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6XVWDLQDEOH OLQHUDOV ,QVWLWXWH 7KH 8QLYHUVLW\ Rl 4XHHQVODQG %ULVEDQH $XVWUDO

$UWLFOH ,QIR $EVWUDFW

SHEHLYK®\ 7KLY VWXG\ HYDOXDWHG WKH HIILFLHQF\ Rl WKH QDWLY|
SHFHLYHG LOQ SHWWVI&_LQJO_BQ\NID[WUDFWLQJ QLFNHO 1L IURPHKQ®UOHFPIDREG RRLO)Y
QRUWKHDVWHUQ ,UDQ DQG DVVHVVHG WKH IHDVLELOLW\ R

$FFHSWHKG X VW FRQGLWLRROQWKVLUHHQKRXVH H[SHULPHQW ZDV FRQGXFW
3XEOLVKHG RQANV@H VHUSHQVWOLQ@QHWKRD WRWDO 1L FRQFHQWUDWLRQ RI P.
FXOWLYDWLRQ SHULRG WKH DHULDO SDUWYV RI WKH SODAQ\

PJ NJ RI 1L 7KH FDOFXODWHG ELRFRQFHQWUDWLRC

WUDQVORFDWLRQ IMFQMRUPHE HITHFWLYH 1L XSWDNH DQG !

2, MPH URRWV WR VKRRWV 7KH ELRPDVV ZDV S\URO\]HG DW
.H\ZRUGV XQGHUZH@DVRKURYW QG VX\BI2yU LEHDFIKE Q3 7KLV OHDFKLQJ
DFKLHYHG D 1L H[WUDFW LIRQGHWMK ALRNQHFV RO O 1L UHFRYHU\
$JURPLQLQY ELRPDVV DVK ZDV HVWLPDWHG DW (OHPHQWDO DQ
2GRQWDUUKHQD LQIODWBGXFWLRQ RI ODJQHVLXP 0J DQG ,URQ )H LQ WKH ILQD
$16+ &DOFLXP &D DQG 6RGLXP DEOHPHYEOE DMV ®ISSMWEQJ W

UHFU\VWDOOL]DWLRQ RU SXULILFDWLRQUDNGHHSY1BYH QHFH
DPPRQLXP QLFNHO VXOIDWH KH[DK\GUDWH &RPSDUHG ZL
SREBPMILG 2 LQIODWD H[KLELWHG ORZRW NKBRMQDL FIKHYOHQ & LW I0DMQZXC
PXUDOH EXW WKH FRPELQDWLRQ RI LWV VWURQJ HFROR]
QDWLYH RFFXUUHQFH FROOHFWLYHO\ GHVLJQDWHY LW DV
IRU DJURPLQLQJ DSSOLFDWREQN RO QLFNHO

6HUSHQWLQH VRLO

,QWURGXFWLRQ

1ILFNHO D FULWLFDO VWUDWH GLHS B 6 WR IRQWREHKWKEH I OREBOYHV >
PLQHUDO HFRQRP\ SOD\V DQ UQGESRPVGV DEOH GHRBIBRSPHQW RI VX
DFURVV QXPHURXV LQGXVWULDRUDQGUHFRNKQROBRRPFDMWFRQGDU\ UH
VHFWRUV GXH WR LWV H[FHSW LRQDWUD\N LLFD ORL.QE FRIHPH FAZDO/WH HO'l
DWWULEXWHYV LQFOXGLQJ VXSHDQRUHRUURYVRRDFUBVYWMD®RBNM EHFR
WKHUWDBLYLW\ DQG PDOOHDELORSHUD ®@Y, M %WFEL YMUMHNV HILHY DOLJC
DSSOLFDWLRQV HQFRPSDVV WKSU LVQFH IS0 HVQRSIXW W \FLWRKXODU HFRQR
PDQXIDFWXUH BRH \FIRAUNIRYWRIO O KBYH ORWKHEW DV WKH YDORUL]DWLF
LRQ EDWWHU\ FDWKRGHV HOHFWRRSPHDW QRWSRG 6 M W\HEWK FBIY GG HSH Q
DGYDQFHG PHGLFD@ @VHFRXQRIGRRAMIV EXW DOVR PLWLIJDWHV HQYLURGC
\HDUV KRERMFHWQV RYHU WKH VHFKKRQRPHVRUMMERXUFH HIILFLHQF\ &RQ
JOREDO 1L VXSSO\ KDYH LQWH\QHAKDR® R A HW HMXFK\ DV DJURPLQLCG
VXUJLQJ GHPOWIGFXODUO\ IURPLQUDILEOWH JIPILIQABQW DWWHQWLRQ
H[SDQGLQJ UHQHZDEOHDBGHWKHLSBIROFEHNYY IRU VXVWDLQDEOH Pl

E &RUUHVSRQGDEH X WKRIRR#ABIPEH®L FRP
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SDUWLFXODUO\ LQ UHJLRQNGHQBGHRUZHIO ZEWRPORY 7\SLFDOO\ WKHV
GHSRVLWYV > @ DFFXPXODWH PRUH WKDQ PJ NJ &G
S8OWUDPDILF URFNRVIVQ G RWRRERV\RU & X PJ NJ 1L PJ NJ =
SHULGRWLWH PQGH BDSHQWO@LWHH UPBKNHGOQ LQ WKHLUZHLRRWY RQ |
LQ PHWDOV VXFK DV 1L &U DQGDARV7KHVYH H®HPHRWYV 1L  WKH DI
DUH SUHGRPLQDQWO\ KRVWHG H\G HSIDIFFXP\X @ DQYH BRQONKRUHVKROG H[F
LQFOXGLQJ ROLYLQH S\UR[HQH RIQO ZGENBMOEDKURXJIJKR GDWH PRUF
FKHPLFDO ZHDWKWUWKWOHDVHG MQUAENHBIKBDFFXPXODWLQJ VSHFLHV k
VLOLFDWH ODWWLFHV RI WKHVHLBHHVYIDIOM GD & W K BV KIH XPHDQAWRQ\L W\ W F
LQFRUSRUDWHG LQWR VHFRQGDHFBKDMHNPWXFK DV@R[LEMADEOH H[DPS
YH DQG 0Q K\GUR[LGHV RU ®RHUDN®R PMHWRG®@XKP EHBWROR{ILL
FRPSOH[HV > @ 6HUSHQWLQHQLFEFRIORDHWERQWRUOKHQDDPXUDOLYV
GHULYHG SULPDULO)\ | SRI\WHQL®RWR WHR PHBGKMHU H[FHSWLRQDO HIILF
FRYHU DSSUR[LPDWHO\ Rl WKHXSIMDNKTP FR QFE XEHQODDAL R Q >
ODQG VXUIDFH DQG RFFXU DFURVWVSBUDEGMPUDQWR®RI VSHFLHV  KC
FOLPDWH JRQHV 7KHVH LQFOXGH[WUHRSYLND® \UWRIRMH/GS M B MIHFORW W D U
1HZ &DOHGRQLD %UD]JLO ODOIM\VIHFRYBGRQWRRIFRQWDPLQDWHG VF
2PDQ DV ZHOO DV WHPSHUDWH PRIGH\L QK& XV WKID@ Q\REDHGERH WKH PRV W
BWDWHV VHYHUDO (XURSHDQ SHBRPMQHGW JOREWODMUIWLDWLYHV LV
7XUNH%* ® &KDUDFWHULVWLFDOSIWURWPHIQHH SBEQWEWVWFRGHRSWLPL]H 1
ULFK LQ KHDYSDPWWHEXOWUO\ BSK\WRWHKFRYHU\ I[URP XOWUDPDILF VR
FRQFHQWUDWLRQV W\SLFDOO\ UDWKLQMIQYURRQPHQWRO VXVWDLQDEL
PJ NJDQG FRQWDLQ HOHYDWHBRQRPMGWIRQFLISOHY > @ ,Q ,UDQ
DQG )H D ORWRDIQFWM{XP UDWIDRJHDZALGHVSUHDG RIIHULQJ FRQVLGH!
GHILFLHQFLHV LQ HVVHQWLDO ©RFDRQXWURFPHL@W ¥ J EFEWXUIDW R Q V@
QLWURJHQ SKRVSKRUXV DQGLQSRMMKH VX®RWUDXFILF UHJLRQV RI .
FKHPLFDO SURSHUWLHV LPSRVH UPDGMKDKHFBORYILRIFAHY KDYH G
FRQVWUDLQWYV SRVLQJ FRQVLGNUDES® K WEKQ B OHRLIHW MRVEKODIQ WRQF H (
JURZWK DQG VXUYLYDO > @ DQG PJ NJDORQJVLGH QDWLYH Q
$OWKRXJK VHUSHQWLQH VRLOK\FROMFFXE XIOBW HELCE@MDW I KHXFIK [
1L FRQFHQWUDWLRQV WKHVH O H@HDDAZRIRQMIDUHKBIQP EHSOBRQ@® ZLQHVL
WKH HFRQRPLF FXWRII IRU H[WUDGGRQWRQ LEY KFHROMDY ARBNLERLMNOMRDL HV KD
PLQLQJ PHWKRGV 7\SLFDOO\ 1LFRRQMWHQWE WDKH W URRPJ K\SHUDFFXP
W R ZW PDUNHGO\ ORZHU WRKDKXEBESHURJHFEFDMHOQG WKHLU SURPL
ZWRXQG LQ FRPPHUEL®O7KLRDBSOGLFDWLRQV > @ $GGLWLRQDC
PDNHV VHUSHQWLQH VRLOV VXHWPEQHGF @G LEDRIHRFIKRHPLVWU\ DQ
LQQRYDWLYH UHFRYHU\ PHWKR GW WMFRI| DYDMKLWHR PIO@®RIUDI DFURVYV YDU
DQG LWV DGYDQFHG YDULDQW DIVREPLRDLYH Y HEY RPD Q L J
LQYROYHV WKH FXOWLYDWLRQ RI KDBMIUDH FXR XDIDHV G OD@QIMID W BD Q |
FDSDEOH RUDMRQFH@WUJHW PHWDPLO\L Q%W K MY UF DUFHBRY Q 1LV G D
ELRPDVV ZKLFK LV VXEVHTXK®WODFRKRPXEBDWRG LQ WKH VHUSHQW
SURFHVVHG WKHUPDOO\ DQREKUHUDIH G K QW R SH PLHHWDIODY GHPRQVWUD
ELRUH &RQFHSWXDOL]HG DV VWRUHLQWHIUDRWNGDHULDO ELRPDVV
DJULFXOWXUDO YDOXH FKDLQ WBEJSQRFHWRP VSBQWRRQDD WS U\
FXOWLYDWLRQ RQ VHUSHBWL@HLYKEVEDDWHYV> VR SPRRQLXP QLF
SURGXFWLRQ RIUB MROLGHKHEH®R ZLMKDK\GUDWH $16¥DQAXHDFRESRXQG
ZW Rl WDUJHW PHWDOV > @ ZIWK ZDSSIURQEKVIMULDO XVH LQFOX
W\SLFDOO\ DSSOLHG LQ WZR FRPIO{WWWXKUR®JGHHOHEMWB RSODWLQJ
RU DEDQGRQHG PLQLQJ VLWHWRAXFWLRQ DRQ WKXV FRPPDQGV V
DJULFXOWXUDOO\ PDUJLQDO VRIPOW EHWKLQR/ZHSHR® XFW LEL W\
VXFK DV HHWSIWQWLQ > @ '"HVSLWH VXEVWDQWLDO SURJUHVV
+\SHUDFFXPXODWRU SODQWYV DUBREBLYWQDJINHVKIBEFK DQG HYLGHC
WKHLU H[FHSWLRQDO FDSDFLW\KWVRHDBVRXEX OMDRMLHIID WSHFL.GI® ZLWKL
VWRUH VXSUDRSWLPDO FRQFHQRWMUDMWRIRDHV VRH UQSHALQLMR FRPSUHK
PHWDAWOXGLQJ 1L =0 L@RNVKHLEHW] DGGUHVVHG WKH JURZWK SHUII
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DFFXPXODWLRQ HIILFLHQF\ DQG 1QDUWWHHFRLYIHAN B RS HGW/IKIRGS V
RI2 LQIOCODWMMDVWHUQ ,UDQLDQ VHWBSHDEKQREDO /RFDWLRQ &OLP
VXEVWUDWHY *LYHQ WKH EURBRO REL VR UNIKEN VEIWRXGE\ BUHD

