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You never really understand something unless yom explain it to your
grandmother. - Albert Einstein

So I left him, and as | went away, | said to myseWell, although | do not
suppose that either of us knows anything, | am leewff than he is. For
he knows nothing, and thinks that he knows. | negr know nor think

that | know. In this latter particular, | seem gjhtly to have the advantage
of him’. - Socrates

On the antiquity of microbes: ‘Adam had ‘em* Anon
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, QWURGXFWLRQ

$TXDFEXOWXUH SURYLGHV DSSUR[LPOWIOQORQ PHWWILERQ F
WRQV RI ILVK DQG VKHOOILVK FRQVXKHGUIHP WKH QRUOG DC
PLOOLRQ PHWULF WRQV DUH KDU YSRSXIOG® WLRE Q DSWUXWDIFQ S B
I[URP PDULQH ILVKHULHYV PDQ\ RI XKLV I/DH @DNE OWH MILRIORED/]
DUH LQ GHFOLQH RU KDYH FRPSOHQ@YBWHVFROOD ZIRHIG G &RLY
DTXDFXOWXUDO SURGXFWLRQ RIPRVK WEG ¥ KIDQO IE\V KH RIKA
DUH UDLVHG LQ &KLQD +RZHYHURSH DIQGDDR BRXXKQINPUHIHW D C
DUH DPRQJ WKH WRS SURGXFHURQ ERWDXDFARBXW IS URG X
HISHFWHG WR JURZ IURP WR PLODUWIKQ @RWQEP MODR/AHV B
SRVVLEO\ HYHQ GHFOLQHV LQ KDUKYHVW\H RUWIBRIDIBION FD SW X

,Q 1IRUWK $PHULFD WKH WKUHH SUH® FELSIDTX b BX6 WKW R
DUH VD@PRBUKIOFEX Y UDLQERZPWUMMG FKDQQHO FDWILVH
,FWDOXUXV SXQFWDWXKH WRWDO SURGXFWWRQ@DIRW LERW K 3
VDOPRQ LQ &DQDGD DQG WKH 86% ZRYVDHERNW YDOXHHWULF

PLOOLRQV IRU UDLQERZ W UR XPW¥ WSULREEGW RWVRYD DXV G DV
PLOOLRQV IRU FKDQQHO FDWILVKWUWEGKRWYVRDOBWUG DW
PLOOLRQYV

,Q WKH 86$ LQ WKH FRQVXPSWURQVWHG/HDIRR® KDG
$PHULFDQV HDWLQJ ELOOLRQ SRXWIBE RH GIRMRHEY VDR Q Q G
G 7 DEBMH
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$TXDSRQLFV

$TXDSRQLFV LV D UHILQHG EUD QEHKGR k DTXDFKQMEX/HHL V
GHULYHG IURP D FRPELQDWLRQ RQ¥DDRDBFXOGWNR SR Q LLIPAWK | [
JURZLQJ SODQWYV ZLWKRXW VRUDW LIRQGRW HKNEW\R SFRQWK H L
SODQW YHJHWDEOH SURGXFWLR @ IZR W R VDA XDEFW 6 'E XYW H PW
UHFLUFXODWLQJ DTXDFXOWXUH ZLODXQMAG WRER @V SURGXF
YHJHWDEOHV RUQDPHQWDO IORZHWHUEYG FWOLQBH EUR M IP
KLVWRU\ RI DTXDSRQLFV DQG LWV BYRORWHRQ KDYH EHHQ
+HOIULFK DOVR H[DPLQHG IRRGSRERBYAEMLRQGVKURXJF
DTXDFEXOWXUH

