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6SKHULA2O0LDQRSDUWLFOHYVY 6\QWKHVLYVY DQG &KDU
SKRWRFDWDO\WLF '"HJUDGDWLRQ RI OHWK\O 2UDQ

$' .KDODML
'"HSDUWRPIHEIKWMPLVWU\ )DFXOW\ Rl 6FLHQFH *ROHVWDQ 8QLYHUVLW\
5HFHLYIHRR&YHPEHU$FFHS\WHGXD U\

7KH VSKHULFDO)HYRQDRIRGBUWLFOHYV ZHUH SERSWUBGGXMRQYLURE PG WBED |ULHQ
GHFRPSRVLWLRA* RID\W WKH SUHVHQFH RI PDOLF DF&GRPDVKN UKWLRQRGXFMWWZDV FK
JRXULHU WUDQVIRIEP YOHFDWMG/FRBID\SBEZAHDFWLRQ :5' YLEUDWLQJ VDBSOH PI
WUDQVPLVVLRQ HOHFWURQ PLBPURVERSHHVKOWYK$SUHWGLFWHG WKH IRUPDMARRQ RI VI
QDQRSDUWLFOHV 7(0 LPDJH2LQORWRE D DW HEO WK XW GVKSKHULFDO V KSUBHSHB®E0 UH V X (
QDQRSDUWLFOHV ZHUH IHUWWHARR DJQ HIR XFKMHD SW-RM. B BN WD O\ WHR F DIFQVR.Y' D WW RF OMK/HZ D V
E\ WKH SKRWRGHJUDGDWLRQ RI PHWK\O RUDQJH 02 DQG GHHW KU® EGLXIHW DRAQ LTK B TH
VROXWLRQ VRUEHQW GRVB FRQ® DREOWWADPHFRQFHQW UIMWZRQHRD GXRW W X GLID® G$W §
SURFHVV WKH FDWDO\VW FRXOG EH VHSDUDWFHGLBQG WHHRY H YV K BHEXWQLIETRIED WWVAY WG
FDQ EH XVHG DV DQ HIILFLHQW SKRWRFDWDO\VW IRU H8PRWI)\OVMRDEBMDSHE GXAW LERP |