VHUSHQWLQH IRUPDWLRQV LQ HD% H @ \?‘/'L L E{ \
DLPV WR DGGUHVV WZR FRUH T m%{@y&mg UD% b RV‘F’{)G%VQ’SS\
SREBMILG UHJLRQ L QIDBBEDR VVIXOQ\ " 5 5 H NP VRS
HVWDEOLVK DQG DFFXPXODWH 1 &H %%%lﬂﬁg}]\@% \%}%QLYDVDQ ;
RI 5SREBM/G" 2LLLQW DXWDEOH FDQ \ WKLY UHILRO IRUPV s
IRU 1L DJURPLQLQJ XQGHU \8@)9 1 Q
OWKEH GFRP
HQYLURQPHQWDO DQG JHRFKHPLT 5 I th}v VR\EX VIY'DV VHUSHO'
DUHD" ,
7KLV UHVHDUFK SUHVHQWYV IRYP Yk/” VW Wi & '@ Lfl[.lf VPHD%,VLVRDI
DQ RSWLPL]HG HQYLURQPHQWDg/ YWY Ve > @ o
IRU 1L UHFRYHU\ IURP WKH ELRPD K Y Ly‘g UDOQJIHV IUF
K\SHUDFFX®P X DQMO®X\IPLQDWLQJ I§ OHCY?? H DY H DOOXDO WHPSH!
SURGXFWLRQ RI FU\WWDOOLQH § 7 F« BYHYRAHRY
WKLV ZRUN OLHV LQ LWV V\VWH @\ﬁLF ‘%%W JUDWLRQ RI
ELRPDVV ZDVKLQJ DFLG OHDFKLQJ DQG FU\WVWDOOL]DWLRQ
LQWR D FRKHUHQW LQGXVWULDOO\ VFDODEOH IUDPHZRUN
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J)LIXUH /RFDWLRGHIL®KWWERBEDWHD LQ QRUWKHDVWHUQ ,UDQ 5D]DYL .KRU
LPDJH GHSLFWV WKH GLVWULEXWLRQ Rl XOWUDPDILF XBGW\) JVSHHFQILFDOO
GHOLQHDWHG EDVHG RQ ILHOG REVHUYDWLRQV DQG WKH | ,UDQIHM®RJILFDOC

6RLO &ROOHFWLRQ JRU WKLY VWAH@BBW®BY ZHUH XVHG IR

F X Y KHVH VHHGV ZHUH R
,Q 2FWREHU D WRWDO RI iRl Dg%lﬁR/Q&g\é,URYQQEEUD@WBVWH
FROOHFWHG IURP WHKH X GIDFW KK ' v \ FEXPXOD
DW VHYHUDO VLWHV ZLWKLQ W‘lg b L(il{}:'w%fE RQ VSD
LQ & 8H7KLV VSHFLHV W\SL

SREBMILG UHJLRQ IRU XVH ,Eﬁ k

H[SHULPHQW 7KH VGBEBEYV i

WKURXBR BIYH DQG KRPRJHOQL]H R Y FRVAVWHPY > @

VDPSOH XQLIRUPLW\ $00O SUREHVYHG R O (8 51 He MK |

WKRURXJKO\ PL[HG WR SURGXFH D ‘W1 2P SR ¢ fwvirQv DQG

VDPSOH ZKLFK ZDV XVHG DV D KQUMRUYMWXGRZIDK FRQGXFWHG XQ

VXEVWUDWH LQ WKH H[SHULPHQ RROWIROWHG JUHHQKRXVH FRQGLWL
JURZWK SHUIRUPDQFH DQG QLFNHO

30DQW 6SHFLHV FDSDFLW\ IRAITQODWYWHUSHQWLQH VRLO
H[SHULPHQW FRQVLVWHG RI D VLQ

R
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FXOWLYDWLRQ RI WKH SODQW LQ VERBEE @OWIGQ HOVRWVD &FHREIDUTTHAWHGE |DW
IURP WKHHBREDWHILRQ 7R HQVX 8 |
HQYLURQPHOWDO FroGLWLROV 3f8ias AR Lea sl Wb 33 i S
ELDV D &RPSOHW'HH(W\LBQQ&ER‘PIZ]EH% VRLO XVHG LQ WKH SRWV I
DGRSWHG DV WKH VWDWLVWLFD RW [W v LEREKHPLEDO D¢

$ WRWDO RI SODVWLF SRW D ,jj SHQGIGQURLO RI
GLDPHWHU RI FP ZHUH XVH V' H \h/ H DW H U RO
XQLWV *LYHQ WKH VXEVWDQW \)%)f_' L kB%:LDé

H

YROXPH RQ QLFNHO DFFX ¥ ( v OIWEHUUD;,Y_Féig
K\SHUDFFXPXODWRU VSHFLHV H DQ‘V@&('\'/%%}\% WY

NJ RI KRPRJHQL]HG >V H® S ARQNY

SRWV ZHUH UDQGRPO\ DUUDQJH Ié/FB WJ "P%Qq %&/SIGEQTNL:?
VXUIDFH XVLQJ D UDQGRP QXPE g 3 |_-lQ DFLW\ :+&
SRVLWLRQDO HIIHFWY $ VSDF | V% \ J / RI G-LV‘
PDLOWDLQHG EHWZHHQ SRWV L Ik/ H }g %Fp QJ WKH
YHUWLFDO GLUHFWLRQV WR SUH V{ é/\y L ﬁ' )"2U

UBXFH PLFURFOLPDWLF YDULDW

, QLWERDQQIUBW®Y ZHUH VRZQ % M KIGURBHWHLU PHWKRG
JHUPLQDWLRQ WKH WUD\V Z
+

U DV GHW
JUDQXODU SHUOLWH ZLWKLQ VIj%—(
GHLRQEPHMGHU HYHU\ WZR GD\

i%j
VH[JI: IQ DFLW\ &(
UL@Q&D&%L ‘lfpngLXKPH S/;/VH?/V(Q\
H
e

O
%W%?ﬁ ¥+V SURFHGXU
JHUPLQDWLRQ VHHGOLQJV ZH Q W UHSODFHG

ZHHNV IROORZAHHE\DFFRXBDWL
o} p 1Dp DG
%@%WO'&Q% 7KH DG

GXULQJ ZKLFK D GLOXWHG QXW h?/ Y/Rgl% f{o
VWUHQJIJWK ZDV DSSOLHG 7
IRUPXODWHG WR PLPLF WK LH 5 a \éHG E\ OHDFKLQJ
FRSRVLWLRQ RI VHUSHQWLQH V E D
¥

P

Rl DPPRQLXP LRQV
DQG RSWLPL]IHRENN—MERHJUD@FXPXO\% ZDVXTXQD WWRIRGFE DEVRUS!

VSHFLHV > @ 7KLV SUHWUHDW %gﬁzg R %ﬁ ;W 6HULHV

UHSURGXFH WKH ORZ &D 0J UD § wf 1@

RSKLROLWLF VRLOV DQG SUHS \V/ QY t:z? UDWLRQV Z|
|

FHROWHHLD2$F
PO &D&Ow PO .12x DQG PO

SRZ HG
WUDQVSODQWDWLRQ LQWR QDW QWL
WUDQVSODQWLQJ WRM WRLQW P LL{/\ITLHFLFWLG

ZLVEKI LR @IDWEU XQWLO GUDLQDJ HL QWKH SURENRFR;NOVES;
VHHGOLQJV ZHUH LQLWLDOO\ W %3 & e(/%la\ﬁxégWHG RO
FRQWDLQLQJ NJ RI VRLO 7 o S LW H U
WUDQVSODQWDWLRQ SODQW GHQV \O,'z WA/STe) EPLM'%'MK Ry

l%H g Ws ! I|=|§|LWR D ILQDO YRO
LOWUDSRW FRPSHWLWLRQ SHU"D

WKLQQLQJ WR WKUHH VHHG®LQ
7R PDLQWDLQ FROWLOXRXV QX M@&%EDJ&Y&#EWW\FRQFHQWUI
U

GXULQJ WKH JURBGW R RHIR\RGG D
PDQXUH ZDV WKRURXJKO\ LQF@ DLW;,? o WiRER: JVFE/';{%HX%VE/F?QL
SRWWLQJ VRLO ,Q DGGLWLRQ N WRIX G RO D PI
IHUWLOL]JHG ZLWK D EDODQFHG 1 CRROORZLOI WKH PHWKRG

SUHSDUHGHLIAR@WMBHMAIU WR VX

HVVHQWLDO PDFURQXWULHQWVE 7KH H[WUDBFIMQBDW UDQWHJIHIHG L

TKURXJKRXW WKH FXOWLYDWL §I;(\IE\)I|§\I§S$FE¥JI9V%¥|\%HI%UD\6XGE\|{|?F
LUULJDWHG H[BOGXR @DHODE 7 W\RK D Y
A

WKH LQWURGXFWLRQ RI H[WHUQ EJP “Zgl v &QHh %?g HRPOLJF DQ['
WHPSHUDWXUHV ZHUH PDLQWDL 0 FQ r ol $G$$6

f& ZLWK D SKRWRSHULRG RI W H SODOW JURZ
KRXUV RI GDUNQHVV 7KH JURZ ® QHUDYHV VvV
ZHHNV WHUPLQDWLQJ ZKHQ W ¥ 28 y KO\ ULOVH G

IORZHULQJ VWDJH
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ZLVGHHLR @IOWGEU WR UHPRYH DQ\WKH VRXDODWRL AW HGLVWULEXWH LW 2
SDUWLFOHV 7KH FOHD @G W® MDA ZHWH RYHQ
f& IRU K $IWHU UHFRUGLQJ . GU\ ZHLIKWV WKH
SODQW WLVVXHV ZHUH ILQHO\ 'JUKRQ & DQG J
VXEVDPSOHV IURP HDFK RUJDQ y&gr@ WQNHQ IRU DFLG
GLJHVWLRQ )RU WKKGVYRJROQRIHURTLG K22 "=¢
+w2w DQG P/ RI QLWULF DFLGKHUK xDUWH UH
DGGHG WR WKH VDPSOHV LQ Pnd@DRWDEH DN FBQFARMWUDWLRQ PJ N
PLIWXUHV ZHUH OHIW DW DP E L HRQWV WH BOHDWQDW XQHD | fFARZHU DQG VW
IRU K DQG WKHQ KHDWHG RQ D4K:R \RWORFANLDAVRQFEQWUDWLRQ PJ N
K $IWHU FRIRIHMWY WKHHSILOW Bakd BRWIPDORXIKERQFHQWUDWLRQ PJ NJ
'KDWPDQ 1R ILOWHU SDSHU DQG GLOXWHG WR D ILQDO
YROXPH RI P/ ZLWK GLVWLOOHG@URFWMVYLQHRIDE/K IRU 1ILFNHO ([V

FRQFHQWUDWLRQV ZHUH VXEVHTX UH G J
DWRPLF DEVRUSWLRQ VSHFWUR%@HL\QLD'ErI gﬁg&ﬁlu(@%%@m@% DVK
VIQWKHVLEXUKWIK $16+ \DWHSXOWL

SOB/RWO ,QWHUDFWLRQYV ODERUDWRU\ SURFHGXUH ZDV GH"

7R DVVHVV WIOH FXPXQWWLRQ APSHDHRAMHMQWHG > @ $V LOOXVWUDWH

WZR NH\ ELRFRQFHQWUDWLRQ PSWRAHWVZHRIMSEDYRXEL\WRBYY SUHSD!