$ YDULDWLRQ RI WKH DTXDSRQLF SURFHVV DV SURSRVI
LQYROYHV DOJDOFEXOWXUH DTXDFXOWXWH P QTXD T B DSURRMLF
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WKH PDQXUH WR VXSSOHPHQW Q>XOMUXHH VWDW ZHID®HIBV I R ¥ G
VRPH HJJV DQG PHDWHRMAKIARSED DUH XVHG WR FRQVXPH VX
PLFUR DOJDH DQG WR VXSSOHPHQWVE&L HWD? X HQOW XOUHGI DRB T
ZDWHU PD\ EH XVHG WR IHUWLWHF QKQULEY WDLTHOMMSHR QL FH BFWR
WDQN VA\WVWHP LV XVHG WR SURGXFHOWRDB®&UH MDQG&HHVRW
EHLQJ XVHG LQ DOJDOFXOWXUH RU DOTXD\S R Q HFXW\WGY MRV P
PDNH DQ RUJDQLF FRPSRVW 7R G D WRIFFRXR GH 8 HIOV W ISIL\R E C
VIVWHP 1XWWOH E $0JDH DUH LKDAJ DIQBGWHIX Y KHE Q\Q W
DOJDO SRZGHU EOHQGHG ZLWKREDG O G URRWHL QQ GYR W IVIRIXE
PLQHUDOV RPHJD RLOV DQG PXGCWQX\QXDAHX\QMW V&S S O HFU
XVHUV 6LQFH RQH WKLUG RI WHHRU @G AR Q GRIRS WH LEQ
LPSRYHULVKHG VXFK D FRPELQDW ORV\X BH DAI® OF X O WK Q HF \
KDV WKH SRWHQWLDO WR KHOS UHXREGHEPB®YKHBOWK SU|
,Q $XVWUDOLD DTXDFXOWXUH LW DX WM JHMR @ R JGLHIBV,
SRQG UHDULQJ VIVWHPV WKDW M®R B\ JWKHD & DH[NV R Q W HIVIKH [
UHVRXUFHV EHFDXVH Rl UHFHQW VHYHUR\GDBMXJKW ! KHQF}
EHFRPLQJ LQFUHDVLQJO\ ZDVWHIXO RIVB RUMPLHRXN UHVRXL
FRQFHUQV WKH DTXDFXOWXUDO L@®GXRADW\GLW KX KXW H 0RO LV}
PRUH HIILFLHQW LQ WHUPV Rl ZVWG® U KWK HRQYG RRW AHO BL U
LQFUHDVLQJO\ VWULQJHQW HQYLURGRRQPADD BENRWDWLRQ
DQVZHU WR WKHVH FULWLFDO SUREOHPV /HQQDUG
$OWKRXJK WKH ZRUG «DTXDSRQLFMVYNMMKZOWM®R LPSO\
VIVWHPV WKHUH LV RQJRLQJ ZRUN IOQV 2DUNDHHLD DTX® $ K Q@ WRM
WKH SURGXFWLRQ RI VDOWZDWH S ®IOJWHIDE 8 VHDZ HBIGGD VI
ILQILVK VHD FUXVWDFHDQV VKULPSVNVHBKHOFXILYK VR EKV
DV DEDORQH DV WKH DQLPDO HOMBBAW VDOWRIDWHU ,Q
DTXDSRQLFV SKNROLGWIF EXW SURILWDEOH DKIWRDFK EDVF
GHSHOQGHQW DVVLPLODWLRQ RI H[FHMVYRIXWYWR QA ¥ DRID Iy
1 ELRPDVV 7KH DOJDH SURGXFHG AP EHFRPOR GILWMIKHU L
WKH ZRUOG ZLGH VHDZHHG PDUN H @ LKOHO BICOHVL B Q QPX-OV/DDL FL