.H\ZRUGM2 QDQRSDUWLFOHV 'HRRPERVLMWHWRIQ\OOHBKHNO 3RKRWRFDWDO\VW

,1752'8&7,21 R[LGHH2 QDQRSDUWLFOHV ZLWK FRUX
ZLGHO\ XVHG IRU SKRWRFDWDO\WLF UH
7UDQVLWLRQ PHWDO R[LGHV DQCG\HV VXFK DV ELVSKHQRO $ > @ UKRC
AR > @ &X2 2@ @Q20Q @ &H2 @RUDQJH > @ DQG &RQHR IWHEHU\ @ WDKEH
11&R (=Q)H2 > @ 2LPH@ DRG>)H@ WKH ROGHVW NIQRHEZQ DIQGRQVKRH HQG |
KDYH YDVW DSSQRFRPMIRWBVLHY /SWUDQVIRUPDWLRQV RI LURQ R[LGHV >
GHJUDGDWLRQ DQG UHPRYDO Rl RPRUSKRORJLHY RIDQRSDUWLFOHV ZLW}
RSWLFDO PDWHULDOV DQWLEDFWIFU\WWWDOOLQH VWUXFWXUH ZHMU® RKV
KHDY\ PHWDO LRQV 5HFHQWO\ HGHJUDGDWLRQ RI RUDPEWHRO&\HYFDO D
SDUWLFXODU ZDWHU FRQWDP L GIPW LIRKH PLL\F [RQ@ ML R) $181 UQVD Q R S DFJSMILAE® W X Q H
IDFLQJ KXPDQ VRFBHKEVHTXHQWO\ EUHPRYWORBOLQJ WKHLU VL]H VKDS
RUJDQLF G\H SROOXWLRQV IURP ZBDWHBPHWHU® S5HFHQWOVS WYIBRRHULFD
> @ DQG SKRWRFDWDO\WLF GHJWQDQRSPR@WUWHDWHWVRIHBLIHG XVLQJ GLII
LPSRUWDQW GXH WR LWV HFRQRPLWKH)GKBIQH LSRSYPLHFQWD 8 QE ®QHKBVL\DIDU H Q
6R IDU YDULRXWYHVDIMD RMWHIWDYI> @ UHSRUWHG WK HH2U KIRWP EDRX H3 LB OH
UHPRYH YDULRXV FRQWDPLQDQWVSKRWRFDWDO\WLF GHJUDGDWLRQ DER:
DTXHRXV VROXW@RQFRQJKHRIPDMUWRE:DQHW BO@ VWXGLHG WKH PHWRSRURX
- QDQRSDUWLFOHV DV FDWDO\WW XQGHU
&RUUHVSRQ G LRDJIDXIWVGKNRWD O(DML#\DIUHPRYH PHW K FOZRWDWHIZD WHRU Z1KNK .
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D QDUURZ EDQG JDS RI H9 > @ PLFURVFRSH $ : [HQRQ ODPS ZLWK
EHLQJ XVHG LQ SKRWRFDWDO\WLF ILOWHU ZDV XVH DVDGGILWDVEIRD /OLRXWF
GXH WR DGVRUSWLRQ RI YLVLEOH (PDJQHWLF SURSHUW.BWKRWUVJ)NPEH DV
@ 7KHUHIRUH SKRWRFODWDPWWRBED®RSD UAMIADOHYHFRUGHG XVLQJ YLEL
RUJDQLF G\HV LV HFRQRPLFDO HFPDJQHWRPHWHWLY6USHFWUXP ZDV GRQ!
VDYH IRVVL@@IXHO > 899LV 3HWDWHY VSHFWURSKRWRPHWHU I
$]R G\HV VXFK DV 02 DQG 0% DUDQJHV Rl QP DRRP WHPSHUDWXUH 7K
YDULRXV LQGXVWULHV VXFK DV WHVXUIDFH DUHD DQG SR U HDPMBONWHS BRI M@ C
FORWKHV $ERXW Rl WKHL@WR/ VDl GDQFRKIUUIWGFOHY ZHUH FDOFXODYV
HQYLURQPHQW PDLQO\ LQ ZDWHU (PRSISWBNOOHD PAH\ PHW KR{EQ\BIEH Q®D) U |
VWDEOH WR[LF DQG KD]DUGRXV +%JK FRQGHAOQWHDSHRWLRHONKHP
OHDGV WR VHYHUH KHDOWK LVVXHV IRU KXPDQ VXFK DV WXPRUV VNLQ
LUULWDWLRQ PXWDWLRQV DQG DC3UHSDUDWL® B2RIDWRIVGEEDH\VGDWLRQ
Rl WKHBYMQRF G\HV XVLQJ SKRWRFD J RI IHUULF QLWUDWH WKUHH K\GU|
JDLQHG JUHDW DWWHQWERKRWRRMHVZHUH YLJRURXVO\ PL[HG IRU PLQ LQ |
WUDQVIRUPDWLRQ SURFHVV LV NQ XQLIRUFES®DMH SRZGHU 7KH REWBLQHG
IRU SUHSDUDWLRQ RI YDO®DB®IFHRDW f& IRU K LQ WKH HOHFWULFDO IXU
DGYDQFHG R[LGDWIRY SWRFHWHA7KH UWAVXD EODFN SUHFLSLWDWHV ZHUH
WHFKQRORJ\ JDLQHG JUHDW DWWIZLWK FROG GLVWLOOHG ZDWHU DIQWHU
ZDVWHZDWHU WUWHDWP ISQWRE XFHV VFKDUDFWHUB]HG6'E®9§0 DQG 7(0
DJHQW VXFK DV K\GUR[\O UDGLFDOV WR R[LGL]H WKH RUJDQLF
FRPSRXQGV +\GUR[\O UDGLFDOV (Y DOXDWKR® RF D $FDMONYNLIF
XOWUDMMREBOW OLJKW L@UDSEOWRWH 9DULRXV DPRXQW)H2 QDQRISDDWLFOH
TXDQWXP FDOFXODWLRQV XVLQJ GIDGVRUEHQW ZDV@RGGHG WIRQREO 0 2P J
ZDV XVHG WR FRQILUP WKH DGVRUDQG RU 0% DTXHRXV VROXWLRQ DQG V
SROOXWLRQV RQ WKH YBULRXV DGVGDUN WR DFKLHBHSRDNGWRREWHRRLOLE L
&RQWLQXLQJ WKH SUHYLBYMWZRYLVLEOH OLJKW LUUDGLDWLRQPORU YDU I
YDULRXV WUDQVLWLRQ PBYDMKRWQ@VROXWLRQ ZDV FROOHFWHG FHQWULIXJ
KHPDWLWHXH QDQRSDUWLFOHV ZHLWKHQ WKH VROXWLRQ DEVRUEBRW¥FH ZD\
FKDUDFWHULHRGWED@R®RZHQYLURQPHVSHFW UR SKR3OR PRIQHH U
VWHS WKHUPDO GHFRPSRVLWLRQ ,Q DGGLWLRQ SKRWRFDWDO\WLF
GHJUDGDWLRQ RI 02 DQG 0% XQGH5(68/76 $1' ',6&866yURELDWLRQ
XVLQS WS D)HA GQ.DQ RIMHMWVADY VWXGLHG
&KDUDFWHUL)BAVLRQRREBIDUWLFOHYV

(;3(5,0(17%/ 7KH )3 VSHFWUXR RIDQWSEBOHV )LJ
ZDV UHFRUGHG XVLQJ .%U SHOOHMW IUR
ODWHULDOWRR GV VHHQ LQ )LJ WKH VKDUS LYHDWYVDWQ B E

JHUULF QLWUDWH WKUHH K\GUDW M RXWHKG W DHWRPKILKBIQREIL BRK RS ERION RD VW
DFLG PHWK\O RUDQJH DQG PHWK\QVEDWWHLBEZQHG NMRJW KHX BHREQBVY KG@Y LE UD W |
IURP OHUFN &RPSDQSHREWUXP ZDV |)LIJXUH VKRUZD\VEKHIUDFWLRQ SDWWH
ZLWK D QGCHRINL @QV$SXF IURP WR SUHSRHPGW)INEH QDQRSDUWLFOHV DW
7KH ;5" SDWWHUQ ZDV UHFRUGHG EVKHWKDWOFWEW LYWHFWGRIZDDFWLRQ SH
GLIITUDFWRPHWHU.. ZVLRXUFB &XRfP
7(0 LPDJEMURIEWDEQH@@/ 8+B(0 DQG
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SDUDPHWHUV RI D c E c DbQG F J
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7KH DYHUDJH FU\WWWDOOLQH VL]H RI QP ZDV FDOFXODWHG
IRU WISH H3\D YyHG QDQRSDUWLFOHYV IURP WKH WZRH©
SHDNV RI DQG DQG DFFRUGLQUJWBDYRKNHLUFU KW WH K HBDIMWS@BHR S R |
> @ ZKLFK LV FRQVLVWHQW ZLWK WKH 7(01 DBRRBEDWWILFOHYV

