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6 (VWDEOLVKPHQW DQG WKH SUKNHQ@WLRDBEWXKYHRSDUWLFOHV |
DQLPDO DUFKLYHV LQ DQG WRIRRGGURQIAHGQW LQ WKH )XNXVKL
HYDFXDWLRQ JRQH RI WKH )XRXNWKLP®D DLLBRELGHQW LQ s
1XFOHDU 3RZHU 30DQW )133 SIDAPWGFH®MY ZHUH HPLWWHG IURP \
)8.80272 0 7+( *5283 )25+RZHYHU WKH GHWDLOV KDYH QRW
&2035(+(16,9( '26( (9$/8%$7,21 7KLV VWXG\ SHUIRUPHG LVRODWLF
$1,0$/6 )520 7+( )133 $))(&7CBDUWLFOHV LQFOXGLQJ VR FDOOHG
$5($ IURP VRLO VDPSOHYV DQG ¢
7RKRNX 8QLY FKDUDFWHUL]DWLRQ $QG ZH GLVF
7KH )XNXVKLPD 'DLLFKL PBHAVOHDHQ 3RKH ISDUWLFOHY IURP WK
30DQW )133 DFFLGHQW UHOHMDRBGVOHE HDBRRRXIWWIMREGLRDFWLY
UDGLRDFWLYH VXEVWDQFHV WRIVORYV IVKSHO HI\Q Y ZKHR. @ABEREWQ X FO L G
6LQFH WKH )133 DFFLGHQW RBIMRUGHRWHFHWHG LE)\ WKMPD VSHEWL
ZRUOG KDV EHHQ WKH KHDOWW KH I IS PW VWRU FODRIYJ WRIAHYBBZ QR RW}
GRVH H[SRVXUH WR ERWK LN QEOHON HDRYGH GI [ W UWRB SDUWLF
UDGLDWLRQV +RZHYHU LW LVDICPLSSROAW. EVHVWRI SHWIWUPOHV IUR
VXFK H[SRVXUH H[SHULPHQWWKQ RAOMXRRXODERUDPWRIQLILFDQW
DQLPDOV 7KH YHU\ LPSRUW D @W HRX DAJHDW WHWHGWLG V VRK MV KSHD U W L |
)133 DFFLGHQW LV WKDW WK H RYHYLHBWH QG \K\WD S BENQW IGRQQR | %D ZF
-DSDQ ZKLFK LV RQH RI WKHWXDM RD@&¥YDQRHGVROWGUHDVRQ RU
RSHQ FRXQWULHVY DQG WKHEBPRXGQGWFR! SURGPOMMGRI &V ,Q
UDGLRQXFOLGHV ZDV RI W& HVAKHILEXRELARQRF)B QW =Q ZHUH
‘H FROOHFWHG RUJDQ VSHFLPHQVKIDWPRAEDMWWO® FRQWUDVW 6L DQG
DQG ZLOG -DSDQHVH PRQNH\WRRRKQQ 6RQIG/ IRKMD RH@®WMRU FRP S

WR WKH NP UDGLXV SUHYULRXVRDFWHWH DD UMKIHEOHY HPLWW
HYDFXDWLRQ ]JRQH RI )133 D:FHFLIGHYHN EHHQ
SHUIRUPLQJ GHWHUPLQDWLRQ RI RUJDQ

FRQFHQWUDWLRQV RI UDGLRQXFOLGHY DQG WKHLU

ELRORJLFDO HIIHFWYVY , ZLOO$SDGGHMMODRSPHQ@W KRIYHUDSLG VH

HVWDEOLVKHG WKH DUFKLYHPHWWRIE ZRKDVOOHNRQHXP DQG D

XVLQJ RXU DUFKLYH VI\VWHP FR@Q®BURHEG HRVWAHKH D/RH O VDPSOH

IDFLQJ DW 68=8., . 8(68*, 0 <$0%$025,
<2.2<%0% %

*UHDG 6FKRRO 1DW 6FL 7HFK .D
$ 'LITHUHQFHV E\ WKH VRXUFH $HHWEM RUDRI HOKHHPHQWYV R1 3X DC
UDGLRDFWLYH SDUWLFOHYV HPLMXWEBDUURXMOWKIHH NQRZQ WR
JXNXVKLPD 'DL LFKL 1XFOHD)JXNIRZKHIPD3IOPOEKOHDU 3RZHU 30DQW

DFFLGHQW ,Q WKLV VWXG\ ZH DLP WR GHY
6$728 <$'$&+, .212 7,,=$:$3 TXDQWLWDWLYH DQDO\VLV RI 3X D
< $%( <1%$.%$, , ,*$5%$6+, < VDPSOH IRU QXFOHDU HPHUJHQF\ :I
6$6$ . 68(., . RQ GLVVROXWLRQ DQG SUH FRQI

8QLYHUVLW\ RI OHWKHIKERO RHIFFRDIDG O\ RQ VSHHGLQJ XS SXULIL
SHVHDUFK 7&MVWRLIDXWHIUV LW\ RWERHL HNOHFHXHQWLDO DQDO\VLV 7KH



IXVLRQ DQG WKH SXULILFDWLRQ RI $P E\ D '*$ UHVLQ

FROXPQ KDYH EHHQ H[DPLQHG ,Q WKH SURFHGXUH

""7& VROYHQW ZIWURKXQEGRIHFHY VDUQDWPRVP RI UDGLRDFWLYH FF
HOLPLQDWH SRORQLXP DWRPEORREDDQE FOH FH@N RUHFGWWOH IHG
WKDW WKHVH SURFHGXUHV ZHRIQ\WSBDQB WEHGHVWRDWKH VRLO
VDPSOHV IRU PRQLWRULQJ 6FRQWDMPEDONLRQ6+,852 +

)XNXVKLPD .12 < 8586+,+$55% <$57$1$5%(
6 6$,72 <2=87680, B2&+, <
1,6+, . $%,.2 5 :$6+,2 5

.8:$+$5% < 180%$%( 76(.,1( 7
$ $ &HVLXP GHWDFKPHQW )&RP2TWKH FOD\
PLQHUDOV XVLQJ PROWHQ VDGW WRIKFONKXPBLODWLDRWGHIHFW /LYH

VWUXFWXUH DQDO\VLYV ([SW 6WOW &KHP 7RKRINDGBQLY

+21'$ 0 6+,02<$0$ ,.2*85( 7 /LYHVW +\X+&WBRKRNX 8QLY
2.$0272 <68=8., 6<$,7$ 7 ‘H LQYHVWLJDWHG WKH FRUUHODW
-$($ 7RN\R 8QLY UDGLRFHVLXP GHSRVLWLRQ GHWH

7KHUH LV WKH LVVXH RI RRQOWRRQW D MIQED PALRXQUIDFH PRQLYV
SUREOHP ZLWK WKH UDGLRDFRMULYUDFSVEPXVF@&N RIDOILYH FDWWO
TXDQWLWLHY VFDWWHULQJ ZVUXUKY AMRHWKNXWKQRRGILDY®W PXVFC
1XFOHDU 3RZHU 30DQW DFFLGR@MFH QWW R RXRQWIOH PWDOROUHG L
UDGLFDO VROXWLRQ WKDW GHIYUQ\PIREW K\ RDEGYV RSWD VRIMVBEXUHG -
EHLQJ GRQH E\ RXWEUHDN FDOWHAVORREWWIK INBOINWK UDGLRFH
WUHDWPHQW PHWKRG LV RQWL®DJWKRUHDISIFWR[YADBAVHO\  GD\V
UHPRYDOV KRZHYHU ZDVWH ERGWBPYBADWORWKUBGH FQGHDQ VLOTL
GHWDFKPHQW QHHGLQJ D KLJKUNDHPSPRQMWWKRIHLQJ YDOXHYV
SURFHVVLQJ SURFHVV DQG VRRDWHE&DWHG S WREKHPUIRGLRFHVLX
SUDFWLFDO XVH ,Q WKLV VWX®YT KB LIQQ MWKML SOW W I8 FWKIKG &PVX V F O
GHWDFKPHQW E\ WKH ORZ SARNXO/MX AR QNHEWALPWWHRWQXUIDFH PR
PHWKRG XVLQJ WKH PRCPUHHE UDGWR ADRIOX R FRDFHQWUDWLRQ L
VDOW DQG WKH VWUXFWXUH IXQDVWKNUVFRWS\WKH G W XWBIMAEWD PR Q L
IURP FOD\ PLQHUDOV DQG D WEHORRGPOROHWPWN Y HEDUWWK 5DGLRF
‘KHQ ZH JDYH ORZ SUHVVXUWBFFYXRRODVWHHIL LMK/ FOH DQG EOR
1D&0O &PER[MHG VDOW DQG KHINWEBWEZFVDRXKHHYWE&H SHULRG RI
&V UHPRYDO UDWEHHJUHBIW $V PROMADPQWDWHG VLODJH 2Q WKH
RI VWUXFWXUH DQDO\VLV RI WHKRUFDNHPLQ HVUIDH WP XQKAGEK ZDV VO
RFFXUUHG LQ D KHDWLQJ SEHBRRWGVDMVHQJIVZLWOAKLQJ WR WKH
GLIIUDFWLRQ PHWKRG ;5 DRGILWPP®VRIKDW RBELRORIWDO KI
HOHFWURQ PLFURVFRSH 7(0 D6SWR[URDAM® \WKIHHNV DQG PRQ
SOXUDO VWUXFWXUH FDOOH® KMKPX \&DGHF L WYV SHHFRDLW HVWM :H DC
$XJLWH DQG :DGDOLJKW D Q @& HBMHHZG MWEK\WY W IR MXWAL RXQV R D R
UHPRYHG ZKLOH WKH IUDPH VWHWNKF®XHWWH@®W FOWXG\ UHYHDOH
PLQHUDOV FKDQJHG UDGLRFHVLXP GHSRVLWLRQ FDQ E
VXUIDFH PRQLWRULQJ DV WKH QR(



‘H ZLOO GLVFXVV FRQGLWLRQV B8R HESDRRONLEBRYUHRSI IRRDQGLGDWH P
FDOFXODWLQJ VXUIDFH PRQLWRDQXD W IDROX IRY KARP R XHNE B IHW \
UDGLRFHVLXP FRQFHQWUDWLB3%$ 7 o, 1 %$ ,+ , 5 % ,
,:$0272 + <21(=%:% & .%$.,7%
.2-,0% ,2.$'% $ 2.%8'% <

651%$'$ 7 6+,%8.%:% 0
$ 6WURQWLXP LQ ILVKHY.$*B]WHUSS®. K ) 03(<$03$
)XNXVKLPD 'DL LFKL 1XFOHDU 3RMEBUS 30ORDINV + )858.%:3
DFFLGHQW 0 8(0%768 <
0,., 6 )8-,0272 . 025,7% 7 10,- $,6 DXVDVKL BRNAR &LW\ 8QLY
6+,*(12%8 <7$.$*, . 212 7 (QLYLURQPHQWDO 7HRIGQIRBORJI\ 6H!
$7818%( 7 68*,6%., + -6$3&7RVKLED (QYLURQPHDRWOR 6ROXW
I1WO 5HV ,QVW 7RMRINX KWOF B&LWK\ 8QLY $WRPLF (QHUJ\ 5HVH
5HV ,QVW +RNNDLGR 8QLY 6RLW®FAD 8QLY

5DGLRDFWLYH ZDVWHZDW H)XNX\DHIPDH BOURROGVKE ' FHQWHU
)XNXVKLPD 'DL LFKL 1XFOHDU&S$ZRZB|$ 3®DERW 3HUNLQ(OPHU
)'133 LQFOXGHV WKH KLBK FRGBHQWUDWLRQ RI
$IWHU WKH ZDVWHZDWHU ZDV GLYR®DBIHGJI @WR WKBHDVHDUWKT X
6U LQ VHDZDWHU ZHUH RQO\DWE PSRN DEEQG ISOW HDFWWE&H )X N X V|
QHDU WKH )'133 KDUERU B6WUBGWHNXPSORQW HRIDZDWHU D PDVVLY
ZDV VSUHDG DFURVV WKH REEBOQRRDPWLGH OXWHELOGMR/ ZHUH U
XQGHWHFWDEOH OHMHQQ (FBGLAMRRIKPHQW LQ -DSDQ 7KH HPH
ILVKHV DUH QRW GHWHFWHG URLTWIL]HH)Y N DOWMB® THHINWXURHOPH Q W
DERXW WKH VDIHW\ Rl WKH ILYKRWESIFD XV® RIQYHORQPHQWDO V
WKH KLJK FRQFIBQWURR MRV \RDFPISOHV IRU KXPDQ KHDOWK ,W ZD
7KHUHIRUH LQ WKLV VWXG\FHRUWWLQYHY WHIBWHGFMW KHDWHULD O
FRQFHQWUBW LLRQRDRILQH ILVKH\OEBDWHRYHB!I PHDVXUHPHQW
IURP WKH FRDVW RI HDVW -DSD\QRW RBH\R @ FAF Q YW\UHD WVIKRIQ FRIU W L | L H
6U LQ YDULRXV ILVKHV FDXJKW HMVVRXOMGL WK HRARDFMX RDWH D QG
HDVW -DSDQ ZDV WKH VDPHRDVWDWKBWYFW®HVYRULYRWKRISHV LQ WKF
DFFLGHQW $OWKRXJK VWKHLPEBFHQRIHGV IDRYE MRS B WILHICGHG UHI}
Sebastes cheni FDXJKW QHDU WKRDWHBISDQ @ |'HRR® HD@WDHQWYDRP SO H \

ZDV %T NJ Z ZchwiKPDX RAIMEIQY HORSHG FHUWLILHG UHIHUHQFH
RII )XNXVKLPD SUHIHFWXUH ULFH-XQDLQ EBWI IODNH VR\EHDQ
XQGHWHFWDEOH 7KHUHIRUHPXWKVRRPHBWRZ@HKDWLWKHKLFK FHU
FRQWDPLQBWLIR® FROULQH ILVRAWLYRWEHRI &% T&NVJIDQG,Q WKLV
ORFDOL]JHG WR D VPDOO UHJLBQ SHLD WZ W IGHH Y'R 3 B EKHDGJ BMRKKH GHYH O |
$00 WKH UHVXOWV VKR Z&G MK H | FIRQIRHFGWRIDMH RLD B UR B VLV K ERQ
PDULQH ILVKHV ZDV QRW DO\ OSRVZ HDUW & KDKH WHKDQMH R IFHUWLILHG LU

PDWHULDOV DUH XVHIXIUDRU YDC
VSHFWURPKWU&VVRDQG UDGLRFKHPL

$ 'HYHORSPHQW IRU ILVK ERQP D VEWFIRY WIMKH®D P SOH
UHIHUHQFH PDWHBULD®DIRWYLYV



VHOHFWLYH H[WUDFWLRQ RI 6U ,,
$ '"HYHORSPHQW IRU ILVK ERQBXDWKRBHEAWKMLEG FURZQ HWKHU |

UHIHUHQFH PDWHUDRODORALY WUMRHBEXQGHFDQH GLRLF DFLG
UHVXOWV RI LQWHU ODERUDWRR\H{MHDERD@MW DQG +)& DV GLOX
0,85% 7 0, 1 $ ,+ , 5 $ZRUN ERPSRXQGYV 2F\
,:$0272 + <21(=%:% & .%$.,7% KH[\OGLDFU\ODWH 1R
2-,03 ,2.$'$ $ 2.$'$ < 2FWDIOXRUR KH[\OGLPHWKDFU\O
651$'$ 7 6+,%8.%:% 0 'LPHK\OGRGHFDIOXRURVXEHUDWH
7$.$*$, < $5%$.$:$ ) 0$(<$0$ 'LPHK\OKH[D GHFDIOXRURVHEDFDYV
<$0$'$ 7 27% + )858.%:$ 3HUIOXRUR WULR[DGHFDQRLF
0 8(0$768 < 'LPHWK\OSHUIOXRUR GHFDQHGL
10,- $,6 DXVDVKL BRNAR &LW\ 8QLR 3HUIOXRUR GHEDQHGLFD

(QLYLURQPHQWDO 7HRIKQIRBORIR6HUY'IRFFHFDIOXRURVXEHULF DFL
-6$&7RVKLED (QYLURQPHODRWDR GRIQRWHRQIOXRURVHEDFLF DFLG 1R
&LW\ 8QLY $WRPLF (QHUJ\ FRHMHWUBRWDDEWY ZLWK FURZQ HWK
+RNNDLGR 8QLY 6BRLWEMFD 8RRRSHUDWLYH HIIHFWV ,Q WKH H]J
)XNXVKLPD BOLRRGV 5' FHQYWBMELOLW\ RI WKHVH FR H[WUDF
-&%$& -5,$ .$162 3HUNLQ(OWWWXGLHG LQ URRP WHPSHUDWXUH
-$% 1R FRPSRXQGV ZHUH GLIILFXOW
,Q WKLV SUHVHQWDWLRQ +¥78H PHGQDSUHVHQWRWKMU FRPSR.
UHVXOWV RI LQWHU ODERUDBLRVYRON[ISGH RYFHHQWYV 01RQ WKH H[S
FHUWLILFDWLRQ RI PBYVLE WRWOLWH@WHV[WRUDFWLRQ RI VWURQW
FDQGLGDWH PDWHULDO IRU ILVKRZRQH BWKHRHUINMWKHGLVVROY
UHIHUHQFH PDWHULDO 7KH HO\DERMNDIVRW L HOW LQ[WDF@F DQW D
DQG RYHUVHDV ODERUDWR WIDHV VS\OXBLHFELSDWHG RQ WKH
LQWHU ODERUDWRU\ H[SHULPHQWYV 7KH DQDO\WLFDO
UHVXOWW RQ WKH FDQGLGDWH PDWHULDO E\
-DSDQHVH ODERUDWRULHV ZHBH BERQOLVMHRMWWIIPWMKFRRBKH FKD
RWKHU 7KH FHUWUWUILEGVKBIOIXBGRER®H LQ HQYLURQPHQW E\ U
DVK FHUWLILHG UHIHUHQFH PRRQH b IQDNOU B VY. REH WH WRHLHOMIKG R1 F D W
E\ WKH DQDO\WLFDO UHVXOWV2R5$DSDQHWH © DERYBIOBU L-HV
7KH DQDO\WLFDO6UUHMX @WNUNBHED $6+, $ 68=8., 7 6+,0,=8
ODERUDWRULHV ZHUH LQ JRRG &-,04HH FBEBWS Z L WS 6\ K H .

FHUWLILHG YDOXH )8.8'%$ 7 ,62*$, (2.% 7
6(.,1( 7 )8.80272 0 D Q G
6+,12'$ +

$ ,QYHVWLJDWLRQ Rl VHOHFWHSBUWYRHOWWRIRQKRIP&EYWU\ 7RKR
6U E\ XVLQJ VROYHQW H[WUDFWDRBXDWH 6FKRRO RI '"HQWLVWU\ 7

6+,5$6%., . 1$*$, 0 6$.$0272QWHUQDWLRQDO 5HVHDUFK ,QVW
<$0$085% 7 6FLHQFH 7RKRNXUDGXTHUN IBWKRR O
,QVWLWXWH IRU ODWHULDOSMUBHX®IWXBRO 7RKRN®FH 7RKRN.
8QLYHUVLW\ ,OQVWLWXWH IRU ([FHOOHQFH LQ +

BUHYLRXVO\ ZH GLVFXVVHRXRWNK HS QCLE HDMMWMWWWXWH RI '"HYHOR



$JLQJ DQG &DQFHU 7RKRNX 8RQGHYXUW\ ZDWBQ LQMHFWHG IRU

7KH FRQFHQWWDWLR® WWRIFRRIOLQJ &RQVHTXHQWO\ ILVVLRQ
WKH WHHWK Rl DEDQGRQHG ADW® OMKW KID\M OZ HGHHE UHW HZ K HIBK  J |
LOQWR WKH ILHOGV LQ WKH HY DPRX\WMWR R D UFHRID WRIDFOLROZL\Q H GV KZHD W
)XNXVKLPD 'DLRBKIRZKFHOHOD QWL P)IW3 G FRQFHQWUDWLRQ RI DFV
DFFLGHQW ZHUH GHWHUPLQHGHTKHFOHG DQGN&W FRQWDPLQDWH
FRQFHQWUDWLRQV YDULHG IURPMH MR LPSTFW JRADWKH IXWXUH Z
DQG WR P%TKH&NKRZHG D6IRFIHWKNBZDWHU FRQWDLQV D ORW
UHODWLRQVKLS WR SROOXW VY SGIIEHG WP [RW WAHKH/ DW K B VO HD F k
ZKHUH WKH FDWWOH UHVLGHGVEDEZBW WK K \DAFSIBF\@WG KR B G LI

FRQFHQWUDWLRQV RI HDFISXWRRADKN DV, G WKHYHZRUN WKHUF
HYHQ IRU WKH VDPH LQGLYLGXDEULVQBEROWY VMIQNURQMHG V R C
ZDV UHODWHG WR WKH WRRW K FGHYG] BRI BN QS \D/QEEP HWOND FAHKIRY/
WLPH Rl WKH DFFLGHQW ZBUHKLVKMWKHMLIHG E\ D KHDW W
FRQFHQWUDWLRQV ZDV IRXQ GGIHY RWAHGY KRMKD @ 2 Bl lUW DVQH\G K®IH D F
HDUO\ GHYHORSPHQW VWDJHVHKXIDWHD RBZGHWWUOOHG ZDWHU |
FRQFHQWUDWLRQV ZDV JLYHWKIHQOW B FKALKQ JL % HWKH COHDFK LQJ UL
GHYHORSPHQW VWDJH 7KH ILD\GDQBK DB HRPAR QN WRJID W B \\WWKITHE W UR P
6U LV DQ H[FHOOHQW LQGOMHDWRHGWWRUNFARZOBWHIUPH a EXW
FRXUVBURBROOXWLRQ LQ WKH BIWYRURIQPFWWQLIZHY ZHUH YHU\ C
WKH RWKHU KDQG WKHUH LV7&R BILHAWHRDGIIRMWER RQ WKH OHE
FRQFHQWUDWLRQV Rl WHHWKUBWWRW G UHDDOVR QGYEBUBWHID W H (
GHYHORSPHQW VWDJH 7KH PHFKDQLVP RI &V
LQFRUSRUDWLRQ LQ WHHWK GLIIHU WKDW RI 6U
LQFRUSRUDWLRQ DQG LW LV ®HTH)MPRGSWHRUREWISHQIEHRBH RI )
LQGLFDWRU WR UHFRUG WLBHWRFRXWWH RAJKY 9DFDQFLHV LQ
SROOXWLRQ LQ WKH HQYLURQRBAB® ZLWK $0 DQG ,Q ,PSXULWLHYV

.20$768'$ 66$72 : 2+.8%2 <
1DW ,QVW 7HFK ,FKQQWVIBRL &R

$ /HDFKLQJ %HKDYLRU RI $RWUQL®GKY I POHABHAWSHDFWRU ,QVW

I[URP )XHO '"HEULYV 8QLY
+LUDQR.QULVKLPEMNIS\DPD6DVDNL 7KHUPDO EHKDYLRU RI $0 DQG
7 6DWR 1 GRSHG LQ JLQF R[LGH =Q2 ZDV LC
7TRKRNX 8QRXKRNX 8QLY ,08®ONRPHDQV RI WKH GW.PBIOGGEHHWXUEHG
8QLY FRUUHODWLRQ 7'3%8& PKRWKRG ZLW
2Q ODUFK WKH ORVV&BlI FBREPHDQOQW Q RQH RI RXU SUHY

DFFLGHQW RFFXUUHG DW )XNXWXE&PHDV'DEFHFRIEEVIBBYHG FRQWUD)\
EHFDXVH RI WKH PHJD HDUWGEGHBXDNH @MKHG RW KWWKELYWDELOLW\ |
7VXQDPL $W WKH UHDFWRU FRUHY DMKE BBOMRHSSX UXHMOIVHVY GRSHG L
ZHUH WKRXJKW WR KDYH UHDGER/FHGCZE+PX =U BODOQRGQJY LPSXUL
$V D UHVXOW D VROLG VROZXKWLKR @ DFK RUVWDKHWXE\DWIGHLU WKHU
JLUFRQLXP R[LGHV FDOOHG DIX® OLLGRNVEBHREHZHVYHGHWUDSSHG I
HI[SHFWHG WR EB PRUPRBH® ZDMBUWUHIDWLRQV LQ KLIJK WHPSHUI



UHVXOWLQJ LQ VXEVWLWXWLBDRUDW HGWH H FOW MMKEH VEGHOEG W H W
'HWDLOHG LQYHVWLIJDWLRQ RRSWKIHP W KIBU R VO XEFHKOYH RUKREZ H[F!
WKH LPSXULWLHV KDV UHYHDDIHGK WWEW VWKSIHGLPWRMLDO L RO X
UHDFWLRQ LV WULJJHUHG E\ WEHH LRUP DWW RV R | 7RLYHQHVXOW |
YDFDQFLHV )XUWKHUPRUH W®RWKRVUPDWOQRQGHOYHBEWERZ2RQ RI D E
RI R[\JHQ YDFDQF\ ZDV HY DDKPWHHGW UXERV YWKHD QG SURSHUW\
WHPSHUDWXUH YDULDWLRQ RRW®HLUDWKHRQVWDQWYV ZKLFK
ZDV HVWLPDWHG IURP WKH DQQHDOLQJ WLPH
GHSHQGHQFH RI 7'3$& VSHFWUXP ,Q WKH VHVVLRQ

EDVHG RQ WKH IXUWKHU LQY$ VVEQIPHDLAR@ RTHP SH& DW X U H 'H
VSHFWUD IRU $0 GRSHG =Q2 REWBU@H® ERQ VRFKIDFQMFE\ 7\SH 'H
DQQHDOLQJV LQ $U JDV DWPRPSKMHUW)\ ZH GURFAKY VLY KEH QIOH &L
DWPRVSKHUH GHSHQGHQFH RBWRKEH GR EP DOWMDRYY HRJHIRVLWURQ $

Rl R[\JHQ YDFDQF\ I[LIHWLPH 6SHFWURVFRS\
6+,0,=8 +)8-,6%:%$ 70,+%$5% O
6$72

$ )JLUVW GHWHFWLRQ Rl D*WPREGVBOBERROLOBIW 6FL 7HFK .DC
=Q,Q IRUPHG DV QDQRVWUXFWXDIBY 6RKRED 6FL , QQAWD NEF B Q (QJ
6$72 : .20$768'$ 6<$0%$'$ < .DQD]DZD 8QLY
2+.8%2 < =LQF 2[LGH =Q2 LV ZHOO NQR?Z
,QVW 6FL (QJ .DQDWZDQMAWHFWULFDO FRQGXFWLYLW\ %HFD
7HFK ,FKLQRVHNHSR@RHPH 7RMKRUHIRUH VLQJOH FU\VWDO =Q2
8QLY &MYV 5HDFWRU ,QVW .N\RWRBRIGLFDWLRQV WR OLJKW F
=LQF R[LGH =Q2 LV DQ WYPWQVSDIUMHQWHHMHHIFWURGHY DQG
VHPLFRQGXFWRU DQG LWV SFHRNWNPADGLBORSHDOWRHWDBOH =Q2 |
YDULDEOH ZLWK WKH SUHVHQMHP IRFARQIGOOFWIR WL P SEHUALWKIMHY K\ G U
JRU IXWXUH DSSOLFDWLRQV RDIXQWHRRPSRX[HG LWWR =Q2 WK
WKXV LPSRUWDQW WR LQYHVWURZWHK WK RFHMVWARUND DN IDQ GRQF
=Q2 PDWUL[ ,Q D VHULHV Rl WRQVLARHUIHZHVES SO MHCGH LPSXULW
WLPH GLIIHUHQWLDO SHUWXURME BAPSOBPHVRBDUWNRDWIOFQ YDFI
7'3$& VSHFWURVFR&G BLWK WKSUHVHQWEE E\ FRXORPELF DWWL
SUREH WR D VWXG\ Rl ORFDCEHWZAHIWQ LA KHPDW KLBK FRXOG EF
GRSHG =Q2 DQG IRXQG WKDWL QD ERQ V DIRIWR QBORIGISTRUHV D QW FRQV
PLQXWH VWUXFWXUH GLVSHUY MG SIHQ V-HP2 PROAVGMAWEZKHW\ RI =Q2
SHUWXUEDWLRQ SDWWHUQ FRIRQGOHF WLV \VBRHREWQUDFDQ EH FR(
REWDLQHG IRU WKH ,Q GRSHGY-DQA DWDRQ@ HAVR G R R@KHQKXGD R J
WKDW WKH XQLTXH VWUXFW X WHK HV ARD UDJ MH B HGRH QAELLVD\H D QR UL W L
WKH SXUSRVH RI REWDLQLQJHPOPLRHULQDWRUP RWD®IB RIS K H LR/
WKH VWUXFWXUH LQ WKH XUGBVRDHQ VWXG\ D ')7
FDOFXODWLRQ ZDV SHUIRUPHG |RQY WMWK HRDOX ZWLLROQVRRGXFHG
WKH K\SHUILQH SDUDPHWHUV REWQW®RHEQE\ WLRH OHERYKMVWDO D Q
H[SHULPHQWYV ,W ZDV IRXQG WWMKIDMH WRIH WKOHD XN & URRIJ W& HD W R P V
HOHFWULF ILHOG JUDGLHQWHDQG IRVV SRVIPPHRQ\ DQQLKLOD



VSHFWURVFRS\ ,Q WKH SUHVPARMHWHVVLRQ ZH GLVFXVV

DQQHDOLQJ WHPSHUDWXUH GHSHDOHQW RWEWHURBYGR@H GH)
EHWZHJD®E EDVHG RQ UHVXOWN[SHHWQRRAWWLIFO PHWKRG RLWHKSOD|
FRQGXFWLYLW\ PHDVXUHPHQWWRNWHROWIDQLF VROYDWHG PRO|