WRQV RU IHG RQ VLWH WR VDO WEDMNMWDIEE DINR UFRO QXK ©
HFKLQRGHUPV VHD XUFKLQYW WRNRQHHG RQ DOJDH
7KH VFLHQFH RI DTXDSRQLFV KHO KXW R UK AXIOMW XUDO S
LPSOHPHQWDWLRQ RI FHUWDLQ SULQFLSOHV
WKH SURGXFWV IURP RQH V\VWHP VHFRQGDV IRRG F
ELRORJLFDO V\VWHP
WKH LQWHJUDWLRQ RI ILVK DQG/ 30D QWKW WYV D W\St
LQFUHDVHVY GLYHUVLW\ DQG E\ WKLV PHDQV HQKD ¢
VI\VWHP
ELRORJLFDO ZDWHU ILOWUDW L RAD WH P REYHHIR QK WW L
OHDYHV WKH V\VWHP
WKH VDOH RI JUHHQKRXVH SURGXF\SSRB\WWUDWHYV
WKH ORFDO HFRQRP\
IXWULHQW ZDVWHV IURP WDQNV DQH KEWX MDR IHU!
WKH ZDWHU 7KH URRWV Rl SODQW\E DRWHMNWRFLDWHG
UHPRYH QXWULHQWYV IURP WKH ZDDWHHUG THRFHVRKWULH
IHEHV Rl ILVK DOJDH DQG GHFRPSRW.Q WKINVG FREB G R
RWKHUZLVH LQFUHDVH WR WR[LF OHH\YBOWV DQ @/KHK MWD Q|
IHUWLOL]HU IRU K\GURSRQLFDGOK\BURZSROOPD GWEBYV ,Q \
IXQFWLRQ DV ELRILOWHUV DQG GVKMHR ADKHH W FQQVEH UH
%DFWHULD LQ WKH JUDYHO DQG | DVKIR FSLAOMHAGY ZH DVWKH WDK
FULWLFDO UROH WR SOD\ LQ W KHWKFYIHQR WRIDQXWRWV H®Y
VIVWHP ZRXOG VWRS IXQFWLRQLQJ 5DNRF\ DE 'LY

$ QXPEHU RI DGYDQWDJHV RI DTXD SRQIHWVIR Q RQXEHK KR XVt
ZDWHU FDUU\LQJ IHFHV IURP ILVKQV]BDUVRKD®WH RI |
DOORZV SODQWYV LQ WKH V\VWHP WR JURZ ZHOO



K\GURSRQLFV LV YLHZHG DV D P HOVKLROG. \RD WHR/ILOW
LOQWHQVLYH UHFLUFXODWLQJ DTXDFXOWXUH
DTXDSRQLFV LV VHHQ DV D PHWKRG WR LQWURGXF
K\GURSRQLFDOO\ JURZQ SURGXFWNFIDXWR WKH PDU
RQO\ IHUWLOLW\ LQWURGXFWURE QWM& VDQG DO
WKURXJK D ELRORJLFDO SURFHVYV
IRRG SURGXFLQJ JUHHQKRXVHV \LHBGLQJ WZR SUTF
SURGXFWLRQ XQLW DUH QDWXUDIDWL®ISBBBOLQJ I
JUHHQ ODEHOLQJ
LQ DULG UHJLRQV ZKHUH ZDWHU LV YRBUEBWBTXD S
WHFKQRORJ\ WKDW DOORZV IRRG SWRGXFWLRQ ZLW
DTXDSRQLFV LV D ZRUNLQJ PRGHO RRQXIVQVDLQDEO
ZKLFK SODQW DQG DQLPDO V\VWHRW\FOH QD RIHJIUD
QXWULHQWY DQG ZDWHU ILOWUDWLRQ DUH OLQNHC
LQ DGGLWLRQ WR LWV FRPPHUFLDOQ PISSRRFEDWLRQ
D SRSXODU WUDLQLQJ DLG LQ LQWRQDDWHG ELR V\
DJULFXOWXUH DQG ELRORJ\ FODVVHV 5DNRF\ D
$Q DGGLWLRQDO DGYDQWDJH RI DTXDISROIFFA LQFUKE H
XVH Rl ZDWHU HVSHFLDOO\ LQ DUHEDWBUWBFDXLWUWHS DX
6RPH PHWKRGV RI DTXDSRQLF SUWRGXNEBRHE @QWDYH EHF
ZZZ DTXDSRQLFV FRP LQIRK\G DRPHIWKRENVWKWRBJ DWWUD