' FRV
DQG WKH DYHUDJH SDUWLFOH VL]H ZDV

,Q (TXDWLRQVY WKH FU\WVWDOOMWKH 0+ FXUYH REWKIDIHRRGQDQRSDUWLFOF
UD\ ZDYHOHQJWK &P LV WKH ):+8 RYVKREQ LQ )LJ ZKLFK H[KLELWV WKH I
VKDUS SHRN WK DQIOH > > @ 7KH VDWXUDWGRQUHPIQDQW

7KH 7(0 LPDJH )LJ VKRZV WK DMD WXHHWR RV KRQ@ ZHURHI  ZKO@® F R HHURPL)Y
WKHSDMSDYH2ZGQDQRSDUWLFOHV ZDV+4X@DNRUP ZHDWIQRZQ DV VR{WIPOWH UL
VSKHULFDO VKDSH 7KH VZHINHRIRWRD WK HSPORMVEQ D@QHR\S DADW L6 RNAMWQKRD W
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VSKHU)MAD@MDQRSDUWHPRHMIHSRUWHG g\
IDVVRKWGBO@ DQG KLIJKHU WHKXEH WKDW RI TXDVL
.)J)H2 QDQRSDUWHPXHYIRU UHSRUWHG E)\ /LX
HW PO@ 7KH PDJQHWL]DWGR—I@H/QDG\N}_(%Q%EDNLRQ Y P'OXH
WKH GLITHUHQWHZWQXE@ RVXDBIW LFFIOHV 2
7KH 8V DEVRUSWLRQ ZDV GRQH ﬁW RRP WHPSHUDWXUH
)LJ 7TKHUH ZDV D SHDN DW QP VLPLODU WR WKDW UHSRUWHG
E\ +DHQV PO@ DQGHWDBDAEML7KH FRUUHVSRQGLQJJ
EDQ®S HQHUFDOFXODWHG XVLQJ (TXDWLRG@S > 4@ ZPV 650 750 850

IRXQG WR EH H9 Wavelength (nm)
YLJ 899LV VSHFWKDBSFDRS D) HA G
(s PD[ 1DQRSDUWLFOHV

,Q DERYH IRUBXODWEKRQFKDUBEWHULVWLF 89
SHDN R SWKHS DM2G QD Q RRSIHMW IBR W K 4.00047
SUHSDYH2G QDQRSDUWLFOHYV IJDSVIRIQDUURZ EWWG

H9 > @ FDQ DEVRUE WKH YLVLEOH DQ[G.:880W N LRQV RI WKH
VXQOLJKW DQG DFW DV D JRRG FDWDMAV G“I’C‘I{Z}Ely_(‘%HJUDGDWLRQ ﬁ
YDULRXV RUJDQAF G\HV > T {

7KH VXUIDFH DUHD H GG VWK BXRUER / LR | 0 A2 J
SUHSDUHBE QDQRSDUWLFOHV ZHUH SYRGERYGHG XVLQun
QLWURJHQ GBVRUSWLRQ )LJ DVLQGLFDWLQJ WKDW //*""‘
SUHSDYHRG QDQRSDUWLFOHYVY DUH PHVRSRURXV PD)N«H’ULDOV__ADS

——DES
WKDW VKRZ W\SLE®O PBE$RUWSVEIHRQ LVRWOKHJ'F

/dr,,

d%

mesaettes]

ZLWK + KWABMUHVLY ORRS LQ KLJK SUHVVXYH > 0@ 1
7KH FDOFXODWHG % (7 VXUIDFPH DUHD ZDV P ie
@ )L % (7 DQG %-+ LWRKVBBHMBD)\RAG

DQRISDUWLFOHV
SKRWRFDWDO\WLF (YDOXDWLRQV

,Q WKLV ZRUN SKRWRFDWDO\WLF GHJUDGDWLRQ RI 02 DQG 0%
XQGHU YLVLEOH OLJKW ZDV LQYHVMLJIJDWHG $V UHSRUWHG LQ
QWHUDWXUBPQ@KHDG+FDOV ZHUH JHQHUPDWHG XW¥LQJ

.)H2 QDQRSDUWLFOHV XQGHU 89 RU—\?‘L LEOH LUUDGLDWLRQ >

@ WKH\ ZHUH PDLQO\ UHVSRQVLE?IEB IRU WKH GHJJDGDWLRQ RI
RUJDQLF G\HYLV¥ @®KD8ODFWHULVWLF SHDN RI 02 DQG ‘
0% RFFXUV DW DQG QP > [@/HLGHS\/S}H FWLYHO\ LW GHFUH
JUDGXDOO\ DV WKH FRQWDFW WLPH gQFLLHDVHG

20H RI WKH LPSRUWDQW SDUEI—Q’OHWHUV WKDM -DAtHFW WKH

HITLFLHQF\ RI SKRWRFDWDO\WLF GHJUDGDWLRO RI RUJDOLFE G\HV LV

WKH S+ Rl VROGWERB YHPRYDO HII 2 3 4 5 6 7 8 9 1011 12
VIQWKHWHPH @DV FDUULHG RXOWMHX® pH solution
VROXWLRQ XWRBJ J RI FDWDO\WW 7KH UHVXOWV DUH