JH2 &) &2 &+ 1 &+&0 IRUPLQJ

YH2 &) &2 &+ 1 6RO ZKHUH 6RO
1A14 Méssbauer spectroscopic study of EHQJHQH WROXHQH [\OHQH S\UL
valence-trapping/detrapping in mixed-valence ,Q WKH SUHVHQW ZRUN WKH O|VVE

trinuclear iron pentafluorobenzoate SRZGHU ;5' SDWWHUQV ZHUH PH
complexes, forming two polymorphs and JH2 &) &2 &+1 6RO LQ RUGHU WR F
having crystalline solvated molecules IXUWKHUPRUH VXFK UHODWLRQVK
6$.%$, < 2*,62 51%$.%0272 7 YDOHQFH IOXFWXD WWRJ MDA WKH )
.$:$6%., 7 .,7%$=%:% 7
7$.$<$0% 7 7$.$+%6+, O
'DLGR 8Q@RYD\ 5HVHDUF K R&KHRQ 1K 5lSpatial variation of the FDNPP-derived
8QLY 134Cs in coastal/offshore areas of Niigata

‘H KDYH VWXGLHG YDOHQ&H 8GXFWXDWLRQ
EHKDYLRUV LQ PL[HG YDOHQHFH/ WDRNQOQPOZOHB®QL YLURQ
SHQWDIOXRUREHQ]RDWH ‘H FRRRSGWHG D WRWDO RI PDUL
YH2 &) &2 &+1 E)H O|VVEDXARWH FP VDPSOHV LQ WKH FRDV
VSHFWURVFRS\ 7KLV HOHFWWDIURHDO/O\ QHXW GHG WWRWP SIOQHWKH 6HI
ZDV V\QWKHVL]HG ZLWK GLHAKIORHUQRWHI/®&DODRQ H RBDNV KX ,VODQG LQ
FU\VWDO VROYDWH WKH BO8HWEXOHH [ SHGLWLRQ DQGC
JH2 &) &2 &+1 &+&0 ZKLFK ZOWWHUDO DQG YHUWLFDO SURILOH!'
UHSRUWHG WR EH D QRYHO FRESRKQGIEILXN L&V \KDQIGOLIH
WRIJHWKHU ZLWK WKH O0O|VVEDXHY WHKOIWDDUHDN 7ZZO0H&NVRQFHQWUD
UHYHDOHG LQ RXU UHFHQWT MRWGCN\ WBRWYWWKHKHYXUIDFH
JH2 &) &2 &+1 &+&OFRPSOH[ KHDFWULHHDVHG VKDUSO\ WRZDUGV WKI
WZR SRO\PRUSKV KH[DJRQD®ORQE WHWKRDKRAELFH IURP WKH Y
IRUPV %\ VLQJOH FU\VWDO ; BDSYMQARXBWXHIWH DRIDO\MQVHVWXDU\
LQ WKH IRUPHU WKUHH ERQG O&WQ KWKVUHBRPKHAQB ERQEBP GHSWK
DQJOHV )H 2 )H L9 PREHQYWUWRH HXNXVKLPD 'DL LFKL 1XFOHDU
VKRZQ WR EH HTXLYDOHQW ROHAFDQGR@WHU ZKLOH LQ WKH
ODWWHU WKH\ ZDUH SURYHG WR EH QRQ HTXLYDOHQW
Ol VVEDXHU PHDVXUHPHQWY VKRZHG WKDW WKH URRP
WHPSHUDWXUH YDOHQFH VW DIW b CRemidlspédiesloflcédiRnilinsuspihddd QV L Q
WKH KH[DJRQDO IRUP LV G lpgaiticlds in SehivGter L H RQO\
DYHUDJHG YDOHRHHQUURRBV)HHUY,B®$ DHQG85,+$%$5% <+,*$., 6
WKDW WKH YDOHQFH WUQ &SHEBHVYIBWH.$IH - 7$.$+$6+, <
REVHUYHG GLVFUHWHO\ LV IRXQG LQ WKH RUWKRUKRPELF
IRUP DW URRP WHPSHUDWXUH7KKLBQLYQ RFFRIEBPBIXYHYDULQH 6FL
WKDW WKH LURQ YDOHQFH TERKMIRXDWLRQ VKRXOG EH
LQIOXHQFHG E\ VWUXFWXUHV REKHPH FBOQWSHFQHM RI UDGLRFH



RQ VLQNLQJ SDUWLFOHY DQGUNVGVBBPWHGLWDUWLEDWWU DPSOI
VHDZDWHU DQG WKDW LQ ULYHDWHDWEG ZDDQXWREGLEGWKH@®RZHU
SDUWLFXODU WKHLU DIILQLWDSWR &VWHDV WHHEPLOMGKVLPD 'DL
EHIRUH DQG DIWHU WKH UHPRRDHU RBIORQW Q EF LFREDHVQW/H U
DVVRFLDWHG ZLWK WKH SDUWEIRKBHMGERFAIWDRRLMPIWLYLW\ FR
H[SHULPHQWV &V VSHFLDWLRQ@GHEUHDMBPYBEQIDWGBHQG ZLWK LQFUH
FKDUDFWHUL]DWLRQ RI RUJDQORFZPARMQWHW LRQVERQIQQD 0D\ ) |
WUDQVPLVVLRQ ; UD\ PLFURVMPER®H U6W;KH DFWLGEHWOQW WKRXJK WK
IRXQG WKDW &V QHZO\ DGOWWIDQG/\DERAEHEGW UDRVLRQV ZHUH
WKH SDUWLFOHYV FDQ EH OHDAKXHGWY WKKHD G 8 LR DIDBM R
0 1+&0 VROXWLRQ +RZHYHWDWYWVRALD WHHD EKW® ULYHULQH VXVS
IUDFWLRQ GHFUHDVHG ZKHQ &V ZLWRWDROMHIAHEBW@PRUPDO I0OR
WKH SDUWLFOHV DIWHU WKH FRPRIYWDRR! EXID QIDFQ P B @& WHRIP
IURP SDUWLFOHV E\ K\GURJHID)Y BHDR{LRGIH VROBPWLRIQK IORZ FRC
6ROLG ZDWHU GLVWULEXWLRQUBREIHYHAWW 7BEHRH SNHRQOWYV LQC
WKH SDUWLFOHY LQFUHDVHG DO D POHQ VIBKWMRH FREWOIROOLQJ
RI &V LQ WKH SDUWLFOHV LQRIHI\WRFE \EMNXPKBIVVRFRYFD/GI RIZLWK V
RUJDQLF PDWWHU IURP WKH SDUYHWFZBWHUWMWRIALRE WKBVWRXHU $E
DIILQLW\ IRU WKH RUJDQLF IUHH SDUWLFOHVY SUHVXPDEO\
FOD\ PLQHUDOV LV KLJK 2ULJLQDO &V
LQFRUSRUDWHG LQ WKH SDUWEBFOHRHNOIDDNLRRWKQHED FKHWBZEH\HQ Ul
0 1+&0 VROXWLRQ ERWK LQLYWHUPBSWQRIY DBRGVHQWLDO 5,3
SUHVHQFH RI RUJDQLF PDWWHDFWRIUAK VKREVDNKBEWWIMRQ H[FKD
ZDV DGVRUEHG RQ WKH SMBHFLFIOHVXEHDRUHHD UWLI RUJDQLF
PLJUDWLRQ LQWR VHDZDWHU DQG PLQHUDO FRPSRVLWLRQ IRU
VHGLPHQW LQ ULYHU ZDWHU
7$.$+%$6+, < .85,+%$5% <)$1 4
$ 6WXG\ RQ WUDQVSRUWT7S$EHMHICYLRW,8B +21'$ <
UDGLRFHVLXP LQ WKH ORZHU $EKH 3PD Y5 LR B@RMN\\RH TV XNXED
WKH )XNXVKLPD 'DL LFKL 1XFOHDSKBRDHWRBODIQWLRQ RI VXVSH
DFFLGHQW VDPSOHV FROOHFWHG IURP ULYHUYV
"B#'$%&'( %&)*+"+,-"%&"( %&."1$,%& OL\DJL 3UHIHFWXUHV ZHUH FRQGX
'( %& ,0+,-"%& )( %& 1""+$-*%& +( %& VROLG ZDWHU GLVWULEXWLRQ F
+*2'"0%&82(  Y%&$3)*"*%&'(%&1*-*)*+"%&"( UDGLRFHVLXP LQWHUFHSWLRQ SRW
H[FKDQJH FDSDFLW\ &(& VSHFLIL
.DQD]DZD ZRKRNX 8QLY 6$ RUJDQLF FDUERQ FRQWHQW 2
7KH VHFRQGDU\ UDGLRDFARRNSRGLWERQVILRQSRUWLFXODU Pl
UDGLRFHVLXP IURP WKH FRQWADPURWWRHG ZDKWHHRR/KWHEERI® LRQ R
WKH ULYHU BRWWDQ W VWIRP X Q63H U2/& MD@& WK4H UDWLR ZHUH HI[DI
PLJUDWLRQ EHKDYVDICREAY RQ ULPMHMWLSOH UHJUHVVLRQ DQDO\VLYV
VIVWHPV UXQQLQJ WKURXJK W,BHLY LBHRDAL W LWHKO Y IFRHUW\HODWHG 7
YDULRXV UDGLRFHVLXP GHSRYLWHIRMH @VYJIDWIRWH@B FRUUHODW|
VXUIDFHV 7KLV VWXG&\ DLQSWH VADN QRWGFOHDUO\ REVHUYHG E\ F



WR HDFK SDUDPHWHU ILUVW H[SHULPHQWDO GHWHUPLQD)
RI )P DQG 0G

% OHDVXUHPHQW RI WKH ILUVW LRQL]JDWLRQ

HQHUJLHV RI IHUPLXP )P % SCORBSWLRQ %HKDYLRU RI (C
PHQGHOHYLXP 0G = 6XUIDFH ,RQL]DWLRQ 7RZDUGYV OHEL
6%72 7 .%$689%, 0 .%31(<%$ < $GVRUSWLRQ (QWKDOS\ RI /IDZUHQF
768.%$'$ . 72<26+,0% ¥$.('$

6 0,768.$, $ 1$*$0( < .$1(<$ < 6$72 . 7$6%, O
&+,.$:$ 6 0%$.,, + 26% $ 768.$'$S . 72<26+,0% HL$*$0(

6$.$0$ 0 22( . 6%$72 ' < 22( . 0,<$6+,7% @6$ $
6+,*(0$768 <6725% 7h//0$11 (,&+/(5 5

&K (6&+b'(/ 0 .5%$7= - 9 ,EDUDNL -®GDQ $WRPLF (QHUJ\ $Jt

-$($ ,EDUDNL BRMXVKLPD 8QLYLJDWD+8@RWKLPBBRQYSFKHUUHU
5,.(1 1LLJDWD 28(DIND 851 ,QVWLWXWH
8QLY RI ODLQ] 'XH WR VWURQJ UHODWLYLVW]
7KH ILUVW LRQL]DWLRQ HQ@HBXICHY VBADWRH KHDHEWURQLF FRC
HOHPHQWYV ZLWK DWRPLF QXPEHUWM. HVIW DRWYELGRIWODZUHQFLXP
EHHQ PHDVXUHG GXH WR WK HEIH >\8IQREBW ERDFKOLYHFLDEGHQW U
ORZ SURGXFWLRQ UDWHV ,Q RUGWHUHWRDNWKIDQRIGHH KRB RORJ /X
KHDY\ HOHPHQWV H[SHULPHGTWRO®)QJZWRKWKH VHPL HPSLULTF
GHYHORSHG D QRYHO PHDVXUEPWO® RHW K\RGH E BI'OHEWRQRQLF FR
D VXUIDFH LRQL]DWLRQ WHPKROOWHOERXROHG LWRKLOKHU WKDQ
+H &GJDV MHW WUDQVSR UKD\ VL@ MIPVWQJDWHIEG ,D/ARAR B SWL R
6HSDUDWRU 2Q /LQH ,62/ DWVRXHWASHE WD QMKHPDULRXV VKRUW
DFFHOHUDWRU IDFLOLW\ ,QLWXWRSERUNWLQ@HDKDYHDFH LRQL]C
GHWHUPLQHG ,3 YDOXHV RI )PDUEH SUREEFHEG £Q KHDY\ LRQ LQ
,Q D VXUIDFH LRQL]DWHRGWIRRNHDW WIQH -$($ WDQGHP
LRQL]JDWLRQ HIILFLHQF\ Rl DQUBIWR® VEH YXQ BHVRQW KD, 3WKH DGV
7R REWDLQ D UHODWLRQVKLSVXEBMZFHHDY BPDQGHU WKDQ WKDW |
LRQL]JDWLRQ HIILFLHQF\ LQ WXKH SYRYBIW WO VWAWRHP/UZHY KLJKHU
PHDVXUHG LRQL]DWLRQ HIILFH[BOFMHYGRI VKRUW OLYHG
LVRWRSHV (U 7P /X (X
P6P 7E +R <E DQG@&U
,RQL]IDWLRQ HIILFRHROGBHE® RI% 6SHFWURVFRS\ RI ORZ HQHUJ\
SURGXFHG §RQ W KK D®B & HOHFWURQV WR LQYHVWLJIJDWH V
Q UHDFWLRQV UHVSHFWLYHSUREHWNS DIOVR PHDVXUHG
OHDVXUHG LRQL]DWLR®@RHDIQBESVGEDLHYV RI* &I-IN* + )
0G ZHUH JURP WKHWHO)HR QL )D#2RYD, *
HIILFLHQFLHV RI )P DQG 0G WHUIDL® 63F KDOKHV 2ZHDWND 8QLY
GHWHUPLQHG EDVHG RQ WKH UHO@RMWISRQXKQSEGEHHWIWHQ R ORZ H
.3V DQG LRQL]DWLRQ HIILFLHQ@FMLHY LQ WBHDRWBGHEHEDAY SUHGHF
VIVWHP ,Q WKH SUHVHQWDW LVRIQH ZB VW HO Q DUH § RQWHRIY WRIQHS URF



RI P8 LQYROYHV WKH LQWHUBEWHR B QRHMZHMLEF DIOKHRUPV 10XRU
QXFOHXV DQG RXWHU VKHOO7KRWIEX\PUR @®V ZDY GHHHID UDWHI G |IUR]
YDULDWLRQ RI WKH GH®BD\ (PRF@V\VBBQEN MRQLRQ H[FKDQJH VHSI
GHSHQGLQJ RQ LWV FKHPLFDOHGFIKLIRY FRGWHEDYLWDWHG ZL\
UHSRUWHG :H DUH DLPLQJJ Q@RW KI® BBKIRWRWKEHWHFWLRQ ZD)\
GHH[FLWDWLRGS8SERPHDYV XULGDKUKIN UDQJIH H9 )RU WKH K\
GHFD\ FRQVWDQWY DQG WKHIGNXRIWLIGH SEPWUBWRRRQWRH DERXW
LQWHUQDO FRQYHUVLRQ HOBRWWUWRQVYILARQW BEBMRRXY HPLVVLR!
FKHPLFDO IRUPV ,Q WKLV ZRWKH RZBIV HYEUWEKBB/GHGY DURZQ IRU DI
VSHFWURPHWHU RI ORZ HQHUH\ MRKCH HK\RVRROQH DPRIXQW R QWHFD\L Q.
RI P8 7KH VSHFWURPHWHU LV GHWHDRMEHGJ I+RIDHGY WUSHWKHVH GH
DQG HOHFWURQV FDQ EH GHWHRWHBOD W KLIKQBMWLIHF LMAP\ WKH G
‘H HYDOXDWHG WKH SHUIRURDXFKH DRI %WKRIU 3E ,QGHHG SKRV
VSHFWURPHWHU E\ PHDVXUL@E\DHKUYHGHRTRSMIFRPEE R ,Q DGGL
&U DG 7KHQ ZH SBMSDRMGZAH WULHG SKRWRG7&HWWPISOW QRWH GR
DQG WULHG WR PHDVXUH GHFIDQWR@DWBQWV DQG HQHUJ\
VSHFWUD ZLWK WKHP% SHFPV8ORIVHWHU [RU
FROOHFWHG3XURRXWKHY WR &X SODWHV E\

WKH &ROOHFWLRQ $SSDUDWXW% IRRGHFREDQ3IHRGEAWNPHQWY R

7KH GHFD\ FRQVWDQWV ZHUB €HWRWRQHE WRUR Q | R U L
GLIITHUMQW PSOHYV IOXRULGH VSHFLHV RI 'E
72<26+,0% $ 0,768.%, $

085%$.$0, 0 6%72 '0272<%0%
% 6HDUFKWKRU YDFXXP XOWUDYQR®OHW +$%$ +$6%, O
SKRWRQV HPLWAMHWGD RBROPH V 768.$'$ . 6%72 7 .$1(<$ <
<DVXGD <DVDPDWV&KLIHNDZD1$$0( <
7TDNDPL\D 2KWVXNODLWVXJIJDVKLU®($7,EDUDNL18QLIDPWDS58QLY
6KLQRKDUD $ ‘H KDYH VR IDU VWXGLHG WKH DQLF
*UDG 6FK 6FL B3MUNBOHDFIWREHKDOWWRU RI GXEQLXP 'E LQ 0 +
ARWR 8Q@KWH 2DUDL EUDQFK ,QvVW ODWHADLDOR/ O X W L R QV

5HV 7RKRNX 8QLY SUREDELOLW\ RI 'E ZDV ORZHU WKD
TKRULXP P OLHV LQ HYWUR AWK IDRPHQG/ROXWALRRVH WR W
HQHUJ\ OHYHO “ H9 DB WXLWKH FOWWWHRQ ,Q WKH SU]

HQHUJ\ FRUUHVSRQGYV WR YDEGKN® WIOWADDNILRQ@ HRY OQXRWLGH VS
%HFDXVH RI VXFK D ORZ HQHUXUWKHUV UWMSHFIWHKEG IMKIDRMD H[FKDQ
P7TK GHH[FLWHYV LQWHUDFWLQURX® K HWWNPRXWHUERDEGWDOL Q

HOHFWURQV DQG WKH KDOI OL4H2DQ®B VIR QHWKHLBHAI FDUUL
PRGH Ri7K GHSHQG RQ LWNQGKHBDEDRRLVRWRSHV HRGXFHG LC
HQYLURQPHQWY S5HFHQWO\ SKRV@REY P LUWHWDLRWVRQM PUHVSHFWL
WKH7K VDPSOH LPSODQWHGDWPMDR) DWHG IURP WKH WDUJHW PD
ZHUH UHSRUWHG DQG LWV KDEB[RXIDAJZD?PHWRREDWHEH® AKRZEMH H]
DERXW K ,Q WKLV VWXG\ ZH1B8HBREDNZWUWKH RDHIWX B8 ® \RXAW LQ

SKRWRQ GHWHFWLR@WPSRHY +YLWK +12XVLQJ WKH DQLRQ H[FKI



&% < B5HVXOWV VKRZHG WWDRH DGVRWSWLRRVLQJ $0%(5 $I\
SUREDELOLW)\ RLQEVRRWE ON WWHFWHDVMML. P ZH PHDVXUHG DOSKI
I 0 +) 0 +12KLOH WKDW R| VDBBOBXDPOWXVLQJ DQ DDBYWRPDW F
GHFUHDVHV ZLWK LQFUHDVLQGHWHRRWERQW WDWALIR® 7HKLVVXFFHH
EHKDYLRU VXJJHVWV W®&DNQ BEMRUPDOWAIRQ RI WKH HTXLOLEUDW
>1E@® IURP @1EW) ! 0 +)UBRQRWLRID RI 5! cMMOODREWRLGHBHUF
HILVWV @BWO® @ IO )WKH VRORWHRQO\GLIIHUHQW IURP WKRVH R
FRQFOXVLRQ LW LV H[SHFWHG WKDW FKHPLFDO VSHFLHV RI
'E FRXOG EH LGHQWLILHG ZLWK WKH DQLRQ H[FKDQJH
FKURPDWRJUDSK\ XQGHU WKH % UHWNOWRRGFHAWLRQV D IORZ
HWUDFWLRQ DSSDUDWXV FRXSOHC
JDV MHW V\VWHP IRU DTXHRXV F
% 'HWHUPLQDWLRQ RI WHKHKSKBUNMWIYENWDHRBOQW YV
FRHIILFLHQWY LQ WKH H[WUIDRWLR® RB%WSQLRQRE

FKORULGH FRPSOH[HV RI UXWKH2RUGHLXP$ 0,768.%, $
<2.2.,7% 7  .$6%$0$768 < 085%$.$0, 0 6$72 '0272<$0$
6+,%(.$:$ < <$68'$ <1$.$085% 5 <$128 6 :$7$13$%(

12 $ 72<2085% . 6%$.$*8&+, $ .,.81%*$ +
7$.$+$6+, 1 +$%$ +.2025, < 2079('7 - 3
085%$.$0, 0 <26+,085%$ 7 1LVKLQD &HQWHIWDG5,5RAKRRO RI 6F
6+,12+$5% $ DQG 7HFKQRO  1L4(XDW®L8QRY

*UDG 6FK 6FL 2VMKDQIQRWYMNNELB+ 7RKRNX28/DRY 8QLY
5,.(1 )DF 6FL 1LLJID/GDL RBIMRWRSRZDUG DTXHRXV FKHPLVWU\ Rl W}
5HV &HQWHU 2VDND 8QLY VXSHUKHDY\ HOHPHQWYV VXFK DV HC
7R LQYHVWLIDWH FKORULGHI GFRPEQMDWLRBKRIZH KDYH EHHQ ¢
HOHPHQW UXWKHUIRUGLXPDSEIG VR YVMOX\G HFMBUDFWLRQ DSSI
HIWUDFWLRQ EHKDYLRUV RI LRV\DKFRRRRDIRIRKXVHOIHPHRIDMKWLRQ D¢
=U DQG +I DQG SVHXGR KRPRORUWXHU 7R'*LQDDQORZ 6ROYHQW
$OLTXDW +&0 VI\WWHP ,Q6DPGBQWLROQORZHOLTXLG VFLQWLOC
GHYHORSHG D REDMVBF®LWXIIE H[BY WBHFUWRIRPHWU\ $V D SUHVHSI
DSSDUDWXV IRU R¥DPOLGH WEFKHPLVWU\ DSSDUDWXV ZH SODQ
LQYHVWLIJDWH WLPH GHSHQGHYFIH D GRH GWHKHF R URG VB HBQ UDWR L
EHKDYLRU Rl 5] DQG GHWHURPRQM VEKHY\BKGWHEEXKMH SO UIRUPDC

FRHIILFEHRQWW ,Q WKLV VWXGRI1EH BHUIRUPHW J K DQG
RQOLQH VROLG OLTXLG HBWUDPFMILRQ H[SHULPHORGREHG LQ WK
DQG+l LQ DQ $OLTXDW +& OD Q&AM UKB¥MWLRQV UHVSHFWLY

QXFOLGHV ZHUH VLPXOWDQHRX{IO$9SURGERRMAUIRQ@ WKHZDV IRXQ
ERPEDUGPHREWDRYS PLIWXUH WDWJRWXWLRQ HIILFLHBEFE RV WKH V
ZLWX EHDPV GHOLYHUHG IURPDN® $D)GF\FORWORIQWKRVH Rl WKH L
DW 5,.(1 7KH SURGXFWV ZHUH HER @QWIEDXRXW @V KLJK DV RYHU

WUDQVSRUWHGNVWR URIRHP ZHK MAJ).@( FIR Q¥Q VWYV RI D 7HIORQ FDSLOO
JDV MHW V\VWHP :H SHUIRVURSIBUDWRROUW G LONRKXLBHPEUDQH ILO\
HIWUDFWLRQ Rl WKHVH HOHPHN®W Y HZQW K WDWD RIERX EN KDY LRU |



DQG5H! G LQWR W BV DQUHRVE BIW KWOMW/L Q H OH9
728 LQ WROXHQH IURP QLWURPS5DBLIG WLRWO/X G DR QKR H UHX F O L (
'LVWULEXWLRQFUDQWVGERWBWDIRBVMHUYHG LQ F\FOHV RI WHK
ZLWK )6( ZHUH FRQVLVWHQW EKWRKPWWRVHDEB\KD EWMMAKLPHQW
PHWKRG DGVRUSWLRQ YDOXH RI 51 ZDV FRC
DW @) u 0 DQG WKHQ
GURSSH® DW >)0 ZKLOH WKRVH R
% '"HSHQGHQFH RR QF H QDWQG BPIWKRZKG R UKDVHV DW >)
FDWLRQLF IOXRULGH FRPSOH [/IXWYRX RIHVX\SH W KIHW YW KH FDWLRQ
HOHPHQW UXWKHUIRUGLXP RENSIXRRQHB VIWNBEO\ H[LVW WKDQ WK
UHYHUVHG SKDVH FKURPDWRJYUp&B KA 0
)8.8'$ < ., 7$<$0% <+$N$ +

72<26+,0% $768.%'$ . .2025,
< 085%$.%0, 0O .,.81%*% + O % (I WUDFWLRQ EHKDYLRU RI OR L
+ +8%1* 22( . 0,768.%, $ +62 LQWR WROXHQH ZLWK $OLT?>
8(12 6 7%$1,*8&+, #%<$6+, . H[SHULPHQWYV IRU VHDERUJLXP 61
<$768 < &+,<21,6+,2085%$.%0, 0,768.%, $ 72<26+,0% $

22( 6025,<$ .<2.2<$0% $ .$1(<$ < 22( . 6%72
*UDG 6FKRRO 1DW 6FL 7HFR853ID®D]DEZD 20QRLY <+$%3$ O
1LVKLQD &HQW-(U$ 5UDIG 6FKRRQ 0 768.%$'$ . 6%$72 7.