SXE DTXDSRQLF KWPO

*UDKDP D KDV H[DPLQHG DTXDSBWQEXVLIQHSQOEHUWD
SHUVSHFWLYH

30DQWYV

&RPPRQ SODQWYV WKDW GR ZHOO LQ OQ\T®REBORQLF V\VWH]
OHWWXFH SDN FKRL VSLQDFK DUVUXJXBEDYHDVDQGPRRWWV ZD



FRPPRQ KRXVH SODQWV HWF  6SHHWY @X\80DWMWRQWE&D W
GHPDQGY DQG ZLOO GR ZHOO RQO\DE® KHOHG D\TXWEBRRIHE :
VIVWHPV LQFOXGH WRPDWRHYV SHSSHUVVEXPXKEHUV EHDC
DPRQJ RWKHUV 5DNRF\ D

$TXDSRQLF SODQWY DUH VXEMHFW @® ® D\QH RV HW K\A K\DD/
DIIHEW ILHOG FURSY DOWKRXJK W KHWWRHBIW \WIRE EH URPVVRD
ERUQH SHVWV DQG GLVHDVHV % HFFRDHFISQWQWWH D\ DEV
WKHUDSHXWLF DJHQWV XVHG WR WALWBI\D VSDWU RNV LMWHKY W R B VI
SURGXFWYVY FDQQRW EH XVHG LQ DTXDSROQHEDWWEHPR SRQ @
FXOWXUH $YDXOW UHSRUW HFRGJ BVAIH VRO WP DY ULRS/K H & UDF
ULFH FUDZILVK IDFLOLW\ DIWHW R X V&2 Rp WR H SHHWAEQ
RI WKH ULFH ZDWHU ZHHYLO (YHQGW®H \FIR®\W RWRSW D FI\ WF H
SDUDVLWLF GLVHDVHV Rl ILVK RU \8RE H HZHFGIO) MWARU B O/HQW/R
,QVWHDG QRQ FKHPLFDO PHWKRGR @WBROV HIG VILW WEDLRW R J |
FXOWLYDUV SUHGDWRUV DQWDJRRVWVRLE LBXIDWVRY RIERI
HQYLURQPHQW HWE W DOVR VHHRVYVWKPIPW BDD DM P RIQHL
UHVLVWDQW WR GLVHDVHV WKDW DIVHRWLW KRMWH VW) IKQEH R S
PD\ EH GXH WR WKH SUHVHQFH RIKHRPBWRHLI DB F DADMMW HU |
VWDEOH HFRORJLFDOO\ EDODQFHZUGR ZAIQMHHY YWY ARQPHQV
PLFURRUJDQLVPV VRPH RI ZKLFK DUM VEWWJIRIQH ¥ W LW KMR
URRWV Rl SODQWYV 5DNRF\ D

$GOMW DO GLVFXVVHG WKH HFRQRPLFV RI DQ DTXDSR
SURGXFWLRQ Rl OHWWXFH VZHEBWWEBVGOQR®GLQTILEGBRZAH WU
WHPSHUDWXUH OHYHOV IRU WKH JURZWK Rl SODQWV RU IL\

,Q DTXDSRQLF HQYLURQPHQWY RQRWK RKIS FR@W MUYV
WKH HITHFW RI LQVHFW SHVWV )RV OH DBHRQWL P HRQMW. B OQ H GC
SUDFWLFDO DQVZHU LQ GHDOLQJ DLW SRIREHPV ZLWK LQ
HQYLURQPHQWY 6RPH FRQWURO RIWWION BDEMMUQBRRXXGH W
WKXULQIQG® VQWHFWLFLGDO VRDSV



,Q DGGLWLRQ SKDJH WKHUDS\ SDJHRU WHKHRERHWYQUWRAQ] J
VRPH GLVHDVHV VXFK DV EDFWHU LDDL @R W (RIQ FMWRLARCW RRHIV
I[UXLW WUHHV ILUH EOLJKW UDQEEARRRON FURSY VRIW URW

