[LGDWLRQ ULQJ RSHQLQJ DQG ULQJ FOHDYDJI

DQG SDUWLDO PLQHUDOL]DWLRQ



(YROXWLRQ RI HFRORJLFDO WR[LFLW\ GXULQJ

(&26%$5 DQDO\VLY GLG QRW LQGLFDWH D FRQVLVWHQW
7(% WUDQVIRUPDWLRQ )LJ BHYHUDO )/= SURGXFWV S
LGHQWLILHG DV SRWHQWLDO WR[LFLW\ GULYHUV IRU IL\
SURGXFWV 3 VKRZHG WKH JUHDWHVW SUHGLFWHG FRQF
PRGHUDWH SRWHQWLDO HIIHFWV 3DUHQW FRPSRXQG UF
UHGXFH HFRORJLFDO ULVN LPPHGLDWHO\ EHFDXVH VF
ELRORJLFDOO\ UHOHYDQW $¥Q&26 $5X 8 W 6 UF R/[ILRE@W DRI®I |
PROHFXODU VWUXFWXUH DQG GR QRW DFFRXQW IRU PL
VFUHHQLQJ WRRO UDWKHU WKDQ GLUHFW HYLGHQFH RI H

7KH ELRDVVD\V VKRZHG FOHDUHU GLIIHUHQFHV DPRQJ
8QWUHDWHG )/= DQG 7(% VROXWLRQV DV ZHXOORQW VDPSC
LQKLELWHG ZKHDW JHUPLQDWLRQ DVQUG VWRRYW U R WKL Qi

UHFRYHUHG WR FORVH WR WKH EODQN FRQWURO $1V
FP IRU WKH WUHDWHG )/= VDPSOH DQG FP IRU WKH
ZLWK DQG FP LQ WKH XQWUHDWHG VROXWLRQV DQ

SDWWHUQ ZDV REVHUYHG IRU ( FROL %RWK SDUHQW F
IRUPDWLRQ ZKHUHDV VLQJOH R[LGDQW WUHDWPHQW SU
DEXQGDQFH DIWWUHMMPHQW ZDV FORVHVW WR WKDW R
R[LGDQWYV ZHUH TXHQFKHG EHIRUH H[SRVXUH WR PLQLP
GLVLQIHFWLQJ HIIHFWV RI )H 9, RU 2

=HEUDILVK HPEU\RV SURYLGHG IXUWKHU HYLGHQFH RI
FRQFHQWUDWLRX@WUHPWHG 7(% FDXVHG SURQRXQFHG
DQG HPEU\R GDUNHQLQJ ZKHUHDV )/= PDLQO\ LQGXFHG
FXUYDWXUH 7KHVH DEQRUPDOLWLHV ZHWUHOLWPEQW U F
SDUWLFXODUO\ WKH GHYHORSPHQWDO EORFNDJH DVVRF
ZLWK SDUHQW UHPRYDO DQG 72& DEDWHPHQW WKH SOD
LQGLFDWH D VXEVWDQWLDO UHGXFWLRQ LQ WKH RYHUDO
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System ! FLZ solution | TEB solution Fe(VI)-0y Fe(VI)-03
Time NG (10 mg/1) (10 mg/I) | degradation of FLZ| degradation of TEB

Oh
24h
48 h

72h

)L (FRWR[LFLW\ DVVHVVPHQW Rl )/= DQG WUWHBEBWIRHIGWD QG DI

6 XEVWUDWH VFRSIKBRRAMR/N )H 9, 2

7KH VXEVWUDWH VFRSHBURFHVKHZHVOH[RPLQHG XVLQ.
DQWLELRWLFV IURP IRXU VWUXFWXUDO FODVVHV 8QGHU
HIILFLHQFLHV UDQJHG IURP W R 7HWUDF\FOLQHYV
UDQJLQJ IURP W R IROORZHG E\ IOXRURTXLQFR
6XOIRQDPLGHY DQG PDFUROLGHV ZHUH UHPRYHG E\
UHVSHFWLKHWOH UHVXOWYV VKRZ WKDW WKH SURFHVV ZDV
DQG UHWDLQHG VXEVWDQWLDO UHDFWLYLW\ WRZDUG V
FRQWDPLQDQWYV