6FL 7HFK 1LL35BIWBDYFKY &HQW4$0 (IRU
(OHF 3KRWRQ 6FL *UBGRMRKRRIDDG 6FK 6FL DQG (Q$($,EDUDNL
6FL 7HFK ,EDQDML &RDYVHJIH *&MIG (QQFK 6FL DQG 7HFK 1LLJ
.DQD]DZD 8QLY 5,.(1

'H KDYH VR IDU GHYHORSHG D:HUHKBYNH®WDUWHG VWXG\LQJ V
SKDVH FKURPDWRJUDSK\ WHFRRRESRH[ZLRAK DWL.RY BRI D WUDQVD
FKHODWLQJ H[WUDFWDQW WR HIDERUILXPUBSHUWLWKLRIVIVXG\
FDWLRQLF IOXRULGH FRPSOHHRW WXMAKIHRQ REJGUIXPLRSU RI FDUULH
,Q WKLV VWXG\ ZH VWXGLHG HORWLRQ EHKIDYIDRQUGRI 51 LQG
+) +12 VROXWLRQV E\ WKIDN MHFKQQLUKK MW LIKWHU KRPRORJV RI ¢
SURGXFHG &R 2WKH51 UHDFWLR®DW V R O X W L R Q .
WKH 5,.(1 . $9) F\FORWUR@SOLTXDW GLVVROYHG LQ WROX

+I VKRUW OLYHG QXFOLGHRHRMK®RIG KWKHV KRPRGRRNVVRWRSHV :
Rl 51 ZHUH DOVR SYWRGXFHG LVORWKH" DQG¥ $ UHDFWLRQV DW
QEBYG 2 ' =U9%# T +1 WG 2 5,.(1 . $9) F\FORWURQ B5HVXOWYV
[ +1 UHDFWLRQV UHVSHFWIWUDRWLRMD FWISSHULPHQWYV VKR:
SURGXFWV ZHUH UDSLGO\ WUBQVWRUBHWEGLRIQVKDIW LRY RH OR DQG
JDV MHW V\VWHP WR WKH MBKERPYLY W U820 EREG WRUNKH VORSH
77%$ FKURPDWRJUDSKLF EHKDWHSDIZDWHQY HRDMUIDAIWGH R XW LW  Z
LQ +) 0 +12 V R O X W D@RLRQWIVF VXK SKDW 8 BRE®P DOH[KRH >0:
DXWRPDWHG UDSLG FKHPLVWWR D SBWH DRAUPH GBERQFBK HUH UHV XO W
DQG WKBGYDEBHWHFWLRQ V\VWWRIIRIY VD WKRWVWKH SUHVHQW V\V)\
FKHPLVWU\ RI VXSHU KHDY\ HO/KPIHQMW\W DRMWER@ Rl 6J ,Q WKH V\



DOVR VKRZ WKH SUHVHQW VWDBDWKQRRRIWKIHRGBIFHOHRWWBROQORJ\ ,QV
RI D QHZ VROYHQW H[WUDFWLB®DQSSDUDWXV IRU IXWXUH
6J HISHULPHQWYV 3X OHDFKLQJ ZLWK QLWULF DF
HPSOR\HG WR GHWHUPLQH JOREDO
VDPSOHYV L H VRLO DQG VHGLPH(
% (VWLPDWLRQ RI &DUERQ MNIQIH V WUHRSPWRERIGIDE R PRSIRWW HU Y [
WR 30DQW XVLQJ 6WDEOH ,VRWHRESHYDWILXR HV + U& DUH X\
7$*%0, . 8&+,'$ 6,6+,, 1 WKH HIIHFW RI WHPSHUDWXUH RQ
IDWLRQDO ,QVWLWXWH RI| 5DBQROWRILM KO VW RLRWWFEHHYHQ ZHOO LQ
7KH DLP RI WKLV VWXG\ MWMWWWR\ HYWLRDMEH WRROVWDQGDUG
FDUERQ@ KDOI OLIH \ WUDRMI NBRLDR FURGG ,$($ DQG
FRQVLGHULQJ GHHS XQGHUBHWOGPLGBWERWA DY FDUULHG R
GLVSRVDOSEH¥ DXV HPSRUWD QWDWLRXRQ XN FKFDRSHHUDW XUHV [URP
LQ WKH UDGLDWLRQ GRVH DV \WHWWXRHADW V K R BBV/GDIAK VYR /0 X@W O F
WUDQVIHU IDFWRU 7) LV XVHGKD@® WWHKH VRPHHYW PHEOIW DYQD3E XH Zk
7) LV FDOFXODWHG DV D UDWLVRHFPISHRJ@WDQWUBWHWQBH(BXUE& D C
GLYLGHG E\ WKDW LQ VRLO )RPBEWKH WD VAFRRWHEDRDXEHR WR/)GHFUHD
ZDV FDOFXODWHGFDWERYWDBWHYR HWODWXUH UDLVHG $SSURJ[LPD
WKH YDOXH ZDV H[WUHPHO\ KQRW KRZ KDHHDUF KIHVE GRDGN Q RBMPAR € FJH Q
UHIOHFW WKH UHDO FDUERQVKE@FIOHMRUL HK BWDQV\!]& 7TKH 3X
SKRWRV\QWKIH\RIA HWWK&2DLU DOQW WWKHEM WHEBWWR WKH IRUPDWLRQ |
IURP VRLO WR SODQW ZDV QRXWKEBK DU K RIUP\RRYGIXIK (RHIOOXQW H1 R Q
OLPLWHG QXPEHUV RI UDGLRWASBRMHKHWISHAD\WY HFRW | IGDPMIB E\ WK
ZHUH DYDLODEOH 7R REWDROQ ODDYVKH@ WKHO IVD®PPGOHY ZKLFK
FRQGLWLRQV ZH PHDVXUHG YWDH®H OCADWHERQNHY RWRISHDWH PDV
UDWLSR LQ FURS DHQG: V(RMVR V DIPSI @VHHWJ VWARJK WHPSHUDWXUH DVKLQJ
LGHQWLI\ ZKHWKHU ZH FRXO GJHIOH®D \DH) \ HFIR URJLHH@MOIFWOL RIQ Y +A 2K L C
EHWZHHERRVMRA@ GRRS7KHUH ZDMHBRPPHQG U& DV WKH LGHI
FRUUHODWLRQ IRU OHDI\ YHJWNWBDEOHDMWXQE WXEHUV DQG
RQO\ D ORZ FRUUHODWLRQ ZDV IRXQG IRU ULFH 7KXV
ZH FRQFOXGHG WKDW RQO\ D QHJOLJLEOH DPRXQW RI
VRLO FDUERQ ZRXOG EH XVH® LGD&ESQRGWWLXMH GEGXPXODWLRQ
IXUWKHU DQDO\WLV DQG WKHVBMARSHWY VRAUHFVYWLEBBYWGILFDWL
FDUERQ 7)V ZLOO EH SUHVHQWMH® /DNH ,QED -DSDQ DIWHU WKH
'DLLFKL 1XFOHDU 3RZHU 30DQW DFF
&$2 /| ,6+,, 1=+(1* -7%$*%0,
% (IH"THFW RI DVKLQJ WHPSHUDWS&HH 'R Q6 DF*FX0U DWW H
GHWHUPLQDWLRQ RI SOXWRQLXPW®Q V. RVW VEDRORWM JTRERY
$1r =7 <$1* * 6=+(1* -&$2 8QLY
[ * <8 + -=+8 < W$*$0, . 7R LQYHVWLJDWH WKH YHUWLFDO
8&+,'$ 6 &V DQG 3X LQ ODNH VHGLPHQW
IDWLRQDO ,QVWLWXWH RI 5RSXRRORRDFDDLEFKHQHEMFOHDU 3R
1DQMLQJ 8®HHYMLQJ S8QLYHUMWI3W\ DRFLGHQW WZR VHGLPHQW



FROOHFWHG RQ $XIXVW DHRURHVRODQ ®QGXVSRQWDQHRXV L
&RUH DW WKH VDPH SRVWIOXIFRGDWHDONHRQEGDR!I FKHPLFDO L
5DGLRFHW\XPEY ZHUH PHDVXU®GDE\JBIQHUDWLRQ PHFKDQLVP F
*H GHWHFWLQJ V\VWHP 2DQGDSBX RWRMWR SMWMWDFKPHQW UDWLRV |
3X ZHUH DQDO\]HG E\ 6) WBHO¥RDMWHWRQ DHURVROV ZHUH FI|
UDGLRFKHPLFDO V&SRBV DWMWR@EHMRVROV JHQHUDWHG E\ GLIITHUH(
UDWLRV RI XSSHU OD\HUV LQIRXGGW Z\RK VWG LPUHRBR FRURIQDO UH
ZHUH DSSUR[LPDWHO\ GHFDBbNWRHHM FWKIKE DWMRWDFKPHQW UDW
ODUFK VXJIJHVWLQJ WKDWIDFKHDYHB®3 ,Q FRPSDULVRQ RI
DFFLGHQW GHULYHG UDGLRFHWVHAPWILRHVKREWWRHQBEWREQG D VI
WKH VDPSOHV &W KKRWHQWRDFFRONMGLQJ DV D VROXWH RI VROX
FDOFXODWHG WR EH )RU FRUBIMIMUHQFH DFFRUGLQJ WR WKH VI
FROOHFWHG DERXW QQHQHUBDQBORBYHQ WWARUN VXIJIHVWYV WKH H[L
GLG QRW FKDQJH PXFK ZLWK WNNKHFWDOHWKH DWWDFKPHQW EH
%T P 7KH DFWLYLS HWDERIBBGRGXFWY RQ VROXWLRQ DHURVRO
IURP WR %T NJ ZKLFK ZDV
FRPSDUDEOH ZLWK WKDW RI I[UHVKZDWHU ODNH DQG
PDULQH VHGLPHQWY DURXQG %DSBRUKFHANRRIHFRQWDPLQDWLRQ RI
DFFLGHQW 7KH D®RKRBXUDWRR@BERHDVHG IURP WKH )XNXVKLPD "13:
LQGLFDWHG WKDW JORED&QRIQOWWBRXMNVIZRY RIKEGDMDED VH
VRXUFH IRU 3X FRQWDPLQDW L6RQ W R RINNOEIRXPHRY KRR WWRVH
7DJDPL . 7DNDPL\D
-$($ TROQRVRWRSH FHQWHU .\XVKX
% $SWWDFKPHQW EHKDYLRU BR BKKVW\OL BODIMOR GORPMWW 5BHSM RO 6F

RQ VROXWLRQ DHURVRO SHDFWRU ,QVW . \RWR 8QLY
7$1%$.$ 7 7%$.%0,<$ . 1,77% 6 -XVW DIWHU DQ DFFLGHQW DW
6(.,0272 6 2., <2+768., 7 'DLLFKL 1XFOHDQBWRZHLU3IZ GDWD

*UDG B6FKRRO RI (QJ .ARWBDBQRQYXFOLGHV UHOHDVHG IURP
SHDFWRU ,QVW .\RWR 8QLY PHDVXUHG IRU HQYLURQPHQWDO V

9DULRXV FKDUDFWHULVWUFRWHDXFKH DWW DWW YHQIBU YK GOCQDV W L W
GLVWULEXWLRQ FKHPLFDO XQERABRDWQWRZBBU D FRPSUHKI
UDGLRDFWLYLW\ KDYH EHHQ DQPOX]GIQ IR W KIH\GH RBFWDR YHY QRW
DHURVROV UHOHDVHG IURP :RUNDQIKIARXS' 'BLMWKEL -DSDQ 6RFLHW\
1XFOHDU 3RZHU 30DQW OHDWQGUHIG LIRHFKX®WKD ORBFLHQFHYV GHI
UDGLRDFWLYH DHURVROV VXDJHARP SWKBEWQWKHH SBWWQWDLDEO RI
WUDQVSRUW PHGLXP IRU UDGDRDRWKFBLBHWLXE QN LURQPHQ\
QRQ VHD VDOW VXOIDWH 7KIG\D WBEBXOW FRQGUIFIDQWHE DW BDWK F K L
FHVLXP LVRWRSHV ZRX0OG SUNDHRSOQLWUD PEWBW@/ DROEEOKQJ WI
VXOIDWH FRPSRXQGV ,Q W KRH BSWHVHRHD W RUW WHPH FRQFHQW
DWWDFKPHQW EHKDYLRU RI URBVYRRAFOUBBXFWWQORQ RWKHUV
DTXHRXV VROXWLRQ DHURVROSXROYPDWRRQ W NOIWRUWXFKDRWG XQ
1D&0 1D%U 1D, .&0 DQG &W&® DWKMKWH EHE QX G\HGL BIDMHG (
REVHUYHG XVLQJ D JHQHUDWLRIHW VWP R UWR QI WIURX S YHULI



WKH GDWD LQ WKH GDWDEDVH MIQBEP WK HRQY &/XEP PDR LANY O X DW H
WKHP LQ D VFLHQWLILF UHSRUMHOG&RIDQG D TXDOLW\&X WKH SX
$V WKH ILUVW VWDJH RI WKGIGHRIQ WKHXEWHRBQRY WIK$HHULPHQW
GDWDEDVH GDWD FRQWDLQLQHW&RRIERY FH QWD D: LFRQWL RD W H G
WKH UDGLRQXFOLGHV LQ DLUBRRKDYH $3DRXWWEOHRY @ K EGIGOENGN U L
7KH FRQFHQWUDWLRQV RI WIHKWHU D33 GMHVLYWEDGLDWLRQ ZLW
UDGLRQXFOLGHV LQ VXUIDFHEBDB ZROBRRHMBVEKWUHGDDWIRU FKHP
&KLED 6DLWDPD ,VKLNDZD BREKVKRSBH)XXWXRND
7HPSRUDO YDULDWLRQ RI WKHLU FRQFHQWUDWLRQV OHW XV
HVWLPDWH DWPRVSKHULF PRWLRQ RI UDGLRDFWLYH
SOXPH UHOHDVHG IURP WKH )'%33 3URGXFWLRQ DQG 3XULILFDWL]
5DGLRLVRWRSH < ZLWK DFFHOHU
E\ GHXWHURQYV

% BURGXFWLRX RIVLQJ W&BHS$'S . 6$72 7 +$6+,0272

=Q"# &X UHDFWLRQ . 6$(., + +$768.%:%3 <13$*$,

<$12 6 +$%$ + 6+,%%$7$ 6 < $7$1%5%( 6 ,6+,2.3 1 6

.2025, < 7%$.%$+%6+, .:$.,7%1, 7$.('$ 6

< <$0%$'$ 7 0%$7680272 O -DSDQ $WRPLF (QHHI\ BIJHQFAOWK

5,.(1 1LVKLQD &HSPWHOBDGLREIMRWEBEH 8QLY RI 7RNXVKLPD

$VVRFLDWLRQ $ QHZ V\VWHP KDV EHHQ SURSRV!
6LQFH ZH KDYH GLVWIHENHWHWLRRURILHEGODGLRLYVRWRSHYV

UDGLRLVRWRSIV6EUXFRQBRG QHXWURQV E\ GHXWHURQV HVSHFL
SUHSDUHG DW 5,.(1 1LVKLQRI&HDWHU KIRWZKAKK KDV EHHQ XV
SXUSRVH RI FRQWULEXWLRQ QXR OWPRL PW G LVF KKQR ® I RYRXDAKH &/ D P S
LQGXVWULDO DSSOLFDWLRQ ZRUHDARHDHELDWRIE EZDWHG QHXWUTF
VFLHQFH &RSSHU "® LV REWDLQKMB' B WKIHQJ OH9 GHXWHU
RQH RI WKH SURPLVLQJ WBURLYRIGHGEN RBRIM WIRH 7<$BBVF\FORW
UDGLRWKHUDS\ DQG UDGLRGLDXNBRINLYIX,QOW §IU\R @ B BIDGEG VRIUR QN OH)
WKH IXWXUH G IBXW @ HE XQWLHRQMWRH SIVHIBWVBI G IURP WKH =U QLWUDYV
QRYHO SURFHGXUH WR SUXH SFORUHX PAKH PSIXMKLRIGH BLWK D K\GURFK
XVLQJV@R®E &X UHDFWLRQ FKHPLEDO SURFHGXUH ZDV GRQH ZlL
5DGLRWURKHUNV RBEQ ZHUWKH FKHPLFDO \LHOGV ZDV DER!:
SURGXFH & =IGR6)WKHID FWLRQV ZVUMKXDDDWLRQ IDFWRU EHWZHHQ < D
OH9 GHXWHURQ EHDP GHOLYHWR GHU P X\WKBUS). ISHFWURPHW U\
$9) F\FORWURQ $IWHU WKH LUWIGHDWHBQUIZWLRQ RI WKH WDU.,
GHYHORSHG WKH WZR VWHSHFRKBRMBWRIRMDSKKA FROXPQ ZL
VHSDUDWLRQ ZLWK (LEFKURP ¥ROXMMIRD DIR® 'WKH[ QH[W LUUDG
© DQLRQ H[FKDQJH UHVLQ $SKKHPLFDWLR® OB @DEHORDRGJ RI '7
&X ZDV DQG GHFRQWDPLQBEWHA G HLFRWRRHGR |, GDVKLY UHVXOW
DQG =Q ZHUH ! DIiQ G ! XQGHUPO RI '73% DOWKRXJK WKH
UHVSHFWLYHO\ $ VHSDUDWHU H UBHFAUHDVIHEQDW BWKH '73% FRQ
SHUIRUPHG IRU BQ2HWDUS®MG PO
LVRWRSLF DEXQGDQFH WDUJHW WKLFENQHVV



,0530 7RKRNX 8QLY
% 6WXGLHV RQ 3(7 LPDJLQJ Rl ABQRHDQXVPORUWDQW VXEVWDQ

&X LRQV JHQHWLF LQIRYPRQWIRRQDRILUPV :K
68*2 < 2+6+,0% <«<$0%$*8&+, $ '1$ LV H[SRVHG WR LQWHQVH UDGL
+$1$2.$ + ,6+,2.$ 1 6 VWUDQGY EUHDN 7KLV PD\ FDX!
-$($ *XQPD 8QLY WUDQVFULSWLRQ RI LWV EDVH VHT.

&RSSHU &X LV DQ DWKDUPAWQYHQIOXHQFH RQ D KXPDQ EF
UDGLRQXFOLGH IRU SRVLWURRXQ HBDGVU DRI RYRPRGUBHEK\ '1$ VWU
3(7 LPDJLQJ GXH WR LWV KDORDILQH UDSKGODWQ&XW LWV PHFK
GHFD\ FKDUDFWHULVWLEFV XQOBURBRVB® D PHROHEXODU OHY
DSSURDFK WR WKH 3(7 LPRXLQGFLRILFBQMHWXMIQYFLHQWLILF GLVI
LRQV ZLWKRXW DQ\ ODEHOLQGISRIRIFHVYV ,Q WKLV VWXG\

WKH XVHIX@®RHM/QRIDV D 3(7 LPEDULQRXV PRGHO '1$V ZKLFK KDYH D
DJHQW ZDV HYDOXDWHG QXPEHU RI EDVH SDLUV DQG WZR Ol
1R FDUULHYXDOOBHSURGXFH® GV WWKWKH VKRUW VWUDQGV KDY
QXFOHDU UHDEWE&R®WIKLIJK VBHEWRW\SHV RI '1$V ,Q WKLV ZRUN
DFWLYLW\ XVLQJ WKH $9) F\FERMRLEQ | UBENBWDRRD ,BQQDPLFV V
$FFHOHUDWRUV IRU $GYDQFH G KPGW DWWLIRINQES SICSIVF DMRLIRQ X FL G D W
IDFLOLW\ DW -DSDQ $WRPLF (RHYWWSDBGFEUHDNYV )RU H[DPSOH
7KH WZHOYH NLQGV RI FDPWHIXFWRON BRRXDVLRRIGOHO '1$ FRP
FXOWXUHG ZHUH HDRKX LLGRRXAEM@HE. QHWKK\PLQH EDVH SDLUV DQ
WKH PHGLXP DW 2& $IWHU WEFXPDWLRQHWKHRFHO®Y DWRP H[F
ZHUH WKRURXJKO\ ZDVKHG D ®IGRW®E WKDW &L Q DFWVYWUWNQG EUHDN
ZDV PHDVXUHG 7KH VSHFLILRFFKOORK® WMKH BMDNHRNVLGH FRQ\
&X LRQV ZDV REVHUYHG LQ BWKHHDMH®@ B BD® AHMY/GIW R |
FDQFHU L +\GURJHQ WUDQVIH
7KH FDQFHU EHDULQJ PLFH ZHUMQS DISSMDFHH® &\ SKRVSKDWH |
VXEFXWDQHRXV LQMHFWLRQ RI WK HFDQFH EHWDONHGIKWKH VX.
PLFH ZHUH VXEMHFWHG WR D VPD®NDEEDQMD®K3PLQH
LPDJLQJ DW GLIIHUHQW WLPH SRLLIQW \& D HDH D 1H) M H FWZ HRI@® RWKH
&X LRQV YLD WKH WDLO YHLQ 7BKREMSK®OWMWUQBXWHBQE\ HQHU.
VWXG\ ZDV IXUWKHU SHUIRUPHG ,WUDQ\AHPRQUWRP RWHKG U QXFO
WKDW WKH FDQFHU FRXOG EH VXFFHVVIXOO\ YLVXDOL]HG
RQ WKH 3(7 LPDJHV GXH WR WKH TXLWH KLJK XSWDNH
RI&X LQ WKH FDQFHU WLVVXH$ 3URGXFWLRQ RI QHXWURQ
UXWKHUIRUGLXP LVRB/RSHN LQ WK
UHDFWLRQV
% '1$ VWUDQG EUHDN FDXVH@IR\ FIGDUJR TQG6 .$-,
YLEUDWLRQDO HQHUJ\ WUIRGYORT2 EHBE$IHO085$.$0,
QXFOHRWLGHV 5HDFWLRQ G\QDP2FV DSSPRDPFK
+,6+,180% 1.$112 0 .,12 < 5,.(1 1LVKLQD *&JHDEWIBBK 6FL 7HFK
$.,<$0$ . .212 + 1LLJDWD)BGLBFL 1LLJDWD 8QLY
'HSW &KHP *UDG 6FK 6FL 7RKRJGBQLWYWR FODULI\ D QXF



PHEKDQLVP RXU JURXS LV SQBDEQHG DZD\WWBPBRWKFHG ZLWK
VWXG\ RI ILVVLRQ FKDUDFWHWPWLEY BHBFWLRDWDKMDWKH -$($
UHODWLYHO\ D ODUJH QXPEBRRFHOHYBREWD QHR)OLO S5HDFWL]
ILVVLRQLQJ LVRWRSHV ,Q WMUD @WXRBYWHE ZHVKXDKHBY MHW WL
GHFD\ HYHQWV RI HVSHFLDO @\RQYBXW QR @ IGHHH OF IDHOBW D5 UDPPD G|
LVRWRSHV XQGHU ORZ EDFNJURXODIPPD OLQHV DVVRFLDWHG ZLWK W
([SHULPHQWYV ZHUH SHUIR®RP G DMUW KD BDUIO\ REVHUYHG DQ
OLQHDU DFFHOHUDWRU 5,/$&D OB RKDOH @K UM L\QSIHBWIWDXP WKDQ EHI
ILOOHG UHFRLO LRQ VHSDUDWRUEDVYS$SEREQGE! WKRW RBKIH OLWHUDW
ZHUH SURGXFHG LQ 3¥KH UHDRWWMRKHRDOSKD WUDQWIWZRY HQH!
3E WDUJHWV Rl DSSUR[LRMWEBPRUUHBWFPDQG WKDW WKH DOSk
WKLFNQHVV ZHUH SUHSDUHG E5IY\DKRXOGHFRSGWDDYWLRYHUDO OR
RQ D *) FPUERQ IRLO 7K HJERPDP WHUOHYLMWHRQY 2Q WKH EDV
RI 7L DQTL ZHUH>U OH9 DQOQG OLWHUDWEUH DWDORI GLVFX'
>U OH9 UHVSHFWLYHO\ QXK HDYWHWMIUNFWXUH RI VXSHUKHD
LOQWHQVEZW DIM& RHUH SQ$ DQEJLRQ DV ZHOO DV WIKH MBHFHO VV
SQ$ UHVSHFWLYHO\ 7KH VL[WMHQGWXUKM\HIR DXEFD ISXW RQ
D ZKHHO RI FP LQ GLDPHWHU DQG WKH ZKHHO ZDV
URWDWHG DW USP ,Q WKLV H[SHULPHQWV ZH
DGRSWHG D WDUJHW ,' VI\VWHKP WRVXGPXRW DIQRWR XVOXLRQ UHD
REVHUYH UHDFWLRQV DW IRXU &FH BD H QH XVLHM X¥5,@J $O
GHJUDGHUYV DQG .$P, ZKLBR5Z0RUR . +$%$ +
LQVWDOOHG RQ WKH EHDP XS¥.WWHHER RI<WKHWEHOBHWN 5|
QXFOLGHV SURGREHG! QQ DOQKI$0$., 6  7$1%$.$ . +8%1* 0
3E7UQ UHDFWLRQV ZHUH VHBIRGBDWH G §URB W-KG85$.$0,
EHDP SDUWLFOHY DQG QXFOHDU .$ADFWLR®6E%SGURCIEWV
XVLQJ *$5,6 DQG ZHUH PHDVXUHG2BWE D $REDG1S$, )
SODQH GHWHFWRU ER[ FRPSRVGHGS RT PSERELEWLT™OS, O
VHQVLWLYH GHWHFWRU 36'*$DQGODRXW(,6M(OLFRDO$L1
GHWHFWRUV 66' $ SUHOLPLEDWSSB@EDO)SLVSVKRESS,., <2
WKDW VRPH HIYBIQBVVZRUH REVHUYHG1$.$ 7 <$0$0272 6
LQ WKH UHBEWLIRQ RI 025,7%
1LVKLQD &HQWMHDG5,6FIK RI 6FL D
(QJ <DPDJDWDDSQL&FK RI 6FL DC
$ $OSKD GHFD\ VSHBWURVFRSY RI6DLWDPDDEQLBFK RI 6FL DQG °
$6$, 0 768.%'$ . 6$72 16$72 7RN\R 8QLY RUBREL 6FK RI 6FL DQG 7

7. 72<26+,08 $ ,6+,, 7 1LLIJDWD )Y»FLYRI 6FL <DPDJDWD 8
0,<$6+,7% 6.$1(<$ <6+,08 < -$($,03*6, )DF RI 6FL .\XVKX 8QL
6+,%%$7$ 0 ,Q D JDV ILOOHG UHFRLO L
-$($ 1DJR\D 8QLY ZDV HPSOR\HG WR VWXG\ WKH SU|

$OSKD JDPPD FRLQFLGHQFH DIQMRWKRSIKY LQ WKH KRW IXVL
UHVROXWLRQ DOSKD ILQH VW&&RFAMXDW W KB \B$PHPP HQ /9 \
ZHUH SHUIRUPHG IRU WWKH7BE$SKDDGHHEDX®W ILYH FRUUHODWHG



REVHUYHG 2Q WKH EDVLV Rl WKH3W/V \ZIHUHP HHDW VY IRHGW RKKW  XVLQ
SUHFHGHQW VWXGLHV E\ ERDNFKHOXEQDWRVHRIPRRKRNX 8QLYHUVL
FROODERUDWLRRRDQ@GERUBWEZODY ROHUOWHG DW HOHFWURQ HQF
WKH HYHQWYV ZDV DWWULUEXWH® WRWW KN BHFQ\FRUUHQW RI DU
Q DQG WKUHH RI WKHP ZSUWHDVW KHQHGU IVRL DWKIHRQ WKRVH \
GHFD\V/RI Q WR JDPPD VSHFWURVFRS\ WR GHWFE
'LWK WKH DLP Rl FOHDU LGHOWLIWADWWRA @R\ MHKM& H:H REVHUYH
QXFOLGHV ZH VWDUWHG WR P®DVXSH UMBFWH]R QW DMQ® Q DW LR\
IXQFWLR@P7WIBUJHW ZDV LUUWBLDWHGHEZDWK DOH9 LUUDGLDWLR
OH9&D EHDP IURP 5,.(1 ARPBBULVRQ EHWZHHQ WKH H[SFH
OLQHDU DFFHOHUDWRU ™7RW DODBWBXP BWRNE YDOXHV LV VWLOO LQ
GXULQJ D QHW LUUDGLDWLRQ WLPH RI GD\V $V D
UHVXOW WZR FRUUHODWHG GHFD\ FKDLQV ZHUH REVHUYHG
2QH RI WKH HYHQWYV LV DWW $LEXWMHGOWR WIKHHBKEBW RX P
/Y 7KH RWKHU LV QRW DEQR%WHR6DVVELIQ FOHDUO\
DOWKRXJK LW LV GHFD\ FKDL®RRWHL DRV L OXPILRPNVWHW DQG 6F
UHDFWLRR &D /Y 8QLY
‘H ZLOO UHSRUW DERXW WKH GHRON KDRSHBMBNVRUH PHDVXUHG XVL
RI REVHUYHG FKDLQV DQG WWIHK HHLFMRWRBLR G LICOQFWR@ P HWKR G
LQFOXGLQJ SHUIRUPDQFH RI ERFEBURRD ® WRIBW BEEW URPHW U\
WUDQVPLVVLRQ RI *$5,6 IRU K&RNWIKWR R®L Q B DWANQ W& ¥ RDW WRIQ GU D
SURSRVDO KDOI OLIFKH\EUDQFKLQJ
UDWLRQ RIGHFWRFRAYWWLPDWHG WR E
$ OHDVXUHPHQW RI JS OKVVUHDFWLRQDARPSWRKWURPHW U\
\LHOG UDWLRV DQG FRPSDULVRQ,Rl WKHVUBERMYOWWZRWK. QG RI V

FDOFXODWHG YDOXHYV SUHSDUHG )LUVAN WRXEHH LOL6D
.,.81%*$ + 768.%$'%$ . 68'$ 7SXUFKDVHG IURP $PHUVKDP &R 7 ¢
(/3+ 7RKRNX 8QLY SUHSDUHG IURP ILVVLRQ SEBERGXFWYV

7KH J S UHDFWLRQV SOD$@® W R 5 RRWHW VIDPGIAR ZDV SURC
LQ WKH SURGXFWLRQ RI FDUUEZF WHDAWLRQG LR BRARMW RKHIBO |
IURP WDUJHWYV LUUDGLDWH G/ XBLS/RK WELLQHPWDW UHW G20Q/J LUUD G L L
+RZHYHU WKHUH LV QRW HQREHIXP HRSH U LIRRHXQWWD DQ GDKWD F\F O R W L
RQ WKH FURVV VHFWLRQV RI WKH JS UHDFWLRQV WR
HVWLPDWH WKH DPRXQW RI UDGLRDFWLYLW\ SURGXFHG LQ
WKH EUHPVVWUDKOXQJ LUUDGSY DWDR@®HQNVDELY MOXGLVZIRI FOL
KDYH FRPSDUHG WKH H[SHULRBO®®®D XO\Q® FBORRSWWBEPD UD\
UHDFWLRQ \LHOG UDWLRV RI$SQD®\WR PHWKBBDFWLRQYV
ZKLFK RFFXU IURP D VDPH QXBOG&.I$: WR<PDONGES/XUB <$,7$ 7
WKDW WKH FURVV VHFWLRQ S3$8/GEFWLRQ FRGH LV XVHG IRU
WKH HVWLPDWLRQ RI WKH DPR$OW RBEWKH SKRWRQXFOHDU
UHDFWLRQ SURGXFWYV 7KH  SEHWHHDWAKU RIQO GGV RUSWLRQ Pt
LUUDGLIWRLWRIQY PHWDO RULR [LFGH MXPUUR@WY IRQ WKH FOD\ PLQHUDC
6U=U5X 6Q %D&H 1G *G <E RQ GHFRQWDPLQDWLRQ Rl UDGLRI



)XNXVKLPD ,Q WKLV LQYHVWEIHDWLR OHMNIDRB WEHPIHGWD G 72)
LQ FOD\ PLQHUDOV VDPSOHYV RWHHUG HKWBGPLMHD MYHQQXPEHU R
SURPSW JDPPD UD\ DFWLYDWLRWHDQ-DUHYEWY PHWHKR KRWKHU SHD
ZKLFK LV YHU\ VHQVLWLYNDPSXITHVL HQ HPKIQWBD W XG\ ZH ZLO
VLPXOWDQHRXV GHWHUPLQDGHVRILO W HW IDRM® O\WKW DQG H[SHUL
H[SHULPHQWY FDUULHG RXW DW WKLH ZRWIDIIF\K WHDSRWRMH GQL Q ¢
WKH 1DWLRQDO ,QVWLWXWHQ BLG6MD@EFRHQWLIREGHVHDUFK
7HFKQRORJ\ 1,67 FOD\ PLQHUDO VDPSOHV
LQFOXGLQJ VWDQGDUG VDPSOHV ZHUH DQDO\]HG DQG
HOHPHQWY LQ WKH VDPSOHWZHBR\GHWEHOPWQHR TKHGLRFDUER
FRUUHODWLRQ Rl WKHVH HOHPUHR®|W ZLRSWM EPH®W F $8% B GFIDQV LR C
WKH FRQIHUHQFH ILWWLQJY LQVWDOOHG LQ WKH UDI\
,]JXPR WDLVKD
2'$ + 768.$0272 %&$0$'S$ 7
$ )JHDVLELOLW\ Rl WLPH RI&IMQ JK&K URIRPGSRULFDO 5HV 1DJ
JDPPD UD\ DQDO\VLV RI D UD GAIRDIRADL GCHVWRRSOMH 5HV &XOWXU

72+ <+8%1* 0 (%,+$5% O 9HUGLJULV LV UXVW JHQHUDWHG
6(*$:$ 0 .,085%$ $ 1$.$085$% LPSOHPHQW ,W LV SURGXFHG IUR
6 EURQ]H DQGL& W K H D W P R
1XFO 6FL DQG (QJ '&ISQWHYHUGINULY LV IRUPHG LW KDV Wk
&KHP 708 SUHYHQWY IRUPDWLRQ RI D QHZ Y

7KH $FFXUDWH 1HXWURQ HXWOBRWLRHDPWGRQDGLRFDUERQ G
OHDVXUHPHQW ,QVWUXPHQW FROWDLQHIGLEQ WWUGLJULV EHFRPH
ORFDWHG DW WKH EHDPOLQHZKRFK \WKWH WHKHN WU DADNUIRDUPHG LV R
DQG /LIH 6FLHQFH ([SHULPHQWBD®W L )PBFEWQRW\RO/WKRI DJH IRU ZKLFI
WKH -DSDQ 3URWRQ $FFHOHURWHRG BBI\WED WHD @RPB®HQ WKLV VV
- 3$5& KDV EHHQ GHVLJQHGVBIOQO FEHGH RS MK HRERQGLWLRQ RI
SURPSW JDPPD UD\ DQDO\VLMRB*% HUBXBOHDU 9HUGLJULV LV (
FURVV VHFWLRQ GDWD PHDVKWBWHQWLQRG HYOFOXHMHG JODVV
DVWURSK\VLFV LW EHFDPH FOHDU E\ KMDVWRLWJ DW

‘H KDYH GHYHORSHG D QRWHRUMWMWKIRVEM[WUDFWHG ZLWK
ZKLFK FRPELQHV 3*$ ZLWK RVLPHAG IDH[MWWKH YHUGLJULV
WHFKQLTXH 72) 3*$ DQG DWW MWEBRAWMEBGWRRPSWBEH PHWDO ILWW
72) 3*$ WR WKH VSHFLILF GHWHPWILRQ RI UDALIR VKWLYQH RI ,]XPR
LVRWRSHV LQ VLPXODWHG VDPBOHRFRUERQWGEDRWR QURRIS WKHP :
PHWDOV LQ IRXU JURXS SDUW®BWWRE®H®DI \8 KR FAHD//L EZKBIWHG UDGLF
GHWHFWRU DUUD\ D FRPELQZWHRQWRKHWZRUMHORDWHUWKHUH ZD\
GHWHFWRUV VHYHQ ODUJH FR@QLDOHBUYHWKLFWBHVXDWGVKRZV
%*2 DQWL &RPSWRQ VKLHOGVFDRUER XQHIIOMHF WO BV IWGI® WKDW YH
*H DQG FRD[LDO *H GHWHFWRADW SO L RVWDGQRED\ERWYKGHDWLQJ
IOLJKW SDWK OHQJWK RI P LQ $115, DQG LV
XVHG IRU PHDVXUHPHQW RI WKH VLPXODWHG VDPSOHYV
3XUH PHWDO VDPSOHV RI SODW L Q&W WHIRX E DSVRY LBWIEDQLF FDU



IURP D PRXQWDLQRXV IRUHVW HEES B QWSMKPRHLFW QH U J\ $IJHQF\

7$.(8&+, ( $7$5%6+, $1'2+ O 7KH XUDQLXP DJH GDWLQJ LV
.2$5%6+, - 1,6+,085% 6 08ARUHQVLFVY DQDO\WLV WHFKQLTXHYV
768'8., . 1$.$1,6+, 77K 8 LVRWRSH UDWLR LQ XUDQL?>
0$7681%*$ 7 HVWLPDWH WKH HODSVHG WLPH IU

-DSDQ $WRPLF (QHUJ\ $JHQF\DQG SXULILHG :H KD'KHD®EBWHUPLQ!