D %DFLOOXV WKXULQJLHQVLYV

$V QRWHG RQH RI WKH FRQFHUQV LQHWRI) DURDSRIQLF
LQVHFW SHVWV Rl SODQWY +RZHYHUFDUKISHWMLRLEBBQ WER(
FRQWURO WKHVH LQVHFWYV LV QRW\UWHPE¥ O BSWERQHADOD
PHWKRG WR DLG LQ WKH FRQW U RDFRI CLIDQY\M ¥ W [3\HE M W R QRIX
WKH XVH Rl VW% DEQ® ORI KA WLTKILWE@BEWHULDO RUJDQLV
RFFXUV QDWXUDOO\ LQ WKH HQYLURQRP QW VIHF® K DV REKDH IC
WKH VXUIDFHV Rl SODQWYV ,WW WDSOURIGREHV V@ BAVKWD DFRHY
DUH WR[LF WR LQVHFWV ,Q \WLEDS HJHQLWWH 818 & DY GD
ODWHU LQ LW ZDV UH UHJLVWHUHG $QRQ

7KH FODVVLI%BYWALIRQL RXOW EHFDXVH Rl WKH FORVH JH
DPRYI WKXULQJILHQVLV % FWHEHXAD N HORIMKX@PKUD[ DQG
PIFRLG#DFLOOXV WHXUDQUIDFOF¥RVLWLYH VSRUH IRUPLQJ L
KDV LQVHFWLFLGDO SURSH UMDIEH D O X W FERASDERNIA VZ WIRF W K H «
LQFOXGHV WKRVH VSHFLHVY PHQWLRQKWG GDMWNYRRXKOSV 7KH
DPRQJ PHPEHU% RAAWKBRXS DUH QRW FOHDU DQG DUH WKH
FRQFHUQ VLQFH WKH G L% HAHLQR@IW BEHWPDHOD DQG SRVVLE
SODVPLG EDVHG 7KH PDLQ FK DUMURPHW K WHBYFHKPHRS D'UD W L Q
VSS OLVWHG LV WKH IRUPDWLR Q RW H IQWW FVOLOFULIG D@ G U\V W |
2-&DOODJKDQ

'XULQJ VSRUXODWLR Q% I#BREXAMUDQLR\RRIPRUH LQFOXV
SDUDVSRUDO ERGLHV ZLWKLQ D VSRRUD QM RRW HE W & PLLFD W R
VSHELILF JURXSV RI LQVHFWYV DQGFBD\QN B I1$HERMMW QQ VHF
HQGRWR[LQ FDQ EH IRXQG LQ GLFIHHMAR®W VWUDLQV DQG V>