'LITHUHQFHY DPRQJ DQWLELRWLF FODVVHV ZHUH OLNH(
WKH DFFHVVLELOLW\ Rl VXVFHSWLEOH VLWHV 7HWUDF\FC



FRQMXJDWHG PRLHWLHYV WK DM EDR)] RIGID AWM ZILYWKG) R[2G D D)
PD\ H[SODLQ WKHLU UHODWD¥WMA®OIKEHK KEPRYODUJHU
IUDPHZRUNV DQG JUHDWHU VWHULF FRQVWUDLQWYV ZKHL
IOXRURTXLQRORQHV LV LQIOXHQFHG E\ VXEVWLWXHQW
7TRIHWKHU ZLWK WKH UHVXOWV LQ 6HFWLRQ WKH EURI
DQ R[LGDWLRQ UHJ®PH TKRROLH BDWHEFBA UHDFWRAQR ZLWK
FRQWULEXWHG 7KHVH H[SHULPHQWVY GHPRQVWUDWH UH
GLVFXVVHV WKH LPSOLFDWLRQV IRU WUHDWPHQW LQ FRP

(QYLURQPHQWDO LPSOLFDWLRQV

7KH VWDJHG WHHWDWPHQW LPSURYHG SDUHQW FRPSRX!
DEDWHPHQW DQG UHGXFHG WKH PHDVXUHG ELRORJLEFDO
)/l= DQG 7(% ZHUH GHJUDGHG ZLWK DSSUR[LPDWHO\
VDPSOHV DOVR FDXVHG ZHDNHU UHVSRQVHV LQ WKH ZKtl
HPEU\R DVVD\V 3DUHQW FRPSRXQG GLVDSSHDUDQFH ZDV
WUDQVIRUPDWLRQ SURGXFWV IRUPHG GXULQJ WKH LOQL
R[LGL]JHG GXULQJ VXEVHTXHQW R]JRQDWLRQ )H ,,, VR
GHFRPSRVLWLRQ PD\ KDYH UHPRYHG VRPH RUJDQLF P|
FRDJXODWLRQ WKH SUHVHQW GDWD GR QRW VHSDUDWH \

7KH VWDJHGSWRFHW®Y FRXOG EH UHOHYDQW WR SROLV
ZLWK SHUVLVWHQW SKDUPDFHXWLFDOV RU SHVWLFLGH\
IDYRUDEOH SHUIRUPDQFH QHDU QHXWUDO S+ LV FRPSD\
VHFRQGDU\ HIIOXHQWVY :DWHU FRPSRVLWLRQ KRZHYHU
R[LGDQW GRVH ,QKLELWHG FRQWDPLQDQW UHPRYDO E\ |
WKDW DONDOLQLW\ UHGXFHV HIIHFWLYH R[LGDQW H[SRV
FRPSHWH IRU )P®G WKH UHDFWLYH VSHFLHV JHQHUDW
&RQVHTXHQWO\ RSHUDWLQJ SDUDPHWHUV HVWDEOLVKH
VKRXOG QRW EH DSSOLHG GLUHFWO\ WR KLJK DONDOL
VLWH VSHFLILF RSWLPL]DWLRQ