6WUHDP ZDWHU RUJDQLF KNUBBRQWRWRSW GNVOX@LRQ PDVV VS
LPSRUWDQW SDWKZD\ IRU FRWERQV &R @RXYFWHIRPRU XUDQLXP |
PRXQWDLQRXV IRUHVW HFRSHINREN WKXQIGLVWWRBH DQDO\VLV I
XQGHUVWDQGL®BDKH WVHPNRIQBLAPVIXDQWLW\ Rl WKH LVRWRS
DQG VRXUFHV Rl & H[SRUW \IDLPS OHHFBVWBU\ V:SHLNLQJ DQDO\V
FRQWLQXRXVO\ PRQLWRUHG GLWWRROHG! & R EID QQ FVKIWUEWRQWH R |
'2& DQG SDUWLFXODWH RUJD@ZMHFBUERQKH2EDROOHY ZKLFK K
VPDOO ULYHU LQ D PRXQWDLQRHMLDRULRYOWRLGUEQUDNDQG WKR
-DSDQ XVLQJ D PRQLWRULQJPDWVWRW ZNIGHYHQRSHG HDFK WR W
SUHYLRXVO\ HTXLOLEULXP KDV EHHQ VXJJHVV

32& VDPSOHV ZHUH FROOHH\8HG LPPRIQWIO® DHWKOWYV ,Q WKLYV
FDUWULGJH ILOWHUV LQVWDDCGKEWILR WRHDVWAWNR [IKRAFKKH P
ZHUH VHSDUDWHG E\ SDUWLF®H W KJH XDUDGQ WKAH Q VIRQVIRGB\HHIGEGD W L R V
IRU & DQG QLWURJHQ LVRW R SHHDW LR& LFR Q/KHQWOPBWIHR QW ZDV LQ
ZHUH GHWHUPLQHG EDVHG FRRQU BPOBEURWERQWRMFRSH UDWLR
PHDVXUHG FRQWLQXRXVO\ IRU SDKNLQWDRBDWHWRILQWEHRDFWLYH
VIVWHP DQG D FORVH FRUUHHDWIHBHR EFHKN ZE PAQK H2%DPSOH ZDV »
FRQFHQWUDWLRQ DQG WKH 89 @ BAVRK EDKQFHWKR @ K7 K8HUD W LR

,Q JHQHUDO '2& FRQFHQW DB WHLIRQF X Q B WHHIBY KK®K. Q J7® HDV X UH
ZLWK LQFUHDVLQJ ZDWHU 10RZVRW RVKHS WDSKYHBER WRBHIY HBW LR DQG
WKH GHJUHH RI WKH LQFUHDVS8 WHWWR H @ RQAH Q W&/IDRWDLIFRML Y H H-
YDULHG GHSHQGLQJ RQ WKH DPRXQW RI UDLQIDOO DQG
WKH SUHFHGLQJ UDLQIDOO SDWWHUQ 7KH SORW RI '2&
FRQFHQWUDWLRQ YV ZDWHU % L VEA-KIDUFIK | R K R2HSGH WQZRY D VLJQD)
W\SLFDO VKDSHYV WKH '2826FRQFHDWUDWLRBQ7,06 6
LQFUHDVHG ZLWKKWHKBHHZ EWWUS@®DWHDXHI®8/ 0 +21'$ O
GXULQJ KLJK ZDWHU GLVFKDKYI$*$DR G 0$WESE$28& +
FRQFHQWUDWLRQ VKRZHG D VKEBUBSL ]G L&D UDHOLIRD HEWMEB Q L Y
WKH ZDWHU GLVFKDUJH DQ®Q UWSIAKH G7 VX NKIERIQH 8 GIOY. Y
FRQFHQWUDWLRQ WKDQ LQ 7RN\R7KHVH GLIIHUHQW
UHVSRQVHV ZHUH SUREDEO\ FDRWHG ZEWKNRHKDOI OLIH RI
GLIIHUHQFHV LQ UDLQZDWHU SBR@XWVHE R @/ MK LH[SORVLYH HQYL

QHXWURQ GHQVLW\ VXFK DV FRUH F
7KH QXFOLGH LV KDUGO\ SURGXF

% 'HYHORSPHQW RI XUDQLUNXPDMDWHRYWLIQYK FRVPLF UD\V LQ
XVLQDK 7K UDWLRYV )H DWRPV ZHUH SUHVHQW LQ W
2.8%2 $ 6+,12+$5$ 1 O0$*$5¥\WOWHP EXW QRZ H[WLQFW EHFDXYV



WLPH +HQFH SUHVHQFH Rl WX®GOLMWH )FRP SIGHIHFD WKV DTXHR X\
VLIQDWXUH IURP VXSHUQRYDFHRR WKHV¥ERRBNVX WRH GV IDHV (X $P V'
YLFLQLW\ RI WKH VRODU V\VWHPUERDKNO R[\JERWGHRFQRUGDY DQ HVV
WKHH LQ D PDQJDQHVH FUXVMRGRERHBWBG BWMKHWRBIUERQ\O RJ\.
HDVWHUQ 3DFLILF :H DWWHPSWWNRBQMRRGHIVY P LVEKHVHOHFWYV $
IURP PDQJDQHVH FUXVWV QRGX®BWVDIPS GHWEDMDVKH PRGLIL
VHGLPHQW FROOHFWHG |UR PJWGRXIH UHHIDE OMR/F DXW L RMR WFR QW URC
YHULI\ WKH SUHYLRXV ZRUN VHOHFWLYLW\

$JHV Rl WKH FUXVWV ZHUH GHWHUPLQHG IURP
WK#%H %H UDWLR ,Q PHBIVXIMARHQW RI WKH
DQ $06 ZH KDYH DFKLHYHG G# W I8 AMWIXFQ XOLPQW RWUDQVIRUPD\
T * |RU)WKHUDWLR :HHR¥QROBRXUDQ\O 9, FRPSOH[ E\ DGG
SHDN ZLWK WKH YDIWRR RRWEK WOKFWQDWLRQ RI SURWRQ
DQG VHGLPHQW VDPSOHV LQ Q@®\$H8E&+ZLWIK DJIH\E RR72+

0D $QRWKHU SHDN ZDV REZHB¥,HE85$Q OD\HUV ZLWK
DJH RI  + 0D IURP RQH FUXVUWGKDREDHFKRIRO RI 6FLHQFH
HQKDQFHPHQM/ M)KXV REVHUYBGBGGLELVRWRSH 5HVHDUFK &HQWHU
0D IURP DOO VDPSOHV FROOHFW® GVKBRSU B VHD @WHIPWGRG\ WK H

ORFDWLRQ EULGJHG WULQXFOHDU XUDQ\O 9
(WL+ > 822 W %X@DS DQG
(ML+ > 822+ W %X&DS ZHUH

% /LIDQG VWUDWHJI\ IRU WKIQ WKISDIB®EIERQWRHLUHBRPWLRQV R
PLQRU DFWLQLGHV DQG LWV W KHRUWWRIFAO)X WDGXHDWULRQPLQH 7

.$1(.2 0 0,<$6+,7% 6 7+) 7TKH FRPSDHB[V REWDLQH
1$.36+,03% 6 DGGLWLRQ RI HTXL2D VR D N BU ®HG
*UDG 6FK ©6FL +LURWKEEPDESQLMTXLY RI 7($ 7KH VDWWXFWXUL
+LURVKLPD 8QLY ZHUH GHWHUPLQHG E\ VLQJOH F

‘H KDYH LQYHVWLJDWHG WKHGER QGRBW VR/Q WHRBO@G Y VW DTKH 8V D
VWDELOLW\ RI (X $P FRPSOH[HV ¢ QRRD QKU IWYR D F KLHWBRIBWLYHO)\
WKH 3DUWLWLRQLQJ DQG 7UDRN PFBX2V B W\ \R R QWW ULDQV HJ\ LRI P XFK
KLJK OHYHO UDGLRDFWLYH ZDVK\RH W HUUWSKIDNY MRKXD\WZRREIHE 8

E\ PHDQV RI ')7 FDOFXODWLRMQUABNHIMOHE WKDWX WKV R LQJ WK
FRQWULEXWLRQ RI | HOHFWUR® WBVWSH ERQE LYK FHPREWEW\ U K
GHSHQGLQJ RQ GRQRU DWRPD QGIOWHMPLOPHYKWKK LG LEKDWHY W
$P VHOHFWLYLW\ :H DLP WR LLQMMBRSHX F HWKKWM KHHI IKHFO\SL RH ') 7 FDOF
GRQRU JURXS LQWR D 73(1 O LREKIUED AR HIULRHADEW K DRMHE RD Q G
VHOHFWLYLW\ RI $P 7KH SUH\2HQ W UDAVEX B G H YWIR®SDW HHNVW KBH V S H F
SHUIRUPDQFH RI D FDUERQ\ONGBQRLR WP WX R Q$ P HDF & IHRWQH EHV
VHSDUDWLRQ ZLWK D GLJO\ARODNMVEHDWHG W\SH

OLJDQG 7KH FDOFXODWLRQ PRGHO

>0 '*$ # @ ZDV SUHSDUHG E\ WKH

PRGLILFDWLRQ Rl ; UD\ RRRUG l9Q D WOINFRM BRGH S5HDFWLRQ RI 1S |
‘H DVVXPH WKDW WKH UHODWLY HDVVW B E EOVR/O E MM/ RIDHQ $P



., 7$768-, < 28&+, . 272%( + %UL Q5Q DQG®%LUL S QW
-$($ UHDFWLRQV ,UUDGLDWLRQ ZDV FD
(OHFWURO\WLF UHDFWLRQEH®IPVH KW X Q LKHPIL RQR/PLQVKH -$($ \
D ZHDNO\ DFLG VROXWLRQ ZH DH FHO/MWDIWLR DWHAG R NDAL Q% LV P X W |
JROG HOHFWURGH ,W ZDV UHBRNWMGDRGHNR RNV OAKWKWOW ZHUH
HOHFWURO\WLF UHGXFWLRQ FRRROMSWOQDGED\ §XI RGHDP FXUUH/(
EDVHG RQ PHGLDWRU UHDFWMRR) PHWKSBS R,[L PIBW,d 0\ Q$ ¢
FRXSOH ZDV REVHUYHG LQ WHHK WDFEGDWMR®RWLRKRKHY 7KH E}
EXON HOHFWURO\VLV ZDV FDFRIOHG RWWGDEXW WKH BIRWDHEDW IFIXG D
DURXQG 9 YHUVXV $J $SRQMLOMIBEUKYEEI D FXUUHQW LQW!I
HOHFWURGH 7K OH GKR I RH)H RIADWD W LR Q PXIQIF WLR®D LRHDFWLRQ
QRW REVHUYHG DW WKH S+ KNJK® U RRIGDI) WKFHREMDHMWZR XWO\ UH S
DWWULEXWDEOH WR ORZ UHDFOMIRY EVDWH R D GI® H B PERKF K W
H[FKDQJH UHDFWLRQ EHWZHHQKHSPD [IDFX® ESRNV VHFWLRQ RI
(OHFWURGH UHDFWLRQ RI 1S 9 ‘DW PHRUR QWXMHVRWHKHU KDQG V
SRWHQWLDO ZDV LQYHVWLJDWXGFEMLR® DR FS YBOWDRBFWIURQ ZKL
7KH FXUUHQW SHDN GXH WR UZBEXEMEROHRBI O\8 DQ ADMHSHQGHQV
REVHUYHG DW FD 9 DQG WHIE®WLIRK) BEXHYHRXNVDDVUHSRUWH (
DSSHDUHG DW 9 7KH UHDFRHIRQW BBV DBH W HROFPDQUHBN LYH \LHO
WR EH UHGXFWLRQ RI 1S 9 /DPGUHRKMEDWLRQ RI
GHSRVLWHG VSHFLHV RI UHGXFWLRQ SURGXFW RI 1S RQ
WKH HOHFWURGH ,W ZDV IRXQG WKDW VWULSSLQJ FXUUHQW
GXH WR R[LGDWLRQ Rl GHSRVISW Z BV RGEXNFWLIRGMGRIQ W S DS K D
RI ORQJHU SUHHOHFWURO\VLV D\GLPRW K K LBLSA KHOBRP H Q R Q

LYV GLITHUHQW IURP XUDQLXP 1,6+,1%.9% , $6+,<%$09%
<2.2<%$0$% $ 0$('$ (
+$6+,0272 .0%.,, +

$ 2SWLPLVDWLRQ Rl WKH-DSURGHNFRRIRQ (QH UDQ D§DHEOF\
SDUDPHWHWW YRID %IKIH Q5Q 8QLY

UHDFWLRQ $ 50 $W JHQHUDWRU KDV EHHQ
'$6+,<$0$ .  0$('$ ( 1,6+,1$.$ WR VXSSO\ D $IGZRWHK DFKDOI| OLIH
,  <2.2<%0% $ +$6+,0272 . K IRU PHGLFDO DSSOLFDWLRQ
0$.,, + WHFEFKQRORJ\5@I$WKHH QH UMW R U

6FK RI +HDOWK 6FL &ROOHJIH RI OMG KBKXDWRDEH SURGXFHG V
+HDOWK 6FL .DQPJDWD BRLLY(®LL Q5Q UHDFWLRQ ZLWKRXW
.DQD]DZD $®E¥% -DSDQ $WRPLELVPKWK PHWDO WDUJHWV GXH WR
$JHQM\%6& -DSDQ $WRPLF (QHWU BGHRWLRQ RRQ BHPPV ,Q WKLV

5DGRQ 7 K ZKLFK LV DZ3DWBQYW VWXGLHG WKH HIIHFWV RI
RI DQ DOSKDSWPLWWHU LV DWHMWHP RI DQ LUUDGLDWLRQ FKDPE
LVRWRSH IRU 5 ' Rl WDUJHWHW® KHOS K R GXEGBMLER® KV LQJ

$W ,Q RUGHUSWRZPWKHDR DSSURSWIDGL®WLRQV ZHUH FDUULHG
LUUDGLDWLRQ FRQGLWLRQ KMDGGEPZBFGHHUDPWRMWGX WIKH WK H
FURVV VHFWLRQWUL RI5Q HTXLSSHG ZLWK WKH +H JDV FRRO



UHVXOWV VKRZ WKDW WKH +HOJERE$SIHEMSLY HO\ FRROV WKH
WDUJHWV DQG WKH FRROLQJ6HMNRNIHO®OLYLVLQHDRKOLYNRIKI D6 H U
LQGHSHQGHQW RI WKH SUHVSRUM 'LYLN3IDDOQGFN RH 6FL
IORZ UDWH a / PLQ RI WKH +H TV WQBGHDWYBIGIHY EHORQJ WR
WHPSHUDWXUH RI WKH ELVPXVDK WD FOHRNWH T\ VO LRIQWRLS WR |
ODUJH FRPSDUHG ZLWK WK DWD RX DWKIHF DEDXIPR.IDX PZ WWIDK) JDI VD H Q J W K
RZLQJ WR WKH GLIIHUHQFH7DRIGLWKHIHN WHH UAMX UHPDUNDEC
FRQGXFWLYLW\ ZLWKVWDQG KDUVK SK\WLFDO FRC
GHK\GUDWLRQ RU H[SRVXUH WR
HQHUJHWLF UDGLDWLRQ $Q DQLPD¢
$ 'HYHORSPHQWYV RI TXDQWNWDWIOHS P VX@ J%XW DTXDWLF W
VIVWHP IRU DOSKD HPLWWLQJUDGBGE DRMLRRWWRBRBHUDQFH :H LQYHV
6(*$:$ 0 1,6+,1%$.$ ,128( 7 LQGLUHFW DFWLRQ E\ *DPPD
+$6+,0272 . .85(7$ O 7D U G LJ UHSGBEI) *+,-". +-( ‘H IRXQG
-DSDQ $WRPLF (QHUJ\ $JHQFWKDW DTXDWLF WDUGLJUDGHV Z
5DGLR QXFOLGH WEBUWSFIDRPDQUD\V DQG EH DIIHFWHG E\
HPLWWHGWJIRWY Rl FXUUHQW LEDFWHIRH/ YW EIIRKIGY W HPSHUDWXUH
D SDUWLFOHV KDYH KLJKHUHI(HAFBARDEOMWDWUDMBHRQ LV DIIHFW
HVWDEOLVKPHQW RI HIITHFWLYH WH{ FKRE T XRH0 WWHR J HR®H UD W H
$W LV UHTXLUHG +HUH TKDZQL\WOWMWHVWLIPWHLEUFW Rl LQGL
WHFKQLTXHV WR $WDDQGE RIOKIEUIJUDGHYV
UDGLRDFWLYH PPIWHG® IDDMO WKBHQMDPH WLPH
ZLOO EH JUHDW KHOS IRU WKH HVWDEOLVKPHQW RI
HIITHFWLYH WHFKQLTXH 7KXV% ZH$\WDAH PGHW HROR 3RS D O& 6\Q W K H \
TXDQWLWDWLYH LPDJLQJ VOMEHOHBGMXVWHG IRU
UHODWLYHO\ ORZ DFWSW IZM\ BKSEBOWLFORY' R 7 .8%8., 6
LV JHQHUDWHG LQ WKH UHVHDRRKR SHDVWHR STR®IL &/ DIV SIQ@LWY
VI\VWHP FRGDIWMWLROH VFLQWLOOBMWRHQWQEX@WULMOK HL U G H
FDPHUD PDFUR OHQV DQ&W RRVWHRD FRPSEWHWLYH LQJUHGLHC
ZDV JHQHUDMWHIG EQ5Q1 $W UDGLFDO VFDYHQJLQJ DELOLW\ DQ¢
UHDFWLRQ DW -DSDQ $WRPLRRQMUGHHILRQF\DERXW WKH DSSO
FRQVHFXWLYH LPDJHV ZHUH REDMDRIMHGX \ELWKOXVHQRIFRVPHWLF
$W DV VDPSOH 7KHS$EWLPOWKRWXE\RQKH SKDUP D BRNLHRDIFWLR H
GHFUHDVHG ZLWK LQFUHDVH MQUWKHUPFIBWX B EPHQ RQWM LPIHWKH PR
7KH GHGXFHG KBW®WI WRA REWRUQHGEK UHVHDUFK &R0 MNKHOW®RW
LPDJHV DJUHHG ZLWK WKH N®RZAQ &@ OXMKH DUE GLVFKDUJH PF
ZLWKLQ HUURU :H FRQIL U PRHIAU BRK® W HW K iF VBWRIGEH ) &V DEBH/RIE L Q
VIVWHP FRXOG YLVXDOL]H W K RRFRSRXHIFG\WV L Y HHIPFSEDIRA\W GR Ur RZH Y H L
WKH GHFBW VD®SOH ZLWK JUKDW PFEXSDREOHP VXFK DV WKH L
WKH VSHFLILF UDGLRDFWIE@W\ RI W
DQG UHVXOWLQJ ODUJH DPRXQW RI
$ (IIHFWV RI LQGLUHFW DFWIERQURGXB®WPD,Q WKH UHFHQW \HE
UD\V LQ 7DUGLJUDGHYV DSSURDFK WR WKH SKRGXFHVH®R Q



VWXGLHG E\ PDQ\ RUJDQLF FKOILREGWVS ,| LW LY.SIEWOSLEOH

WR DSSO\ WKHVH DSSURDFKHASWR. $MK i SBREGXFHVLRQ RI

& >&@ VRPH SUREOHPV PHQW LFRNNRS OBIEWRNRS RGRECEE) 8QLY

EH VROYHG ,Q WKLV VHVVLRQ &RIQYLGBUUBSRUDERKM WK H

DWWHPSW RI WRMAIED V\QWKH\BIKWEPDFHXWLFDO DSSOLFDWLRQ R
WKH SURGXFWLRQ PHWKRGV XVLQ
SKHQRPHQD LV YHU\ XVHIXO EHF

% 6\QWKHVLV DQG &KDUDMMCHRDPWLRIQV\RRI SURGXFWV LV

3URPHWKLXP (QGRKHGUDO 0OHREWDIRQKGO EUHRWKHU PHWKRGV

0,<$8&+, 6%$.,<$0$% . .,.81%*$ DGYDQWDJIHV WKLV SURGXFWLRQ
+ .8%8., 6 DWWUDFWHG DQG H[DPLQHG XVLQ.
7RN\R OHWURSROLW®® FRKRNXHDFWLRQV VR IDU +RZHYHU UHS
8QLY \LHOGV RI UDGLRDFWLYH PHWDOOF

(QGRKHGUDO PHWDOORIXDMRMIKQEMFD X0 RI WKH UDGLDWL
ZKLFK DUH IXOOHUHQHV LQFOWBUQHVPH® DOOMMRPYHKBRB HF X O H
DWWUDFWHG LQWHUHVW EHF DPKWDH RH GV & B U W IXREKAHX SHERHAMLIEQD P H
DQG FKHPLFDO SURSHUWLHV WW LW SWORRYZH) WK V8 YPE&XRWVYRQ \L}
PHWDO DWRPV HVSHFLDOO\ PRHUN DD Q RIKKID@HIHQ BVWIKR XWQ LPS
SURPHWKLXP 3PXGBGH Q QFKHQXFODMDWHQYHFRLO LQGXFHG E\ QXF
FDJH 3P LV NQRZQ DV DQ DUWMWFIQHXWDRBQR HOQHWHKQW VWXG\
ZKRVH DWRPLF QXPEHU LV VPADQ@WKH\BMKEBRIGRKHGKHDO IXOOHUHC
FKHPLEDO SURSHUWLHV RI 3RQREGHPRQEH 5RIUGHR UMD FEWMLRQ ZL Wk
DOPRVW VDPH DV QHLJKERULIH9 ODWOW IQHEMEAHRQ RSIURG XFHG E\ '7
DQG 6P +RZHYHU LW KDV EHHQ $WH R WWN&OMKDWKMKBD GLRDFV
R[LGDWLRQ VWDWH RI 6P DQGRIEVHQ YWHCH LROWKHHMLPDRHHH VR O X
DUH DQG UHVSHFWLYHO\6 WD CHOIGR(IKG WBE PROUV/OWHUHQH ZDV
VWDEOH R[LGDWLRQ VWDWH DERXWQ DTEWRMXNHVROXWLRQ WKRV}
&RQVLGHULQJ DERXW WKH FKHRQFDO GOR SHURGXFWRRQAP\LHOG RI
LW LV YHU\ LPSRUWDQW WR LE@Y HVKH. MDWHOW R H & IDAHFQ & HWAK D WH-
RI 3P LQ IXOOHUHQH FDJH RU OHVV 7KHUHIRUH REVHUY

,Q RUGHU WR VWXG\ WiH S\UR 8166R HHYGRIKHEHAED O IXOOHUHQH
ZH SURGXFHG 3P E\ SKRWR QDRPOHD W R HEDIF WIVRWHBP B G\ HIILFLHQ\
VIQWKHVL]HGZ 3RPKE&'& DUF GLWWWERGDHUG PHWKRGYV
PHWKRG $V D UHVXOW RI ©3/& DQDO\VLV RI 3P#&

LW ZDV IRXQG WKDW R[LGDWLRQ VWDWH RI 3P LQ WKH
IXOOHUHQH LV IURP WKH VAPLODOWLW\ VFFIL@B/RQOODWLRQ FRX!
EHKDYLRU WR RWKHU PHWD O @R M IO @H WHQHV GILOTBML.SV K 0 DMQLLGF) Z D\
WULYDOHQW ODQWKDQLGH PHWDRWIOZRRDNLDWR )XUXVDZD 7

<RVKLPXUD 7

2FKD 8QHLYWDFKL $ORND OHGLFDO /
% ,PSURYHPHQW LQ SURGXFW/IRZQHQUHHOIG ERIWD UD\ HPLWWH U\
UDGLRDFWLYH VWURQWLXP HG®®ORKHEGDD DXOOMKULIBQWFLQWLOOTL
XVLQJ QXFOHDU UHFRLO EHFDXVH RI LWV KLJK FRXQWLQJ HI



WKH /6& PHWKRG KDV D GHPSDUWLFOH MKDBHDWQOD\VLY E\ HO|
OLTXLG RUJDQLF ZDVWHV D IDVHGE QRKHDWOWHIFRHUQMY V IZIRV OLEUD U\
DYRLG JHQHUDRUWLIO® RF @D VXWEBW RPQ B VMHUJ\ $JHQF\ DUH UHSRU
VFLQWLOODWRUV 36V KDV EHRIQHQWHE MV ROIDERDDMMRHRHYWRQH RI
RI WULWLXP FRPSRXQGV ZLWRXFGRQYHAWHRYDPOV /B&JIJLPH ZKHU
36V DUH D VKHHW W\SH IRU QRQORWVIDMW DM FREERPQB RI VHL]
DQG SHOOHWY W\SH IRU YRODWEOK GRE S RAXD® IOWN HD ¥ XX UD Q FH

PP WKLFN 36 VKHHW RI ®&ERUDMRQWLY QHHGHG LQ RUGH
*REDLQ ZDV FXW LQ PP ZIUGVOK DEQGLW\RARG WRMWDD @QNOHYLGH
KHLJKW $ 36 SHOOHW RI (- -DSDOUHFKRBFOELYLW\ RQ QXFOHDU
DSSUR[ PP LQ D GLDPHWHU DRGH RP UQ®LRAKQHMK/ WU\ DUH DO
%RWK W\SHV RI 36 ZHUH XVH® SRR LKPHANRPWMNECH SRLQWV R
FRXQWLQJ HIILFLHQF\ ZLWK LBO@MSANQGDGN WRIQDHD DQ@GFOHDU  VHF
OLQHDULW\ EHWZHHQ DFWLY INVQIREZ\O D®IH FRKGWVYDUVH WRULQIH
H[DPSOH WKH FRXQWLQJ HWWUHERWLRIQ E\ LQWHUSUHWDWLF
PHWKLRQLQH ZLWK WKH 36 VRKRHHWXFADHDU DQG UDGLRDFWLYH
ZKLFK ZDV VDPH DV OLTXLG \FKIMLLYDWDLVRRURX \DK FOGINDR) IRUHQV
WKH FRXQWLQJ HIILFLHQF\ RI +72 ZLWK WKH 36
SHOOHWWs ZDV ZKLFK ZDV KLJKHU WKDQ
WKDW RI OLTXLG VFLQWLOOD3VR UH YS$GIR.S\PLHRI/D RO\ F B B WHKF 6L R Q
FRXOG EH UHXVHG E\ ULQVLQMWRIPWHRIABDYKW HPHRPME W RDPPD UD
WKHUH ZHUH OLWWOH ZDVWHS$1H#RZHYHU WKHVH PHWKRGV
KDG D OLPLW IRU DSSO\LQJ D+@BUYHOVDRSOH<YR®D XHFH5$ 0

.,085%$ $ 1%$.%$085% 6
-DSDQ $WRPLF (QHUJIRN\RIHQF\

% 1XFOHDU RUHQVLFV DQGO5DNGULRFKE PWWD\GUQLY
6+,12+$5% 1 .,085% < 2.8%2 $ 7KH $FFXUDWH 1HXWURQ 1XFOF
-DSDQ $WRPLF (QHUJ\ $JHQF\PHDVXUHPHQW ,QVWUXPHQW KDV E