)LJ (ITHFW RIS+ VROXWLRQ RQ GHJUDGI

VKRZQ LQ )LJ -
7KH S+ VROXWLRQ ZDVRDEAXBWEG zLwKPPEL R REY
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1D2+ VROXWLRQ 0 $V VKRZQ L( 100
DFKLHYH KLJK HISKHRWREHIRDGDWI § *-MO —--MB
0% ZHUH DQG UHVSHFWLYHO\ g >
VWXG\ RI WKH RWKHU SDUDPHWHU\ E % .F
G\H ZKLOH PHWK\OHQH EOXH LV [ &
HOHFWURVWDWLF LQWHUDFWLRQV € 8| _
WUIDFH RI WKH FDWDO\VW DUH FRQ%WT*" o S+
WKH VXUIDFH RI WKH FDWDO\VW @ & i
VLIQLILFDQW HOHFWURVWDWLE LC 75 'LYHO\
FKDUJHG 02 ZDV REWDLQHG > @ 0.005 0.01 0.015 0.02
LQWHUDFWLR QS E YA M IHHHO \WKHKID U J H Catalyst dose (g)
QHJDWLYHO\ FKDUJHG VXUIDFH RI WKH FDWBW\RWFB ROV MGGRWBKR GKG H J L
S+ > @ 02 DQG 0% G\HV
$QRWKHU HIIHFWLYH SDUDPHWHU LQ SKRWRFDWDO\WLF
GHJUDGDWLRQ RI RUJDQLF G\HV LV WKH HIIHFW Rl WKH DPRXQW RI
FDWDO\VW > @ 7KH HIGHFM BRHQV 1,
RI FDWDO\VW DQG RQ
RI 02 DQG 0% ZDV $V VKRZQ LQ )L. 8
SKRWRGHJUDGDWLRQ RI G\HV RFFX MB
ZDV XVHG WKLV LV GXH WR WKH s < H
Ko DQMry WR SURGXFH 'R[DIH®R KRGU < 4,
24 UDGLFDOV > @
JLIXUH VKRZV WKH GHJUDGDW o2 ‘
PJ OXQGHU YLVLEOH OLJKW LUUL “ e D
SUHVHQFH R)H2 $IWHU PLQ RI H 0 -
0 20 40 60 80 100 120
YLVLEOH OLJKW GHJUDGDWLRQ i v 70 vv kK rc N Q00U IrnMn VV \N L VvV LV
IDVWHU WKDQ GHJUDGDWLRQ RI 02 Irradiation time (min)
VKRZ WKH WLPH IRU GHJUDGDWLRQ )R} 0ZRPOSUL¥R B YRHUWWKEHIUDGDWLR
YDULRXV FDWDO\WVWYV 02 DQG 0% G\HV
7DE OB KRW R FERMWOLG ORLRRRDXW D O \'VAW DREIDWLRQ RI1 02 DQG 0%
3KRWRFDWDO\WVW 'HJUDGDWLRQ WLPHIUDGDWLRQ'UDWH5HI
PLQ
7L2=Q2 02 > @
&H2 0% > @
SULVWLQH &H2 0% > @
&H2 0% >@
YH2 #6 L2#&H 2 0% > @
%L $Q@ 0% > @
%Pk $Q@ 02 > @
. )H2 0% 7KLV ZRUN

. JH2 02 7KLV ZRUN
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7KH NLQHWLF OLQHDU FXUYH)\ 1:.? .-
SKRWGHJUDGDWLRQ RI 02 DQG | — —Linear (MO) ot
GHJUDGD®RRHG IROVLPSOLILHRUMDH 2 = =~ Limear (MB) -
PRGHIQ & $NW DW ORZ LQLWLDO FR $ 25 g o« _s—%
UDWH FRQYWD®WY DQG IRUPAD D & et o ="
0% UHVSHFWLYHO\ FRQIRWEBHIL WK ',x"' -
> @ ,;'(,f’a’ '

7KH HIITHFQLWRLDO FRQFHQWUDWLF 0 ==

10 30 50 70 920 110

RQ WKH SKRWRFDWDO\WW GHJUDGE
GHJUDGDWLRQ SURILOHV DUH VK..oo .« .. Jrradation time (min)
UHVSHFWLYHO\ $V VKRZQ LQ )LJV )LDOBKH SMHMEYRY KRU GHIUWND@HWLFV RI

FRQFHQWUDWLRQ Rl G\H LQFEBWL... WKIIEDWSPIEGADQRSDUWLFOHRY
GHFUHDVHG 7KHVH UHVXOWV DUH Vlnlﬁnll A/ D W/ I/ 1 cliuawvi Dwv\y/ 7I')IINV LQ
1 %

WKH

WKLV DUHD > @

3KRWRFDWDO\WLF DSWHSDWHBRI. o5
QDQRSDUWLFOHV ZDV QRWDEOH GX N\ DQG
WKH KLJK VSHFLILF VXUIDFH RUHWDK 06
HOHFRARORQ SDLUV ® 7KH HE@BRWSB <
SURGXFHC D\GI 2DQG GHJUDGHG WKI = o4
G\HV 7KH SRVVLEOH PHFKDQLVP
GHJUDGDWLRQ RI WHKWRGEHVDVVIBOBEK o2

@ MO)
YH2 K# : KKROH H °
0 20 40 60 80 100 120
K KROH2: + 24 Trrmltien (s =)
)LJ 7KH HIIHFW RI LQLWLDO FRQFHQ\
] GHJUDGDWEREQ¥KBSUHSDUHG

2 H2 .)H2 QDQRSDUWLFOHYV

201 42 2+ N

2427 02 RUOBHJUDGHG SURGXFW o8 \\ —

)LQDOO\ WKH DFWDWQG'W2PBQFBOW 06 \ ——70 mg/L
02 DQG 0% 7KH R[LGDWLRQV SRURG X < b "
GHSRVLWHG RQ WKH DR IQDH) R % D LDW < 04 AN
)LQDOO\ WKH VWDELOLW\ D& U \\
QDQRSDUWLFOHV IRU WKH SKRWRGH 92 AN ~——
VWXGLHG )RU WKLV PDWWHU)HRKH (MB) ) ~—e
ZDV FRODIMAWHBDFK UXQ ZDVKHG X *s 3 4 &b - 55 1 T

f& IRU K DQG ZDV XVHG IRU W el iaiiuesifamei miln]