,Q DGGLWLRQ R]JRQH H[SRVXUH ZDV QRW IXOO\ QRUPD
FRQILJXUDWLRQV DQG WKH REVHUYHG SHUIRUPDQFH GLI
RUGHU FRQWDFW WLPH DQG HIIHFWLYH R[LGDQW LQSXW
ZHUH DOVR KLJKHU WKDQ WKRVH FRPPRQO\ IRXQG LQ HQY
RI QDWXUDO RUJDQLF PDWWHU VXVSHQGHG SDUWLFOH\
VIVWHPDWLFDOO\ H[DPLQHG ,Q DGGLWLRQ 72& ORVV DI\
DGVRUSWLRQ DQG FRSUHFLSLWDWLRQ )XUWKHU ZRUN
FRQFHQWUDWLRQV DQG UHDO ZDWHU PDWULFHV ZLWK H
DQG WRWDO UHODRWHRIMQWLIPHRQ PDVV EDODQFHV VHSDU
GLVVROYHG DQG SDUWLFXODWH RUJDQLF FDUERQ DQG
GHPDQG UHVLGXDO LURQ DQG VOXGJH SURGXFWLRQ DI
SURFHVV V WHFKQLFDO IHDVLELOLW)\ IRU ZDVWHZDWHU S

2QH IHDVLEOH OD\RXW FRXOG EH IHUUDWH )H 9, S
RIRQDWLRQ FRQWDFWRU )HUUDWH SHUIRUPV LQLWLDO
RIRQDWLRQ VWDJH R[LGL]JHVY UHPDLQLQJ SDUHQW FRPSR)
VROLGY VHSDUDWLRQ VHGLPHQWDWLRQ ILOWUDWLRQ
DGVRUEHG RUJDQLFV 6HSDUDWLQJ WKH VWDJHY DOORZV
WLPH DQG R]JRQH GRVLQJ ZKLFK FDQ PLQLPL]JH PXWXDO
R[LGDQW H[SRVXUH +RZHYHU WKLV LV D FR@QFHSWXDO
YDOLGDWHG HQJLQHHULQJ GHVLJQ 3UDFWLFDO LPSOHI
YDOLGDWLRQ RI R]JRQH PDVV WUDQVIHU DQG RII JDV
PDQDJHPHQW Rl UHVLGXDO LURQ DQG VOXGJH DQG GH
KDQGOLQJ DQG GLVSRVDO VWUDWHJILHV

&RQFOXVLRQV

$PRQJ WKH WHVWHG GRVLQJ FRQILIXUDWLRQV IHUL
RIRQDWLRQ DFKLHYHG WKH KLIJIKHVW UHPRYDO RI1 )/=DQG
8QGHU WKH VHOHFWHG FRQGLWLRQV UHPRYDO RI ERWK |
DEDWHPHQW UHDFKHG DSSUR[LPDWHO\ 7TKH SURFHVYV ¢



EXW FDUERQDWH DQG ELFDUERQDWH QRWLFHDEO\ VXSSU
WKDW ZDWHU DONDOLQLW\ PD\ FRQVWUDLQ WUHDWPHQW

5DGLFDO TXHQFKLQJ WHVW DQG (35 x®»QIZOWWIKHO UH)
GRPLQDQW UHDFWLYH VSHFLHV ZLWK DG&Gd WVRQDDHMR QW
R[\JHQ DQG GLUHFW UHDFWLRUWD/QEIBHPDWRAG SURGXFV
LQGLFDWHG WKDW )/= DQG 7(% XQGHUZHQW KHWHURF\F
GHKDORJHQDWLRQ DQG VXEVHTXHQW IUDJPHQWDWLRQ ¢
DQG JHEUDILVK HPEU\RV VKRZHG UHGXFHG WR[LF UHVSRQ
UHGXFHG ELRORJLFDO HIIHFWV DV SDUHQW FRPSRXQG FR

7KH )H 9,VETXHQFH DOVR DFKLHYHG KLJK UHPRYDO D
FODVVHV VXJJHVWLQJ D EURDGHU VXEVWUDWH UHVSRQV
ILQGLQJV VXSSRUWWWDDWBH®W D2 D SURPLVLQJ DSSURE
R[LGDWLRQ Rl SHUVLVWHQW QLWURJHQ FRQWDLQLQJ FRC
UHDO ZDWHUV DQG XQGHU FRQWLQXRXV IORZ ORZ FRQF
FRQILUPHG