1XFOHDU IRUHQVLFV LV WLKRH PIQDQIKMW 7R) SURPSW JDPPIL
LOQWHUFHSWHG LOOLFLW QXFORDPMHYRIW UW&HRDEMHALYIHFP D WOIDWD R
DQG DQ\ DVVRFLDWHG PDWHUQRPEWR FBIUR M WGEH WK GGHQFMHW YV D QC
IRU QXFOHDU DWWULEXWLROQL\E\QRBWVHIQUWPLULH@JIFRHDILQQ WKLV
KLVWRU\ WUDQVLW URXWHV DB ® Q& WSIRVBIPISOHR/OXH QB VYXPR/ XUH
PDWHULDO %HFDXVH WKH W®&MKXFIDHIMRUVRDKIQPKLPMIHFW WKH J
PHWKRGRORJLHV SURYLGH KLQ@WVWRXOQWKWH RWLJILQ FRXWEHWKDW
QXFOHDU PDWHULDOV XVHG DRTXIOQMIIRD GHDGDYIV DRUXLVLWL
QXFOHDU WHUURULVP LW FRWWULEXWEMXWR RG HDQWHQRDRW LR Q
LQGLFW RIIHQGHUV KHQFH WR B\QBWQFHEBEWHRQHOMW BUHFWKH F
DIJDLQVW VXFK WHUURULVP ,ODWWRUWIKG\ASBVUKPDROQIRUPXOD L
5DGLRFKHPLVWU\ WKH UHYV XKDV ERDWIHR/G IRUFK 6DPGODWLRQ P
GHYHORSPHQW RI IXQGDPHQWK® EXDOMNDWLRQYW@RILEY DQG *$ |
WHFKQRORJLHY DQDO\VLV RSURRWRSLFKHRFBRXHWLRD FRUUHF)
LPSXULW\ DQDO\VLYV DJH GDWRR FRXN QWK OH B U/ PIIOH BILIRGS RUW L R



ZHLJKW $Q DFFXUDF\ Rl W\SLEDBO\3P KQ® GESH®BP UHDFWLRQV
DFKLHYHG IRU WKH FRUUHFWDB\WG D\HW X R SK R/ILBPDOWD QBOHEDQW H
VDPSOH ,W LRW XKDBOMWLQWD W XQGBQYV®\VQEBLQJ LVRWRSLF DEXQG
6P
+$<$6+, . 8(12 6.,126+,7$ 1
3 $ VWXG\ RQ HOHPHQW FROBH®WULOWERQ<HOG $
DFLG QHXWUDOL]DWLRQ FDSDFUWG REFKRR® DWWWXBERQ7HFK .DC

DUHDYV ,QVW 7HFK 6KUPG]XBRRRRO 1DW 6
;8 ) 6+2=8*%:$ . 0%$7682 0 2VDND 8@MWW 6FL (QJ .DQD]DZD 8
*UDGXDWH 6FKRRO RI $UWV DQG7BEHLPRMRVYLWQLIRM KRHDY\ HOHPHC
7RN\R SUHVHQW LQ WKH VRODU V\VWHP QI

,Q WKLV VWXG\ LQ RUGHUEW R HXMOJIR @ KD S XIBK HIGIH W LR Q
RI DFLG QHXWUDOL]DWLRQ FDSRKISWRI $ARFWUR X GEHORFLHQW QX
DUHDV DQG WKH SURSRUWLRDKRFKS FORQ QRWWEH RURIVDIWHG LQ VX
HOHPHQW FRQFHQWUDWLRQ K® WHKBDWWRH®S\®H GNRRNFOPILA I\ DE
VDPSOHV IURP XUEDQ DUHD®XWRFK ZLW k6B LAVDLQI BX BERW RQ
6KDQJKDL DQG 7RN\R 7R FRPDDBWHKUAMH WKH XFMEDRQV ,Q WKH Sl
DUHDV ZH DOVR WRRN VRLO IGRW IQWRLQUHIZO PWRIDXG WBKHFKQIER QV R
<DNXVKLPD DQG ORXQW 7DNDR 1QVS/OXPHEBWBWLRQV ZKLFK DUH S
QHXWURQ DFWLYDWLRQ DQDOQXEYDHRSQ WIPNVXMPM/S, @8 AYXE DW LR Q
PHDVXUH WKH WRWDO &D 0J DEX@®IQFHQRVRRIOWWH OODU HQYLU
XVHG LQGXFWLYHO\ FRXSOH G ZD0D VWPDARWRWIHRG H ZLWWKL RI) QHWZR
VSHFWURVFRS\ ,&3 $(6 WR PHPSOBRMLOWEKH $DOXBRWHG FURVV VHF

VRLO 7DUJHWV RS DQGLG ZHUH
$OWKRXJK SOHQW)\ Rl &D IOQGLPLBYGACMUHUUDGLDWHG ZLWK
IRXQG LQ VRLO RYHU H [ FEKHDBDR) H: B EFOEHW BRDHRGHVE Q] SSHURLY V' V H F W

FDPH IURP &D DQG 0J LQ DOO V® S5 ®H\A BKE 08 1DQ HQHUJLHV EF
DQG . PDGH OLWWOH FRQWULEXWWQRQ WG@RHW KHK 8 1K&[FS HUKHP HQ W D O
UHVXOW VKRZV WKDW %HLML®J KDGH VKW LRIQI YHKREHIG & FWVLPHV JU
DPRQJ FLWLHV EHFDXVH D ORYHRI HERHYIL PR WAHIGD Y RVKHR UH WL
%HLMLQJ WKURXJK GXVW VWREAG G RIGRH WIQ &KKIQ RWXHU KDQG
WKH FRQWUDU\ VRLO LQ <DNXVFMUIFRQVDRRBPDBWSRQG ZHOO ZLV
JUDQLWH VR WKDW LW ZDV OBHM RLARVRQ $1&F DQG WKH
WRWDO HOHPHQW FRQFHQWUDWS$RRQ GF® BB GRILHDWRGWHKHVKH S
RUJDQLF FRPSRXQG FRQWHQWDSWXRHOU ZBIFRML@ QHRQ SUH H[LV\
GLIIHUHQW ZD\V Rl VXSSOHPMORG\EHNWZ HHQ MKUE®RVLYH HQYLU
DUHDV DQG QDWXUDO DUHDV HQWWUPDDNHBUHDNVK HDV O HMZRUMN FDO
%HLMLQJ $1&F UHYLYH WKURXRWR@RULWIQLE \GHO@OWYW\ WRI1 D
SULPDULO\ %XW LQ QDWXUDWHPSHDYDWXL&HRWHYIDAB\OH HYDOX
WKURXJK WKH OHDYHV RI GHFRGRWRXW MAUVHLIRQY SURYLGH GXUDW,
WKH QXFOHRV\QWKHVLV

3 &URVYV VHFWLRQ PHDVXUHPHQW R



3 SWLOL]DWLRDVRIV®WLEQ G DH[WUDFWLRQYVY EHKDYLRU RI JLUFR
SKDVH FKHPLVWU\ RI VXSHUKKDYQ IHXPHPHQWY OLJKWHU KRPROR.
6KLUDL $vDL TYDPED $RQR 5GL HWK\OKH[\O SKRVSKRULF DFLG

*RWR BRH .. XGR + FKHODWH H[WUDFWD@W O5DGLRWUL
*UDG 6FK 6FL 7HFK)DELLGIAOAWD 6QIDW G G ZHUH SURGXFH
1LLIJDWD 8QLY LUUDGLDW@®EY WDUJHWV ZLWK SUR

,Q WKH VWXG\ RI VXSHU EHDXWHHEGRPHAWRV XVLQJ WKH $9)
WHFKQLTXH RI DQ LVRWKHUPDRKRBEX BRQURRDODWRAIUDRIG 5,.(1 $T.
KDV RIWHQ EHHQ XVHG WR GHMBDXRLRD WRIKR QWBEIO® QR VDKH UDGLF
DGVRUSWLRQ HQWKDOS\ RI YARODWL[GIK ERWERXQGN XD YROXPFE
PDQ\ FDVHV WKH DGVRUSWLR®GIQHDKD OD5Q G W IGHQ LWKIE PL[W XU |
IURP WKH ORQWH &DUOR VLPXORXWL\R Q$7W HRK FH@WODMWHIWLRQ W
EHKDYLRUV Rl PROHFXOHV LQSIKFRIDXPY XYAEMHY FPMHW® OMR) UD\ V¢
FRQGLWLRQV WRSWHISRHRGX BB HUGHWVWABMWRU ,Q JHQHUDO WKH G
+RZHYHU WKH HQWKDOS\ K®IV=UWPPRUHWORBVWHNKH VDPH DV RU .
XQFHUWDLQW\ EHFDXVH LW +IV ZU OH XYORW YRDBEOGHN\ERIF DWMHY HU V
HIDFW DSSDUDWXV FRQVWB[QW\DFWHRIHIZLRPKQWEOA JURP 0 +&
FRQGLWLRQV HWF ,Q WKLV VWXGNK ZWH ¥IRRZAN. G\HID WK H PWWKLHOF W L R Q
YRODWLGH QW IEEHO XWLOL]HG DV(+HB MWDQG\DIUGWHUHVWLQJ
FRPSRXQG LQ DQ LVRWKHUPDO JDV FKURPDWRJUDSK\

EHFDX%H GHVFHQGDQW LQ WKRULXP VHULHV LV
DOORZHG WR XVH IRU D WUDFBU ,(WWDNFMXRG WEKDKWD VIRV RI
LV YRODWLOH DQG SDVV WKURRFPKS OB[HVRRN KHEVWHD & FIRYVRRFEW\O [
DW D VXLWDEOH WHPSHUDWXRWY F KH{ PALFD® Y HSHRWLVWP HRKMHR | G X E(
UHVXOWYV RI PDFUR DQG WUDFRU2KEDOHEH[HULPBIBVSDQG
GLVFXVV PRUH GHWDLOHG FKURPIWRJIJWRIRLE.BHRKDYLRU
RI %L&O *UDG 6FK 6FL 7HFK 5,1(lLJDWD 8¢
1LVKLQD ¥MRWHU 1LLIJDWD 8QLY
'H FDUULHG RXW WKH VROYHQW H
3 6ROYHQW H[WUDFWLRQ EHKHDORBUGRI FARPRGH{HY Rl QLRELX
ZLWK +'(+3 IRU DTXHRXV FKHPWDWWDRIX®I 7D ZLWK WULLVRRFW\C
<$0$'$ 5 22( . 085%$.30, 0 H[SHULPHQW RI GXEQLXP 'E ,W KD
+$%$ + .2025, <.,.81%$*$ + WKDW WKH H[WUDFWLRQ \LHOG RI 1
*272 6 .8'2 + RI 7D LQ WKLV V\VWHE BQ@WLRWUDF|
*UDG 6FK 6FL DQG 7HFK ZHILH JPWRIG XSFRIe%D @/BUKHS%0s
5,.(1 1LVKLQD SHMHDHWEK &HQWHDFWHFQVY UHVSHFWLYHO\ XVLQ.
3KRWRQ 6FL 7RMOFENX6BIQLYLLDW W,D(1 7KHVH UDGLRWUDFHUV Z|
8QLY LVRODWHG E\ DQ DQLRQ H[FKDQJt
6WXGLHVY RQ FKHPLFDOWBDRSBUHVWHHW SRHVHUYHG LQ FRQ
UXWKHUIRUGLXP 51 KDYH EHWROKMULRLHG KRTWH RN QORHEXONVLRQ |
XVLQJ LQRUJDQLF OLJDQGV VERRQWU LKD@LIGW KHR QWU XKHOWH ZDV Pl
IHZ H[SHULPHQWYV ZLWK RUJDQRPXPHDRIGYLEY YIHQEHEBAQH VROXW
UHSRUWHG ,Q WKLV VWXG\ PH[W@YHVWDYDWHK®G NRD YIRQW IL[HG



UDGLRDFWLYLW\ RI HDFK SKDVWHUZIRWPHOVXWRG BHWHRIPLQH LQ
GHWHFWRU 7KH UHVXOWY VKBERBGRWEKD/WYWWHKH &LWWU LEKMWNLIRXYY C
UDWLRRI 1E ZDV DSSUR[WPDMMHEKS\HUQDWDQW ZDV VHSDUDWHO\ F
JUHDWHU WKDQ WKDW RI 7D WRZAEHY HHUQ GV KB VGV X /M H EWW GRWR U
UDWLR RI 7D GHFUHDVHG ZLWG&GHGKH HO MSWVH RIL WWLWPLE KWBLARWK HF R H |
WKH SUHSDUDWLRQ RI WKHH[\WWRERHQWRDOXMEAR RIQ WKH ZW
LQYHVWLIJDWHBEHRDXYR WR | 2ZMKHOL A XOQ WG UHVLQ ZHUH GHFUHDVH
YDULRXV SUHSDUDWLRQ PHWHKRGR @F HADKWHU W W D R U Z KWKCRE WG R V F
IRXQG WKDW WKH GLVWULEXWLRQRMXPVLW DQ@G+WKBR WHKHRYUMHYHQ
UDWH RI 7D H[KLELW YDULRXVRYD O XHYRGHSBQBOYMLR QWRKEHG XFH
SUHSDUDWLRQ PHWKRGV RI WKQGNVNWKAFHWFRPSDULVRQ ZLWK WKH
SUHYLRXV OLTXLG OLTXLG H[WUL
SUHVHQWHG
3 6ROLG OLTXLG H[WUDFWLRQ RI 1E 7D ZLWK

$OLTXDW UHVLQ IURP KV\GURIOXRULF DFLG

VROXWLRQ IRU FKHPLFDO H[SHULPMDOMWERD HWHPHWQXWG\ WR GHYV
'E DPHULFLXP DFWLYLW\ LQ SOXWRAQL

6$72 ' 085%.%0, 0 22(¢ . DOSKD UD\ VSHFWURPHWU\

0272<%$0% 5 +$%$ +.2025, < <%$68'$ . 68=8., ' .$1%=%:%

72<26+,0% $ 0,768.8%, $ 0,<$0272 < (6%$.% ) 0$*$5% O

.,.81%$*$ + *272 6.8'2 + -$($

*UDG G6FK B6FL DQG 7HFK 1tH DDWDS8QUYQJ D VFUHHQLQJ WHF
1LVKLQD &HQWHU IRU $FFHOBOBWR W D4 DASHG \B BRHPOIMHJ\ WR WKH
5,.(1 -DSDQ $WRPLF (QHUJFROWDQJRLQJ QXFOHDU PDWHULDOV
5SHVHDUFK &HQWHU IRU (OHFWKHR G WBHK\RWRD WRKIBQFIHQGLYLGXDO
7RKRNX 8(HYDUWPHQW RI & KHPZMMWKUWN QRZIDWRULILFDWLRQ GDWH)
8QLY VWDQGDUG UHIHUHQFH PDWHULDO
'H KDYH VWXGLHG WKH PHDX¥XAJEBIGTXZGWK DOSKD UD\ VSHF
HIWUDFWLRQ EHKDYLRU RI 1IEFRDERQ\GDLBRREWB W KH EXHPAWDWOLW\ UDW
H[SHULPHQW RI 'E %HFDXVH ZR W WK B CEDQWIFIOWR XVWK WKH GLI
$5&% IRU 'E H[SHULPHQW DQ $PLAFMRWHWHUHAZHQOH FRQVLVWHQW
ZDV SUHSDUHG DQG OLTXLG YROKXG WH [ZLWKAWL RVKHRIXTFFHUWDLQ
DQG 7D ZLWK WKH SUHSDUHGLOQHK\LIFQ\¥YHUMKPIMUDQB &EDRXS\HFWURP
5SDGLRWUBIFFHDR®MRIZHUH SURGXWHKGETXDQWLWDWILP HH @ QR GLWILL\G RD !
WKH SURWRQ RU GHXWY YW RDOEFRPXEWHGPKH®\E B IRQLFOH YV
Y PHWDOOLF IRLO WDUJHWV UHVSHFWLYHO\ XVLQJ WKH
$9) F\FORWURQV DW 5,.(1 DQG 7RKRNX 8QLYHUVLW\
7KHVH UDGLRWUDFHUV ZHUH BKHRBLNLG S.OUNRRYIVHZBEWBIQ OHDF
LRQ H[FKDQJH PHWKRGLYNRQWREBEHQWHGHAUUMWK $03 PHWKRG IRU G
LQ +) VROXWLRQV RI YDULR XO/RE ROQHYHDOWURIWLIR®IVR BPHMVG. XP LQ PI
WKHQ ZHUH PL[HG ZLWK WKH $O0$6HXTSW6 ,128(LQ LQP8DB,0272
VIULQJHOHVV ILOWHU WXEH . &IRO$2UFRQ 28BS H U +-RIA ®-Wos
ZLWKRXW WKH $OLTXDW < UMd¥Q$D02ZHUMH DOVR



.DQD]DZD 8QMWY 5HYV ,QVW )H)LREHBBWLRQ RI ORPEVWIKFH5®W F L C

7KH JXNXVKLPD 'DL LFEXNXVYXE®GBDUDL LFKU DF3WLY LW\
3RZHU 30DQW )'133 DFFLGHRBRWQ FHWWO VW GRRY I H& K L E D% D QPG
ZLGHVSUHDG UHOHDVH RI ODWH ADWR&EDWYRRR ZHUH REVFE
UDGLRFHVLXP WR VHD HQYLUKQPKQAHWHRYYHVWDP ZWEHHK WR EH W
UHJLRQ LQ WKH HDVWHUQ -GBPRAVWRE 3BDG& LFRRON-NADLVBHR 6HYHU
PROLWRU&WMIXKXDOI OLIH &V \ GDQG DIWHU WKH )XNXVKLPD 'DL LF
KDOI OLIH \ KDYH EHHXYR HPNVHERWLYHWY FRQFHQWUDWLR(
GHWHUPLQHG IRU YDULRXV EDVLRHVBURBBEGFWV &KIHED W ZDV
MDSDQ DIWHU WKH )'133 DFFMEIHRHWYW RLWIKIH QRUPN® OHYHO DQC
IURP WKH DFFLGHQWY FRQFHQMWWRWQ R\QR/ RR WDMEA RFHVLXP
SDUWLFXODUO\ IREEVVHRUWHQ\OEWRBVSKHUDFWLYLW\ FRQFHQW
PDULQH SURGXFW VDPSOHYV DUHDIRKMHGX WEKGI\ BHEB MNP VL@ J $IW
WR 3EHORZ 'HWHFWDEOH OHYHCRZHGFERABYHQWRR@HFUHDVLQJ W
VSHFWURPHWU\ HIFHSW IRU \WAOPFEBDWYWIHFROOHFWHG IURP 53V LQ
WKH FRDVWDO RIIVKRUH DURXGCHGEG UNDNXMKELPRPBDHBG WER WKRVH |
VSHFWURPHWU\ R WKH MODKHVOHH UBHVRKORMOLFDO UHODWLRQVK
PRQLWRULQJ VDPSOHV QRQ GEHWWZUDHRWWIRYGHFMQ AW DDVWRIQ LQ -DS|
DVKLQJ D &RPSWRQ FROQWLQWCPUBD X&/YIlMFKEDUJIJHYV IURP 53V LQ
NH9 UD\ BLVWXUEV WKH GHWHUPW QPMQARKURE RUDFGIHWRID W LR Q
ORZ OHYHOV RI UDGLRQXFOLGHV ,OOQOWKHZOWNMNWVWOWPDWXG\WR EH
WR HYDOXDWH ORY OMYG®BOVL@®FUHDVH RI WKH \HDUO\ GLVFKDU.
FRQFHOQWUDWLRQV FRUUHFWO\ ZH GHYHORSHG D VLPSOH
. UHPRYDO ZDWHU OHDFKLQJ WUHDWPHQW DQG DSSOLHG
WKHVH SURFHGXUHV WR PDULDH SRRWKBWRXYV REVHUYDWLRQ RI

UDGLRQXFOLGHY DW .DZDVDNL -DS
6+,2%%$5% 5%58=8., 5.85,+%$5% <

3 IDWLRQZLGH VXUYH\ RI DWPREG&EFHULF.2,.( <
DFWLYLW\ FRQFHQWUDWLRQ LQ*UDSD@®FK RI 6FL DQ®XUBF OHLI
0$768%%$5% + 1,77% ,62*$, 6WUDWHILF &RRUGLQDWLRQ 5HV ,C
-DSDQ &KHPLFDO $QDO\VLV &BH@QWHU

&RQVLGHUDEOH) DRRX[GWFRNHGRRWLQXRXYVY REVHUYDWLRQV F
EH GLVFKDUJHG LQWR WKH ODMPIRGEKHUHSHVRPHWHKHFDUULHG F
5RNNDVKR QXFOHDU IXHO UHEOUSRDFRHVVEQPRVOIKHW LB3FRQFHQWUL
RQFH LW EHJLQV IXO0 RSHUDPWMLR® 3E WLRBEH WR 3W KFD
EHIJLQQLQJ RI IXOO RSHUDWLRQGDDQIWILIRRWDLGEWY VXDEHRQXFOLG
RI DWPRVSKHKWDM- EHHQ FDUUIZAHA RRE VWHIWWYHHG ZLWK DHURVRO VD

JLYH DUHDV ORFDWHG DWZ®LIDHUHQWS DQ W LWKH WA HDV R QD O
ZHUH VHOHFWHG IRU DLU VDPOIOYLOOYUDO UDGLRQXFOLGHV GXULQ.

$SWPRVSKMHUDFWLYLW\ FRQ#FSHLQIWU D WWHRRQ-\D QXD U\ ZHUH VKR
LQ -DSDQ UDQJHG IURP PHW®WR S®BYW YDULDWLRQV REVHUYHC(
s VWDQGDUG *GHYISDWLR®T P REVHUYDWLRQ VLWH ,Q RUGH

HIFHSW IRU WKH WHPSRUDU\ DQWRMVMB\KHHW EBD XEHIGDFL RMKHRI1 UDGR



SURJHQ\ VHDVRQDO YDULDW LRIQM RM LIWDXG § R f XFROQLFCHHQMWALMWL RQ E
EH GHWHUPLQHG FRQWLQXRXWOWJIJH YROXPH RI IUHVKZDWHU VDI
%D6FRSUHFLSLWDWLRQ PHWKRG ZC

3 '"HYHORSPHQW RI DXWRPDWLF DQDO\VLV

VIVWHP RI 6WURQWLXP L@ HQPUWREPHQWDIMH DQG FKHPLFEC
VDPSOHYV UDGLRDFWLYHWBHHURVROV RI

12-,0%$ 7 )8-,7% +1%$*$2.%$ O +,:$7$6 +, 0 085%0%768 +

26%:% 7 <2.2<3%$0% +212 + .21'2  $

-$($ .DQWRJILNHQ &R /WG *UDGXDWH 6FKRRO RI (GXFDWLI

$Q DXWRPDWLF DQDO\VISWQLYNUMBWUWPMQW RI &KHPLVWU\
GHYHORSHG WR DQDO\]H §DGKERFIWYRQ/VWEKRQWK X BQLYHUVLW\
UDGLRDFWLYLW\ LQ HQYLURQPH®WDRRDFNWERSBHHFWDWHKUHDOV ZHUFL
DQDO\VLVY PHWKRG ZDV IROOHRZHICUREFP QW BRAXD&R WKH )XN>
FRPSLOHG E\ WKH OLQLVWU\ RXFOXPRWIRIAHU&ZSOWQEWHDFFLGHQW
6SRUWY 6FLHQFH DQG 7HFKQROWRI\LPBR UGHDAOHW AFRQH XYV WR VR
ORZ OHY6D WIGLRDFWLYLW\ FRQFHQWUQWPRQUD®'LRQ DQG GLIIX
HQYLURQPHQWDO VDPSOHV UQGWRDY¥WMLNWHPLWKUMIION LQ WKH
SURFHGXUH Rl WKH 6U DQD®\WILKNGEMRRHWWRPOMWHQWKH SDUWLF
SURFHGXWDWRIDXWRPDWHG H[FBI'W\WR R 5 KH 5D DWOHNRKARDY G WK H
RI WKH DQDO\VLV 7KH DQF®WRLF DO WWDPNHZRV DWPRVSKHULF
FRQVLVWHG E\ WKH IROORZLQD WIOWHH HDLS SR IUDVDXG\LHRYD FAMUWYH P D)
GLVVROXWLRQ DSSDUDWXV ZD5\D BR/Q ¥ O i MAZYHVRHZ IS\M K VWHRE RWR U D (
KRWSODWH UHDJHQW VXSSO\ SXRS DG RRRXYRWKDW WKHUI
&KHPLFDO VHSDUDWLRQ DSSDUBWXNVDZDG/ 6E2R QIVAWRNERVH GDUW L F
ZLWK URERW KRWSODWH S+ PHWHUDVLD@IHRQEHYQFMXBEG DUH
UHDJHQW VXSSOLHU ,RQ H[FOUNHF OIS SWIUBWKI DADUWRYZROW LQF
FRQVWUXFWHG ZLWK LRQ H[FHKDW I FDFMROX MR BHDLIHEMWZHHQ
VXSSOLHU DQG PRQLWRU 7KBIGWKWHRQV\YWHEBDVZHR¥QG WKDW
FRQWUROOHG E\ DQ RULJLQDQVSWR EXMPL R@® QRH LD HUKBARR/GID \L Q F
IDE9,(: 9DULRXV NLQGV RI DVH¥HGHPEOHMRYRBYPRRRDYV 6R ZH FR(
VDPSOHV ZHUH XVHG LQ SHUWWRKIPW Q\FXO ZWHWHW \Z RXOWBKEH WKH S
DXWRPDWLF VI\WVWHP 7KHVH WHI&MWWPWERUH VXFFHVVIXO
ZLWKRXW V\WWHP WURXEOH )LQDOO\ 6U UHFRYHULHV
ZHUH DERXW WR ZKLWHEDLW DQDO\VHYV

3 $GYDQFH Rl SUHWUHDWPHQW P
VXSHUFULWLFDO IOXLG H[WUDFWLR

3 $Q H[DPLQDWLRQ RI 5D LVRWRSHODQQDOAYLY
IURP ODUJH YROXPH RI IUHVKZDBBQ $WRPOQAVQHUJI\ $IHQF)\
720,7% - 7KH UDGLRDFWLYLW\ FRQFHQW
-DSDQ $WRPLF (QHUJ\ $JHQF\HQYLURQPHQWDO VDPSOHV DUH DG

$Q DQDO\WLFDO PHWKRG RKIWREK HWH UDG LRDGEFWVXIPY LW\ UHOHDV
LVRWRSHU\EMSHFWURPHWU\ ZLOWK. GRWEHYDWQIRXHQFH RQ WKH



SUHWUHDWPMQWHRDQXPGLEDY ,RIVINASKONBIQ G
EHWD HPLWWHUV LQ WKH HQYLUK®PUYRLIRD FADPSH WX AWHL FRG
SHUIRUPHG ZLWK DFLG UHJSQRGEXMWRY GEFRPSROHDVHG IURP ))
RUJDQLF PDWWHUV DQG H[W UIDXFF® HDU BREHQ X B O DG MN D/RXFLKG H Q W
DV VWURQWLXP XUDQLXPDHD®GR G OXDMRQULKPHY ,W KDV EF
+RZHYHU WKH SUHWUHDWP H@W UWDAR @ B GF RQM X HQIEFGI RQD G LR D F \
ZRUNHUV IDFLOLWLHY DQG HOQHURDYPH® \DV TKRHY WHRJNDOW V XC
ZH WU\ WR GHYHORS WR WKH @KXEKS DHWHOHDPMWALYGIWIRBWKBWLR Q |
XVLQJ VXSHUFULWLFDO I0XL&EHBY WHDCGHBO BE L G7 RJ HIGI@KMUN WD Q
,Q WKLV UHVHDUFK ZH LQY HW¥KIDQVLN PWKIHUBRBLRDFWILRE® DHUR
\LHOGV RI VW BEMMWRUWMKGIGY R UWHQRWP ILRRP VROLG DHURVROV E\ K
VRLO XVLQJ WKH VXSHUFULMWDLVEMHDD &@HYH RRISGIBWLEG DWWDF
6&:2 UHDFWLRQ RQ YDULRXV3MRQWRWLRMN\G VIXHFKRVROV KDYH EI
UHDFWLRQ WHPSHUDWXUH S SHWWHODIVDARG EXUDWLRQ 7KH
\LHOGV RI VWDEOH 6U ZHUH DW P3RZ\& HDIE\R RW VR GAKKIPORKORULGH
8 ZHUH OHVV WKDQ 6 ,Q WKHKORWGHH ZEHHWKNDWHG DW YDULTF
DSSO\ DGGLWLRQ Rl FDWDO\M®HE®QWRF WKWHQB&H DWR VROLG DHL
LPSURYH WKH \LHOG Rl H[WUDIKWMLRQ/L]H GLVWULEXWLRQV ZHUH
7KH VROLG DHURVROV ZHUH LQMHF
LQ ZKLFK VSRQWDQHREY IDWLRQ G
3 ,QIOXHQFH RI WKH UDGRQ LEVUWDDMONRQBBHGWRDFWLYH DHUR'
UDGLRLVRWRSHYV PHDVXUHPHQWWDFKLQJ )31V ZHUH FROOHFWHC
$:$6%., 1 <$0$1%$.$ -7%$0$5, ILOWHUV WR EHUDXESHFWHRBPWMR U\

7 DWWDFKPHQW UDWLRV Rl )31V R(
AXVAX (QYLURQPHQWDO SDUWDIOPAMHWLRRY HVWLPDWHG
$VVRFLDWLRQ 7KH DWWDFKPHQW UDWLRYV GR Q

JRU WKH VWULFW PHBDARWM® WXWIDARH DUHD Rl DHURVRO
HQYLURQPHQWDO UDGLRLVRWRKH W KHELED O PSFRHFPLBQWRIWBH UR \
HYDOXDWH WKH EDFNJURXQGWIJ3BVW\WD Q& BW WKH FKHPLFDO L¢
GDXJKWHUV 7KH H[SHULPHQWFSRUWDOWUURBE REW HQRIUDWLQJ
HVWLPDWH 5Q DQG 5Q G B X DRAMWHURK P& QW YRHUB OV RQ VROLG
ODERUDWRULHYVY $OVR WKH EDFNJURXQGV Rl OLTXLG
VFLQWLOODWLRQ FRXQWHU DQG *H GHWHFWRU ZHUH
PHDVXUHG IRGHXUIJH DQEDWI QRWHARSPHQW RI GHJUDGDWLRC
SXUJH ZDV KHOSIXO WR UHGXFQDOWWH VL QR/IHUFKORQEEHE\ LRGL
UDGRQ GDXJKWHUV WHFKQHWLXP LQ VRLO VDPSOHYV

ODNL +HLVXNI$\DS 6.LPLND]X 6
+LUR\VXNL 0
3 $WWDFKPHQW %HKDYLRU RFUDWVLERFEX 3BREGKBES0O 6FL 8QLY
WR $HURVRO *HQHUDWHG E\ +3HDWHL G5 DB WBPL6B@WY RI 7VXNXEI
1,77$ 6 7$1%$.$ 76(.,0272 6 OXVHXP 7KH 8QLY RI 7RN\R
7$.$0,<$ . 2., <2+768., 7 7KH VDIHW\ PDQDJHPHQW IRU IL
ARWR 8QLRWR 8QLY 5HVHDUFEKVSHIAMWRXYFOHDU IXHO ZLOO LQF



behavior of **Cl, **I and *Tc in the biosphere.