WKH 7UDQVORFDWLRQ )DFWRDVKEZRJ DGXULWKHDWLRQ DFLG OH

%LRFRQFHQWUDWLRQ )DFWRU %&J)\V\ED0BG]RYERMLQIDH B RREWL P L]H C

HTXDWLRQV DQG DV GHVFWHERGHUQ DQ@ HQKBWOHHG SURGXFW S
LQGLFHV UHIOHFW WKH ISOID@W Y DELOLW\ WR DEVRUE

Odontarrhena inflata

! 3

—[ Removal(K)

First Washing

Removal(K)

[ ]
[ Incineration of Biomass ]
[ J

—

[ Second Washing

—

[ Ca(OH): ]—O[ Neutralization at pH 4-5 ]—O[ Solid waste (Fe and Ca)

¥

[ NaF ]—[ removal of interfering ions H Solid waste (Mg)

¥

[ Evaporation ]
L §

[ (NH4)2S04 H Crystallization (4°C) ]—‘[ ANSH ]

 ow )

YLIXUH OXOWLVWHS ODERUDWRU\ SURFHVV IRU VIQWKRGRQQYD BUKHRQIRP W
LQIOBGWDSWHG IURP > @

i 1
H:S0s (3M) ]—O[ Metal Leaching ]—O[ Solid waste ]
L §

SUHSDUDWLRQ RI 30DQW %IPFRFLD’\\NVXUH HQVXULQJ WKH SUHVHUY

QLWLDOO\ KDUYElVW(}lIIEMM—BS |QJ PLQHUDO VWUXFWXUHV 7KH
ZDVKHG ZLWK GHLRQLJHG ZDWH R%Q& RPDVY  HIFOXG
FRQWDPLQDQWY DQG GXVW 7KH HU § Q
GULHG DW f& IRU K WR H Meh's
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$VKLQJ 3\URO\VLV LRQ VDWXUDWLRQ DQG FUHDWHG RSV

7KH GULHG ELRPDVV ZDV DV U b k@%LLERQ RI $16+ 3UH

XUDWLRQ ZDV H

IXUQDFH DW f& IRU o oL
FRQGLWLRQV 7KLV WHPSHUDW rg

5 F L HJULW\ >

WKH FRPSOHWH GHFRPSRVLWL
ZKLOH SUHVHUYLQJ PHWDOV VXEK D
VWDEOH R[LGHVJ &KW HU Gq-R\R_CFE@WR%bl‘VWbO%q‘?DWLR\S RI $16+
DSSUR[LPDWHO\ J RI DVK ZDVRREWKBILGRQFEQ@WUDWHG VROXWLRC
GHVLJQODWRHEHOREMRKH VXEVHTXVDWXUWWSNG DPPRQLXP VXOIDWH > !
DGGHG WR VXSSO\ 1+yp LRQV UHTXL
&UDWKLQJ RI $VK FU\WWWDOOL]DWLRQ 7KH UHVXOWLQJ V

7R UHPRYH VROXEOH VDOWV D %%H %E%%M yRVl\J/\RULHé%'

VXFK DV SRWDVVLXP MQ/H Y RFGR XUDWLRQ DQG IDELOLWLE

ZDVKLQJ SURWRFERO 7ZKH/ M\&S abWiSt KLV\
VSOLW LQWR WZR HTXDO SRUWL | ?X@%@Eg
XVWLQJ WKH s+

VXFFHVVLYH ZDVKHV XVLQJ P/
VWLUUHG PHFKDQLFDOO\ DW

DPELHQW WHPSHUDWXUH a &Q (@[3 | WK RI'WKH 1L ¢
WKHQ XVHG WR ZDVK WKH QH SR K

HQKRQJ UHPRYDO HIILELHQF\ g/ fﬁp WRM TXDOLVV\\jV\D%'OV\L’gﬂ
ZDWHU XVDJH 7KLV VWDJH HIIH "ol TXH \NZDV 2R

VROXEOH LPSXULWLHV > @ FRPSRVLWLRQ ZDV DVWHDAVHG XV
$FLG /HDFKLQJ IRU 1LFNHO '(?WB%%\)&'E'% '\:\'/*V\mi% z\\r/o\ilw;vég/&gg\\//vvgt\u?
7KH ZDVKHG DVK ZDV VXEMHFWHNE R OBREXGHOIRIPWKLQIUDUHG )
0 VXOIXULF DFLG HWBL2TX IDGN UDWERRAVURVFRS\ 3HUNLQ(OPHU B6SHFW
RI IRU K DW DPELHQW WHP®BQODWXHWHWYRCHRS\ $RDQWHYV X5D
FRQWLQXRXV PDIJQHWLF VWLUUILOQRUSKHO®RJIWBOV BKBEBFWHULVWLFV
1L 0J &D DQG )H LRQV ZHUH VROXEJ OlLHI6EG PY WKHRY VFDQQLQJ HOI
UHVSHFXQNDWHY UHVXOWLQJ LQ)(W¢H |RMPDWLRQYRIQ BEIX DWWV
OHDFKDWH / 7KH SULPDU\ REWVHFRAWHUN RHIMKLMOAWHSLQDO SURGX
ZDV WR VHOHFWLYHO\ H[WUDFW MKK3HU B/OW B I W3 B R WA BEB A WHIQW H G L
DVK LQ SUHSDUDWLRQ IRU GRZGWUWWWHRBDWHSDQYBWLRQKMUFQYLURQPH
SXULILFDWLRQ SURFHVVHV > @ WKH SURFHVV DUH GLVFXVVHG LQ 6HF

IHXWUDOL]DWLRQ DQG 5HBWDMWALVWIFDO $QDO\VLV

QWHUIHULQJ \RQV 6WDWLVWLFDO DQDO\VLV RI GDWD
7KH / OHDFKDWH ZDV SDUWLDOGRDRHEAWUDWLRE PHDHKDUHPHQWYV Lt
ZZ FDOFLXP K\GUR[LGH RY&DQ# W@G VRLO SDUDPHWHUV D
VXVSHQVLRQ WR DGMXVWtWKH SFIH@R WOHWMLEDBQ RH BRIDPDQ DQG )7,5 VS
8QGHU WKHVH PLOGO\ DFLGLEHFRQEPHWLRQRVQJ )HILILQ3UR DQG
SUHFLSLWDWHG DV LURQ K\GUR[VRHVZ)DUA+ X8 REGDODVLY D ®FH YDU
FDOFLXP VXOIDBRWK&R62ZKLFK ZEHXI$ zZDV DSSOLHG WR HYDOXDWH
VXEVHTXHQWO\ UHPRYHG YLD ILOW WHUMIRY V7 oH RIOLY XQAMIXSI PHDQV
ILOWUDWH / ZDV WKHQ WUHDWHKG® H\W KsS R WW R RFEFK WRHR/HWW WBIOFO G DW D
DPRXQW RI VRGLXP I|IOXRULGHPHDR) “ $WRPYGDQG GHYLDWLRQ 6
DGGLWLRQDO H[FHVV WR SUHBLSLMOQ¥H DOV DBAMHW DW S
PDJQHVLXP IOXRULGH 0J)wG \LHOGLQJ WKH SXULILH
VROXWLRQ / 7KLV VWHS HQKDQFRHYXXWWEQEFWLNXWILRY
1L E\ HITHFWLYHO\ UHPRYLQJ LQWHlﬁIR—ILLU_QKI]lBQPT/V\PHL@VWLFV

6XEVHTXHQWO\ / ZDV KHDWHG H VELR Yo PSS YR eisvew iei 40 Ro HE

UHGXFH LWV YRWKEBHG WRLHIII}L
@W&QK FRERGWHES 1RU XowWu

FROQFHQWUDWHG VROXWLRQ / V\7\KSLL
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> *+ @ 7KH RUJDQLF PDWWHU WVRLERHWWRIWHZPRPSULVHG VDQG\ ORI
UHODWLYHO\ ORZ LQGLFDVOIRDIP O IURH.SAUHHY Fo@WY IHEI/ODXDIP WMREIBDW Z H F
IRU QXWULHQW VXSSO\ YLD RUJDQHF @RBRPFFRRXWMGVSDODUWLFOHY WKDW
ZDWKHROGLQJ FDSDFLW\ :+& ZDVDQG Q@QUDPE OWKHH 7KH WRWDO 1L FRQFH
HOHFWULFDO FRQGXFWA YHRMY (RJ XDVFRQILUPLQURMKGDMHWBIORI WKH
VXJIHVWIM)R PRZHUDWH VDOLQIDMG 7KGL FOPMALIRQLWK WKH W\SLFDO U
H[FKDQJH FDSDFLW\ &(& ZDV RHDNSHOHGL QMEWHUR DNUQY @
FPRO NJgqi FRQVLVWHQW ZLWK7WHK®HH JIJHQHUDOO\ ORZ
QXWWHWMWOWLRQ FDSDFLW\ RI XOWUDPDILF VRLOV 7KH

7DEOH SK\WLFRFKHPLFDO SURSHUWLHV RI WKH VRLO PHDQ “ VW

1LPJ NJ S+ 20 T+ & (& A %o 3] &(& FPRO NJqi 6RLO 7TH[WXUH

6DQG\ ORDP 6LOW

7KH KLIJKHVW WRWDO PHWDOORR UBHNIVRUDAM DRIGWADWKH GRPLQDQF

UHFRUGHG IRU )H PJ NJGHILQGOBDAMKIDUDFWHULVWLF RI VHUSH
VXEVWDQWLDO HQULFKPHQW 0J KB W RXKAH WEPAMWGE PRWWI RWKHU WU
DEXQGDQW HOHPHQW PJ NJROBRDRZ&G E\ &D NJ 0Q PJ NJ

PJ NJ \LHOGLQJ D &D 0J UDWRR RJ] 7DERHV

7TDEOH 7TRWDO DQG H[FKDQJHDEOH FRQFHQWUDWLRQV RIWNGHBWHG PHW
PJ NJ DQG WKH &D 0J UDWLR PHDQ *“ VWDQGDUG GHYLDWLR

0Q &R )H &U &D 0J &D 0J

7R’

([FKDQJ

$QDO\VLV RI WKH H[FKDQJHDEOHL PRRDFG QWDPWILR@W YDULHG VXE\
UHYHDOHG FRQVLGHUDEOH YDUBDWQRQWLY \ELRD Y DK IO D/EKIRRWMN H[KLEL
GHVSLWH WKH HOHYDWHG WRWDFREGROEWQWWDRRQR QD SRS UR{ URMDA B O \
HOHPHQWYV )RU LQVWDQFH ZKQGHFDWKHJWRMESWRRWLDO DFFXP;
FRQFHQWUDWLRQ ZDV PJ NJ DWKWHBIURKODEB HPIERADVY ,Q FRQWUD
IUDFWLRQ ZDWILQGPFDWLQJ UH®RIMWMDIHHG D ORZRU FRPFMQWUDWL
KLJKHU ELRDYDLODELOLW\ FRPSBGH®LWQDRWKHIUKRDYVR KDUYHVWL
PHWDOV 6LPLODUO\ H[FKDQJHMRA®MH HIRLBIQECH®ID WRWDO 1L FR
FRQFHQWUDWLRQV ZHUH PDSNSU R QBDW HO\ PJ NJ 7KHVH UH\
PJ NJ UHVSHFWLYHO\ &U GLVSEODLMB XSWIRNMDROHL IURP WKH VR
H[FKDQJHDEOH IUDFWVURIIHVWL@BUDNIVORFDWLRQ IURP URRMWW WR VKF
PRGHUUDPRELOLW\ XQGHU WKH HYIHYHDQPH QB UWRKI® K\SHURFFXPXODWI
FKHPLFDO FRQGLWLRQV 7KH &DQDOPMEWHR LQ WKH
H[FKDQJHDEOH IUDFWLRQ Z DO FROHWMH QWKDIMWWREY ZHUH PHDVXL
WRWDO &D 0J UDWLR UHIOHFWNQJ QHOIMW VKRBWMWEQ®HU  PJ NJ
0J ELRDYDLODELOLW\ FRPSDUHGRZLWK BIDWL.FDWLQJ D VXEVWDQWLD(
0J XSWDNH IURP VHUSHQWLQH VRLOV
30DQW &KDUDFWHULVWLFV DFFXPXODWLRQ KLJKOLJKWV WKH FUL

. DHULDD & 0UBON BIXD G LW Wé’?ﬁé%W?@“@@?YVVV\“V7XEFEDDXJ

WKH DHULD® $RUMDMW BMXDOLW D

DVVHVVHG XVLQJ D FRORULPH g FW} URERUDWHYV V
ILOWHU SDSHU LPSUHJQDWHG VW% %{PLS‘;VOHSOK\HUHU
'0* 7KH GHYHORSPHQW RI

LQGLFDWHG WKH SUHVHQFH "R Qﬁ&/ :b PUDWLR REVHUY
FRQILUPLQJ WKH SODQWTV
K\SHUDFFXPX @ WMRQVKH IORZH Il(H H[FKDQJHDEOH 1L FF
DIWHU VL[ PRQWKV RI JURZWK ? WHODWLYHO\ C
OHDYHV IORZHUV DQG VWHP VX”LFLHQW 1l