YXQGLQJ 'HFOBUD XRIULAIQZDY VXSSRUWHG E\ WKH LQWHU

6FKRRO RI (FRORJ\ DQG (QYLURQPHQW ,QQHU ORQJROLD
&RDO &KHPLFDO :DVWHZDWHU 7UHDWPHQW DQG 5HVR
7HEFKQRORJ\ 5HVHDUFK &HQWHU WKH ,QQHU ORQJROLD .H
DQG /RZ &DUERQ 5HVRXUFH 8WLOL]DWLRQ DQG WKH 'HSI
6RFLDO 6HFXULW\ Rl ,QQHU ORQJROLD $XWRQRPRXV 5HJL|
DVVLJQHG



5HIHUHQFH

%LDQHW7D@D]ROHV LQ WKH HQYLURQPHQW $Q XSGDW!
KD ]DUGV DQG UHPR®DDURHFKQWDXOHBHVHDUFK
GRL M HQYUHYV

&KHQ = ) <LQJ * * 2FFXUUHQFH IDWH DQG HFRORJ
IXQJLFLGHV DV WKHUDSHXWLF DQG SHUVRQDO FDUH Sl
(QYLURQPHQW ,QWHUQD®&®RRQDO M HQYLQW

DKOH 0 %XHUJH , - +DXVHU $ O0<OOHU 0 ' 3RL
2FFXUUHQFH DQG )DWH LQ :DVWOYDWHYU BBIG 8N EBKDRDO :
GRL HV

3DFKRODN $ %XUODJD 1 )JUDQNRZVNL 5 =JR&D *U
( $]JROH IXQJLFLGHV %LR GHJUDGDWLRQ WUDQVIRU
HOXFLGDAWLRQFH RI 7KH 7RWDO (QYLURQPHQW
GRL M VELWRWHQY

BKL : =KX 0 /X * 2[LGDQW PHGLDWHG UDGLFDO
IXQJLFLGH 7(% LQ DTXDW LF PHGLD 'HJUDGDWLRQ PHF
&KHPRVSKHUH GRL M FKHPRVSKHUH

3HQJ HW MDOWULEXWLRQ EHKDYLRU DQG IDWH RI D]
PHFKDQLFDO ELRORJLFDO DQG FKHPLFDO WUHDWPHC
LQD 6FLHQFH RI 7KH 7JRWDO  (QYLURQPHQW
GRL M VELWRWHQY

&DVWURW TEBH RI IOLIJKW PDVV VSHFWURPHWU\ DVVHV\
FOLPED] ROH 89 DQG 89 + 2 GHJUDGDELOLW\ .LQHW

SURGXFWYV HOXALVGBWLRQ5HVHDUFK

GRL M ZDWUHYV

ILP 6 6KL - / YRQ *XQWHQ 8 OF&XUU\ ' [ 2]R

FRPSRXQGV LQ ZDWHU DQG ZDVWHZHDW B H YV i DRIFIKW L FD
GRL M ZDWUHYV

6KDUPD 9 . )HUUDWH 9, DQG IHUUDWH 9 R[LGDWL

.LQHWLFV DQ G &RHRRKILQIDMWPLRQ &KHPLVWU\ 5HYLHZV
GRL M FFU

+XDQJ6 HW IHQWUDWH VHOI GHFRPSRVLWLRQ LQ ZDWHU
SURFHVV 5ROH RI )H 9 VSHFLHVY DQG HQKDQFHPHQW .
XOIR[LGH R[LGDWLRQ EDWHAHVYHVHDUBRVH