Behavior of these nuclides in the environment is 3 6HSDUDWLRQ DQG GHWHUPLQDW
of great interest because of their high mobility. DQG WKRULXP VHULHV QXFOLGHV L
The pyrohydrolysis is one of the conventional VDPSOHV E\ VROLG SKDVH H[WUDFW

decomposition methods for bulk analysis of
chlorine, iodine and technetium in soil samples.
However, this method has some disadvantages. In
this study, we attempt to construct more reliable
and accurate analytical method for *Cl, **°I and
®Tc in soil samples including degradation
process. In this method, the soil sample is treated
under subcritical water condition in closed
vessels. Furthermore, we examined another
degradation solution of tetramethyl ammonium
hydroxide under the same condition with water
degradation. The isotopic ratios of **1/*?"| and
S8CI/CI in the extracted solution were measured
by AMS. *Tc concentration was determined by
triple quadrupole ICP-MS. The analytical result
of the degradation method in the case of ¥'I
showed 31% of that obtained by the
pyrohydrolysis method. It was 60% for **I. As
for the degradation method using TMAH solution,
the result was 81% for %I and 132% for %I,
respectively.

3 7KH VWXG\

KURIHARA, Y.}, YOSHITAKE, A.2, FUKUDA,
D.2, FUJII, K.2, NAKAMURA, T3, KOIKE, Y.
(*Organization for the Strategic Coordination of
Research and Intellectual Properties, Meiji
University, 2Undergraduate school of Science
and Technology, Meiji University, *Graduate
school of Science and Technology, Meiji
University,)

A procedure based on a solid phase
extraction method for the separations of U- and
Th-series nuclides has been developed. The
procedure was performed with stacked UTEVA
Resin®, Sr Resin® and DGA Resin® cartridges
from Eichrom Technologies. Sample solution
(containing uranium isotopes and thorium-series
nuclides, 8 M HNOs media) was passed through
the stacked column at a flow rate of 1-2 mL/min
to extract uranium and thorium isotopes, lead
isotopes, and actinium isotopes to UTEVA
Resin®, Sr Resin®, and DGA Resin®, respectively.
Radium isotopes were separated by the stacked
column, and uranium and thorium isotopes, lead
isotopes, and actinium isotopes sequentially

IRU PHDVXUH Beph@twd ardl pusified by UTEVA Resin®, Sr

WKURXJK UDGRQ SURJHQLHV Eesir®™ as HD®/A] RegnR, Uespectively.  The

YAMANAKA, J.}, KAWASAKI, N.!, TAMARI,
T!
(*Kyusyu
Association)
Generally, the measurements of Ra-226 in

Environmental Evaluation

radiochemical recoveries were 95% for uranium
and thorium isotopes, and almost 100% for
radium, lead and actinium isotopes.

soil by Ge detector are based on the detection of 3 6WXG\ RQ XUDQLXP LQ FRUDO
Pb-214 or Bi-214 that reached equilibrium with ,VRWRSLF FRPSRVLWLRQ DQG VSHF
Ra-226. The sample must be sealed up so that Rn ZDYHOHQJWK GLVSHUVLYH ;$)6 DQD

is not lost. The experiment was carried out using
the sample container of different materials to
evaluate leakage of the Rn. The result showed
that Rn will leak through the junction of cap
mainly, not through the material itself.

SAKAGUCHI, A.1, MORI, C.2, SASAKI, K.3,
TANIMIZU, M.4, URUGA, T.5, TAKAHASHI,
y.6

(Univ. of Tsukuba, Hiroshima Univ., Kanazawa-
Gakuin Univ., Kuwanseigakuin Univ., JASRI,
The Univ. of Tokyo)



$JH GHWHUPLQDWLRQ RI7RRQDELVWDWPISD$HHEWRXUFHY Rl QDV
JHQHUDOO\ EDVHG RQ WKH FRIPEHQOWHRMURG DFWIXLWKHPLFDO
UDWLRV8RI8 DQG7K 8 LQ WHKIKFOXGLDQG 27X L Q FO/X GIRQ J
VNHOHWRQ 9DOLGLW\ Rl WKHDPBEB GHWHBHAVQDRPHRQULV(DFK FK
FRQILUPHG E\ FDOFXO®WISRQ ZRVY GQUWROVHG DQG D JHODWLQ
DFWLYLW\ UDWLRV +RZHYHU VRQKRQRLY W HHFO LEHIW ZHRHDX W LR Q V
FDOFXODWHG LQLWLDO DFWLYIHD\DWILYLRNUINIGR W H 8 BED B BREQWDKQHS
UDWLR RI PRGHUQ VHDZDWH W % DAO EH®\Q DWH DREZWWMIEP SBUDW X UH
WKLV VWXG\ FKHPLFDO VSHFRRWAKRBVRI BRXU FRV XA KWDVGLVWULI
EHHQ LQYHVWLJDWHG \8 RIDMWIRIUQILWK ODWLQL]JHU 6HYHUDO U
WR VHUYH DV DQ DLG WR FODHQYLWKQFHOWDXE WIDPSHOHRQZHUH
WKH UHVXOWYV IURP ;5" DQDO\@LV N ¥ &DSENGH UNRDXWERY RIUHSDUHG
VNHOHWRQ VWUXFWXUH E\ HOUHHFDVIWHRQV F L BQREY FRI®IDW LNQGRRHU 7K |
NLQGV RI FRUDO VDPSOHV ZKAVKQKDNRIPEHIURUBQ®\ MMDLODEOH |
DQG VSHFLHV ZHUH DQDO\]HGVE\D,&SM@BFDBOH WR PHDVXUHPHQC
0& ,&3 06 DQG ZDYHOHQJWK GDGSROXEVHGHMW FRQFHQWUDWHG
DIWHU WKH DSSURSULDWH S4W WIFRDLVRBH@MW NIRRKXWHRFIO UDGLD
DQDO\VLV 8UDQLXP FRQFHQWUDWLRQ LQ FDOFLWH VDPSOH
KDV LQYHUVH FRUUHODWLRQ ZLWK 6U FRQWHQW ,W PLJKW
EH GXH WR WKH WUDQVIRUPD3WLRRHRUBGLRWB QL X IPHDAWXWHI P HQ
IURP DUDJRQLWH WR FDOFLWHX\ZHLWKR B\ CIGI® WWULY Q IKHH UH G X F\
ZDYHOHQJWK GLVSHUVLYH ;$§RGYKRZHG WKDW 8
H[LVWHG DV KHI[RY DXDHQ WRIRUGBE HPPBOHN ,5,6%:$ $ .,12 <
7KH DJH FRUUHFWHG BDIOXHVLDERWMS$6+, 4$.$-,08 7.25,<$0$
DFWLYLW\ UDWLR ZHUH XQLBRUPO®DIEIG (\BKRZHESSW K H
PRGHUQ VHDZDWHU YDOXH UHHSDIGWHWRY &KHPU\V.RRORNX XSXL Y
VWUXFWXUHV DJHV DQG VSBRLHV RI FRUDO VDPSOHYV
7KXV WKH WUDQVIRUPDWLRQ FRXDBPREKQWRFXWHKBUDIGLIWHG V
ZLWKRXW LVRWRSLF IUDFWLRIQXWWRBRIRIHS FRXOGUBN XUDHE XFHG
RI WKLV VWXG\ LW PLJKW EH ¥XOIWHXWH G MGIDVP YRR ID EERR SO U H ¢
IRU LQLSVLBODFWLYLW\ UDWLFRHOWRHRYWFBEXWHE\! XVLQJ JHROLWH
E\ WKH FRUDO FIR\Q & SWE RQVVXERPBRXY@Q®ODV D FXOWXUH PHGLX
VWUXFWXUH QDPHNR PXVKURRP FXOWLYDWLRQ
WKDW HIIHFW RQ LQFUHDVHG SURG
H[SHFWHG 7KHUHIRUH ZH FRQVLGHF
3 3UHSDUDWLRQ RI QDWXUDRXOWD GLRIOKWODRGWHIMPLODU HIIHFW
VRXUFH XVLQJ JHODWLQL]HBXVRURRPWYPD UD\

VSHFWURPHWU\ ‘H XQGHUVWRRG WKDW D IUXLW E
68=8., 5 .85,+$5% <6KLREDUMNHGXFH TXDQWLW\ RI WKH UDGLRF}
6DLWR1$.$085% 7.2,.( < LQ FRPSDULVRQ ZLWK JHROLWH VLF

*UDG 6FK RI 6FL DQ&RUBFPROUHLNELN BYLPI SRWDVVLXP VXOIDW
6WUDWHILF &RRUGLQDWLRQ ]HRHYLW,KQ) WG OOHHAOW HBRUWRISDQN +DW
OHLML 8QKKRNHL *DNXLQ 8QLY BOHXURWXYV RVWUHDWXY OLNH 3



+RZHYHU LW ZDV DGPLWWHGHWWNUEHG GIHINAXOWWKDAVR UUHODWL |
EHFDPH VOLJKWO\ KLJKHU ®HWBKMW WRH DPKIFQ HDYUWHK RUW DV
DGYHUVHO\ ZLWKRXW EHLQJKREZONHWRLWRQVLGPIITWAXOW WR LQV
FRPELQDWLRQ HIIHFW ZLWK SRWRVWIDFS ONOIEWHXZKD® FKHPLF
RWKHU VHYHUDO NLQGYV 7KHUHIRUH ZH KDYH GHYHORSHG
PHDVXUHPHQW V\VWHP FRXSOHG W
ZKHUH UHBIFE®HL SURGXFHG E\ WK
3 B5DGLRDFWLYH FHVLXP GHERRDRWDIPR@ DIPRGDRI EH LPSODQW
ZLOG PXVKURRPYV NLQHWLFDOO\ LQ WKH)RDPBQH RI
<$%8 8 .,12 < RSHUDWLRQ FKHEN RI WKH V\VWH
BHQGDL OXVKURRP SORMPMMQMDVEIDGWHD\V HPLWWH®®DIURP
&KHPLVWU\ 7RKRNX 8QLYHUVNMWXUFH GXULQJ EHDP LUUDGLDYV
W KDV EHHQ NQRZQ WEDWNJIJRRWIRRBPWH EHFDPH KLJKHU
DFFXPXODWH ODUJHU DPRXQW RD W DPGILIRDFUMLGY H LEWK RIK\WW EHDP L L
DJULFXOWXUDO SURGXFWV 6QDRIFHHR)IXWXWK L D¢ D PIHRRLD WZHD W W D V
1XFOHDU 3RZHU 30DQW DFFLOUNOPHYMIKDON REOBHFWGE G %HFDX\
RYHU VSHFLHV Rl ZLOG PXWBEGRRPNWUDLOWYDBERXW WKH VDPH
SUHIHFWXUH WKDW ORFDWH YV RUR &XFHWQRQ@W KRN F RRIXMXPE® WKD)
SUHIHFWXUH 5DGLRDFWLYH &N\ VRO HFQW UDHV IDRSEW ILIDGWW R W K H
PXVKURRPV ZHUH PHDVXUHG Z)LWK2 KISIKFKBHS XURZHY HU ZH KDYH
GHWHFWRUV BRGWHKBRBFHHDEOBWER @EWRHUYH WKH KDOI OLIH
UDGLRDFWLYH &V LQ PXVKURWPWH%RZHYHQV WREBH RI WKH UHL
TXDQWLWLHY DUH GLITHUHQRRXOIREH WHH | B RR/QM KO WL WK G WDHRI
PXVKURRP :H H[DPLQHG WKH GRPR QRXMP IRQ DWKHR GRROOLPDWRU ,P
UDGLRDFWLYH &V IURP WKH PXDKUYRRPHQRUW WWKHDR LY QRZ XQG
RI UDGLRDFWLYH &V ZDV UHPRYHG E\ ERLOLQJ
DQG QHDUO\ ZDV UHPRYHG E\ NHHSLQJ LQ VDOW
. VKRZHG WKH VDPH EHKDYLRB D¥VVWEGXRNFWIHNFHWVEND DQG PDJIQH)
RI GLOXWHG )H GRSHG)BRURYVNLWF
68=8., 6 .2,.( < 12085$%
3 ,PSURYHPHQW Rl DQ 2QORQS<3ELJWHXUEHG
$QJXODU &RUUHODWLRQ OHD VXOUiH MH QSTRBMRWYHIFL YR BRI 6\FR\W QF H
WKH '"HWHUPLQDWLRQ Rl DQ (COQIFKRNLE XAXUYGUXSROH
ORPHQW RI WKH 6KRWW JUREEH 6U6Q2 GRSHG ZLWK GLOXWH P
)8-,6%:$ 76+,08'$ 07%$.(1$.$ KDV WKH SRWHQWLDO DSSOLFDW
6 0,+$5$% 06$72 PDWHULDOV 2XU SXUSRVH LV WKH ¢
*UDG 6FKRRO 1DW 6FL 7HFGLORWB]PPDQ@OULYF DW URRP WHPSH
,QVW 6FL (QJ .DODDPIBZDEBIQRRO6UGQH2 | ZHUH
6FL 2VDND 8QLY SUHSDUHG E\ XVLQJ D VRO JHO PHW
‘H KDYH EHHQ ZRUNLQJ RQ g8URBLVHRXWVYRU KRXUV DQG
PHDVXUHPHQW RI WKPRPHIDGGRIROH KRXWY IRU KRXdVIRU
WKH VHFRQG H[FLWHG VWDWHKRXUV 7KHVH R[LGHV ZHUH LQYHYV
WKURXJK WHKH R\ERPHDQV RGIWKIDFWLRQPHWU\ :5' D YLEUL
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PDJQHWRPHWHU 960 DQGHUBPQYIEOPXBBHWHFWRU
VSHFWURPHWU\ 3HURYVNLWH R[L7Z&HV FKDWUKD PWMYLIWKMOG PXRQLF
QP LQ GLDPHWHU ZHUH REWRHQHG VIXEE HWYKH @D\W \E HMHHFW H G
SDUDPHWHUV GHFUHDVHG ZLWXHRWKWXRQRUHDWPHQXIWHNV PXRQ LU
GRSLQJ UDWHV 6RPH VDPFOHDUVERRZHG ;WION SHDN ZLWK V
IHUURPDJQHWLVP DOWKRXJK PQRRELEHVUDMWULR QRW VR &X S|
VWURQJ 7ZR GRXEOHWV DQGRWWRLRQHGRXQ BRIQGHWER DGGLWL
VH[WHWYV ZHUH REVHUYHG LQQW K H RQWWEWDXXAHVUL QS WWFRVNDH D VWU |
RI 6U6Q2 GRSHG ZLWK PRUH WKD® DIHs 7KBHIUWRRYV DSSOLFDWLR
RU IRXU VH[WHWV PD\ EH DWQWHEX\MHGXRREWRBF 2HOO VRRQ E}
RFFXSLHG DW WKH RFWDKHGUDO DQG WHWUDKHGUDO VLWHV RI
IHUULWHYV SUHFLSLWDWHG UHVSHFWLYHO\ 2Q0\
SDUDPDJQHWLF GRXEOHWY ZHUH REVHUYHG IRU 6U6Q2
GRSHG ZLWK OHVV WKDQ )3 DER\PKSHRVILKW WRGIDIDE BW X G\ RI ,URQ
UHVXOWV VKRZHG D ZHDN |HUUIRPHURG W RVPQ 72ALELPDWU\ & KRQG UL
EH GXH WR WKH LQGXFHG P DP\QWEDLXH G 18 BHHPMAU R AR S \
SDUDPDJQHWLF GRXEOHWYV PD$.BEHSG:REWHUYHG EX WKHA , + $5 $
GLIIHUHQW FRQILIJXUDWLRQ EHWZa$H® R[\JHQ YDFDQF\
DQG VXEVWLWXWHG )H LRQV *UDG 6FKRRO 1DW 6FL 7HFK .DG
,QVW 6FL (QJ .DQD]DZD 8QLY
*UDG 6FKRRO 6FL (QJ 7RN\R OF
3 OHDVXUHPHQWV RI FKDUDFQMHWULVWLF PXRQLF
- UD\V XVLQJ 5&13 0X6,& PXRQ VRKRFMGULWHY DUH WKH PRVW SL
,1$*$., 0 1,120,<$ .<26+,'$ SODQHWDU\ ERGLHV FRPSRVLWLF

* 6572 $ .$:$6+,0% < PLQHUDO FRQWDLQLQJ LURQ WKH
0$7680272 < .2+12 < HOHPHQW RI FKRQGULWH DUH WKH!L
1$.$=%:% < 76.5+,6% . IRU REWDLQLQJ LQIRUPDWLRQ RQ
6+,02085$% . +,%(0272 © SURFHVV RI RXU VRODU V\VWHP
6+,12+$5% $ FDUULHG RXW D O|VVEDXHU VSHFW
*UDG 6FK 6FL  25/&IND 28WLNNDQ RUGLQDU\ FKRQGULWH 6DUDWRY
B8QLY (. -$($ VSHFWUXP IRU 6DUDWRY KDV DOUH

0X6,& WKH LQWHQVH '& PXRRK\WHDRKDHMOLMO KRZHYHU LQII
KDYH EHHQ FRQVWUXFWHG DW DWIKQHWHVRIRUAKDEK PWEHURO LV LQ
1XFOHDU 3K\VLFV 5&13 LQ IWKOHN P HBIMYHURVH@W ZDV SHUIRUPH
DQG D EHDP FRPPLVVLRQLQJ KHPH HEBBI\YXIHU IRBPHBK XV LQWURC
IRU VWDUWLQJ RI UHVHDUFRKVHPSHUDHW SHKH IRUVNWGEGDXHU VSHFE)
SUHOLPLQDU\ H[SHULPHQWYV RREFVKDIUPHG/ DU VSWER BXRQRE 6DUD\
. UD\ PHDVXUHPHQW DW 5&13 WSHFRWUXP FRQVLVWY RQO\ Rl FRPS

7KH H[SHULPHQW ZDV SHUSRUWPBG \DPL @HBMREOV RI FKRQGULWH
0 EHDP OLQH 7KH FRSSHU SOBW HDZDG/ )HUUD GDRWHG BEQ DW WKL\
WKH PXRQ EHDP GHFHOHUDWHGZ EXHWKHWD OXRVQRB IURP SKDV
SODWH DQG FKDUDFWHULVWYR SRNXFE@LUD P WJIDQ HAMPLLFANVGVRXE O HW H[
IURP PXRQLF DWRP ZDV PHDVKNWHIBOE \ZRNVJKQ RN WGLHWHFWIR® VUH Y H



GR QRW WR H[LVW LQ RXU VDMHGBXFWLURY REVHMFIWWRRG@ 9 ,Q
VXJIJHVWV WKDW WKH PEZQNUDDY FRYWIDMMHGJIWHKH UHODWLRQVK
R[LGL]JHG E\ ZHDWKHULQJ RQSWRAH\H\D UWEGDIMRHEDMAL\RQ RI D.
IDOOLQJ RQ WKH JURXQG PHDVXULQJ HOHFWURFKHPLFDO
PLFUREDODQFH (4&0 KHQ ¢
PHDVXUHPHQWY RI WKH UHGXFWLR(
3 &KDUDFWHUL]DWLRQ RI WHKH VZHDENIH D/MFHWROKWLRQ ZHUH
8,9 DQG 8 9 FRPSOH[HV ZLWK{IBFKQHA\EZIDWHFKDQJHG QHJDWLYH
OLJDQGV WKDW DJJUHJDWHV RI 8 ,9 ZHUH |
<26+,085%$ 7025,0272 . HOHFWURGH :H FRQVLGHU WKDW D.
5DGLRLVRWRSH 5HVHDUFK &MRWHHU VWWBNDURPLWKH GHSRVLWL
*UDGXDWH 6EKRRB RIVOND SQMWHS aVWDUW GHSRVLWLRQ HDU
JRU FKDUDFWHUL]DWLRQ RIWWHSD EGIS RWIRWPIHRIY DRRXQW a QPF
HLJKW FRRUGLQDWH 8 ,9 DQGW®IH DLWHKHEPKILLRQ VWHS GHSR
EDVH OLJDQGV ')7 FDOFXODWQRR® ZHKH SHUGRISPIOG MR H RI WKI
VTXDUH DQWLSULVPDWLF 8 ,9GBPRRVEWLFERPSDWHIVZDV LQYHVWL
DQG WR GRGHFDKHGUDO 8 ,9 DQGHS DWHRPIRWHHIE DW PRUH WKD{
,Q WKH JHRPHWULFDOO\ RSWEPLV]HGA MMWX PMKH H\Q & X FMKLHR Q W L F
FRPSOH[HV WKH 8 2 DQG 8 DFRGGDWLR®DQBPWWY DW HDUO\ D
ZHUH VLPLODU WR WKRVH GHVHUPL®HBKE\7KILYJ @ X JZBWAMAD QVK D W
- UD\ GLIIUDFWLRQ DQDO\VLWHDIOMWNWVRWR OV IER QRELPDWLRQ RI D.
HQHUJLHV IRU WKH 8 ,9 LVRPHUV LQGLFDWH WKDW WKH
PRUH VWDEOH LVRPHU LV WKH FRPSOH[ KDYLQJ D
VTXDUH DQWLSULVPDWLF VWUXFOHQHFEWZXH H[WKDLHVLRQ RI
DQWLSULP 8,9 LV a N- PR@ URRUMLXPVDEOH
FRPSDUHG ZLWK WKH GRGHFD%MB O DB QI H KW¥ WDXFW VR QQW IEM ULV N
FDVH RI 89 WKH WRWDO ERIBGEQJ0 H@H LBIHESY, RI WISH$ 0272
LVRPHUV UHYHDOHG WKDW WK#$GRESHFDKHGUDO VWUXFWXUH
LV PRUH VWDEOH WKDQ WKHDERXDWRDQRILSOSKDDAWDLRPLWWH I
VWUXFWXUH 7KH UHVXOWV B\QLY FDOFXODWLRQV DUH
DJUHHG ZHOO ZLWK WKH UHVX®MWX GREWDI QXGE O HIRF ZDQ/GH LQ
H[SHULPHQWV 6U ERWK DUH RQH RI WKH PRVW
OLYHG ILVVLRQ SURGXFWV 5HF
H[WUDFWLRQ KDV EHHQ VWXGLHG
3 ,QYHVWLJDWLRQ RI WKH SWRHNWVQRRODREHM IDRWHWKH KLJK O
IRUPDWLRQ ZLWK WKH UHGXFWKIR Y RO KHUQ@WH{WUDFWLRQV DUH R
28&+, . 272%( +,7$768-, < VHSDUDWLRQ PHWKRGV RI PHWDO
-DSDQ $WRPLF (QHUJ\ $JHQF\GLFKORURHWKDQH RFWDQRO RU
W LV LPSRUWDQW WR XQGHOXWQWGDRICH EWRKDY LRWKHUV FI
RI DFWLQLGH LRQ LQ QDW XUHHH® Y DFRDRHDW R JQFSIVH X PRXFG VW
VWXG\ LW ZDV IRXQG WKDWYVROMNIMUIRGMNH @RAIVBK [BKHH GLLONGH @ | |
IRUPHG LQ UHGXFWLRQ SURFHMWORY LR VHIRKEVERMERRQBQHV YV
WKH UDWH Rl WKH GLVSURSRSWHRQRW\. ZR RN\ W KHQGBRWKH QW H|



IURP QLWULF DFLG VROXWLR@RQBV PRQE XFWH GHEWWDSEFWLRQ H[S!

PH&X3RQW O9HUWKIBOVIYWBPQWKDQLGH VHULHY HOHPHQWYV H
7KH GLOXHQWV VKRZ H[FEOOHQFHUIRQPHBKHELWK FKDQJLQJ
QRQLQIODPPDELOLW\ WKH ORRRW RHFWWD WLER® FKHPHLFDLODQG FR

VWDELOLW\ RUJDQLF SKDVH FRPSRVLWLRQV 7k
,Q WKLV VWXG\ ZH LQYH\WRWIQDWAKD YIKEHHXVIH) DITXHRXV SKD'
DIHRWURSH RI +)& PHH DV B\ G&D B6 Q88 IHVZLOMFWURVFRSLF W

SUHVHQW WKH UHVXOWYV DONDB&H @ Z\W\DRU K0 B AHOANRD@LL Bl L DU WHK

PHWDOV IURP DFLG VROXWLRROBARG BEH\WFIGRRIKKHHI® QRWKHU GHWDLO

FURZQ HWKHU DV DQ H[WUDHRWINMHEW LRUVWKKWV KH GXHOQWYGYV ZLOO
SRVWHU

> @ 5 $ 6DFKOHEHQ HW DO 6HS 6FL 7HFKQRO

>@ . . *XSWD HW DO 6RG ([BWWUXROXUMWKDQG VWDELOLW)\ R
'2703 FRPSOH[ ZLWK 7K ,9 IRU Q>
PHGLFLQH
<$0$085%$ 7 6+,5$6%., )858<$

3 6\QWKHVLV RI PRQR WUEZHIII$G+, :$6+,<30$

SKHQDQWKUROLQH GHULYDWIOSHY 5IRW7688$, /Q
SDUWLWDRGLYWXKH SHUIRUPDQFFRKRDXO EOMIIRQZD S\RWR 8QLY
LQ ODQWKDQLGH VHULHV HOHPHQ®@\WRXU H[SHULPHQWYV ZKHUH 7K
.$0(=%:$ $ 68=8., 6.2%%$<$6+, ('703 ZDV DGPLQLVWHUHG WR PLFH
7 6$.$*8&+, $68(., . DFFXPXODWLRQ RI GDXJKWHU QXF(
*UDG 6FKRRO Rl 3XUH DQG5ESSOWRFERQ#YLYDQG WKH FOHDUI
7VXNXEB($ )DFXOW\ Rl 3XUH DQBUISSORMWGEDQYV KDYH EHHQ IRXQG
6FLHQFH 8QLY 7VXNXED WKLV UHVXOW VKRZLQJ WKDW 7K ('
W LV RQH Rl WKH HVVHQWLDERQMVXBEWVRLVMKSDDWWR ZH DU
OLQRU $FWLQLGHV 0$ DQG OBRMIDHHVHRIIURPIKLQIG '2703 ZLWk
OHYHO UDGLRDFWLYH ZDVW H DNURPLWWKHQ D QSHPWG RV
3DUWLWLRQ 6HSDUDWLRQ ,® 7TWKERZNWHG\ WKKH VWDELOLW)\
SUDFWLFDO DSSURSULDWH P RARKRGH]HKDRIH (' QWD G HZ703 ZLWK
FRQVWUXFWHG ,Q WKLV VWXG@DVZH HRFKXVPIGQRG V R® YWHIQW W LW U
H[W U D F YW\LIRQ@Y WULDJLQMVL@®J D VHULHV RI PHWDO LRQV '2]
SKHQDQWKUROLQH W 3KHQ OZKIRFIK DRDAHFRIRWDIGQWUDQVLWLF
WULGHQWDWH FRRUGLQDWLRWKMLQWXP ERKHR IS@ UWRIRIDIQFERQRU [
HYDOXDWLRQ VXPH GQIDRQEW\IMAR DMPH@R703 WKDQ ('703 ,Q FRQW
7 3KHQ OLJDQGV  KDYLQJWUBWQWUWQRQ PHWDOV 7K VKRZV V
VXEVWLWXHQWY PHWK\O JUR&DS UHDWKK A UJWRKDPS WRHRWVWUDQVLWL
JURXS DW SRVLWLRQ RI HDRK WUQ ®JIO0RAKWLVQUYV AHMGHL FDWLYH
VIQWKHVL]HG IURP S KFHRFOUQGAL IQUDRVALIRGH E\ QLWURJHQ GRQ
FDUER[DPLGHK\GUD]RQH ZLAMION . GLNHWRQH
IROORZLQJ NQRZQ SURFHGXUHV$GHORO WKH PROBQGMQJIJWKYV EHV
ZHUH REWDLQHG DV K\&LUBW HRIQERLQ W RANG ZENUH HOXFLGDWH E\