KDUYHVWHG IRU IXUWKHU DQDO HQWLDOO\ FR(
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REVHUYHG XSWDNH SDWWHUQVXMHWYMWE SWKH{UBGIRZVLDO XSWDNH D
H[FKDQJHDEOH 1L FRQFHQWUDWUR@DWIKH WHORIREIDEO\ 0Q DQG

GHPRQVWUDWHG HIILFLHQW DEVRR SZHLRD ORE WHDGVRIEDWMILREGHORZ
RI 1L OLNHO\ IDFLOLWDWHG E\ODFIRWDEQHHUWLKRY SKKRRW RU URRW
FRQGLWLRQV @NEWWD/OQIHDDQG @RIEMULDWEOH DEVRUSWLRMORE WR®OFHC
FDWLRQ H[FKDQ&H& FDEOFLA ILQOR@IDAWLFDO VHQVLWLYLW\ WKUHVKR(

3500
B

3000

2500

~
=1
3
=3

Ni (mg/kg)

1500 = ‘

1000 PR —

500

0
Rhizosphere Root Shoot

JLIXUH 1L FRQFHQWUDWLRQV LQ WKH VKRRWY DQG URRKLYR\DSWHWHVIY R P® QW R W RO

FRQWHQW SULRU WR 3GRQWDHIKHDOKXGN RVOUHVHQW PHDQV Q ELRORJLFDO Ul

EDUV GHQRWH WKH VWDQGDUG HUURU RI WKH PHDQ *URKSV RBMW LHJ& L EDWIH®B) BAW D

LGHQWLFDO OHWWHUV EDVHG RQ 7XNHAPWPRXDWILSQH G R WKW DVRQFW HW\R X SHIMMDHOU | H

HDFK ER[ SORW WKH FHQWUDO OLQH UHSUHVHQWY WKH RBEGWDQHERDBGJHVLFRHUM
LQGLFDWH WKH QRQRXWOLHU UDQJH

7DEOH OHDQ FRQFHQWUDWLRQV *“ VWDQGDUG GHYLDWLRIQQ RMKHHOHFWH G
VKRRW URRW D Q@ GARQINVOMBKKEHEND RUQ | OB DWKH &D 0J UDWLR

0Q &R ) H &U &D 0J &D 0J
6 KF 1’ 1’ “ “ “ “ “

5R 1’ 1’
5KL]RV “

1' QRW GHWHFWHG

,Q OLJKW RI WKH DERYH )UHMKXOWVFRWKRERUDWLQJ WKH VSHF
ELRFRQFHQWUDWLRQ IDFWRU 9%&)\W R 8 BN WBQLROR F DARIARAH FW LY HO\
IDFWRU 7) IRU 1L ZHUH UHF D O PX@®NMUHG RWRH LW B H RMIRPHEMHBRBWD FD ST
DFFXUDF\ RI YD XDWIBIWQF\ LOBAYRUE WUDQVORFDWH DQG VHTX
XSWDNH DQG LQWHUQDO UHG L VIMEWRLYEHIW RKQ@ G % DE/IHRP IRQV WK AKLY Sk
XSGDWHG PHDVXUHPHQWY DQGUHQQDRERHEDLQAHSRMAHQWLDO DV D SU
(TXDWLRQV DQG WKH %&) DRWRE LLQYL QX HD ¥ & REKMWW RIU AR HRBW D W L R
ZDV GHWHUPLQHG WR EH LQGLWDWR QUL BV K BRWOW K B HYENHCGH O HV V
FRQFHQWUDWLRQ LQ WKH DWHDMNWWGE VM X HWIHGDBIRWERR Q N.RPO HWV OD
KLIJIKHU WKDQ WKDW LQ WKH MXBERXYEDRHVVRLOQGFTKUVY QDWXUDO
UHVXOW KLJKGQULPKW X EW MHD G\UDIFR QG LWLWY WR
H[WUDFW DQG DFFXPXODWH 1L 7RURIFY DRADW BP WIKHE QV@BPWXY RI
VXEVWUDWHV HVWDEOLVKHG 1L K\SHUDFFXPXODW
ORUHRYHU WKH 7) ZDV FDOF XGPS EGDWRYEHHDQDO\VLY ZDV SHUIRU]
LQGLFDWLQJ D KLJK HIILFLHQFWUHQDWH® UWRMORFDMPLIRL O\ ZLWKLQ
IURP URRWYV WR VKRRWV $ 7) VDOK®\H[AHHGLQJ ,QVWKH SUHVHQW
FKDUDFWHULVWLF Rl K\SHUDFFRRROP@WUDWSREOLHY WER&REQDEDWDO EL
IXUWKHU VXEVWDQWLDWHY WHKHDRKISEUDFFRKP X0 DWIGHU JUHHQKR X\
EHKDYLRU RJIIOBMWMHU VL[ PRQWRWKRIXJK WKLV YDOXH LV ORZHU WKD
FXOWLYDWLRQ D VLJQLILFDQWS GRFIUHDYW L\DS HVFR BOORIQWKIFK U KBID D
FRQFHQWUDWLRQ ZDV REVHUY H G KOO WIKGIL BB LPR WKW R LB X UD O H
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PJ NJ $DOQWXP EHUWROR
PJ NJ LW QRQHWKHOHVV VXUS 10
K\SHUDFFXPXODWLRQ WKUHVKR! b 005
WKHUHE\ FRQILUPLQJ LWV vXLV '
DSSOLFDWLRQV -
'LIITHUHQFHVY LQ DFFXPXODW
EH DWWULEXWHG WR YDLI
FKDUDFWHULVWLFV HQYLU
FXOWLYDWLRQ SUDFWLFHV R =™ DJH
DW KDUYHVW 1HYHUWKHOH\ 5
LQIOWWRDWKULYH LQ WKH XO
,UPBGRPELQHG ZLWK LWV KLJk 1
HIILFLHQF\ 7) ! DQG DWDLSW
FOLPDSWRW. WLRQV LW DV D QDW{¥ ézéieﬁ‘g’/l%;y HT WHQ% ‘@V;HF;@WLS?Q%?
SURPLVLQJ FDQGLGDWH IRU WLKQLﬂo ym,olmgewm kH PHDO £

VXVWDLQDEOH DJU\/RRI\LIQI-H.@D\MWH\’)S?—DWN DQG HUURU EDUV LQGLFDWH W
VEDOH WKH PHDQ 6(0 7KH FHQWUDO OLQH ZLWKLQ
GHQRWHV WKH PHGLDQ ZKLOH WKH ER[ HGJHV
ILUVW DQG WKLUG TXBUMAIOGIW WKIH/NBQVHIRI

GDWD H[FOXGLQJ VWDWLVWLFDO RXWO

1350

Total Ni (mg/kg)

7TDEOH &RPSDUDWLYH GDWD RQ 1L FRQFHQWUDWLRQ DQG EHRPBYV \LHOG

1L FRQFHQWU
SODQW VSHFLHMWPLO\ "o g "chpy PN ER¥R QFHVY

2GROQWL SHQMZ %UDVV >
%HUNKH\ $VWHI >
2GRQWL FKDOI %UDVV >
$O0\VVXP %UDVV >
1RFFDHD FD %UDVV >
%RUQPXHOOH %UDVV >
$O\VVXP E %UDVV >
/HSWFHPDUJ %UDVV >

I1LFNHO 5HFRYHU\ (IILFLHQF\;By RPQ®W ORWVIDW Rl WKH UHVLGXDO VROL

$W WKH HQG RI WKH FXOWLYDV\TL%Q)L%%@M’@QH\’VWQ\BQQ\ ZW %D

J RI GU\ ELRPDVV zDV REWDLYHKE |LRHREREH @ 3-RQ "R ZW
SDUWWV2 RLQIODRMORZLQJ WKH \}?NﬁUE’DB K 1$ WKH OHDFKLQJ HII
SURFHVVLQJ SURFHGXUHV RXWOLRUCXPOWHPWIREH WKEQRGLFDWLQJ
ELRPDVV SURGXFHG RUHRI BIVKRIWEREDYEVXFFHVVIXOO\ WUDQVIH
FRUUHVSRQGLQJ WR DQ DMK \LWEH RROXM LRIESKD
IOXRUHVFHQFH ;5) DQDO\VLV RI ARKPUBNYSHWL G RRISFHKHQVLYH HYEL
DVK 5$ UHYHFRQWE@®VUDWLRQ FIHFRYHUL HIILFLHQF\ IRRP WDRLO W
7DEOH 7R UHPRYH LQWHUIHUEBE SIRENEMP DN P QXRRVLY ZDV FR(
DV .w62y .w&2x DQGVWDS BUWRYWUKPLQJ  NJ RI VHUSHQWLQH VRLO

ZDVKLQJ SURFHGXUH zZDV FRQGXHRfrd WY j/VdsﬁQR%'L]pHG PJ NJ WKH

ZDWHU 7KLV SURFHVV UHGXFHQGURRHMK R w BNBIZHHH wQ FRQV
IURP WR ZKLOHWM(MFUHW\WjQDPRXQW RI 1L UHFRYHU G LQ WK

FRQFHRWUQWIKH ZDVKHG DVK : zw!  UHVXOWLQJ LQ DQ RYHL
LOGLFDWLQJ HIIHFWLYH LPSXE‘;\%& %FP\V‘?F?(% E)prdLPDWHO\ U
HQULFKPHQW RI WKH WDUJHW P #7‘4("!4 |E GEJIK PRGHV
FRQVLVWHQW ZLWK SUH®LRXV VRXBGRIV V!UDWH R|HH[WVLLEEFEWLWQ I
'XULQJ WKH OHDFKLQJ SURFHQ\'?ZW/E VXEVWUDWHV
ZDV WUHDWHG ZLWK 0 VWAIXULFQ %) WKH FRQFHQV
OLTXLG UDWLR RI IRU K DW MPEEL WKURXJKR

XQGHU FRQWLQXRXV PDIQHWLF YWY HDRG $WH HSW%W\W@W LQFUHL
LQ WKH ZDVFK
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OLNHO\ UHIOHFWLQJ WKH UHPRYDQYRHWRIDXEQQWBIDUDWDQGE WRWKLQJ
UHODWLYH HQULFKPHQW RI LQVRONXKEWHMSKDRNMHY FXMHIM UHVXOWH
ZDVKLQJ ,Q WKH UHVLGXDO VRUDWLY/DFRWRZHYHU YHFRYHU\ DORQJ
GHFUHDVHG WR 7KLV UHGXEWRZRQL WX RIFHHGWFEWL R DW KKLOH WKHVH |
WKH JH FROWHQW LQ WKH ILWB6 KSJLHFBLCS UYWDWH LA W\ RI UHFRYHL
KLKOLJKWY WKH QHHG IRU VHOBFWILHYL QR JUWERRIOIMVMMWERZLOO VWLOO
HQKDQFH 1L SXULW\ )RU WKH D®GIDWILRE@D & DUHVKYL QIDVWHSY LQFO)>

LOQFUHDVHG IURP 5% WR FROWURQGHG FU\WWDOOL]DWLRQ D (

WKHQ GHFUHDVHG WR 5/ > Q@FRMEWYVHBHVIWQ®UQJV XQGHUVFRUH V

GURSSHG PDUNHGO\ IURP BI$ EWRRFKHPLFDO VWUDWHJILHV IRU 1

5/ LQGLFDWLQJ PRYIBIGWIGYHHJISIBRYLGH D EDVIL\D \WRLR @ RIS GRWFDO H

SXULILFDWLRQ DJURPLQLQJ WHFKQRORJLHYVY LQ WKH
,UDQ

7DEOH &KDQJHV LQ WKH FRQFHQWUDWLRQ RI PHE®RQW DE WIOHBPEK Q N0 B WDL
SURFHVVLQJ ZW

11 0C 1C )k 6 &L 0J

54
'$
5/
33
1R\5§ UDZ :$ ZDVKH5/ UHVLGX33 ILQDO Sl

&KDUDFWHULVWLFV RI $16+ VXUIDFH RUJDQL]DWLRQ 7KH FU\WWD((
)(6(0 5SHVXOWYV WKH ELRSURFHVV H[KLELWHG VPDOOF

)LHOG HPLVVLRQ VFDQQLQJ Hﬁ%@vﬁﬁ%ﬁ%&;ug%\?ﬁﬂé\\wz;ww}ﬁ(:RLUQHG)%\L,

)(6(0 FRXSOHG ZG&MWKS HHUMHIYH

VSHFWURVFRS\ (‘6 2ZzDV XWLOL] %{V W(“& 'ﬂ)émq; UPD\LEHF\', DWUZ'
WKH FU\WWDO PRUSKRORJ\ DQG E’ EV%% A Hﬁ% QRWWRQ F
RI WKH ILQDO SURGXFW REWDLqA”gi'J4 H