GRL M ZDWUHYV

&KHQJ HW OCXXDQFHG R[LGDWLRQ RI PLFURSROOXWDQ\
SURFHVV 3H UIRUPDQFH PHFKDQLRXUROG WIR[DMHAA
SURFHVV (QJLQHHUL®RL M MZSH

=KDQJ6 #W ®XIIHU IUHH R]JRQH IHUUDWH 9, V\VWHPV IF
RI HOHFWU RQ GHILFLHQW FRQWDPLQDQWY 6\QHUJLV)
WR[LFLW\ DVVHVVPHQW DQOWSUDBWYHDOFBEKSSOLFDWL
GRL M ZDWUHYV

‘DL ;HW pXVLIJKW LQWR WKH IHUUDWH 9, R]JRQH SUR



VIVWHPV SURPRWH WKH HOLPLQDWLR@KRIP LHF®HOFW UR
(QJLQHHULQJ -RXUQDERL M FHM
/L :HW(DI®FWV RI RSHUDWLQJ FRQGLWLRQV RQ LURQ k
URIOR[DFLQ GHJUDGDWLRQ LQ SRWDVVLXP IHUUDWH F
"-RXUQDO RI (QYLURQPHQWDOGSFILHQFHW MHYV
+XDQJ6 =HW [PGBDFW RI 3KRVSKDWH RQ )HUUDWH 2[L¢
&RPSRXQGV $Q 8QGH UHWWLPRWHGF2[LBGHDRXWQRO
GRL DFV HVW E
'LQJ $W IJDGDWLRQ DQG FRDJXODWLRQ DGVRUSWLRQ
SUHW UHDWPHQW RQ RUJDQLFV UHPRYDO DQG PHPEU
RFHVV GXULQJ VHFRQG BB L HQIK RQ WKW WIROWDPH@W L UR
GRL M VELWRWHQY
<DQJ HW ,DWHQVLILFDWLRQ RI RJRQH JDV OLTXLG PD\
HIILFL HQF\ $ FULWDRMDHU WHHWLHHYU F K
GRL M ZDWUHYV
.DPDFKL 7 .RXQR 7 <RVKL]DZD . 3DUWLFLSDWLRQ
'HSHQGHQFH RI WKH S5HDFWLYUW\ &XIHPHUUDWH 9,
GRL MR R
-LDQJ < *RRGZLOO - ( 7RELDVRQ - ( B5HFNKRZ
BROXWHV 1DWXUDO 2UJDQLF ODWWHU DQG 3DUWLF
'HFRPSRVLWLRQ LQ $TOQHRXWR B ROKIWLRHFPKQRO
GRL HV z
%X[WRQ * 9 (OOLRW $ - 5DWH FRQVWDQW IRU UHL
ELFDUERQDYQMWHIRIDWLRQDO -RXUQDO RI 5DGLDWLR
,QVWUXPHQWDWLRQ 3 DUW & G5DGLDWLRQ 3K\VLFV
GRL
'RMQiURYLWYVY / 7yWK 7 7DNiFV ( 5DWH FRQVWDQ\
UHDFWLRQV ZLWK PROHFXOHV Rl HQYLURQPHQWDO LQ!
6FLHQFH RI 7KH 7RWDO (QYLURQPHQW
GRL M VELWRWHQY
*XR < <X * YRQ *XQWHQ 8 :DQJ < (YDOXDWLRQ F
UDGLFDO DV FKDLQ FDUULHU IRU WKH IRUPDWLRQ RI
‘DWHU 5HVHDUFK GRL M ZDWUHYV
‘DQJ HW ©P®GLVFRYHUHG 6SLQ 7UDSSLQJ $UWLIDFWV
3URFHVVHV ,PSOLFDWLRQV IRU ,GHQWLILFDWLRQ RI
DW$&B (67 :DWHU GRL DFVHVWZDWHU F
5D\DURWK 0 3 $UDYLQG 8 . %RFIJNDM * $UDYLC
R[\JHQ LQ WKH UHPRYDO RI RUJDQLF SROOXWDQWYV $Q
SDWKZD\V EDVHG RQ PDVV VSHFW BRKMHPR Y S PKEH')7 FD(