JRU H[DPSOH SBRGKO@XNVRIWKXUL QJBHFIRIQANIDALLD WEHQ |
VSRUHV DQG SDUDVSBRWDOVHURWDIH VREKDW PXVW EH LQJHYV



ODUYDO VWDJH RI WKH LQVHFW WIRQB B X WH FPQR UW/KOHD IS\ U D YIS
FU\WWDOV DUH VROXELOL]HG LQ WXH DROONDRZKGE P\LSURW HRR
DFWLYDWLRQ RI WKH VROXEOH LQWVHHMHMLIRLIGD & LFQUSVW\DRO D L
UHFHSWRU RQ WKH FHOO PHPE UDIWVRIL QVE R UL GRIX MD VDIQRQ L
FHOO DQG GHDWK RI WKH ODUYMH G F) W KW ISFOLGIDVGS R UIBIG W
FU\WWWDO ZKUKE/K DROW\ FRQWDLQV IRXU PDMRUNSDRWHLQYV
7KH FU\WWDO O BQBIWRGHYVYJRIDWHG &U\ $ &U\ % &U\ $D DQ
*ODUH DQG 2-&DOODJKDQ
7KH WR[LBINV\LRIVHFW VSHFLILF 7KHUH DUH VXEVSHFL
WKDW DIIHFW GLIITHUHQW R U DD QO/NFEMEX W W DVKIE NS HFR W Y V
LVUDH@MHMHAWY PRV TXLW R HWAHIHE 00 BYFRWD EBHWOHYV HWF
7KHVH RUJDQLVPV DUH DSSOLHG WRBURRG ORGY AR Q| RRIRIG W !
DQG RXWGRRU KRPH XVH $V ZHOO UHHWHD BBIRP UV KDYH LC
VRPH FURSV%BDBSMG VXFK DV FRUQ FRWWRQ DQG SRWDW|
6XPPDUL]LQJ WKHLUD QB WB\SDYWLFXODU *ODUH DQG
2-&DOODJKDQ FRPPHQWHG DV IROORZV
BWUDLQV DQG %BDWIHHBIDWKRIHQLF WR D QXPEHU RI LQV
LQFOXGLQJ /HSLGRSWHUD DQG RBMHGMRE YQULHWNKH G
VSHFLILF WR 'LSWHUD HVSHFLDOO\ PROHXMWRWKIDQG |
GHYHORSPHQW RI PDQ\ SURGXFWV EBWH® RQ WKLV VSH
7KHUH LV D ZHOO GRFXPHQWHG KLWWRU\VR/IYEE QVURIQP |
XVHG LQ SHVW FRQWURO 7KLV HDRWLWR X8R[MH G LA WIKQWX
OHYHO RI VSHFLILFLW\ IRU WD U R{WKQRFIMY\ KHDWWOHG W
FRQWURO SURJUDPV LQ HQYLURQPHQWDOO\ VHQVLWLY
7KH PRGH RI DFMWVQRRORMHY WKH VIQHUJLVWLF LQWHUDF
SURWHLQV WR[LFLW\ WR LQVHFWWRMWHUBYDRUBHGR WK
GXULQJ VSRUXODWLRQ 7KH RUJDXQDOP HDWUWH®RQP HR\WE
$VSHFWV Rl WKH HQYLURQPHQWDO/LBHDFW WXPWK @H H (
PDPPDOLDQ DQG QRQ WDUJHW VDIHWW HSHUFW. R\ HDH H
DQG RFFXUUHQFH LQ WKH QDW XUDOHNQ Y WWDRFHHRIMW KK,



KRVW )RU PLFURELDO EDV HGUSHYMW MFULGEVI HVUX KR WD W R
FRQVLGHUHG

7KH FORVH JHQHWLF UHOW Wk R SADQHR IFDR/QR QDO KXPDC
SDWKRJH®» DQWKONFUIVLVHG FRQFHUQV DERXW SRVVLE
RI%MWQ KXPDQ JDVWURLQWHVWLQDO REOBRY \FIDX \DH)GE R\
E\% FHUHSRZHYHU DIWHU H[WHQVLYH ILlKDO/G XVH QR V
EHHQ GHWHFWHG $ VSHFLILF LGEQWARKIVMGLRQ V\VWH
DVVLVW PRQLWRULQJ RI IXWXUH DSSOLFDWLRQV
$IWHU DSS@IFDNM. REW SHUVLVW LQ WKH HQYLURQPHQ
UHSRUWYV RI DEFWLYLW\ DIWHU D SBL.GFIDFFD V¥ L RV VK D D/ G |
DQG OLWWOH UHVLGXDO DFWLYLWX BDXWHEMMMYHUDO ZH
SURGXFWV GHJUDGH UDSLGO\ WKH\QDWRILPREX-W DWKHQ U
WR[LQV GHJUDBMWVWOQRBWGQDWLYH WR ZDWHU DQG LV QR
LQ ZDWMWV SUDFWLFDOO\ QRQWR[LF WR EQ WRLFQ®\ILVk
RI PRVW VWUDLQV WR EHHV >$QRQ @