02 DQG 0% LQ WKH VDPH UHDFWLRQ nnyeuwpnry ey #rLEMWLBO FRQFHOL
)L WKH HIILFLHQF\ RI SKRWRFDWDOWL Ry AFYEDWWA & Al HE IDRGID\U G

DIWHU HDFK UHF\RDHzXH WR GHDFWLYDWLFQI_@ WBBRSDUWLFOHV
VXUIDFH RI WKH FDWDO\VW > @



6SKHULAFR2A DQRSDWBWLF O&LKHP 9RKDV 1R '"HFHPEHU

l"l 5(0)(5(1&(6
g , ~MO —+MB
s 9% : >@ ;X - /LQ ) 'REIl 7TRQJ : $ UHYLHZ
g ' 1LEDVHG OD\HUHG R[LGHV LRQ@ UHF
E g0 | EDWW-HWDHWHU &KHP $ ‘2,
2 CT—e— & 7% $
'E.s >@5R\ 0 *KRVK 6 LDVEDUWKHVLV R
& PRUSKRORJ\ FRQWUROQ@DE R WWIRUFRXX
2 50 ZLWK WXQDEOH WH[WXUDO SURSHU
1 2 3 P N DSSOLFDO@WR® 7UDQV
No. of ‘2, & '7 $
e >@ 6DKX . 6LQJK - ORKDSDWUD 6 2

J)LJ  5HXVDELOLW\ VWRQIGH&HRI WKHF®WDO\WLF UHPRYDO RI WR[LF SROO
SKRWRFDWDO\VW IRU UHF\FORMYXED/QRVKEBIWNU 6FL ODWHU (O

‘2, v
>@ =KRX % <DQJ - -LDQJ QD QRRIRRN
&21&/86,216 VIQWKHVL]JHG IURP WKHUPDO GH

FRRUGLQDWLRQ SRO\PHU DQG XV
,Q VXPPDW2 QDQRSDUWLFOHV ZHUHH®BXERUMAKABDADRIDUV HBWMQ J
VIQWKHVL]HG VWDR@H WRIOHBPDO GHFRPSRVREWLRQ MDRBWOHW

FKDUDFWHUL]IHG B\ WaeH )PQG 7(® @ DL = =KDQJ ; =KDQJ < *XR
DQG ;5" UHVXOWV FRQILUPHG WKH 3SUHS®W BIMGEWRHWRIY SXIUFBEREIRGR XNV
UKRPERKHGUDQHBEKDYVH LRHVXOWV VKRZEGRWKPMOJ DQRGH PDWHULPH IRU
WKH SURGXFWAS KHUWGEL FDXD WIKDSH ZLWKO D\WQK RXP B DWW BDWHIW &KHP  $
FU\WWWDOOLQH VL]H RI QP 960 UHVXOW VKRZH® ¥MKH ¢
IHUURPDJQHWLF SURSHQWQRSDWWHFr® Y WDQSDUDVW 0 6DHGDVVILVVGRGF
DGGLWLRQ SKRWRFDWDO\WLF GHJUDGR®WRAQVUWY DIFo R DRI DPRVGRELG DW/IL R ¢
0% G\HRQAUPHG WKH VXSHULRU SKRWRBEBWD®W LS @\ W E B WD\ORWIF U S LBFES H

WKH)H2 $W RSWLPXP FRQGLWLRQ §BWHWPDIKBXRW ¥y
GHJUDGDWLRQ UHPRYDO SHUFHQWDJH RI WKH 0% DQG 02 ZHUH
§ DQG UHVSHFWLYHO\ 7KH UBWH OFRQAMWP QW $OaBRHAEY $PLQ O

ZDV KLJKHU WKDQ WKDW IRU WKH 02 &&Hw @iRQ (W gt VW /DIYRKHWHUR V
LOWHUDFWLRQ RI WKH SRVLWLYHO\ FKBUWwh® DY &E L&VHWWM K iR \D@RWER @ BvU | F

FKDUJHH2 . 6PDOO FU\WWWDO VL]H QR DHERPFP® DL REK HY PNER OPKIRWR GHJIUD G
KLIJK VXUIDFH DSUBSRYUHKBUBVWKH NHAKRGDPLQH ODBWHHU 6FL ODWHU (O

IDFWRUV WKDW DUH UHVSRQVLEOH IRU WKH JUHDW GHJUDGDWLRQ RI WKH
02 DQG 0% WKAHVGHIJUDGDWLRQ UHPRY®D M BHRXHQ WO IHBRV AH® 0% $PPDU
WKH/ OWKHVYHPHQDQRSDUWLFOHV GLG QRAMWVKRBZ D@QRFU\VWDODL@H 1L[&R
REYLRXV GHFUHDVH DIWHU GHJUDGDWHRQ LFAVHYHVIDE ULFBWHR DS WKURLR &
ZLWK HQKDQFHG VWUXFWXUDO PDJC
$&.12:/('*0(176 DFWLYLOMWHU 6FL ODWHU (OHFW
2, Y, \
7KH DXWKRU ZRXOG OLNH WR JWOgV/ihhOOX HBEF NQ RZOMBRI KKWE 9% $PPD
*ROHVWDQ 8QLYHUVLW\ 6 *DGUBKRW R F DG\HI O \WMERFNHVRIQ\ O
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RUDQJH G\H2EQDQRSDUWLFOHV >X@XMURYLVEEOH FKDOHF . -HOHQ 3
LUUDGLDWLRQ  HIIHFW Rl YDU\LEKIDS W& HPMD\QR SINHWMVEBMYY DQG HQI
WHPSHUDWRWHI U DBFHU (OHFW SKRWRFDWDO\WLF GHJUDGBWLRQ