P

2 LQIODWD LRJH IHYHUWKHOH

(OHPHQWDO PDSSLQJ UHYHDO%égwm%ﬁ\Hg&mai%\angyl%y
GLVWULEXWLRQ RI 2 6 DQG & K LU
VXUIDFH ZKLOH 1L H[KLELWHG mn I/ LIVAZ LI 11 D TLIMNLID V\/ \IC‘I-)\AI
OLNH GLVWULEXWLRQ FRQFHQW %
1D DOVR VKRZHG ORFDOL]HG DF
GRPDLRQWVH SDWWHUQV DUH FO
FRPSRVLWH (‘6 PDS )LJXUH C
LQGLYLGXDO HOHPHQWDO GLVW
3RLQW VSHFWUD FRQILUPHG WK
SUHGRPLQDQW HOHPHQWYV LQ W
WKH ILQD® SKWRGXEFDOL]HG HOQL
VXJIJHVWYV LWV VHOHFWLYH LQF
FU\WWWDOOLQH UHJLRQV PRVW
QLF#FPOFLXP VXOIDWH SKDVHV
VXSSRUW WKH SUHVHQFH RI F
GRPLQDWHG E\ &DWBIQRER B 5 RXX@G M :
KLJKOLJKW WKH SRWHQWLDO O el ' RQ
WKURXJK UHFU\WWDOOL]DWLRQ )LJXUH &RPSRVLWH ('6 HOHPHQWDO PDS

&RPSDULVRQ RI WKH )(6(0 LPDO®Y RU\VWROOLQH SAURRQW VUGKHIQDHG |
GHULYHG $16+ FU\VWDOV )LunHngﬂl\ﬁ%Q}/WWQQé\DVwLGDWLQJ WKH VSDW
LQGXVWULDO $16+ Fu\wwbov RUXWHHOORYHGHPHHG2 JUHHQ 1D PD
OQRWDEOH GLIIHUHQFHV LQ FU\WWDO PRUZRPROEWR DOoG
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Na Kal_2 ] Ni Kal

10pum 10pm [

S Kal O Kal Ca Kal

JLIXUH ,QGLYLGXDO (‘6 HOHPHQWDO PDSV RI 1D 1L 6 RODQG &D LOOX
GLVWULEXWLRQV DFURVV WKH VXUIDFH RI WKH FU\WVWDOOL]H

D E
E 5HIHUHQFH LPDJH RI D JUNDIEG DU G( & @CGLADVHLBIOWKH $16+ FU\WWWDO VIQWKHVL]
$16+ FU\WWDO IRU VWUXFWXUDO FRPSDULVRQVWXG\
JLIXUH OLFURVFRSLF DQG FRPSDUDWLYH DQDO\VLV RI WRHKH @D&O+r FU\VWDC
FU\WWDO VI\QWKHVL]HG LQ WKLV VWXG\ E S5HWHGHBEH6EPPDUWWRDD YRUD QWD X |
FRPSDULVRQ

6SRW HOHPHQWDO DQDO\VLV FRDEQMWH @W GZ 18 kK KW® B WWXX®I| DRV HW K
PDSSLQJ RI GHWHLYHIR $16+ VIFRPGRXQG 1L WKH WDUJHW PHWI
LGHQWLILHG 2 6 1L &D 1D DQEROYVIDEHUDHOHOYDRILOIWLRQ ITURP
DV WKH SUHGRPLQDQW HOHPHQWWER FRQXYWLWSHEWUYXHFKH 7KLV KHW
FRUUHVSRQGLQJ 0$3 VXP VSHFOMWHO\ )UKIWOHFWY ORFDOL]JHG LQFR
IXUWKHU FRUURERUDWH GW RNHKHF US UW D IDQIAHR YW W IRYUH RRPEVHV L W XW LR Q
HOHPHQWY $V VKRZQ LQ 7DEOH-DWALEY¥ R AGMHG WRKWH FU\WVWDO ODWMW
RYHU ZW RQ DYHUDJH KLJKOL&RWIDQ/J ANWHFWXFLDW FRQFHQWUDYV
VWUXFWXODONHOROWVRFLDWHG ZLWR VXOZIDMWHSULPDULO\ GXH WR Wk
JURXSV 62y8g DQG FRRUGLQDWHBEOEDWHH U MIBOURFX®HY 2&D 2+ w@ G X
WKH K\GUDWHG VDOW 6 FROQWHQ@QMHX\WODBOE]DUIRIPRQ VWMWS RI WKH OHDF
68FWUXP WR ZW 6 S RFEWWKHAR &D ZDV OLNHO\ LQFRUSRUDW
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ODWWLFH DV DQ LPSXULW\ 1DDOR/ERRV BBHYWHG-VDMGC ARZHHJUWDLQ UHJLF
FRQFHOQWUDWLRQV WR ZWRPRUHMLIEXWOGPIDWAULDOV FDUULHC
WKH DSSOLFDWLRQ RI VRGLXP IGGXRHAHGH LDD) VEOUHYI WKH

0J UHPRYDO SURFHVYVY 7UDFH DPRXQWYV RI 0J ZHUH

JLIXUH 0$3 VXP VSHFWUXP RI WKH $162GRUQW\D D 0 KWEQ BVRKIOWD PHVEI IKUARPI K W L Q J
GRPLQDQW SHDNV FRUUHVSRQGLQJ WR 2 6 1L &D 1D DQG WUDF

7TDEOH (OHPHOQWDO FRPSEBNUWYIR® $Z28#+ FRINEWROV EDVHG RQH'6 VSRW DQD
6SHF\ 6SHFW 6SHFW 6SHFW 6SHFW 6SHFW 6SHFW
€
2
&
11
0:
7R’
1RWH $00 YDOXHV DUH UHSRUWHG LQ ZHLJKW SHUFHQWHDWZ WKHD@WW HRAWLRIQQGLFDWH V

6SHFWUD ZHUH FROOHFWHG IURP GLVWLQFW UHJLRQV RGEQQYGRPRAHYBOHAOBWF16+ FU\VW
ELRPDVV

,Q FRQWUDVW WKH 0$3 VXP GZIBHEWXPFRAQWKIHUSDUW VXJIJHVWLC
FRPPHUFLDO $16+ VDPSOH )LJKQARUSRUIWLR RI 1L LQWR WKH
SURQRXQFHG SHDNV FRUUHVSRQEBUBIRWMRI2 BMKBQBLOQILPDO RU DEVH
ZLWK &D DQG 1D QRWDEO\ DEVQWMU &L VH VISPHOWD XQGHUVFRUH W
SURILOH LQGLFDWHYV WKH KLIJKHHFIXVYWBO ORIG® WWWDXFWRBDODGYDQF
XQLIRUPLW\ RI WKMHGHOQSXN @ )UALW OWKUHD WIHILHYV LQSSUR®XFIGF KURKR
SHDN LQWHQVLWLHYVY LQ WKH FRPPHHIFLDURXDFSUH DUH
VLIJQLILFDQWO\ JUHDWHU WKDQ WKRVH LQ WKH ELRPDVV

JLIXUH 0%$3 VXP VSHFWUXP RI WKH VWDQGDBUG+L QTR WEHDPW A B +GEVSONDDDY SIURPLQF
FRUUHVSRQGLQJ WR 2 6 DQG 1L 7KH DEVHQFH RI &D DQGUXPBWXUQDOXQIL QREUWFIDWAHR/|
WKH LOQGRVBUHIFRRSDUHG VWR W.KH G LFRPOQMWHUSDUW
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&RPSDULVRQ RI WKH 0$3 VXP V&HHHFMWMUXPOZ LGALKI MKHHQFHWIBREVHUYHG |
HOHPHQWDO GDWD LQ 7DEOH AROPIEO0 RV UMK E HVFXW F WKW XIOQITOXHQFH
FU\WWWDOOL]DWLRQ RI $GBYLYYHWREAGEWRRIMV RQ WKH PROHFXODU F
SURGXFW +RZHYHU WKH VLJQEULANWOW OSQHVHAKIFHD RWHULVWLFV R\
LOWHUIHULQJ HOHPHQWY VXFK DV &D DQG 1D KLJKOLJKWYV
WKH QHHG IRUUHRUWRKMDOOL]DWLRQ DQG
SXULILFDWLRQ VWHSV WR HQKDQFH SURGXFW SXULW\ DQG
PHHW LQ&BXD/OWILDSHFLILFDWLRQV ORUHRYHU
JRU WKH BIHRRADWWG $16+ WKH GDWD LQGLFDWH
WKDW 2 &D DQG 6 bUH WKH SUHGRPLQDQW HOHPHQWYV LQ
WKH ILQDO FU\WWWDOOL@H WKHVUL[ ZKHUHDV
LOGXVWULDO VDPSOH &D LV DEVHQW

5DPDQ 6SHFWURVFRS\ 5HVXOWYV

5DPDQ VSHFWURVFRS\ ZDV XWLOL]JHG WR DQDO\]H WKH
PROHFXODU VWUXFWXUH DQG YLEUDWLRQDO FKDUDFWHULVWLFV
RI VIQWKHVL]HG $16+ FU\WVWDOV ZLWKLQ WKH VSHFWUDO
UDQJH RI FPqi $ FRPSDUDWLYH DQDO\VLV
EHWZHHQ WKH V$3HHFU/|LMEICRNWH’(SHOE-ILHELR
$16+ DWEH LQGXVWULD$)16J-IHIHUHQFH

)LIXUH UHYHDOHG VHYHUDO)LE HF? mU”DF{QﬁLEF,RwKH

DORQJ ZLWK QRWDEOH C$I1‘6WLQF 6Q<v R oV Who 7K HU

VDPSOH D VKDUS DQG LQWHQVH, ﬁl-ré{fmexpw ViQW
FPqi FRUUHVSRQGYV WR WKH V\PPEIL laL\,éW@Jd;i\V\g YVHG SODQW EL

YLEUDWLRQ RRWS# 2WX¥ 6@ | DMOGL1EBDWLQJ

D ZHWGHUHG FU\WWDOOLQH VWUXFW3XWHs FERERRWHULVWLF

RI $16+ )XUWKHUPRUH ZHDNHU EDQGY REVHUYHG DW

DURXQG FPqi DQG FPqi DUH WP RWRIR kQIUDUHG )7,5 VSF

EHQGLQJ YL DUWBRRROV RI WKH ¥RYIDWHOLIHG WR LGHQWLI\ IXQFWL

JURXS ZKLFK DUHWAKR QNKRMHHOYWARBIBWH WKH FKHPLFDO VWUXFWXU

IRXQG LQ K\GUDWHG VXOIDWH vpbiyy FUIZVWDOV &RPSDUDWLYH DQD
,Q FRQWUDVW WKH 5DPDQ VPR UWP FW“WK’W“#L@EVBESOH ELR

GHULYHG $18146+EWRKLELWHG D RBRGwWY/ Kty QQBEDWTLIE®R PV W JX U H
YLEUDWLRQDO SURILOH $ SURPL%/\Igg\QI HB NG WXlggUHVHQFH RI GLVY
FPqi LV OLNHO\ DWWULEXWDEOH Y Y YHIY SRRELR U\ VXOIDWH

WKH VXOIDWH LRQV RU VWUXFWMS%’E)WGLLR\RB&WER%%V @ E{SHFLP
WKH ELRVVQSWKRFHVV $GGLWLRQD®Q)\WI5HE Yol %% HWEHX PDRV VEURQ J
FPgi PD\ LQGLFDWH WKH su Vﬁd@)ﬁ 3V R 'F(%L HPSSHDUHG DURX
VWUHWFKLQJ YLEUDWLRQV RU RWYH V§ REed8PuUWBo YRH F DVI\PPHW!
VSHFLHVY SRWHQWLDOO\ LQWU éﬁ#’l‘?(‘é\’ k?u'%z 1BBWEQJ