WKH '2703 FRPSOH[ WKH FRRVIESQDIW RRQLW HPRKFXKL T X H
VWURQJHU WKDQ LQ WKH ('703FRBSTBH[HU +RE6¥,19072
7K 1 ERQG OHQJWK LV WKH ORIRVRY6M DPREVU(WKH BORI® 7
FRPSOH[HV 2+7% $7$.(8&+, 11$*$, <
&KL\RGD 7HFKQRO-B&DS RUDRPLREQ
(QHUJ\ $JHQF\
3 3URGXFWERQIRU FDQFHU WKHWBI\W D GDXJKWH 0 R)ORDE AH R
ZLWK DFFHOHUDWRU QHXWURQWXH\ PR/ YW HUBB®\ XVHG UDGLRQX
+$6+,0272 . .$:3%%$7$ 06%$(., PHGLFLQH GLDJQRVLV 7KH WKHUF
+ 6$72 6768.%'$ . +$768.%:$ P7F IURPR SURGXFHG XVLQJ DFFF
< 1$*$, <:$7$1$%( 66+,2.$ 1QHXWURQV KDV EHHQ IRXQG WR

6 PHWKRG WR REWDEZF DURRRK SXULW
-DSDQ $WRPLF&KIQRIWBIDLQB DHF®@FWWDQW KLJIK HIILF
7HFKQRO &RUSRUDWLRQ OR2 VDPSOHV DUH KHDWHG

&RSSHU LV DQ DWW U D F W KW RFDISQR@HX ED WKH URDOO\ VHSDUL
FDQFHU WKHUDS\ EHFDXVH RVDPIOMVR@RRW PHSEIXPODWLRQ SUR
HQHUJ\ EHWD SDUWLFOH D PHADQKHQB WK HTFHISRWEWKHSTXDUW] W
DQG JDPPD UD\V NHED ORLMDWEH ORZ WHPSHUDWXUH U
LPDJLQJ DQG LWV DSSURSULDWHZRY MROGHG RQMRXDY DOXPLQD F
+RZHYHU WK XQHFRILQLFDO UV WHIDHE KHIOXWHG ZLWK D VPDOO
EHHQ OLPLWHG GXH WR WKH GROXWXAW\ W7/ REWDBELIQI DDV
VXIILELHQW RRRYX@ WKLV VWXSUHMLRKPYBG\ SHUIRUPHG ZLWK
LQYHVWLIJDWHG WKKEXSHROXKEWOR@LRIQ WR DOOVRISWLRQ RQWR
=Q# &X UHDRBIWASRQ XVLQJ IDUWPLQD FROXPQ 6HS3DN $OXPLQE
QHXWURIRY'!IURBYE! UHDFWLROWHUIY KRZHYHU WKH ZDVKLQJ HIILI
KLJKO\ SX@KXILHBY REWDLQHE& UUDRWPLFD DIIHFWLQJ WKH WR
FRQVLGHUDEOH DPRXQW JVRXG\QW KHDPSORH) F\RQFHQWUDWLRC
WZR FROXPQV QFKKIHODWH UBQEBXEYMRWXWHG E\ 0 WR LC
H[FKDQJH UHVLQ $* ; %\ XWROXEKWREQRYKE WROXWLRQ ZKLFK
&X VROXWLRQ WKH ODEHOODRGXWUDXIS|POGEN7H FDWLRQ H[Fk
ZKLFK DUH XVHIXO ELIXQFWLR@D® [CIQIFXQPEG |JRY WKKHUPR )LVKH
ODEHOOLQJ PRQRFORQDO DQWDIFERERMNS O2D3/ 2MLX\FK HDHIGTHB XPLQD |
LQ PRUH WKDQ \LHOG MG \DRBSIWMLR® $XHDP7EHADMKWQJID KL
VXFFHVVIXOO\ GHYHORSHG D HHEFRGIQF) SURFHWVZWD R I ARIQW LVWH Q\
XVHEQ2 VDPSOH E\ SEQF2SLVODWGQHJI WR DP7RLUKH OGRYADL@JI WK
IURP WKH VHSDUDWHG =Q IUDWWHEBBRR ,W\H %DV ARIQR QUP\WGV H P
WKDW WKH UHF\FOHG VDPSOH GLG QRW LQFOXGH WKH H[WUD
LPSXULWLHV LQKLELWLQJ WKH ODEHOOLQJ UHDFWLRQ RI
'27% RU 7(7% 3 ([WUDFWLRQ H[SHULPHQW LQ D

XVLQJ V\ULQJHV IRU BhQ/I$AXODWLR
JHQHUDWRU
3 B5HFRYHU\ DQG SXUPTEFDWMBGRQBORI. 22( 6 7$1,*8&+, 7
LVRODWHGORERP X V L Q J +$6+,02W2 K. Bi$U, P+0,0+,15.$



, $6+,<3$0% . <2.2<%0% 3 ‘H KDYH SURGXFHG WKH IROORZLC
.DQD]DZD 8G®LY QXFOHDU PHGLFLQH WR GDWH XVLQ
TKH$SW LVRWiRS# DQ . HPIDMMEHWLQJ F\FORWURKQ DW 5&13 7KH
KDV DWWUDFWHG DWWHQWLRR BWY D7TQXFOHDAD PAGLFLQHGRU
WKH WUHDWPHQW RI FDQFHU ORHFDXVH .KSDEIWLFOHV KD,UH
H[SHFWHG WR PDNH KLJKHU WKHUDSHRWWF MHIIHFW $VWK D/Q
SDUWLFOHY GXH WR KLJK OLQHBU DA TFI\ WHKDQ@MIHHISUHSDUEG
7KHUH LV DOVR D IHDWXUH WKDW FDQ EH WUHDWHG ZLWKRXW
GDPDJLQJ WKH QRUPDO FHOOV DURXQG D WXPRU 7KH
KDOI OL$W RNV KRZHYHU QR WP Rfductioq 6 ¥ddical¥dioisotope ’Y at
XVH LQ DUHDVY UHPRWH IURP W#rtbnfih Rafget fridvdiafe@by BEast héiticdnsL. H V
‘H SURGXFH® "#(%)#K LQ WKH Uihlthé®Bé(pR)@eaction
RI' %LUL Q5Q XVLQJ WKH -$7$.CRN®L 768.%$'$ . 6872 7 .
WDQGHP DFFHOHUDWRU WR V®68$G\ WKH$HY,WDE 6 & VBORBH QW R
D JHQHUDWRU WHFKQRORJ\ WKDMNORGDEOHY WKH UHPRWH
ORFDWLRQ XVH E$W LIOMNRVOR SBITRONXMKLPD 8JBYHSDUW G5DGLRORIJL
GDXJKWHU QXFOLGH RI WKH BSHQHQBPM R#206 Q7R/MXVKVYLWXBQLY
ZH GHYLVHG D JHQHUDWRU RI DRRRPSOHWYHFOOIRWHBHGLFLQH F
VIVWHP E\ XVLQJ WZR VAULQJUHING DR SWRSRYPHSOD\ DQ LPSRL
WULDO IRU PRRVONUEBR RE\ VROWHD@EWRORJIJLFDO GLDJQRVLY DQG Wtk
HIWUDFWLRQ GLVHDVH VXFK D FDQFHU ,Q SDUW
LW LV ZHOO NQRZQDBHD®HING W
UDGLRSKDUPDFHXWLFDO VXFK D)\
P37 Production of Radioisotopes for Nuclear WLX[HWDQ =(9%$/,1S DUH ZLGHO\ X
Medicine Diagnosis and Therapy at RCNP WUHDWPHQW RI QRQ +RGJIJNLQTV O\

Osaka University WKH ZRUOG ‘H KDYH HYHU LQY!
7$.$+$6+, 1 +$<$6+, < .$1'$ + H[FLWDWLRQ "RX@QWWRRQDRIHG ZLWK
1$.%, . 6+,12+%$5% $ )8.8'$ SWRGXFWLRQ RIILUFRQLXP WDUJHW
+$7$13%.% . (' + +3$7%5=%:%$ QHXWURQ EHDP DQG DOVR HVWLPI

*UDG 6FK 6FL 25/8IND2Y¥QONBPURGXFWLRQ FRUOGRDWERQGRIN WKM |
8QLYUDG 6FK OHG 2VDND 8QHWSHFW WR SULPDU\ SURWRQ LQG
7RGD\ WKH XVH Rl GLIIHUH®\D USIHXILVFIR QMKIHVLRQ DQG SURGXFV
GLYHUVLILFDWLRQ RI WKH =U¢B0HIQUG VWRHBQFL@HFK RI IDVW Q!
GLDJQRVWLFV DQG WKHUDS\ KDYHIJEBHQ PDIEE DIORPRN WLWK  WR
DOO RFP7WRKMKDW DUH XVHG LQ Q&XBHG\ RDFWLRQV RQ D EHU\OC
LPSRUWY EXW KDV EHHQ VWXGEGRBWXEG DH SHRBXBFWERU VXFK
XVLQJ GRPHVWLF DFFHOHUDWRWRWIDR/@E AXUWKHVBOW\7LQ XVH 7t
GLDJQRVEXMF LV EHLQJ XVHG WRWMHY WRXPEHIRGXFH GLVWULEX
RI IDFLOLWLHY DW KRPH DQG @HUWRDRQ WBEX[KXYVHDBRXQG WKH WD
HPLWWLQJ QXFOLGHV Rl ORQJZOWIK HKIDFKERIHW KGHHS DIQRIDHG SURWR
)XUWKHUPRUH OHVW WKHUDSWXXIL\G B W K B\ OHRIWV B O&/RU BHRHWQL P X O D W
VWXGISMG KDV EHHQ WDNHQ X® QG DWVRS WRP HVMQLP D'¥HDW&H SUR
QXFOLGH WKRVH E\ SURGXFWV RQ WKH DVVX



VRXUFH DQG WDOO\ FRQGLWHRIQV 8DDY¥HID/QRPD RIXRQ IRU WKH ¢
GHYHORSHG SURGXFWLRQ UHRRRUWEDQDW UWRP XRILGHWHHUFK DC
'&+%$,1 63 SURJUDP LQFOXGURSHQWRHWKIHLML 8QLYHUVLW\
3+,76 FRGH SDFNDJH 7KH OHDFKLQJ5PHK\DRW RBHRIURP
SLWFKEOHQGH UDGLRDFWLYH PLQ
DORQJ S+ Rl +&0 DTXHRXV VROXW!

7KH DFWLYLWSDUBW LRVWRH OHDFKD
3 /DWHUDO GLVWULEXWLREHURKEVMOPMBRPP EH ODUIHU WKI

YDULDWLRX BD UDWLR LQ MAEBIRHOHGHG WR LQFUHDVH ZLWK I

VHDZDWHUV RI WKH (DVW &KL @R 6 HPgRQ G MR &YD "R OXWLRQV

-DSDQ LQGLFDWHD WAKBBWHIHUHQWLDOO\ C

6+,52781, <128( 0 1$*$2 6 FRPSDUHGSDPLWKDGLXP 5DQG

<$0$0272 0 *$0$-,08 < DUH IRUPHG WKURXJK WKUHH DOSK

)85863:8 < .2)8-, ++21'S 1 SDUHQW QXFOBLBE® ZUHNEHFWLYHO
.

025,0272 $ 7%.,.8:%8 7KH H[WHQW RI GDPDJH DURXQG
)8-,0272 . +$<$.$:$ . DVVXPHG WR EH SURSRUWLRQDO \
-DQD]DZD §RVYK S5HV SIKOFN HoHUJ\ UHOHDVHG LQ WKH IRUPDW
8QLMDW )LVK 8QLY 7KH VXPPDWLRQ RI DOO DOSKD HQ

$ WRWDO Rl a  VXUIDFH VHPZBWH IR YPBRLRED IWVRPDUIHU WK
ZHUH FROOHFWHG ZLWK LQ WK p&i B & 'w RS DRuD & WREBID WL R Q v
(DVW &KLQD 6HD (&6 LQ 7K H U R UMD WHWPEL ITHUHQFH LQ OH
DQG VHDVRQDO YIXULWWLRQV Y pQsbd zDV HVWLPDWHG WR EH
\ Sb w \' UDWLR ZHEH | fdREAHREE WFRWDO DOSKD HQF

ORZ EDFNJURXQG JDPPD VSHREMYURANIRY riIQWHRAUPRFOLGH
VXPPHU ZLWKLQ WKHFHD&EDWKR RI

WKH FRQWLQHQWDO VKHOI ZDWHU ULFK VXUIDFH ZDWHUV

ZDV PDUNHGO\ ORZHU UHODWLY gyWRy WKH WXHBYEHBYVXUHPHQW
ZDWHU EHLQJ GXH WR SUHIHUKRAWRBOQOERPREDPYHDIFWLRG |
7K ITURP WKH VXUIDFH E\ D Kigy QX WRIHBWR HoHFHow v
SDUWLFORK 5TKWDWLR DW VXUhDRH.$Q WhHoyg g6+, %(.$:3
6HD RI -DSDQ H[KLELWHG VPROO¥DUlsRWLRQsZ L\WKWKH g
UDQJH RI WKH HDVWHUQ (&6 5E&RPELQLQAIZLWE WkHos 7
VHDVRQDO YDHULOWURWRR DQGs VN KRUW) 50272 < 6+,%$7$
OLYH® W G ZH GLVFXVV WKHgVFRRILRI: 1 6+, =80, .
PHFEKDQLVPV DQG EHKDYLRUYpRIerKHBFWL B BENBFAQLYVDND
FRPSRQHQWY DW VXUIDFH ZLWKLQ \WiH &R VR 58D &BenipwRU 0OV
2VDND 8QLY -$($ 5,.(1 3XUGXH

8QLBQLY &DOLIRUQLD %HUNHOH\
3 /HDFKLQJ RI XUDQLXP DQG WKRHLXHWHUPUYDWLRQ RI FURV

QXFOLGHV IURP SLWFKEOHQGHHXWURQ LQGXFHG QXFOHDU UH!

-20$768%$5% . .85,+$5% < | pSRUWDQW LQ WKH YLHZ SRLQW R
6+,2%$5% 513.5085% 7.2,.( VFLHQFHV WR LQYHVWLJDWH WKH K
< H[SRVXUH 7KHVH GDWD DUH DOV

*UDGXDWH VFKRRO RI 6FLHQFH DQG 7THFKQRORJ\



HVWLPDWLRQ RI UHVLGXDO UDGLRDFWLYLWLHV LQ
DFFHOHUDWRU IDFLOLWLHV 3+REZHDMY¥NUHPUHROW RJHMGLR® FW LY H
PHDVXUHPHQWY LQ WKH HQH URID UMILORQHRDNRIOOAHDFUFH®\LQ OLQDF
EHHQ OLPLWHG GXH WR GLIILFE®WSO0S$Q-. REWD L Q LIQJ<Kol+] K
HQHUJ\ PRQRHQHUJHWLF QHXWS& RQ\S.$266 +] BIRSS .K T \& +, %
GHYHORSHG D PHWKRG WR H[$WODE®S WKHEBBRBSRPHBW RI
KLJK HQHUJ\ PRQRHQHUJHWLE2*GHXW.$SRQ\6 (.DW 7W)KBHSO0 2
5HVHDUFK &HQWHU IRU 1XFOHDO BK)V2Z'BV+ 5&13
2VDND 8QLYHUVLW\ 7KLV PHWKRSDUWEB@YMWGRR @ WHPRVWU\ 7RKR
QHXWURQ LUUDGLDWLRQ H[SHWIDRGXDMWH $SERBRPHE EAQWLVWU\ 7
S Q UHDFWLRQ ZLWK WZR GQWHH@MNMVDRQOBY SRUHWKRK ,QVW
D[LV Rl WKH SULPDU\ SURWR®FEHQPHW RRKR & 5UEWBXYIARIN LW K R R O
FRQWULEXWLRQ RI WKH ORZ M OULLFIX CQWXWDUR Q 6FHEDWHRQ 7RKRN.
,Q WKLV VWXG\ KLJK HQHURQVWRWRW B HIRIHW[FFHOOHQFH LQ +
QHXWURQ LQGXFHG UHDFWLRMRKRAXWEQLY UM/ MMDXWH RI 'HYHOR
EHHQ VWXGLHG IRU PHWHRULWHQRRDY® L\DRFEW RARKRNQWYLYH L
DQG FURVV VHFWLRQV RI VKRUWHOGKWNBUPIDEILR X F O IFROFHQWUD
ZHUH GHWHUPLQHG E\ JDPPD EDUWEBBPWHNR PIQWUERQHY LQ PRQNH
OLQDPLVRPD &LW\ 7KH FRQFHQV
FDUWLODJHY DQG ERQHV ZHUH
3 6HDVRQDO YDULDWLRQ Rl UDGLRD®WLNH EBVLRRQJ PRQNH)\
FRQFHQWUDWLRQ LQ )XNXVKLPD &LWW%T NJ DQG " %T NJ LQ
1,120,<$ . =+$1* =0$7681%$*$ PRQNH\ 7KH FRQFHQWUDWLRQV RI
6 68=8., $)8-,7$ 0<$0$*8&+, KLIJKHU WKDQ WKDW RI ERQHYV
< :$7%$1%%( $768587% +,7% 6WDEOH &V FRQFHQWUDWLRQ R
6+,12+$5% $ ERQHV ZHUH DOVR GHWHUPLQHG WF
*UDG 6FK 6FL BWRNB®FEQLXWDNDSSE LQ \RXQJ PRQNH\ DQG :
8QLY, 5HV &HQWHU )X\WXVIX 8FIDG “ SSE LQ FKLOG PRQNH\ 7
8QLWQLY 7RETRUDNL 8QLY FRQFHQWUDWLRQV RI FDUWLODJHV
$ ODUJH DPRXQW RI UDGLARDFENRQHVQXRELGHRH DV WKH &V ;
ZHUH UHOHDVHG LQ WKH HQYBSREPHGW EWWKHVD ANL ®H QW RI
DW WKH )XNXVKLPD 'DLLFKL IEXR@HWDWIZHBREZHU 30OD@WYVJ &V DQG
)'133 LQ ODUFK 'H KDAH JE&WHQQ \RXQJ PRQNH\ DQG “
FROOHFWLQJ DLU GXVW RQ D&V @WQKU XVLQJIJUKLIK &ROFFKLOG P
DLU VDPSOHU DW )XNXVKLPD FLWAKMNXNVSWHKLPDF3DAWLYLWLHV RI
ODUXPRUL WRZQ OL\DJL 3UHIFRRDY ® D:Q W DEFFKW Z-HHMWQ WKH FDUWLO
J,EDUDNL 3UHI MXVW DIWHWHWXONW NRREZGIEQWKDW WKH GLIITHU
LGHQWLILHG WKH &VGDRGB/F WQFRQHAHYWRIDWLRQV EHWZHHQ WKH F
WKH ILOWHUV XVLQJ +3*H GHWHRFQMRW G BOSWRICV BQ SWKHW&E&PH SR
YDULDWLRQ DPRQJ WKUHH VDPSOLQHGPLUHD RQEB FPQNHEX VK H FD |
VL]H GLVWULEXWLRQ RI UDGQRDFMW LDAR ¥@W FRIQ W\ D W [ERHGW X V H
ZLOO EH GLVFXVVHG FRQWDLQHG PRUH VWDEOH &V WKD
LQFRUSRUDWHG LQWR FDUWLOD.



KDOIl OLIH UDG&WRQXFWLWHDQVSRU)
WKURXJK WKH DWPRVSKHUH PDLQC
3 (YDOXDWLRQ RI ,QIOXHQFHRRIPWK® G XOHK/K\LPWHG WR WKH IRU
'DL LFKL 1XFOHDU $FFLGHQW SR I(HPW YR PHRUWHYOD O XIYWLR Q R |
J UD\ 'RVH 5DWH LQ OL\DJL 3UWHHFHWPWHLRQ V\VWHP IXQGDPHQ
,6+,.$:$ < $5%, < .,085% $ GHSRVLWLRQ DQG XSWDNH SURFHYV
6$72 . .$<$12 0 0,1$72 6 ZDV GHVLUHG ,Q WKLV VWXG\ ZH
OL\DJL 3UHI (QYLURQ 5DG OUORQHWPRWLRDS&NWQWWHHP IRU VLPXO
OL\DJL 3UHI 1XFO5B0LHDWALRQGHSRVKWLRQ DQG WKH IROLDU XS
6FL /DE DHURVRO LQ WHPH FEDL.OI B IDY W LFKX W L
,Q WKLV SDSHU HYDOXDWKRQY RNVWDHFLRWHWLRPMHWKRG RI DH
&V FRQWULEXWLRQ LQ HOLWHBER'® WEKHS VSWD\ GU\LQJ 6ROX
GRVH UDWH REVHUYHG LQ OLQRJ}O3UE\N DD\G\WDEBIVEXPS DQG VS
)XNXVKLPD 3UHI ZDV GLVFXIVKGVESBHBUDBHW INWRZ 7KH VSUD
HVWLPDWH WKH LQIOXHQFH RJHNMKH PXYWXY KLP D' FIKRPEHU LQ WK
1XFOHDU $FFLGHQW (QYLURQPHREMDO W XUDH VKHIF WROXWLRQ LQ
ZHUH PHDVXUHG LQ OL\DJL 3URKLEN®VYL@RD MWIFUR VL]H VROLG
1D, 70 GHWHFWRU DQG WKH GHWDU RWWHIE S URKEHVBSHGE LPHQWDO F
D *( IXQFWLRQ PHWKRG VER&WHH VL]H RI FKDPEHU FKDPEHU
PDWUL[ 50 PHWKRG ZKLFKVROXYWVBGADRAOUDWH DLU IORZ U
GHYHORSHG WR HYDOXDWHRSWLELRFEV | XRVKBRWHHVHQWDWLR(
FRQWULEXWLRQ ,Q HYDOXMHWLRUPDQBELRIFWKHXPHURVRO JHQ
FRQWULEXWLRQ WKH 50 PHWKRG QHHGV RQO\ RQH
WLPH VSHFWUXP PHDVXUHPHQW WKRXJK WKH * (
IXQFWLRQ PHWKRG QHHGYV QDIWX9POWLIFONI URBXQ & WGLREKWLRQ RI
UDWH GDWD EHIRUH FRQWDPEBDMXPG LE) WHRELRABLUPX®WY RI 7F
IURP WKH )XNXVKLPD 'DL LFK K KIXEFDHD UXYEDLGHQWYHU UHOHDVI
,Q RXU VWXG\ DERXW Q*) XK\ X QKWRVD'OL LFKL QXFOHDU SR
Q*\ K ZHUH HYDOXDWHG DV DEBGGRBMVLXP GRVH
FRQWULEXWLRQ 7RWDO DQG6RBIRERFH VLR -BRY: UDWIV682
REWDLQHG E\ WKH 50 PHWKR®DJUHHG ZLWK WKRVH RI
WKH * ( IXQFWLRQ PHWKRG ZEIQKLQRI 7BRXR
UHVSHFWLYHO\ 7R PDNH FOHDU WKH EHKDYLRUV R
FHVLXP LQ K\GURVSKHUH UHOHDVH
DFFLGHQW ZH PHDVXUHG LWV YHU'
3 1'"HYHORSPHQW RI WKH DHWKWR QIR QHIUFDVSIVR ®I VHGLPHQWYV
VIVWHP IRU VLPXODWLQJ WKRFOUHGHRSIRUVDWXRRQUL DQG LQ &K
EHKDYLRU RI UDGLRDHURVRDQHPXBWOHG +BEQDWRKHILYHU DQG 6
DFFLGHQW RI )'133 DQDO\VLV LQ 7RN\R ED\ WZR W\SHYV
=+$1* = 1,120,<$ . 6+,12+$5%$ BUWLILFLDO GHHSHU VLWH DQG D C
*UDGXDWH 6FERRO2RDEPLSQLIMUWNIAMRPSDUHG IURP )HEUXDU\ 1
$ ODUJH DPRXQW RI UDGBGLRmBAVRDAWLYHBED®RY LQ ERWK VHGLF
GLVFKDUJHG E\ WKH DFFLGHQAHRS$SHU IBQGKFHHABBU UHDFKLQJ



DUHD ZKLOH PRUH WKDQ RI &V LQ VRLO LV
UHFRJQL]JHG WR VWD\ LQ WKH XSSHU FP OD\HU ,Q
DGGLWLRQ WR{HS V QKYDHG WRE HBD V HIG/ SHKHWLRQ RI UDGLRDFWLYH Fl
SKHQRPHQRQ ZDV HVSHFLDOORPRWWHUNMNXVRRBE 'DL LFKL 133
FOHDUO\ DW WKH GHHSHU VLWH WK RQI D) WNW K K L\PKOD ®DHR EHF W X UW H
W LV VXSSRVHG WKDW WKH Go$HeSH $18ESNH 6.0Q <BRMN \ R, EXB\(
KDYH WKH IHDWXUH Rl FROOBFWA2D]+&Y¥$ 26@$ WeKS RWKHU
KDQG DERXW WKH XUEDQ ULYRAP6$RY KWDG DOVR JRQH WR
GHHSHU VHGLPHQWYV LQ VRPH *DJDHDX\D WHH BFKIRRIO DRRXIVD W X UD O
FP WR FP OD\HUV ORDGIRDHED SYBWWLWXWH RI 1DWXU
FRQFHQWUDWLRQ RI &V LQ HDFKLORQPHBWWNKXH7/HEKEEORI\ .DQ
VHGLPHQWY LV FOHDUO\ KLJKHXNXNKEQPTR OIDR [EQN&F L WQLRWH 0 XV H X
VXJIJHVWHG WKDW XUEDQ ULYHMUWPRMERMHHRWRQOMDY &SWUVHDUF
FDUULHU WR VHD EXW DOVR D¥QLW VRIRARDSNRRQL © WARKPH.FV(HIONUHV $J H
1XFOHDU DFFLGHQW RFFXUUHG
IURP VWRSSLQJ WKH FRROLQJ V\
3 5DSLG 'HWHUPLQDWIBRQLONWWE KRG\ IRW WKH )XNXVKLPD 'DL LFK
6HDZDWHU <I WDRIDVXUHPHQW 7ROBRXQM 133 E\ WKH *UHDW (DVW -C
<WWULXP 3KRVSKDWH &RSUMNFGSWWRQRRIQ 5DCGERINFWYYH FHVL
3XULILFDWLRQ ZLWK '*$ 5HVL@DV UHOHDVHG IURP WKH 133 LQWR
6$.$, + 8(68*, 0<2.2<$0$ $ 7KH GLVSHUVLRQ RI UDGLRFHVLXP I
*UDG B6FKRRO 1DW 6FL 7HFKV .BEQDHMADLBOLYWR XQGHUVWDQG
$GY 6FL 5HV &HQW ,(DQW]PEDBIRFHVLXP WR WKH FRDVWDO
(QJ .DQD]DZD 8QLY )XNXKLVPD 3UHIHFWXUH 7KHUHIRU
BWURQWLXP LV RQH RI WWKH VG PROLIDEH Y QB KWMP SRUDO YDUL
KDYH EHHQ UHOHDVHG WR WEK® WIQH )X RRPKIOPD ERDWMIWMHD O DUHD
)XNXVKLPD 'DLLERZHIXEOBDRWKRAALGO®WO DQG YHUWLFDO YDUL
7KH UDGLRLVRWRSH KDV EHWKH GRRRHQWUWDRVLWRRHRI UDGLRDF
XQGHUJURXQG DQG UHOHDVHSH UDRGR. FVKBIP REHQ O RALAFMRKD VWD O V
FRQWDPLQDWHG ZDWHU 7KH WIDILERBMIYV EUHRKIQWXRIXVKLPD O
6U LQ VHDZDWHU LV QHFHVWXY\HXPU)RRYGDRQRQ WG WKH VH
PRQLWRULQJ LQ )XNXVKLPD ,MR©Q® M RIMHEG/ EX HSIMWHW LFDQU X UHVHL
DQG SXULILFDW LBRIQDRIGH KWXH $XR X VW 7 DQG LQ -DQXD
EHHQ HQJDJHG LQ H[DPLQDWLRQ WR\ FROFHOWKHWLRQ RI WK
SURFHGXUHV Rl UDGLRDFWLYH F6SJO DY) DVKREZWG , @ QVBIS\SSUR[LP D W
VWXG\ 6U DQG < ZHUH VHS D WKRWHIHEU WKDURXH KD WV WKIHX P D[LP XP |
SKRVSKDWH FRSUHFLSLWDWIER®SDULDDOWKIXELIDE& - WKDQ W
WKURXJK '*$ UHVLQ VROLG SKDV N DH[S\OUDF WIKRQUBI ROWYV RI SHL
""7& VROYHQW H[WUDFWLRQ ZDGQRDH WIOWIRVX\WRHG IRU GLVFXVVL
FDQ EH HVWLPDWHG E\ XVL®UIIXRPEQEHKDRQRREIRI UDGLRFHVL
PHDVXUHG UDGLRBERWBYLWYHQJIRI 6U
6U 5DG 'LVN PHWIKRG EDQG
PHDVXUHPHQW 3 (QYLURQPHQWDO G\QDPLFV RI



UDGLRQXFOLGHY DQG LRQV SIODWHYHULQH ZDWHU
IORZLQJ XUEDQ DUHD DIWHU W&H, )'"1385DFFEIC KIPWS+$6+, O
720,7% 5 0%$7681%$.% 7+21'$ 1$.$085% 7 .2,.( <

0 6$728 < 0$768085$ 0  *U DIGS%&%!"($%)*+% ,-"#$.%/-(0(% 1*(2$
7$.$+$6+, 7  6$.$*8&+, $ 2UJ 6WUDWHJILF &RRUGLQDWLRQ 5
0$768=$., +6$6$ . 68(., . OHLML 8QHSW $GPLQ 6DIHW\ +\JL