6RPH Rl WKH WR[L% BURWEERGRE E\ JHQHV UHVLGLQJ |
FKURPRVRPDO '1$ SODVPLGV ZKLFK FDUDE®VH[FKDQJH
DQG VSHFLHV E\ FRQMXJDWLRQ D QG KR UHQUWDQVIRUPDW |
WUDQVIHU % WWBHR\@KHU VRLO EDFWHULD KDV EHHQ GH
ODERUDWRU\ LW KDVQ-W EHHQ WKIRSZ 6 DLVOK R KHQI\. KO H
QRW UHVXOWHG IURP H[W4 DAKLYRK D/KXSOH F BW L\R K DR\
DOWKRXJK JHQH WUDQVIHU PD\ KDFBIOLOPSPREDMWHRQV IF
VWUDLQV LW LV D OHVVHU FRQFHUQ IRU ZLOG W\SH VYV
6RPH LQVHFWY HVSHFLDOO\ /HSLGRSWHDDMNU KDYH EF
FRQVWDQW DSSOLFDAWKR® AR WHUUDIHAL\RWDQFH KDV QR
RFFXUUHG DIWHU WXHBRSSYQEPD\WVRIE RHVXOW RI WKH F
PRGH RI DFWLRQ LQYROYLQJ V\QHUWRVMIXFAU LSUARMUDLFON L
7KH XVBIRRU RYHU \HDUV LQ $IULFD 86% DQG *HUPDQ
UHVXOWHG LQ WKH GHYHORSPHQW RI UHVLVWDQFH



2YHU WRQAHRH DSSOLHG LQ ZHVW $IULFD DORQH ZL\

VDIHW\ RU QRQ WDUJHW FRQFHUQV

*ODUH DQG 2-&DOODJKDQ OLADVWHLG P BKE B LDYJIH |
ILVK FUXVWDFHDQV DQG LQWKNWNS WAVEOKMPMERVR OWH QRW
UHIHUHQFHY DUH DOVR SURYLGHG LQ WKLV SXEOLFDWLRQ

E ,QVHFWLFLGDO 6RDSV

&RPSDUHG ZLWK WUDGLWLRQDO 8 HFRW MALRE® \P DIQQ V H F W
WDUJHWHG SHVWV ZLWK IHZHU S RWAKHHQX\WLHDUD OB\ HIQGM HEVIHOH | |
LQVHEWY DQG WKH HQYLURQPHQWRIQLFESRWWBHEW IDFWRUV
,QVHFWLFLGDO VRDSV DUH HIIHFWLWHKHRGABVWY GLKH PR \F\R
FRPPRQ VRDSV DUH PDGH RI WKH SRWRNKVEKFG VDOX\SWRW KBV
VWUXFWXUH DQG SHUPHDELOLW)\ RTKH GRQPMIPEWD QRHVL DM X
FHOOV DUH DEOH WR OHDN IURP MHWHVHKLFHOOV 7R 8 G HNVIKH Q.
UHVLGXDO LQVHFWLFLGDO DFWLYL®\ RQFH WKH VRDS VSUL

,QVHFWLFLGDO VRDSV IXQFWLRQ EHDW BRKVYBMV ERGLH
PHDO\EXJV VSLGHU PLWHV WK U IDSOV RD R GHZK LRWH FIDWHINVU S VT
DQG OHDIKRSSHUV WKRXJK WKHVH ®BUMHHCGHERIGEXG W QVRI FW
FRQWURO ZLWK VRDSVY DORQH TDKR LID&GARMQL R Q FRU HORUHWW K X
HITHEFWLYHQHVV Rl VRDS IRU KDV ®HDE WRHNMWIDHVYQEKPBWYH
DQG V\USKLG IOLHVY DUH UHODW LK KKO/\HGBQDUWHKE WBIG\ 6RDS F
EHQHILFLDO LQVHFWY KRZHYHU SBIH®DOIRAUH ZRIQW H B Q G DWPY
SDUDVLWLF ZDVSVO¥REW IV WKMHFRBIKIDGUES ZDVSV
FDQ EH KDUPHG ZLWK VRDS 2QFH \WKH /G WURWKBW\G B DIGE |
UHLQWURGXFHG VDIHO\ LQWR WKH WUHDWHG DUHD