X\ 8 2R Q ,
SODQW PHWDEROLWHV RU FRPS@% Q/v V\MkmoéiQﬁﬂ:éJﬁ.EBBWLRQ RI

JURZWK PHGLXMD QGGERRWDIBUYHG ®6 WWW D GLVWLQFW
FPqi FRUUHVSRQGV WR WKH VWUHEAPFQKL%QQIV Q\é’ ME%W\W%WR WKH E|
K\GUR[W DPQG DPPR&LXPURIXSV ¥0 RI WIKH VXOTOWH JURXS $ E
UHIOHFWLQJ WKH SUHVHQFH RPRR(\Q;GEJDWLFE Q7R PVVLIQHG WR
PROHFXOHV DQG DPPRQLXP LRQYLEMK LR Q FY KV B BIPRQLXP  JURD
ODWWLFH $OWKRXJK WKL\PEDQéFFJQ)'\';LHFiJL&s’HWLK\WL & Qe QRWKHy p L

$16+ VSHEWUXP LW LV EURDGH@ltﬁgGFHhVL)MDP§
WKH GHRLYHG VDPSOH OLNHO\ HWWRHURBYH
LPSXULWLHV RU YDULDWLRQV LIL:th?N]k'H I#?FDO

Llﬁ% FURBG pEVRUSWL
%Q\V@BMOR@NHUYHG

HOYLURQPHQW UHVSRQG WR WKH VWUHWEFKI
2YHUDOO WKH 5DPDQ VSHFV\/\@#\R#K%\Qﬁv?BWWLXPURD(SV
FRQILUPHG WKH IRUPPRQWRQDLRLERCGFPNHoH RI WKH SUHVHQFH RI |

VXOIDWH VWUXFWXUH LQ ERWKP\'?;%@(%QV'V+'?e§ﬁvﬁ1|'ﬁPR\/@|k\|2f”3QRQV $G
RUSWLRQ ED QHD FPqi ZD)\
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WKH EHQGLQJ YLEUDWLRQ RI ZDWEYVWBRQWMEXOEBY ZXUWKMWKH UHFRY
FRQILUPLQJ WKH K\GUDWHG QDWRQN HRUWHH L\D\W R BE &HE &RP Y ROXE
FRPSRXQG SRVVHVVHV JUHDWHU FRPPHUFLDO SF
&RPSDUHG WR WKH $ISHFWUHPZRGUIRPILQJ DSSOLFDWLRQV LQ HC
ELRI6+ VDPSOH H[KLELWHG VPKBRWEDO O/RQMWKHVLY DQG FDWDO\V\
LOWHQVLWLHY DQG PLQRU VKL I WWKIHQ IS E'D N GGFRVWDWRR@V \® BIRHMMD E L O L W
YDULDWLRQV PD\ EH DWW ULEXWBGURRLQ HY I GNOIDX i LFKIDW RO RU
RUJDQLF LPSXULWLHV RULJLQDBOMWXRXIKRPNKMW KBURFHVYVY HQWDLC
ELRSURFHVVLQJ OVWNSELIDAUHZBORSHUDWLRQDEOKRBYWY KDUYHVWLQJ
VIQWKHVLY DQG FU\WWDOOLHKXMPREDO FREGUWQREYY HQHUJ\ FRQV
1THYHUWKHOHVV WKH RYHUDOO QM E BASHYFMRX/OHE BRRIR BN IRUVHVVP HQ\
ERWK VDPSOHV ZHUH LQ VWURQWN B FKHBIW QW VEEPQ PLRKPD @E DG BED
WKH VXFFHVVIXO IRUPDWLRQ FRHFRQMWLDWHH WKIFMHBQGHU IDYRU
DPPRQLXP VXOIDWH KH[®HHEYDWH WK WXHREHR RSWLPL]DWLRQ DF
SURGXFW SURILWDELOLW)\ LV IHDVLEOH > @
WULDOV KDYH UHSRUWHG GU\ ELRPDV
W KDqi DQG 1L FRQFHQWUDWLRQV UH|
2 FKDOFKGLKOLJKWLQJIYWKELBERQRPL
RI ODJFDOH DJURPLQLQJ > @ ,Q 6RXW
UHFRYHU\ UDWHV RI XS WR NJ KD
UHSRUWHG XQGHU RSWAHDNKFR GLW L
FRGGLI®@ &RQVHTXHQWMRUHM[BBRUWLQ!
KDUYHVWHG ELRPDVV WR FRXQWULHYV
H[WUDFWLRQ WHFKQRORJLHV FRXOG
HFRQRPLF UHWXUQV DQG VXSSRUW W
KLIXXULW\ 1L VXOIDWH DIEB@GEH GRW K H U
SURGXFWV > @
JURP DQ LQQRYDWLRQ SHUVSHFWL
DJURPLQLQJ ZLWK DGYDQFHG WHFKQ
(QKDQFHG 5RFN :HDWKHULQJ (5: RIIH
SURPLVLQJ RXWORRN ,Q WKLV D¢
)LIXUH )7,5 VSHBWEHDDRIGERPR DSSOLFDWLRQ RI ILQHO\ JURXQG VLC
$16+ VDPSOHMEFRPHIHUV WR WKH LQGXN¥ WIARDERY oiax\W VIRDLW HVF FKERLFDO
VWDQGDUG FU\VWDB® UHSILHY BRRV VMK K HUL 0J SURFHVVHY SURPRWHYV
$16+ FU\VWDO REWDLQHG WKURXJKH?QRVW%%W&%R{&LWQKDQFHV PLFURQ.

(FRORPLE Poo (avruraPHoWREREY A R liay somommiy Enrox,

(FRQRPLF $VSHFWV (5: WHFKQRORJLHV DUH HOLJLEOH IR
$OWKRXJK WKLV VWXG\ ZDWEKHRGAGXPWKHLUDWRPELQHG LPSOHPH
ODERUDWRU\ DQG SLORW VFDOHNJSRMOYLIPQD DURMYGOXRBVLWRQYWLDOC
LQGLFDWH WKDW XWLOLJLQJ W KHIF R BRAULFFEXP XIOMMWR WD SCDQWH VWP H ¢
2 LQIOPWNRL DJURPLQLQJ LQ WKHKLW HESHHQWQAR MW UDWH J\
UHJLRQV RI ,UDQ KROGV FRQVLGHUDEOH HFRQRPLF
SRWHQWLDO ([SHULPHQWDO GDWD VRREZHBQWHKOQW D\WKH/ IHFWV

FRQFHQWUDWLRQ LQ WKH DHULDO, E P H

P3 NI GU\ ZHLIKW ° %\ MADOBIS Ty R e mmen vy RI
UHVXOWXMARND UIBWHEBVHYWLPDW Ly YHQWLRQDO
GU\ ELRPDVV \LHOG XQGHU FR r_]‘u—klg\é%ﬁ': ' DEFHSWDEO
FRQGLWLRQV ZDV E&SSNR[KFDIQW%‘; \)_|

+RZHYHU WKLV HYWLPDWH DSS v HeRo AW VJHS\OVHDQOWLLE,(;DV‘IQ
FRQWUROOHG FRQGLWLRQV DQ @ E R éy SH  WKH DV
ILHOG FXOWLYDWLRQ GXH WRIFH Db H ol D\ JHQHUDMW

DJURQRPLF IDFWRUV

. P LU K ELWHAEL RQ R
'KLOH WKH TXDQWLW\ RI 1L UH% y WYQ &&5 Wv&
UHPDLQV OLPLWHG WKH HFRQR @%Bﬁ X & \&(’ bsb éj LQJ &2w DG
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FRPSRXQGV 92&V 7KH LPSORKRKOQM P IRWERQ GMWIRIR GXFWLYLW\ RU
FRQWUROOHG IXUQDFHV DQG GBRQOXWWEHPNQEVX ERXIOE& VLPXOWDQ|
ZLWK DGYDQFHG ILOWUDWLR QELR®GRKQFOMRUHFRY HD\QRI LYFDSOMRDBO H F
KRZHYHU VXEVWDQWLDOO\ PLWVRLWH T UW O H BAKHH BRI BV K IFRIQ W U L E X
SROOXWDQWYV LQWR WKH DWRGVBKRQPHQWDO ®HVWRUDWLRQ HI
YXUWKHUPRUH LQWHQUDIIMX OIXDRPLY DW VEQ OMRRISISOBWILRIO DU O\
UHKDELOLW DPWLXFE® W DS WRHM PZHEGLKLWL RUID Q TV AEDKL EGILWW B O R®HVF D
DQG WKH UHFODPDWLRQFIRQ GBOUDGHIG XLWKY QDWLRQDO REMHFV
LPSURYH VRLO TXDOLW)\ UHGWXHKDECLIORWMDWHRDODQG UXUDO GHY
FRQWDPLQDWLRQ DQHUPURPIRPEHRPRQLQJ
SURGXFWLY¥YL®\ > *LYHQ WKDW PRVW FKURPLWH G
7KH DGRSWLRQ Rl DJURPDQNVRFLDXWH®ZLWK VHUSHQWLQL]HG X
K\SHUDFFXPXODWRU BS0ODRQWODWDRFK/ LBWULQJ WKH ODUJH YROXPHV R
UHSUHVHQWY D QRYHO SDUDGURP IRKURFRAYDHQFPRQLQJ DQG WKH
VXVWDLQDEOH GHYHORSPHQW ZEWR®EBQMWUD WILRIQYJRIHIAWRWHVHQW LQ
7KLV DSSURDFK QRW RQO\ DIXWRVH ZHVKDERKWKRXWE WKH IHDVL
HQYLURQPHQWDO VXVWDE\QDEUQLWNFRSHUQFIUWRPH¥KURPLWH PLQH \
PLQLPL]LQJ HFRORJLFDO GHJUDIGBWUR BFRBP)XO DWRYPF E@QDQIMYDV XFK D
UHOLDQFH RQ PRE/XDMIDV B HVRDXEFHWSSRRDFK FRXOG HQKDQFH WKH UHFF
FRVWLQROMVLYH PHWDO H[WUDFWHRD OWRPURRWHRFRQMGEDU\ UHVRXUFH\
SRRU VRLOV $GGLWLRQDOO\ FRZSOK QWKW KWL @ WIUSMP QR E 5/BIN QM LDQDE
FRPPX@DWHG HQYLURQPHQWD®WKHHGHKIFDAXIORDQ)Y HFRQRP\  WKHUHE
LQLWLDWL QWY FFR GRUKLEFEDO OLWHUDIFIRQAMRIVIHD SROOXWLRQ FDXVHC
SXEOLF SHUFHSWLRQV RI PLQLQJ IDHFWHIUWL WH.BIN VD QB KIR \SVUHY HQW VW »
EURDGHU VRFLHWDO HQJDJHPHQWHHQKRXWHKNUDQGU BDWERWMBMWRU\ VFD(
FRQVHUYDWLRQ > @ RSHUDWLRQD® VXHD O DV @ FBDMGIG
ORUHRYHU LQFRUSRUDWLQJ BHWRRUPDRIF K QMWRNWHKWSHFLILF SODQV
VWUDWHJILF SODQQLQJ RI PLQD@XUBSHUFRQRWWDREY QXODWUHQW
SDUWLFXODUO\ WKURXJK WKH XRBIQR U HMHHQQVZ D EROSW WMWY BRAQHREPJ F R V W
VRXUFHV GXULQJ ELRPDVV SURFRQRRLF 2PUIHEFCQWIR EH IXO0\ DGGL
UHFRYHUA ADADYHYQLILFDQWO\ UHGXF W RRDFUBRWLRQ WKLV ZRUN UH
HPLVVLRQV DQG IRWMQ@P\ |XHKM USHESERPLQDU\ \HW VLJQLILFDQW VW
FRQWULEXWLQJ WR WKHWBBRLHHRFDHOQLW VRLRQRRU DJURPLQLQJ WHFFk
VXVWDLQDELOLW\ JRDOV > @ )XWXUH VWXGLHV VKRXOG DOH RULWL
HYDOXDWLRQV RI SODQW SHUIRUPDQF

&RQFOXVLRQ FKHPLFDO SREQLFR—IWH/NWKWI’-SX_ULW\ RI
7KH ILQGLQJV RI WKLV VWXG\ 'H—“ Yl?[? 6{}@% E§P LGS?EH\P,(VF\',Q
2 LQISBWIHVVHYV FRQVLGHUDEO FE YQLDEL(
IUDPHZRUh

K\SHUDFEXPXODWRU LQ WKH VH

'HVSLWH WKH ORZ SURSRUWLR

UHODWLYH WR WKH WRWDO FRQ WKH ORZ FDOFLXP

WRDJQHVLXP UDWLR DQG =

FKDOOHQJLQJ VRLOWIF[R\QGNWH%%Y—R/EEBEIGJ%%B\N

VXFEHVVIX0O0\ WKULYHG LQ WKH QBM DXW KRUYW RQ FHOMVON WKD QN (Q.