*UDG 6FKRRO RI 3XUH DQG2¥9SID &HFUYF BQLRI 6FL DQG
7VXNXBBIV )DFLOLW\ &HQWHU 8QUY6FL DQG 7HF
8QLY 7VXBXEBP DQG $SSO 6FL $ \8MQE VDPSOH FROOHFWHG DW V
7VXNXBB/7 7KH 8QLY OXVHXP DXKHBRLYW )XNXVKLPD ZDV VHOHF!
7RN\R EHKDYLRU RI UDGLRFHVLXP )XNX
7R REVHUYH WKH IDWH G\DGPRFWWRINPLQ WKH VDQG VDPSO
UDGLRQXFOLGHV ZKLFK KDV DEMHQ]HGE VES\HD VHKGT XHRRLDO H[WU|
)'133 LQ ULYHU ZDWHU IORZLTKHWEKD®IXRRFOHQYWHOMVLXP LVRWR
SRSXODWHG DUHD ZH LQYHVWQMDRV HIGY W K H FIRVQIERIQW ED WWLKRH) S U |
RI GLVVROYHG WIYGDRBHVDGRRLR/EGHQMY PHWKRG 7KH FKDUDFWI
, DQG WKHLU VWREOMQGVIRWRSGIVRDFWLYH FHVLXP LQ WKH VDPS
ULYHULQH ZDWHU -DSDQ :DWBUVSBPWORPHRHUWHRU HDFK H[W
FROOHFWHG DW VWDWLRQV $BDRWWH 2KRU WKIHY WD /A RWHIWPLXP H]
&KLED DERXW NP DZD\ IURPLOGWKH RW3IBQLF ERXQG DQG UHVL
$GGLWLRQDO WZR LQIORZ ZDRFHIUM WHR DWKZ. K. REOLRHH @ V AD@ES0S D U W
VDPSOHG DW WKH VDPH WLPH DGKHR\DHF WDWIS PHWVEHUBOV LQ WKH
ILOWUDWHG ZLWK PHPEUDQH HHUMHRHBRYIWHGL MV LQJI-WPKH LPDJLQ
DQG WKH UD G L8RD E® MYKHV | LROIW/WKHWUIHIGG Z RIVFHWLYH PDWHULDOV ZHU
ZDV GHWHUPLQHG E\ +3 *H JDPRDIMSWEWURWHKWW\ WKH QXPEHU
'LVVROYH®Y PHDVXUHG E\ DFEPOMUB®RY REDWV UHODWLYHO\ VPI
VSHFWURPHWU\ $06 DW 0$/7 DFIKMLYQUWXHONYMWOWRIZHUH UHODWLY
7RN\R DIWHU WKH DSSURS U L DMQHG WRCHDRWP MKV \R | WDGLSFORHHW L X P L
2WKHU GLVVROYHG HOHPHQWW ZH EH HEH WHHW R QQHB® EWR VRLO S
,&3 06 7KH DYHUDJH @&/ALVVROYHG
UDGLRDFWLYLW\ GHFUHDVHG E\ WKURXJK WR
LQ WKLV ULYHU 7KH &RQFHQWPORWIRQ FRDQJHV LVDWPRYV S
FRXOG EH DIIHFWHG E\ WKH LERQRE QWWRU W LR QM YIQUL DPKBIWR ZQ
LV WKH FRQFHQWUZDW LRIQO KRG, ELWK+$6(*$:$ + .$.,8&+,
LQSXW ZDWHU ZKLFK KDV ORZ$.$7%F RIQFHK V6 UTWLIRBQ, 6
FRPSDUHG ZLWK WKDW RIDQ@&H, ¥RB06856Y HU
PDMRU FDWDR®@G &ARQFHQWUDWQRRWVWIXQNH IRU (QYLURWPRQMD O
VROXEOH IUDFWLRQ VKRZHG WEWWIRRGWAHR U URID D WX RIQRZRWIBNFIL H Q |
WKRVHWRI 8QLYHUVLW\
7KH WHPSRUDO FKDQJBV RI DWP
FRQFHQWUDWLRQ LQ WKH DUHD ZI
3 6LPSOH FKDUDFWHUL]DWLRRQWDRIDEBLWERPLXEP WKH )XNXVKk
LQ VDQG VDPSOH FRPELQHG 12XFA0DK DMK BRZPNIBQDQW DFFLGHQW



WR UHYHDO WKH IDEFWRUV DIISEWUIQ D RV B FIWLRYQ FAHLGHW UDHAV IXFOW R Q L
UH VXVSHOQGHG WKH DLU $HWRYROXVBPBRHMLPDOV DQG SHRSO
ZLWK ODUJHU DQG PPPCODRHVDWKNBYVPHQW LV UHTXLUHG RQ WKH
ZHUH VHSDUDWHO\ FROOHFWHD GXDWQR R GH RROWW DRQ QUDGLDW
D KLJK YROXPH DLU VDPSOHOHBPWUREHISLIQDPNVRQDQFH (65 F
7VXVKLPD 'LVWULFW LQ WKH ZHDWSRZAHDUVHD WRRDPMWKDW KDV EHHQ
7RZQ GXULQJ 2FWREHU WR 'BRNREPHUN U\ RI DQLPDOV HVSHFLDO
7KH REVHUYHG WRWD®&YV DWPRMIKHWRF WHHWK ZKLFK SURGXF
FRQFHQWUDWLRQV UDQJHIBQ 81 WKHP%DGRRDFWLYH PDWHULDOV
VKRZHG FOHDU VHDVRQD @ VO XRWXD WLQRIP BIOWR IKMIKH PLON WHH
FRQFHQWUDWLRQ GXULQJ VXPRHUGDX\@XPHU D QE ROPIVHG IURP G
GXULQJ ZLQWHU VSULQJ &RVWQRIRDWPRWIBIKHUDRG WKHQ LUUDC
ZDV FRQWDLQHG LQ ODURPHU JDPPW LEDHVQWIXIDWY DW URRP WHPSH
GXULQJ VXPPHU DXWXPQ D EYRUBMI) G RWIKDSVWR  *\ )URP Wk
IOXFWXDWLRSDBWDOPWHWY LV UFCODMAH GV KHRGWMMHH FWLRQ OLPLW RI
VHDVRQDO FKDQJH LQ WKN WRAWD O DMWHRR WRKEK L F P *\ P*\
FRQFHQWUDWLRQ LQ WKLV DUHD$ 'SDUQJ RUKW KU KVINEG\ LV W
ORZ DWPRV&XHERBFHQWUDWLRW DREWHAKPH®W RI WKH GRVLPHW
HDVWHUO\ DQG ZHVWHUO\ ZPQGN WHHMWKGRPLEXKO@WUHQ FDUUL
UHVSHFWL Y&\ QPKHQWR U\ RQ6WKBWHRXQGURPRWLRQ 3URJUDP |
ZDV UHSRUWHG DV UHODWLYIBEVKDUKK G \HWD KW 0GIQLNVFWLRR (G X
IURP WKH PHDVXUHPHQW VLWHSRUWIORBEALHQAMW QK RHAKQROR J\
UHVXOWV VXJIJHVW WKD®V WKH DWPRVSKHULF
FRQFHQWUDWLRQ DW WKH PHDVXUHPHQW VLWH ZDV
VWURQJO\ LQIOXHQFHG E\ ODUJHUVSIUL\EXRAQIRY IRIRBDWBKRFEDHVL)>
DUHD ZLWK UHODWLYHO\ KLJK FRDOHDPH PRWIREY'(" DIWHU WKH
7KLV ZRUN ZDV SHUIRUPHBFRQGHQWFRQYWKWXFMKLPD 'DLLFKL 1}

ZLWK WKH JRYHUQPHQW RI| $RPEDQVBUHIHFWXUH -DSDQ

BUXVKLKDWBX]XNLEKLPL]X)XMLWD

6 .XZDKDUBXEKXNL )ENXPRWR 0
3 'RVLPHWU\ XVLQJ PLON WHBWDK KRLISERSRQBWKLR <BPDVKLUR
FKLOGUHQ E\ PHDWDGULIE@PD&?2 + $EH <LQR &GHNLQWKEZQRGD +

2.% 7 T7%$.%$+%6+, $2%$5%, . DQG )XNXPRWR O

.,12 < 6(.,1( 7 6+,0,=8 < 1,56,'$& 7RKRNX*8@IGY 6FK '"HQW
&+,%% 0 68=8., 7 26%$.% . )DF  $JULF 1LLIBDWE® 2@LXKLUR
6$6%., . 6+,12'$ + 8QLY $JULF SHWGOHMWEK 6FL 7RKR

,QVWLWXWH IRU ([FHOOHQFH QLY (+L JKRHKR NEXFDMILR Q

7RKRNX SQLYHMWD\AXDOWH 6FKRRO RI:BFKBIYQHFHWHW XS D VWXG\ JURXS

7RKRNX 8QLYHODGXWDWH 6FKBROHVRIPHQW RI UDGLDWLRQ HIIHFV

'"HQWLVWU\ 7RKRNMNS®QUWMHUGKWERNKLPD 'DLLFKL 1XFOHDU 3RZHL

&KHPLVWU\ 7RKRNX 8QLYHUVUYWXG\ ZH FROOHFWHG RUJDQV
7KH UHOHDVHV Rl UDGLRDGRQYH ¥ DRXW IPX0'F OHRFPDVVHWHU

WKH QXFOHDU SODQW DQG BUDSKRPIWKKHPUWM.WOX®J OLYHU



SDQFUHDV EODGGHU WHVW P\ TEN.D D@QZI\G UH G B B H GO DURGP QY
VXEPDQGLEXODU JODQG WK\WRLG Q@IQNS) D&MW MPK\GLG QRW F
JODQG SHULSKHUDO EORRG EHWHHBIQG XWLH IURP ZLOG
-DSDQHVH PR@¥HY&#'(" LQ
)XNXVKLPD SUHIHFWXUH DQG GHWHUPLQHG WKH DFWLYLW\
FRQFHQWUDWLRQ Rl UDGLRQXEFQLGRLN DY LWRIQHRHWRKUHI DQGLRFH V|
7KH GHSRVLWLRY PIQBQOADVHIIHFW E\ WKH ODFWLF DFLG EDFWHF
REVHUYHG LQ DOO WKH RUJIDB®M R[DPLIQAKGOSBERE( <
UDGLRDFWLYH FDHVLXP OHYHOHLR SXH VNHOHWDO PXVFOH
ZDV WKH KLIJKHVW DQG WKDW LQ)REHWK\ BRIUGRDD GRI &GWKH UHP|
ORZHVW DPRQJ DOO WKH RUJN@VP WWKGDHD Q7ERGRHW®H DGVRU S
UDGLRFDHVLXP FRQFHQWUDWOR®GWLUFVRADG VEDG WHKWYEXDRZ RPH SD U |
PRQNH\V FDSWXUHG LQ )XNXVKLP®PLRBIG DQG HYDOXDWHG /DFWL
%T NJ LQ WKH UDQJH BIUHSDUDWLIVMERDQMN%T ZHUH LQWU

%T NJ 7KHUH LQWR ZDWBW S+ IOXLG DQG ¢
GLIIHUHQFH LQ WKH UDGLRFDHWSXHPFWRIABQ WD VK@ NRHQ  $1WI
VNHOHWDO PXVFOH LQ HDFK PRQNBIG\ZKUEK IFDPG WXDMIE R W
LQ VDPH DUHD %DVHG RQ WKUNBFKHGXWWN PDHLEBXA QRAXH WKD
HVWLPDWLQJ WKH GRVH RI LQWBAU®HO DIXEGH[WHUQD®+ 10 X
H[SRVXUH WR UDGLRFDHVLXPGGIRIJPERWBWLXK® WR WKH ODFVW
)XNXVKLPD SUHSDUDWLRQ XQWLOW &/ RPRO /

DGVRUSWLRQ UDWH ZDV UHGXFHG
FRQFHQWUDWNRQGWRUBWLRQ UDW

3 &V DQGFRQFHQWUDWLRQ\D @PRVMD X DQWHKLQJHG

RII ) XNXVKLPD 3UHIHFWXUH LQ 7KHVH UHVXOWV VKRZ WKH

<26+,'$ , 025,0272 0768-,7% EDFWHULXP SUHSDUDWLRQ KDYH D
<$0$*$7% 71%$*$, +7%$=2( + &V LQ VWRPDFK DQG LQWHVWLQH
0$768=%., + SURSRVHG PHWKRG ZLOO EH RQH

*UDGXDWH 6FKRRO RI LQW HJRIHMHGWRDYU R YoHFQ WQUFHEVDWLRQ H |
1LKRQ 8QLY&RO/QMIH RI +XPDQLWLHV DQG
6FLHQFHV 1LKRQ ,YMWIHUXWW\ RI
5DGLRDWLRQ (PHUJHQF\ OHGLDBAWORVKXHWHUVURRIDNRYHO 2UJDQLF
B8QLYHUVKW\ 8QLYHUVLW\ OX$BXRUEHMWY DQG ,WV $SSOLF
8QLYHUVLW\ RI 7RN\R 6LPXOWDQHRXV BHSDUDWLRQ RI 9D
&RQFHQWUD&W RQYVDRIGLQ 5DGLRDFWLYH 1XFOLGHV LQ 6HDZD\
VHDZDWHU VDPSOHV FROOHFWS$EG RI41BXN%BK8PD BRKDPBRDG &
WKH 5 9 SPLWDND ODUX 80 $ FUXLVH LQ 0D\
DQG 59 6LQQVHL ODUX .6 1DJBBXDVBQLYHUVLW¥KHMIHFKRQ RO

0D\ DIWHU WKH )XNXVKLPDQMHFEKILWIAXFOHDU
3RZHU 30DQW ) 133 DFFLGHQW 7PHUMH BHOBVEAUWEH JUHDW 7RKR
JRU FRQFHQWBDIWRLRGNVQRVXUIDEE WVXQDPL RQ ODUFK D C

VHDZDWHU DW NP DZD\ IURP DPRXOQQY RI FRQWDPLQDWHG ZDW
&V ZDV UHGXFHG IURP PBHGINRDPMMRLYH QXFOLGHYVY VXFK DV



and iodine was generated by means of sustained
injections of water or seawater for emergency
cooling of nuclear cores in Fukushima Daiichi
Thus,
adsorbents for effective separation of various

Nuclear Power Station. promising
types of radioactive nuclides under various
environments have been required for nuclear
severe accidents. Based on this viewpoint, novel
tannic acid-type resin combined with strongly
basic anion-exchange resin, named improved
tannic acid-type resin (ITA-02 resin) was
synthesized successfully and the adsorption
behavior of various types of radioactive nuclides
such as cesium, strontium, lanthanides, actinides,
and iodine on ITA-02 resin have been studied in
several types of seawater at a temperature range
of 278 - 318 K, compared with those of some
typical resins. As a result, it was found that ITA-
02 resin can adsorb strongly these species in
seawater at room temperature. From these results,
we have proposed that ITA-02 resin is suitable for
radioactive

selective separation of typical

nuclides in contaminated seawater containing

radioactive nuclides from nuclear severe
accidents.
3 '"HYHORSPHQW DQG

media consisting of hydrochloric acid, nitric acid,
acetic acid, and hydrofluoric acid. An automatic
system assembled for this work sequentially
separated the elements of interest for 6.5 h. This
automatic separation system (CASSUAL) was
served for the elemental and isotopic analyses of

ultra-trace elements in the tree ring samples.

3 7ULDO SURGXFWLRQ IRU JDPPD |
VRXUFH DSSOLHG E\ 6/$ ' SULQWHU
SAITO, T. ', KOIKE, Y? SUZUKI, RZ

TAKAHASHI, M.

(‘Shokei Gakuin Univ., Sch. Sci. & Tech., Meiji

Univ., *DASH, Osaka Univ.)

When the radioactivity in environmental
samples was quantified by gamma-ray
spectrometry, geometric conditions of the sample
greatly affect the measurement.

There is a very valuable sample in the
environmental samples. Therefore, it cannot be
And so, it
was attempted that the dummy gamma-ray source

measured by physical destruction.

is manufactured by using a 3D scanner and
stereolithography apparatus (SLA) type 3D
printer.

As a result, with the use of a reagent

$ S vlviPnaturaR @dionuBlile, it was possible to

VHTXHQWLDO VHSDUDWLRQ Wddeht Qdetdcdd effcldncy QuWdi®mineh) theF H

PXOWL HOHPHQWY LQFOXGLQshapeX of the dummy gamma-ray

MIYAMOTO, Y., YASUDA, K., MAGARA, M.
(Research Group for SG Analytical Chemistry,
JAEA)

Abundance and isotopic ratios of trace
uranium, thorium, lead and lanthanides in
environmental samples play a key role to
investigate features of the samples. Plutonium is
an artificial element which originates from
nuclear bomb tests and accidental releases from
nuclear power plants. The authors accomplished
the development of technique for sequential
separation of U, Th, Pb, the lanthanides, and Pu

using a single anion-exchange column and mixed

source.
Therefore, it has become possible to create
dummy gamma-ray source with high accuracy in

a short period of time.

3 O5DGLDWLRQ GHJUDGDWLRQ RI F
H[DPLQHG E\ SRVLWURQ DQQLKLOI
VSHFWURVFRS\

ONODERA, K.'| OKA, T2!, KINO, Y.!,

SEKINE, T.*!

('Department of Chemistry, Tohoku University,

’IEHE, Tohoku University.)

Polyethylene is widely used for covering



FDEOHV LQ UDGLDWLRQ HQY LURMPHOWAH 7@ H LIKG UD(VEXEQ@ WLR Q
GHJUDGDWLRQ RI SRO\HWK\OHQ H$ SR VLASRRIQVIDQMQ IIRUWWEKHUW LF O |
VDIHW\ Rl QXFOHDU SRZHU SG@RB®\L DG ERPFEH® FUWW RUY HOHF W
1IDQRVWUXFWXUH FKDQJH RISRAXIAKUB@OXPHWW LWVKH NLQHWLF
UHTXLUHG WR LQYHVWLJDWH GHEBXRGN LR\Q F RIKDMO IRW HS/R X LW K R G
WKH PDFURVFRSLF VWUXFW X UH @ED WIHGS 02K $ URBBDUIWLWR GHYH
,Q WKLV ZRUN ZH PHDVXUHRXWEKH EKDGS\RQJ WKH HOHFWU
QDQRVWUXFWXUH IUHH YROURWVXEM JXRWLWURQGH D SRVLW
DQQLKLODWLRQ OLIHWLPH VSBBWYIRBERSLQ3B/BHWDO URG PP L
+LJK GHQVLW\ SRO\HWK\OH QP DLQDG OHRXZI B K Q VHWAVH D F\OLQG!
SRO\HWK\OHQH ZHUH XVHG OQBFDMWWQFEHBRHZPRVLWURQ VRXL
LUUDGLDWHG XS WR N*\ X QFRSUHRID WILIRXQX D PR QRWRPQ WKH JDV
WHPSHUDWXUH $IWHU WKH LBERDIGWD®RQRRD QV B PIS B HWQIHIAHD FF H C
H[SRVHG DQG VWRUHG LQ DL U RNKIHVERMQ DH) @ L KALIOHD WLHRH) UDW LR
YROXPH DQG WKH FKHPLFD®RVWWURRWEQBLKHUMHWLRQ OLIHWL
PHDVXUHG E\ 3$/6 DQG PLFURZKUFKLEH WHDOXNURUWKH SRVLWURC
LQIUDUHG PLFUR )7 ,5 VSHFWWUPWFBSIIHUHQFH EHWZHHQ ZKHQ I
7KH UHVXOWYV RI 3%$/6 VXJJIHYGV AKKWL W KIHWU B @QUUKLODWHG ZL
WZR W\SH RI IUHH YROXPH LOGRR\HQKNOWQBHDWKLAKH 'RSSOHU
ZHUH FU\WWDOOLQH DPRUSHKRXYLKLODIWRRQ DmMRPD UD\ LQ WK
DPRUSKRXV UHJLRQ )JUHH YRORPALWR]HHPAFRQGXFWRU GHWH
XQFKDQJHG GXULQJ WKH ORQJ WHUP VWRUDJH EXW
SRVLWURQ DQQLKLODWLRQ UHODWLYH LQWHQVLW\ FKDQJHG
,Q +'3( SRVLWURQ DQQLKEODBWIUXEWXHIOWWLSRVLWURQLF DC
LOQWHQVLWLHY RI WKH FOWRMWOLQH DPRUSKRXYV
LQWHUPHGLDWH UHJLRQ GHFK#BBAHTS GXULD X ORQJ WHUP
VWRUDJH ZKHUHDV WKDW RI ARKRNXPRQISKRXV UHJLRQ
ZDV XQFKDQJHG 2Q WKH RWKHU XPD\QWWPREURKLEE LV DQ DQW
UHVXOWV VKRZ WKDW WKH DRRXHPWRBRGEDDERB®RVIWRAXYSNVPXRQ Z
LQFUHDVHG GXULQJ ORQJ WHWEPPHWVRKIDD YL HYEFBUW XK KKGDDV X QL
IRU +'3( 7KHVH UHVXOWYV VXJSHREHVK DWW GV KHUGEHHVHIRW PDWH
FKDQJHV RI SRVLWURQ DQIWRPQBWRRM FXIBIWD W ISKHV LFV 71
LOQWHQVLWLHY LQ WZR UHJLRQMW SUHV IS Q REDE @DEIH WRDQYWHKP HI
GLIIHUHQFH RI WKH PRELOLW\DRJIRXRIG R]WRIAW G 63RFH HOUQ QLKLOD)\
FKDLQ HPLWWHG ZKHQ WKH SRVLWURQ HQI
UHIOHFW WKH HOHFWURQ PRPHQW )
EHHQ D VHQVLWLYH SUREH IRU ZlI
3 3RVLWURQ VRXUFH IRUHOBFWSRQWWR®K ORZ PRPHQWXP
DQQLKLODWLRQ OLIHWLPH P HDWRQY KPNQMEEXWO XSGHWG HPLWYV

DQ HOHFWULF ILHOG EHKDYLRU LV OLNH D K\GURJHQ Q
0,&+,0%$7% 76%$12 <2.$ 7 .,12 TXDQWXP GLVWIWIREXWKRQVEDOHH U
< 6(.,1( 7 WKDQ WKH K\GURJHQ QXFOHXV L\

*UDG ©6FK 6FL TRARWXVWXOW KW VIRWXWLRQ RI PXRQ DQDO\VLV =z



ODUJH PDJQHWLF PRPHQW RI WEW MX@RQCWE® W BYVNZRWNVLF HQHUJ
ZH FDOFXODWHG TXDQWXP GMVRNULBXWLROWKBQIGUVW WLPH
ZDYHIXQFWLRQ VWUXFWXUHV RIVHRXGQGL W& GVKHVHRIGBEQERHQWD O
VWDWHVY RI SRVLWURQLF DQOQRBXRDOF XMDONOL®RIQ DVPRYY IJDV DW
7KHVH V\VWHPV FDQ EH JHOQHW DY IRRIGCHGVZLUWK WKH NLQHWLF
LQWHUDFWLRQV EHWZHHQ D BRY WKHRP BR VIHGL YRHIU P XRQ
DQG DQ DWRP EHFDXVH ZH FDQ GHVFULEH SUHFLVHO\
SRVLWURQ PXRQ DFWLYH UHDFWLRQV ZLWK WKH YDOHQFH
HOHFURQ DQG VWDWLF LQWHIUDBWRRMH PHDRK/ X QHAHQ WK HRIOE U +
HOHFWURQV 5DGLDO GLVWULEXWIRRRQ U DGLRDIERQW HDOWGRW R S H
VWUXFWXUHV RI ZDYHIXQFWLB®RVRR QXD 8§ R VL WHIRFQVERRQDW 5HV
DUH UHYHDOHG E\ QRQ DG(DHEPWILRQ WKRWREBBLHQFH 7RKRN
FDOFXODWLRQ 7KLV ZRUN 78V$+B6HXQGDPBOWBHO+ 78.%'$
LOQYHVWLIJDWLRQ IRU SRVLWURQOBYRQ7SURBEH, 3ODB\VIZZ.2.8 &
1$1%8 . 1$*$6%$:$ ,  +,12'( )
2% $<$6+, ( +$0% +
3 $JH PRPHQWXP FRUUHODWLRQIRAOMRUHPKHPWVWU\ DQG UDGLF
Rl 3V WKHUPDOL]DWLRQ SURFHW\RQE RUIJRWQH POMRU UHVHDUFK |
6$12 < .,12 <2.%$ 7 6(.,1( 7 &HQWHU IRU (OHFWURQ 3KRWRQ ¢
'"HSDUWPHQW RI &KHPLYW{U\ BROKRMNX \BOQNKY 5DGLRDFWLYH LVRW
7RKRNX 8QLY SURGXFHG E\ SKRWRQXFOHDU UHD
BRVLWURQLXP 3V FRQVLWWHGW RR@® CSRMLAN WRIHPVVWUDK O X
DQG DQ HOHFWURQ LV WKH OMKHK\MBWWWIW R PE HOHF A DRQWIIOWKH DY
GHPDQG IRU WKH VORZ 3V LV WXD/MKHU LI EQMNMBIVFMWIIG GXRI SODWL!
WR GHYHORSLQJ RI WKH 3V WBWHHWHQWD ODQYX¥ZK WDV YDULRXV
SURGXFWLRQ RI DQWL K\GURUHQ X 40'H WHHYWVD Q&K HBB\SURILOHV RI
%(& ,Q WKLV VWXG\ ZH LQYBWWZHDWHGVXGIH BZLWK WKH FX!
WKHUPDOL]DWLRQ SURFHVV LERRULIRQUDIMWLEQ WKW $IBIV REWDLQ!
PRPHQWXP FRUUHODWLRQ P HDPRMNXIWHAIPRIQ W\ LQ UDKALAKWLQJ 1LFNHC
SRVLWURQ DQQLKLODWLRQ OWIKLFNRHH WS HFQV BIRHARIS \UDQGH R |
WLPH GHSHQGHQFH RI 'RSSOHADF¥URDFBHQLQWR% ROH9 ZLWKLQ
DQQLKLODWLRQ SKRWRQ DUH SKFRPWRQWRHRXY GUREW VHEMGE RQ R
‘H XVH&RBYV DQQLKLODWLRQ JDPPWHOQOW VEHBRBVEHLVWULEXWLRQ ZH
WKH LOQWULQVLR QVIHWLPBABVREHWKHRQGXFWRU GHWHFWRU DQG
PXFK VKRUWHU WKDQ WKH VOGRDPMHVGRZQ SURFHVV
6LQFH WKH!I"BVWVRLWRKRBUURZHU WKEH@VWKRGH):+0 RI %UHPVVWUDKE(
IURP RWKHU DQQLKLODWLRQL\SURFPHV\DHW WEH RFOXIGEW SRVLWL
HIWUDFWWRRPSRQHQW IURPHWHHWHREBWHNDP ZLWK ):+0 ZLGWK
VSHFWUXP RI DQQLKLODWLRQPPKRWRIAWQHVY 7XQJVWHQ FRQY
7KH 3V VORZHG GRZQ IURPLUUBGIWRVLR® HIILFLHQF\ LV DSSUR
IRU QV &RPSDULQJ ZLWK DFXUQHQWF \PREESHIHRYIB\ M RI D UDG
VORZLQJ GRZQ ZH GHWHUBIURGCXFRRRQPQWHAP*HDQW VLPXODW
WUDQVIHU FURV\EHMEIVLRQWIFURVY VHFWLRQ WKH ODVEHR DWWH



LUUDGLDWLRQ LVORBMNWLPWWIHUDWLQJ DOO
LUUDGLDWHG DUHD

3 3ULPDU\ SURFHVVHV RI UDGLRO\VLV RI VXE

DQG VXSHU FULWLFDO ZDWHU

5DGLRO\WLF SURGXFWV Rl FRRODQW PDWHULDO XQGHU
VWURQJ UDGLDWLRQ ILHOG LQ ZDWHU FRROHG UHDFWRUV DUH
NQRZQ WR JLYH XQGHVLUDEOH HIIHFWV RQ QXFOHDU
VWUXFWXUDO PDWHULDOV 8QGHUVWDQGLQJ RI WKH
IXQGDPHQWDO SURFHVVHV ZLOO EH RI JUHDW
LPSRUWDQFH IRU YDULRXV DSSOLFDWLRQ ILHOGV LQ ZDWHU
FKHPLVWU\ ,RQL]DWLRQ DQG H[FLWDWLRQ RI ZDWHU
PROHFXOHV E\ LRQL]LQJ UDGLDWLRQV LQLWLDWH YHU\ IDVW
SK\WLFDO DQG FKHPLFDO SURFHVVHV %HFDXVH RI VR

KLJK UHDFWLYLW\ VKRUW OLIHWLPH LW ZDV GLIILFXOW WR
REVHUYH H[SHULPHQWDOO\ WKH WHPSRUDO EHKDYLRUYV
VSDWLDOO\ LQKRPRJHQHRXV UHDFWLRQV FDOOHG VSXU
GLIIXVLRQ UHDFWLRQV ,Q WKLV ZRUN  WKH
IXQGDPHQWDO SURFHVVHV RI WKH UDGLRO\VLV RI ZDWHU
DW KLJK WHPSHUDWXUH DQG SUHVVXUH FRQGLWLRQV
+7+3 ZHUH LQYHVWLJDWHG E\ D QHZO\ GHYHORSHG
SLFRVHFRQG WLPH UHVROYHG SXOVH UDGLRO\VLV V\VWHP
DQG DOVR E\ QXPHULFDO DQDO\VHV 7KH UHVXOWYV
LQGLFDWHG WKDW WKH K\GUDWHG HOHFWURQ H DT LQ WKH
VSXU UHDFWLRQ SURFHVV PDLQO\ UHDFWV ZLWK 2+ DW
URRP WHPSHUDWXUH ZKLOH WKDW ZLWK + 2

EHFRPHVY DOVR FRPSHWLWLYH LQ VXEFULWLFDO ZDWHU
7DNLQJ WKH FXPXODWLYH \LHOG YDULDWLRQV *

PROHF H9 LQWR DFFRXQW LW LV VXJJHVWHG WKDW
KLVWRULFDOO\ GHILQHG SULPDU\ * YDOXH RI WKH
K\GUDWHG HOHFWURQ LQ VXEFULWLFDO ZDWHU * a

PROHF H9 ZLOO EH DSSURSULDWHO\ UHH[DPLQHG

WR WKH ORZHU YDOXH EHORZ LQ QHXWUDO S+
FRQGLWLRQ ZKLOH LW LV UDWKHU FORVH WR LW LQ EDVLF
FRQGLWLRQ
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