"2, v 6XUBFL ‘2,

> @L = O0ODR < 7LDQ 4 =KDQJ :M BOSQNVH
(IWUHPO\ IDFLOH SUHSBURWPPDE@RDQBELJIK 6KDR ; =KDQJ 4 7LDQ *
)H2 DQRGH KRMIPRQLWEDWWHSQEY : 3UHSDUDWLRQ RI PHVRSRURXV
&RPSG "2, QDQRSDUWLFOHV DQG LWV DSSOLF
M MDOOFRP UHPRYDORO /LT "2,

v

@-DP]DG 0 %DGNRSHKHQ VIQWKHVLV RI LWR®ROOLT
R[LGH QDQRSDUWLFOHV E\ WKH D @XXKWRKZAD KPW WD F V& KRDIXKODXQ X8  6\QWKH
QRELOLV / OHDYHV DQG HYDOXDWDRG RBIRNEK K' THQ V. P)IHZ WRIBIQIRG D UW L F (

DFWLYLWDQRVWUXFW &KHP YLD SFRHFLSLWDWLRIDWRHAREBRG
‘2, \% URFHHG ‘2,
> @&DR <& 4X - <bQ =KX X <= M PDWSU
6RQJ = /IRERVW VI\QWKHVLV RI> IQRZENXDMWBEYD 0 6LQJK - <DVKSDC

JH2 QDQRVWUXFXUHV IRU KHDY\ PHEVQMWKLVRQUREIMKY PAFKDQLVP DQG F
$GVRUSWLRQ SURSHUMQ JPXGEWHFKDWLYPOH FUWDODKIQBWLEFDO QDQRSDI!

"2, oD \ 1DQRVFL 1DQRWHFKQRO '2,
> @LVVDQD\DNGH1' ODQWL@DMWND 30 MQQ
* 3DOLKDZDSGD@ED@GUDNXPDUD @6DJKL 0O ODKDQSRRU . G6KDILHL +

'H 6LOYD BLWDZOAD* $ 1DOLQ GHQDQR VSKHYLFOOERUMWXQJIJVWRVLOL
6LOYDD .$PDUDWXQJID )PFLOH DQG OREG XVLQJ WZR GLIIHUHQW PHWKR
FRVW V\QWKHVLV RI SPpHIH KHPDWQWH &KHP &KHP (QJ '2,
QDQRSDUWLFOMHVOVURPF QDWW RQU ODWHULWHREDQG

WKHLU VXSHULRU DGVRUSWLRY FEYDEL QL W\XWR Z DLGN; DFLE JRRSDO

56& $GY ‘2, / . 6KDSH HYROXWLRQ V\QWKHVLYV
& 5% - VSKHULFDO HOOLSVRLGDO DQG H
> @<H & +X . 1LX =KDQJ / <DDQ)H2 QDQRSDUWLFOHV XVE&QUIVWVFR
&RQWUROODEOH V\QWKHV)N2 RI UKRPEWRKHGWDO . "2,
HIILFLHQW IRU SKRWRFDWDO\WLF GHJUDGDWLRQ Rl ELVSKHQRO
$ - :DWHU 3URFHVV (QJ '2, > @$QLWKD 7 B6HQWKLO .XPDU 3 6D
M MZSH 6\QWNKLY RIVQBIGRFKLWRVDQ EOHQGH
> @*DQGKD . ORKDSDWUD. -(ONRQYVDIDDFRKRO IRU WKH UHPRYDO RI HR\
3RXG\DO 1 5DMHVKZDBU . DIXHRXV VROXWHEBQ3URFHVV (QJ
OHVRSRURXV LURQ R[LGH QDQRZLUHV'2,V\QWKHW IWZSH
PDJQHWLF DQG SKRWRED®DSBWL RODUVRXPHEIHMULHY &KDNUDERUW\ , 0DQ
"2, & 5% ' )DFBWSHQGBRQYWWGHJIJUDGDWLRQ RI PH

> @7DJKDYL )DUGRRG 6 ORUDGQLD XYL QORSIDG/IL@RIVEMSRE /X I HY
JRURRWDQ 5 <HNNH =DUH ) +HLGDUL '®, (FR DFVRPHJID E
IULHQGRHW\DW QG FKDUDFNZHUL]EDRIN RI6 . %XD]DU ) $OEXNKDW\
QDQRSDUWLFOHVY DQG VWXG\ RI WKHLKDKRW R ADVQIDA VWKW DFKRW RWD W D
IRU GHJUDGDWLRQ RIDQRGER PUHSHWEUWRVDIHW\ RGUPDHYAQWKHVL]HG FH
‘2, 1&5 R[LGXD QRS D W LFHDSH V
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2, v z DQG IRRGERUQH YLUXVHV &DQ 2
@<QDJ : /LX < /L - =KDQJ < SOWKRWHWQRF &ROXOVHQWHUIDFH 6FL

FDOFLQDWLRQ WHPSHUDWXUH RQ PRUSKRDRJ\ DQWG MAK U XFW XU H

RI &HDDQRILEHUV DQG WKHLU SK®WRRBD WD OxW D E RD FSARL MEBICRIDHY V H V

ODWHU /HWW ‘2, $23V ZOQVWHZ\UWBW P& 3ROOXV
M PDWOHW 5HS ‘2, \%
@6QHWKLO .XPDU 6 /HOODOD . PVKRN 0

3UL\DGKDUVDQ $ 6DQMHHYLUDMABXGHQBDMMQ®HDOHHUVFK < 9DQ +
*UHHQ V\QWKHVLIM2 RRP&RXQG XVLQJ+ 'HMDQV 3 'XPRXLOLQ $
&OHRPH FKHOLGRQLL OHDI H[WUWDESOLARWLRQFRDOHMMEFKDQLVWLF 8¢
SKRAWR/ DO\WL-F OFWHYLWFL ODWHU RREAWURWD DHO 06 HQ QLWL L WD CLED D
‘2, v DQG SHUIRUPDQ&KH®PYDQXDWLRQ
[ ‘2, M FHM