,UDQ DQG DFFXPXODWHG VXEVWRIQOW L D@ DIPRDEDMY DRI VLIV W@ QO FH  Z L W K

LWV WLVVXHV ILHOGZRUN LQ WKH VWXG\ DUHD +LV |
JURP DQ DSSOLHG SHUVSHFWILIYWRWWRHWR WHKXOWMEFHVVIXO FERP

SUHVHQW SURPLVLQJ RSSRUWX QUMMHIUIRK WKH GHSOR\PHQW

RI2 LQIOQWDURPLQLQJ LOLWLDWLYHY DFURVV WKH

RSKLROLWLF UHJLRQV RI ,UDQ ZSK—UHKJPH)(DJH'—lHS/UHGRPLQDQWO\

FRPSRVHG RI VHUSHOWLQH VRL QY fR UHR YL o WY igH SKDUF

VSHFLHV GHPRQVWUDWHYV VWURO LS K ISHOW 5B OR Rk LOs XU Bg oy kDY F

LQ SK\WRUHPHGLDWLRQ  SURXEPWAYHUDHP HBHFHRW SURIRKWYPDIQG | XW.
UHKDELOLWDWRRQW HRQIANMPRLOWRI| (QHUJ\ 6WRUDJH
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> @ILFNHO ,QVWLWX8ERXW QLFNWBPSHUDWH WR WURSHRI® FPRLPDWH JUD
KWWSV QLFNHOLQDWIWREADH EFRYJ HQ+QLFNHO

IXWXUH > @DVFLPHQWR & : $ G J/LPD / + 9
> @LXKX % $ %DPLVLOH 2 $GXQ-+$ $EXG 8 26LRQGL & 0 8OWUDPD|
&DL (IHIHFWV RI WUDQVLW L RQ FN-HAOD S ¥\ WRRIP ¥ Q0 QB RRIS SRIYWX\Y DW L H V

EDVHG QOIRQKERWWHU\ DQRGHYV $ FRARIID/MUDWLYD GWXEYRFLD GR 6ROR
LQ HOHFWURFKHPLREOQ &L IRRQ@J’EBI?\EKDQDJH 0 .XPDUDWKLODND 3

&RPSRXQGV .DUXQDWLODNH 6 BHQHYIKUDWQH 0
> @ 6 *HRORJLFDO 6XUNMNO VWDWXQDUDWKQH 9 'DVVDQD\DNH 0 2N
DQG LQIRUPDVBLRQOHEH - 2FFXUUHQFH DQG F\F
KWWSV ZZZ XVJV JRP LFHHUDHOUN Q DHADLHRRQDON Y LQ XOWUDPDILF VRLOV DQG W
LQIRUPPBMQLR QUL @ DMELMIPLRYUPDWLR KHDOWKLWLFDQQYHYRBPHQW ,QWHUQDWI

> @DQ 6 =KHQJKDR 0 OHLOLQ / ;LDRKXL <

i LDR[XH : *OREDO VXSSO\>VAXWRODQDEKD LW\ :HHUDZDUQDNXOD 6
DVVHVVPHQW Rl FULWLFDO PHWBOV$SHRWLRAKBQ %HQHMNWWQD\DNH 1 % D W
WHFKQRIOWRIXUFHY 3ROLF\ 5DQDVLQJKH 0 SRWHQWLDO HFR

> @OWHUQDWLRQDO (QHU3DREBIQMYYHVVPHOW RI KHDY\*PHWDOV &U 1L
HQWLQH VRLO DW *LQ®UDEQRSKOHVVD

FULWLFDO PLQHUDOV RXW ¢ DO Rl *HRVFLHQFHV

KWWSV ZZZ LHD R B U IWAIBHBMMD/ON R

RXWORRN > @{DQ—IU (QW $ %DNHU $ - SHHYHV

&K GHUVRQ & : OHHFK -
> @HUGHHWI] $ ORQWHUURVR PR g&((’j'(bR$\/\%Do<JKD§ ) ORUHO /S
*DUULGR % 0DFK(FEIQHHW\DUULD » 330ULH

JHUQIQGH] E LGG 3 \ﬁsgg %ﬁ%@é WL;{DUPLQJ IRU PHWDOV |

OLENHO SK\WRPLOQLQJ LQDVHUSHQ RWLRQD Lo

“"RXUQDO RI *HRFKHPLFD®O ([SORUDWLREDUSHQ + /  *LHVH ( & (QKDQ

> @RIQDFFKLQL $ B5RVHQNUDOQ] 7R{/>J§¢£N L[.?UF% L\,QVGHH.R\DWQEL6RFC)LT4%FF*74LQ‘

ODFKLOHW * ( (FKHYDUULD *» % FMRYEOgHGH:

ILENHO SK\WRPLQLQJ IURP LQGXVWULDO ZDVWH YV

*URZLQOJ QLENHO K\SHUDFFXPXODWR UGS ®E QDR ROALBONO QL F

VOXG-RMUQDO RI (QYLURQPHQWDO KW@SM PEDRF\FORSHGLD FRP LQGH[ SODGQ
DOBHOHPHOWVBPLFURQXWULHQWY OQLFNH

> @LVHR , (OHFWULF YHKLFOH EDWW@®BUMEBF\FOLQJ $JURPLQLQJ $ QHZ F
FDSDFLW\ EXCFRREOQOV N FK (Q YL URRXMHY@WDOD * ORUHO -/ 6LPRQQRW 02
KWWSV ZZZ JOREDOWHFKHQYLURQMRUNVERSFRP VHUYLFHV K\E

ULHGE D WWHIRWOLQJ > @LY\D 9 8 6LQGKX 3 9 $LVZDU\D

> @XQLRU $ % % ODUWLQV ) 3 &H]BUURRLQLQ@J $JURUHPHGLDWLRQ IRL

JLERQL / % T7HQYULR - $ 6 (FRIQRYDL QDWHE HFE R V8K VW M\ D$ . UHWK H Z
7KH VXVWDLQDEOH GHYHORSPXYINQGRDQV3DWWEDNQ

PLQLQJ DQG WKH FL?LKFHXQDMUIHH:WQ‘R&)\DNHU $ %URRNV 5 ZHUUHVW

'QGXVWULHV DQG 6RFLHWI SODQWV ZKLFK K\SHUDFFXPXODWH PHWLE
> @DV $ 3 YDQ +XOOHEXVFK ( UHYL$NOL®RI$ WKHLU GLVWULEXWLRQ
6XVWDLQDEOH PDQDJHPHQW R B R\WDR RK HADRAWHEF\RYQH \

WDLOLQJV D FLUFXOD&5EFRORPA D§SL@?Y%FQKGHU (QW $ %DNHU $ YDQ %D

> @HUF]DN - S3LHWUDQLN $ 3 GMRDDWU $ S8OWUDPDILF QLFNHO ODWH
8OWUDPDILF JHRHFRV\VWHPV DV D GXWRUZEOLVR X UFDHORD KIH USU PLQLQJ
DQG &R WR WKH HQY LEFRGIRHFGIWR I$\KIKGMUDEFXPXODWRUV DQG RSSRUWXQLWL
7RWDO (QYLURQPHQW -RXUQDO RI *HRFKHPLFD@ ([SORUDWLRQ

> @DOH\ 0 GYDQ(QW & ,TEDO >0 @HHYHV 5 ' DNHU $ - -DIlUp 7
5DMDNDUXQD 1 S8OWUDPDILF'JHRKAFRMRU LI VRXWKDQ GHU (QW $
DQG 6RXWKHWRWW @G WVALIDO 6 WXGLHV GDWDEDVH IRU SODQWV WKDW K\SHUDFF

> @VHX<= =HKHWQHU ) )xmLL . PIHOWRBYDERC PMHIFHKMORE R QUYAN

1IDNDR $ *HRFKHPLFDO IUDFWLRQDWLRQ RI
FKURPLXP DQG QLFNHO LQ VHUSHQWL@® & RLHOUS(DRVL GHVUDNRIQI ® - 0 (FKF
6LPRQQR3V 0 ORUHO - / (GV
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$JURPLQLQJ ([WUDFWLQJ XQFRQYHOQWARMIR® WHVRXBKDWILDRAR 0 YDQ GHU
SODQW&/ HG OLQHUDO 5HVRXUFH 5M6OLMEY $6SULQJHU,QWHUSRSXODWLRQ YD

\SHUD,FF DWLRQ DQG SRWHQWLDO |
> @RELQVRQ % %URRNV 5 +RZH§%§$&%§QE§ D SHQMZLQHRMLYDI®RP :HV
Nk R

sUHJJ 3 7KH SRW HEL\R DO R
QLFNHO K\SHUDFFXPXODWRU %H QO (ISREUDWLRQ

SK\WRUHPHGLDWLRQ D-®EUGEOWRBIL @KIIRRUL 0 6KDULDWL 0 YDQ GHU
*HRFKHPLEDO ([SORWDWLRQ %DNHU $ - 1LEFNHO K\SHUDFEFX
> @URRNV 5 5RELQVRQ % +RzHyJEE SRRy \'NLOHVKEDSS PLUR e AR
$ $Q HYDOXDWLRQ RI %HUNKUE @w%%g \%%Hg AN O
DQG $O\WVXP EHUWRORQLL ‘HvVY IRU SR R R & HHP
SK\WRPLQLQJ BRX@UENHOLFDQ -RXUQDO RI

6FLHQFH > @KDGHULDQ 6  %DNHU $ *HRE
> @HLIK %URDGKXUVW & 7DSSHU |Q§LH LV?@WU#@DP FRDlo*HU:FFEr?PQLDFLDVoVI?[QSFOHR
(UEH ( ) 6SDUNV ' /  &KDQ '

,QWHUDFWLRQ RI QLFNHO DQG PDQJDQHVH LQ DFFXPXODWLRQ

DQG ORFDOL]DWLRQ LQ OHDYHV RISWKAKDGHKUSEQDBFXP XORKWRDEL $ 5DKLP

$0O\WVXP PXUDOH DQG SOD/QYWFDPRBUBREXPDNHU $ - 0 1LFNHO DQG RV
+ XSWDNH DQG DFFXPXODWLRQ E\ VSHFL

- onugoosk (& sxieoce o o SUBNELIRENAN L aRS WK xowuoRo
, 5LORUHD QLFFROLIHUD 9LRODE WD O FRIWE Q

K\SHUDFFXPXODWLQJ VSHFLHV [WBRPO*KBIRQUL PP DEQ @ J)DWWDKL + .KRVU
3KLOLSBL\@QHRV H\V 1RJKUHLDQ O *HRERWDQ\ DQG ELRJ

> @LGG 3 6 %DQL $ %HQLJUL R([I)&ésﬁﬁﬁ% QY VRLOYREBWKHDVWHUQ@DC
+D]JRWWH & .LVVHU - .RQVWDQWL 0" TXSSHQV 7

AUNDV IDXELH % 'HY @ORISWQEL $ *KDGHULDQ 6 0
VXVWDLQDEOH DJURPLQLQJ V\VWHPRJIHRGKHHDRIUWMWYOWRGDIHRERWDQ\ RI WK
XOWUDPDILF VRLOV IRWRQMWFINHOD/ RUMARKHHUSH]YDQVKDKU DUHD LQ QRUWK:
(QYLURQPHQWDO 6FLHQFH SUHOLPLQDU\ BRYWWWIDILMWLARXUQDO RI %

> @RVHQNUDQ] 7 .LGG 3 3XVFKHQUHLWHU o0

(IHIHFW Rl EDFWHULDO LQRFXOD Q@& KDREMH SKDWR L QIORKWIDGL $ 5DKLPL
PHWDOV IURP ZDVWH LQFLQWWBWBEREGYBERWWRP MDANKHU $ +\SHUDFFXP
ODQDJHPHQW QLFNHO E\ WZR $O\WVXP VSHFLHV IURP WK