GRL M FKHPRVSKHUH
/L = -LDQJ < 5HYHDOLQJ WKH .LQHWLFV RI )H 9 ,9
'ULYHQ &RQ WDPLQDQW 2[LGDWLRQ $§YQUREDGFIURE]
7HFKQRO GRL DFV HVW F

‘X <HW )HWUDWH 9, DVVLVWV LQ UHGXFLQJ F\WRWR]



PDPPD OLDQ FHOOV DQG RUJDQLF EURPLQHWIIRWPDWLR
SHVHDUFK GRL M ZDWUHYV

/ILX - =KDQJ = &KHQ 4 =KDQJ ; 6\QHUJLVWLF HI
LOWHJUDWHG SUHWUHDWPHQW RQ WK H LPSURYHPH
DOOHYLDWLRQ RI FHUDPLF 8) P HPEUD-GRXU@DOHRIODLF

OHPEUDQH 6FLHQFH GRL M PHPVFL
-LDQJ < *RRGZLOO - ( 7RELDVRQ - ( 5HFNKRZ

R[LGDWLRQ RQ QDWXUDO RUJDQLF PDWW HWWMQG GLVLC
5HVHDUFK GRL M ZDWUHYV

)DK\ : ' =KDQJ = :DQJ 6 /L / ODEXU\ 6 $ (QYL
WKH $]ROH )XQJLFLGH )OXFRQD]JROH DQG ,WV 3HUVLV\
3URGXFW 7LD BRR G 6FL 7HFKQRO

GRL DFV HVW F

3DUWKHQLGLV 3 )DND $ S$ULVWLGRX 1 (YJHQLGR

5HPRYDO RI DQWLIXQJDO DJHQWV IOXFRQD]ROH DQG Y

KRPRJHQHRXV DQG KHWHURJHQHRXV SKRWRFDWDO\\

RSWLPL]DWLRQ DQG WURXWEGDODRVLRY W RGERFWWV (Q
GRL M MZSH

&DO]D HW BOJK(SHUIRUPDQFH OLTXLG FKURPDWRJU!

VSHFWURPHWULF LGHQ WLILFDWLRQ RI WKH SKRWRWU

RQ WLWD QLXPIBVM\RASHFWURP GRL MPV

(VFKHU % , )JHQQHU . 5HFHQW $GYDQFHV LQ (QYLUHJ

7UDQVIRUPDWLRQ (@YRURGXFWNFL 7HFKQRO

GRL HV

6LQJKHWY ZIJDGDWLYH WUHDWPHQW RI PLFURSROOXWDQ

VSHFLD O HPSKDVLV RQ WUDQVIRUPDWLRQ SURGXFWYV

VFDOH LQYH\RXUIDDVMLRRIV (QYLURQPHQWDO ODQDJHPH

GRL M MHQYPDQ

JHQJ BMW'BHOUDGDWLRQ RI IOXRURTXLQRORQH DQWLELR

RI ZDWHU FRQVWLWXHQWV :ID/QKU RIHG HIHGEF KSUR G X F W \

GRL M ZDWUHYV

7KRPDV 0 1Da F] -DZHFNL * *LHEXAWRZLF] - 'U]H:

R[\WHWUDF\FOLQH E\ IHUUDWH 9, 7UHDWPHQW RSWL

WR[LFRORJLFDO VWXGLHV Rl WKH GHJUDGDWLRQ SUI

FUHDWLQLQH RQ &WHMLFADHPRYDOQHHULQJ -RXUQDO

GRL M FHM

<X +HW)BIOUDWH VFS!YL VFS! LQLWLDWHG R[LGDWL"

FODUL ILHG E\ ')7 FDOFXODWLRQV (DYADWRK IBBLVXO

3URFHVVHV ,PSDFWE@RL F HP 