@=LDDGLQL ) ORVWDIDYL $ 6KDE®YS®UIDNGGHRNWLUBBUUD 7 ;LD ' ¢
) 3KRWRFDWDO\WLF GHJUDGDWLRQ Rl BHWKHYXHIQALEQ¥H HURPGDWLRQ
DTXHRXV VRO XWLARQ 2 XABLHRF R)U % O X H 8VLQJ VWKWLYB@WRBQ 3HUV.
VKHOO PDJQHWLF QDQRVWUXFWXUH\BWHPYHUIHFWLYH FRWDO\VW
$GY (QYLURQPHQW 7HFKQRXQ z

$(7 > @&DL 4 -RWKLQDWKDQ® /2QHQ8 6
@+DNLPL 0 ORUYDULGLS 0 $GIRADAHE QL +#< +X <- 6KDK3 0 )HQWRQG
3 3UHSDUDWLRQ FKDUDFWHUL]DWIR@BDVAG S$XRVBRRFWDOMNLFRU LQG
DFWLYLV2\$R2 %ID QR FR PBRV\KMIE UR QWU HD WEHDA@FHG 2[LGDWLRQ 3URFHV)

‘2, 7TUHDWPHQW 30DQWV (OVRYLHU
M SRO\ E
@=KD 5 IDGLPLFKHUOD 5 *XR @% HUEGIW U CBRRXAEZHRW yHNRXNRXORW

SKRWRFDWDO\WLF GHJUDGDWLRQ ®DQWHIMWKNQRIRUIRDI\MRVERFBWDO\WLF
QDQRVWUXFWXY KKGHWHP RMXQMMULR QYVRQRSKRWRFDWDO\WLF GHJUDGDWLF

&KHP $ ‘2, DTXHRXV VIRSBX VEIDROD/O % (QYLURQP
F WD M "2, M DSFDWE

@$SNKXQGL%DBGLHIOREKEDPPDGL =LDUD@BEDWDE 1 /DDEG 0 (OMD]JRXOR +
+DE I<KDIQ IMHKX x$R% DWLVW/XTBH 5 .DEOL + $OERXULQH $ ([SHULPI

*UDSKLWLF FDEDBEREG GKWRWFRSAHD W D O\WWW GLRIZD U B | WKH UHPRYDO R
HIILFLHQW RWORLWLRAQUDBRYWEH@DORHWURQLGD]ROH IURP ZDWHW XVLQ.
FKHPLFDOV B8RG XPWILRIDM ,QGXVW &KHP ‘2,

‘2, M PFDW \%

@$VDG]DEBIRHIKDKDBI<DQIJMHBK J > @ 3DODFH &DY YDORKBRGHLR9 3UDWHYV
&1 FDUERE@DEGR®W QDQRARPBRVLIWHYDPDOKR $ ')7 VWXG\ RQ WKH DGV
HIILFDFLRXV SKRWRFDWDO\VWV HRQIRGIIDMHSRQAMQWRO YHUBRIOXOLW

SXULILFDWLRQ DQG HQHUJ\-JHQHWRWIHRYQ $ UHY2HZ v
&OHDQHU 3URGXFW ‘2, ]
M MFOHSUR > @-DOED@L .D\D 6HUGDURJ@XPGHN 6

@+DEL<DIQIJMHK $VMB]DGKRQHJKDK 6 OHPRQ 6 ([SHULPHQWDO DQG ')7 P
JHL]SRRBR»KL 58ilYLHZ RQ KHWHURJRQHWRKWM DGVRUSWLYH UHPRYDO RI
SKRWR F DB/A B DOWRIRAWD MRHU BRUBRIUQH ZDVWH BBI\SHFU7 HFKQRO
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.KDODMVY &KHPO9BRAYV 1R '"HFHPEHU

2, QDQRSDUWLFOHV WKURXJK SUHFLSL
@.LWFKDPVHODWWHNIE 5RQGL\B 6 PHWKR®Y ( ‘2,
O0XODQE 3DWLOG &URVV 5]DGH 1 M SK\VH

< 'HYDQ5 6 Y7 DQG H[SHUWLEAIQWDO <DQJ + :XH ; 3UHSDUDW

LQYHVWLIJDWLRQV RQ WKH SKRWR FDKIDSH B2L.FQIFRVEDYUWILLAHOH R | ZLV2K O D L
QDQREHOWY IRU UHPRYDGC RIORUJDQIREQ SR BONNIB@WER P P

&RPG ‘2, "2, & &( *

M MDOOFRP > @+bQ & +DQ - /L 4 ;LH - :H

@.KDODML 3®ODQJ 6DQJGHYLQ@L = ORRQWIDROUVWDBENKHVLY RI KHPDWLWH

-DURVRYD 0 ODFKHN 3 % HQWRWEFFWXRIDBO O\ HQKDQFHGG6KILVLEO!