> @XH 0 B5HHV ) @GLPRGRARVD o J' UTIPQWRILQG =+
3K\WRH[WUDFWLRQ RI 1L IURP @ SMRREGGUQEKVWURNDO ,, DPPRQLXP
VOXGJH DPHQG H GRXUND @ LRIF KIDRIF KWRQ FDWH K HKMWWEYDWH Z VI JPDDOGULEK F

(ISORUDWLR® > @&,6 1ILFNHO DPPRQLXP VXOIDWH F
> @5RVHQNUDQ] 7 +LSILQJHU &LQYLBOWNESVE ZZZ LFLV FRP
3XVFKHQUHLWHU 0 $ QLFNH PLOLQL ILH

WULDO XVLQJ 2GRQWDUUKHQD F | ! \Ab V%E%\Eég‘@Rng SUHFL(S?LVM'
JRHVLQJHQVLYV RQ DQ $X\VRXWIOD® 5 ij RRAYTL R O Doow B4 D WWE B OBRG
(QYLURQPHQWDO ODQDJHPHQW RXUQDO RI &0OLPDWRORJ\

> @FKHYDUULD #)($JURPLQH SURMH@E{T? MDKDO 0 KBVUDYLFKHODU
SDJH /[,)EJURPLQH KWWS?XO L%HWKRG DQDO\VLV IRU DYHUDJH D

DJURPLQH FRP HQ KRPHSDJH PDSSLQJ LQ WKH .KRUDVDQ 5D]DYL 3URYL

> @RJIKDGDP + 6 &RUIX ) 6WHUODSEEN PRV SKHWIH
%DNKVK $ 7KH (DVWHUQ .KR\ PRUSKLF \
FRPSOH[ Rl 1: ,UDQ D -XUDVVLF RSKL é}/gsg\@ééggﬂ%/ Q107
RI WKH 65QDRBOMRROBDO RI WKH *HRO H RQ WKH DF
A d UUKHOQOD FRUVLFD JURZQ RQ D
* QWHUQDWLRQDO -RXUQDO RI#K\WRUHPH

> @NEDUL 6 .DULPL $ /DNJLDQ $ )RWRYDW $

3HGRJHQHVLY DQG GLVWULEXWL L DQG

XOWUDPDILE VRLO WRSRVHTXHQFH %& U]\D'J’DUL’G%»kg @JOH - 6

(XUDVLDQ 6RLO 6FtHQFH % v s - ' vV Rl FDOFLXP
WROHUDQFH DQG DFEXPXODWLRQ LQ $0\
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FDEEDJH JURZQ LQ QXMW QD) &/ FRX@IUROPOLFK $ ORUDGL $ % S5RELQV
+ .DHVWQHU $ BFKXOLQ 5 'LPHWK

0% VW TXRQWHRDWLYH PDSSLQJ R
> @%DQL $ (FKHYDUULD * lzkﬁ%ﬁx
DPHQGPHQWYV UHSODFH FKHP|_FDos(?ﬁ?ggx%éﬁ_@aﬂé2 RIQYPPYRBCE ([SHULPHQW
DJURPLQLQJ FURSSLQJ \QWWUH®PWQRRDEDQLD"

-RXUQDO RI 3BK\WRUHPRHGLDWLRQ > @+LSILQJHU & /IDX[ O SXVFKHQU
ULVRQ RI IRXU QLFNHO K\SH

&
> @DQWLVWHEDQ - , OGWERDYLO
‘DEULR & - -DSDWD 0 % 5 * SQD % WKH WHPSHUDWH FOLPDWH ]F

4DVWDOR 6 $IDWWRLGH]( IRUR RT *HRFKHPLFD® ([SORUDWLRQ
LJQLWLRQ D TXDOLWDWLYH RU TXDQWhWOQWLYH (FKMXRGURD RUJBRDRBJ ; %
PDWWHU DQG FDUERQMWWHEBLOHQW® XERAWHWQVWRIWHO - 02 6LPRTOKHRW
-RXUQDO RI 3DOHROLPQRORJ\ HIITHFW RI SODQW GHOWRWLQLQ JQ LIFN®®

> @ROODUG $ - OF&DUVBRBDULN H&&Eﬁ&@gﬁ V\(’QV_Ribvég@$sl\\;]VvasDQP\XUDOH
& )O\QQ 7 $ 6REF]\N 0 . 6P - )

,QWUDVSHFLILF YDULDWLRQ LQ ®@QENMURWRAHWPQRRNDVQE &KLDUXFFL
K\SHUDFFXPXODWLRQ DPRQJ VHUS&QWHEGDQR G0 OEREVYRR® % 6LPFRFN
SRSXODWLRQV RI 2GRQWDUUKB QD V3HU BARPLQRQILDRU QLFNHO WKDO
%UDVVLFDFHDH $O\VVHDH IURP WROHU QDHOURD ®HBARH B VKBD® ([SORUDWLRQ

30DbQwWYV > @DUGR 7 S¥GUIUER] % 6DDG 5 )
> @U\WFKNR 5 .XKQOH 5 7HU\WBRWRTKHHXHU /- /®ROXDWLUBR 3ULHWR
6WDKU . 6RLO H[WUDFWLRDHEQIQHIHGLE\ YRIOKEDHULD * %HQLJUL (
KHDY\ PHWDOV DQG DV XIROKWLRQL+ 12 $VVHVVLQJ WKH DJURPLQOLQJ SR
HYDOXDWLRQ RI ',5:RXUQDGR| 6RLOMGILQGI UUD XNDHUREFXPXODWLQJ SODQW

BHGLPHQW \& DWHWEDOH LQ XOWUDPDIWHFBHOD W GHU
> @KL * &DL 4 gpcrLxp WRAPILBREHEL WKH 7TRWDO £QYLURQPH(
DFFXPXODWLRQ LQ HLJKW SRWHQWLDO HQHUJ\ FURSV
%LRWHFKQRORJ\ $G¥DQFHV > @DXJKDQ - 5LJIJLR - &KHQ - 3HQJ
> @KDQJ : /DXELH % +RX]JHORW %%Y@%)dfwu (QW $ &KDUDFWH!
UR XUJLFDO SURFHVVLQJ RI Q
(FKHYDUULD * @LPRQQRWFWOHDV N W U\
SXULW\ RI DPPRQLXP QLFNHO VXO R kQ'fW'\%‘%m B8&

SURGXFWLRQ VXVWDLQDELOLW\ L@ @ DQLENGRX[SK\WREPRYDQYL ( OHUFLHU
SURFEKNNPLFDO (QJLQHHULQJ 5HVHDUFK OR@BIOHWAODQLY - $ QHZ SURFHVV
+ IRU QLFNHO DPPRQLXP GLVXOIDWH SURG)

K DFEEXPXODWLQJ6EOBQRHS$O\V VX
> @%URRNV 5 5 6HUSHQVE/IB%R(FPSGJ-IF@\J/\I&%&?QY&URQPHQW

YHIHWPWXRQYLGLVFLSOLQDU\ DSSU

> YLi. %  -BYDQRYLU * 5DQjH
> @UXENHEHUJ $ 30DQW OL] @)\v%g\?'.\ﬁ b W R )
$PHULFDQ XOWUDKHD IHFRORJI\ RI 504 B BUQMARYRG "1 oxmryLa 1

) d<FW Rl UHFU\VWDOOL]DWLRQ R
VHUSHQWLQLJHG URFNY DM@GH{%I'E)A FU\WWDOV SURGXFHG IURP 1L K\SH

> @VPDQL 0 %DQL $ *MRND )30DBRMOROD %
IDTHOODUL 3 6KDKX ( 'XND @F Y * |
7KH QDWXUDO SODQW FROR%L] YENCATD?%H@?\\NL?D#ng"é\jgﬁr\lyuém?“sg.
ngﬁlgSg%JigHD RI 3sWBHUQROVF R ? E\ K\SHUDFFXPXODWRU $O\VVXP
Q QLFRRQWDPLQDWONG URRIPGNOWDO 6FLHQFF
> @LENV /| - &KDPEHUV 0 )7HFKQR®RJ\ +

SLRQHHULQJ VWXG\ RI WKH SRWHQWLDO K\ QLQJ | .
QLFSPOQWY WKDW +\SHUDFFXPXOQW Lgﬁ YSO gb s %_ F;'EJKHYDUSUSLVSDNH
7KHLU B5ROH LQ 3K\WRUHPHGLDW}ROS, QEE

o 3

5 FrU D L

$UFKDHRORJ\ OLQHUDO ([SORUDWL, ﬂq@l L JDPFHFVC(;éOFD&NRLSRﬂQIS'F
&$% ,QWHUQDWLR®DO :DOOLQJIRU H

HWDOORPLFW
> @OL]XQR 7 LULKDWD < OH )
FRPSRVLWLRQ RI SODQWV IURP m@g@%ﬁgﬁ@%gﬁyﬁRi%RgszfwRQP"HQT‘
6XIDVKLPD ,VGXYW UGN -RXUQD Q@Dd S HDWKHULOS DV D FDUERO.
* PHWIORGQHUDOV
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> @ %L % /L * *ROO ' 6 /LQ BWEKIGHEBV+LQX&KHPLFDO DQG (QYLURQPHGQ
&KHQ 4 /L & :DQJ +DR = (QKDQFHG

URFN ZHDWKHULQJ LQFUHDVHG VRLO K_IﬁVSKRUXV, L L%\//\ ORG
DQG DOWHUHG URRW SKRVSKRUXSI‘(W UQ&&MéL%QN%}RQ%LI-@{%ﬁFﬁSWV PHWKR(

* 0,
OREDO &KDQJH %LRORJ\ SHUVSHBRL®YHY (QYLURQPHQWDO +HDOW
> @ &ODUNVRQ 0 2 /IDUNLQ & 6ZRERGD 3

6
EHHUVKHPLXV 7 6XKUKRII 7 - QDHVD, & 1. _ B
&DPSEHOO - 6 $ UHYLHZ RI;PI-'@PH%P ) u,% / =KDQJ Ty ‘sDR 0
TXDQWLILFDWLRQ RI FDUERQ GLR[L%GH fig ¥ A W@f‘mé
ZHDWKHULQURIQWVYRU® LQ &OLPDWH DU S URPHGLDWLRQ LG
DQDOARKVQDO RI (QYLURQPHQWDO 0DQDJ

> @ -HUGHQ - OHMBHOKR $=0OPXQHU

&DUUROO 0 &DPSH - 7TKH _LP |

JHRFKHP LF DR ADMG YDIHD EOHV RQ FD PR ﬁél% RLHOL 0 SWDHL 0 4bub

UHPRYDO E\ HQKDQFHG URFN ZHD AR SAHIW Q

DQG DSSOLFDWLRQ RI W KHS SEOMHGQD, < M@ LWL H $ VXVWDLQDEOL

SHREKHPLVWU\ SHI 6WXGLHV LQ &KHPLFDO
(QYLURQPHQWDO (QJLQHHULQ]J

:/()D%ULSVPV\?LSVSRQ%GRLHVNQR%HOD)NL%( @fvFolHoL o $wDHL o 4pDuD
° $ QWHJUDWLRQ RI UH
ORGHOOLQJ ODP IMXDSHGRIZ @\ HU V N q% e oW 2L WK
ZLWK FDWDO\VW WHFKQRORJLHV |g/ DY(RR kﬁ\g;&%’\,a&%ﬁ)&%ﬁﬁ{mm
UHPRFDOY SUHSULQW DU:LY
> @ *DKDQH ' %LVZDO OD% IR HYM HD6 -KR[;/\EWS S-KDOXI\(ISK
JILIH F\FOH DVVHVVPHQW RI B F§<BJU?<\ g\')‘%\}J SVVHYVLOJ SROC
%LR(QHUJ\ 5SHVHD UFK ULVNV IURP FKURPLWH PLQH WDLOLQJV F
> @ 6DOHKL 6 3RXUHVPDLHOL 0 QG 4D EDKDPVIIRIRE] VDOHDS BV DF KHWD W

1 $ VXVWDLQDEOH ZD\ WR SWHYHQWHRUDODKE LARMDIVBIYQYLURQPHQW
FDXVHG E\ KHDY\ PHWDOV ZRIDWK SK\WRUHPHGLDWLRQ
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