IXQFWLRQDBZ]HQGDQRSDUWLFOHV WVQW&HVLWUWLFOH ,° SDJHV

FKDUDFWHUL]DWLRQ PDIJQHWLF DQG RSWLFDO SURSHUWLHV

$VLDQ - 1DQRVFL ODWHU '2, > @.KDODML ®BRXVDYL 8DODQJ 6DQJGHY
$-1$120%7 = -DURVRYD O ODFKHN DBWLWWYHN

@.KDODML $KRUEDQL O 7TKHUPDO VWRGLRVDOQRISDUWLFOHY V\QWKHVL\

LURQ ,, G6FKLIIl EDVH FRPSOH[HV 1IHZGSRIFHWXEIN®R SWRBEHBUYWLHV

SUHSDUDWHRQQBQRSDUWLGOWOBWH. D2VYROL -6&,(1&(6

WKHUPDO GHRBXKMHPR VIIHWR@ > @1HJL . XPDWL@IK * &KDXKDQ
‘2, 6$0, &+(00 &KDXKD® O01DQRVWUXFMXUWKBOEA® L®

@.KDODML 638QWKHVLY FKDUDFWHUL]IDWQROQQDQ®REWNPDOWW SKRWRFDWI

SURSHUWRHQIR) RSFOSWWDEXTHYRVFL &HUQW ‘2,
ODWHU 2, M FHUDPLQW
$-1$120$7 > @1DZL ® 6DEDU 6 3KRWRFDWDO\WL

@.KDODML *XRUEDQL O SHVIUKRALR 6RIS5HDFWLYH 5HG G\H E\ DQ L

1 $NEDUL $ +RUQIHFN : "XVHN 702 FKIUWRVDQ OD\HU- E& RPOOH U QMHW H
9DQDGJIOXP 6FKLII EDVH FRPSOH[ 6RDWKHVLV ‘2,
FKDUDFWHUL]DWLRQ FU\WWVWDO VWUMFWXUH DQG WKHUPDO
GHFRPSRVLA LSO WELKOOBHHWW R G > @6KDKUH]DHL ) ODQVRXULS$ kK =LQD
‘2, 6$0, &+(00 $NKEDUL $ 3URFHVVY PRGHOLQJ DQ

@.KDODML *&«RUEDQL O "XVHN O (RIQBUHWWUROHXP UHILQHU\ ZDVWHZD

7KH EPHWKR{\GUR[\EHQ]RSKHQ8&RRIWRFDWDO\WLF UHRPWRSDXWLEA
FRSSHU ,, FRPSOH[ XVHG DV D 3@HBH B UHPKORY ‘2,

IRU SUHSDUDWLRQ RI &XKRHPQDQRSBBWWFGH YV

OHWRG ‘2, > @3HODH] 0 GHS$D2§6XHD$ . )DODUD
6$0, &+(00 "LRQ\WLRX (IITHFWWRUZDDUDPHWHUYV

@=KDQJ ; 1LX < OHQJ ; /L < GHXDRGDWLRQ RIS ROQBUHRIF\YMWLE OH

6WUDRPWNKYROXWLRQ DQG FKDUDFWBEIMWW DRFWH KRR VWVARRFHDVB/BIONMIN V
WUDQVIRUPDWLRRYV HEHWIOHD . ‘2, M ZDWUHYV
QDQRSDUWLFOHYV XQGHU UHGXKRABRIQJID®G ; XRYLGERRAQWRFDWDO\WLF GH
DWPRV SKHNMM&E&RPP XQ & , 'LUHFW 5HG LQ DTXHRXV VRO
‘2, & &( ( LUUDGLDWLRQ &XW2EBPSRVLA2H DV

@/DVVRXHG $ /IDFVRXNKGO 0% $PPFODWD-O\¥WD]DUG ODWHU

6 *DGUL $ 6\QWKHVLV SKR'WR O XPLQHWVMKBDQFHBHW
DQ®DJIQHWURS HRIMLRQL G H H2 > @&KH® )/LX< = 6WXRQ) WKIRWRFDWDO\W
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GHJUDGDWLRQ Rl JO\SKRWRN;D WHED\NL\X5 =KDQJ 6 "HQ 7 *X 3 /L |

&EKIPRVSKHUH ‘2, 1LX ) +XDQJ 4 7DQJ = :DQJ
M FKHPRVSKHUH UHYLHZ RQ OLYIKMW/ERYPVHEDYHG
> @QODKPRRGA BUDPL O =KDQJ - SUSKRWBWRWQO\WWWYV ZLWK @®QRDQFHC

DRG SKRWRFDWDO\WLF DFWLYLW\ RRUBPREE GKBG XAMRIEIPRVLWH '2,
SKRWRFDWDO\WW WLWDQLD QDQRSDUWINTEGBWWWRGYDWHG FDUERQ
- $00 &RPSG ‘2, > @ODOOHVKDSSD - I1DIJDEKX®KDQD +
M MDOOFRP 9LG\D 6< $QDQWKBUDBWOVKDRIWKD 6
> @&DOLPDQ &&RMRFDUX & $QWRQLDG'IDUXIND3BRXDVBE % 5DMD 1DLND +
, 2SWLPLIJHG SKRWRFDWDO\WLF GHKIUWHDGE®WILER Q% RH XFONLDOQVSHUD PH
%OXH *, LQ WKH SUWXWHIMHGVRR QYRXOWLIXQFWLRQDQRS&BHBHUANLFOHYV 6\

+D]DUG ODWHU ‘2, SKRWROXPLQHVFHQW SKRWRFDWDC
M MKD]PDW SURBWISHMV-WURFKLP $FWD $
> @6]HWR .DQ<XHQ@: 0 &KDQ 6 > @.XQMDFKDQ & .XULDQ EDVEBULX

/IDP .+ (INTHFWLYH SKRWRGHJUD G MVDIQRRY VWRU X F MAX KI\HDV DV HIITLFLHQYV
RUDQJH XVLQJ IOXLGL]HG EHG UHDMWUIBRQ \C-RDNGHIGL IZ 1IF\WN W IFRUIR \BRAW PW R 'GD D
OLQNHG FKLWRVD Q& Gi° ESHERGNHFGF DOMDIREANM WV/Q (QJ THFKQRO ‘2,

, QW - &KHP (RUWLFOH ,° SDJHV M FOHW

2,