6RDSV KDYH ORZ WR[LFLW\ IRU PDPPHDONVOGRZHYHU W}
LUULWDWLQJ WR WKH VNLQ RU H\GINJ U DE@\DHEFOML FG & AR W RDHBL
LQ WKH HQYLURQPHQW DQG WKH\\VEROQRGWAR QW CLIMVQ OHQAVRA
WKDW UHVLVWDQFH WR LQVHFWLFLGDOLWRRE® OZ MAROWEKHY R B
WUDGLWLRQDO SHVWLFLGHV 5H WL WWR DEHYH DIRVE KR R UW KTHX L E
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ZLWK PDWHULDOV WKDW KDYH D YRKMWISHNLDLBUHRGMHHRI DF
FKDQFH WKDW UHVLVWDQFH ZLO Ol BHWY W OMRSH WR! D YARDXW HU VI
RI DQ LQVHFW IRU H[DPSOH LQ DLMKRUMWNUZBEWHLIR® IRD UV LI
QXWULHQWY RU SHVWLFLGHV FRQW B LRQL QU FP®I WADDD CELHF LR Q \
SK\WLFDOO\ LQFRPSDWLEOH RU SK\WRWRJ[LF

2QFH DQ LQVHFWLFLGDO VRDS VSWRGKDY ®BFMWHYLWKH L
EHFDXVH VRDSY DUH HIIHFWLYH RQ@\ R@VHRQYWIDRWQ R WH EJHit
FRDWHG ZLWK WKH VSUD\ LW ZLOZQ QR WLEHQIHNPM.BG EOBE
PDWHULDO WKDW KDV EHHQ WUHDWHG ZLWK VRDS

,QVHFWLFLGDO VRDSV VKRXOG EH D$SRF HU KMQWR Q G
SURYLGH PD[LPXP HIIHFWLYHQHVV KRXU\ @ MWKKH GHDAJ O\ PR L
FRYHUDJH RU LQ WKH HDUO\ HYHQLQRW YXBRW DOW U YKRWDR
SURPRWHY UDSLG GU\LQJ RI WK HDRIBIW.HUY. D@D 07 KRW RWXKIHK \FR
EH HIIHFWLYH $00 VRDSV DUHW RGW FX®OQ Q/ RS W \KD I HG V
LQVHFWLFLGDO SURSHUWLHV ,QV HRAUPXFLIGWOGY W R SK/DY b HK )
LQVHFW NLOOLQJ SURSHUWLHVDRKLOEHFHIHY) VIKH VRD PR K
QR UHVLGXDO DFWLYLW\ WRZDUG WRRO¥ WD\ KXDW HJ B 1R D WLH
HITHFWV RQ VRPH W\SHV Rl SODQWV

+DUG ZDWHU UHGXFHV WKH HIITHFWLRDQWYXPRI LQVHFW
PDJQHVLXP DQG LURQ SUHFLSLW DMH WKKHP | DWHD\HIVF/L B YD Q
WKH LQVHFWY *RRG VSUD\ FRYHUDJHHVX ®IWVHQWLDO IRU |

,QVHFWLFLGDO VRDSV PD\ FDXVH VLJQV RIUSK\WRWRI[LF
EURZQ VSRWWLQJ RQ WKH OHDYHW E¥HQMW® W)L SO RYWOVH D Q
JHQHUDO VRPH FURSYV DQG FHUWDLWRRERD® HFQWBBOE® BUH \
VRDSY OXOWLSOH DSSOLFDWLRQVDUQUD VEW H WS K\ MWFRHN IRQ MFH
,Q DGGLWLRQ ZDWHU FRQGLWLRQRWRI[DFHYW V $F B Q HFQSU M
PD\ EH IRUPHG ZKHQ WKH PHWDORQFRILRPNJ®HY L XM ORXOPG
LQ KDUG ZDWHU ELQG WR WKH RWW\ BPFLGV LQ WKH VRDS

6RPH RSHUDWRUV RI DTXDSRQLF V\VWRBGLMLPBO\ XVH |
VRDS DQG ZDWHU DQG ILQG LW OWLR) E M QM HFRVWL Y B QLH) UFHRRLVE
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RQH WHDVSRRQ RI OLTXLG VRDS WHK\ BYR P3O G5 XRQYOHpJ K3AKQJ F
SXUH FDVWLOOH VRDS SHU TXDUW RI ZDWHU

)LVK

,Q &4DQDGD DV ZHOO DV RWKHU DUHPRRRRODKWR RURG W
1LOH WREOBBERURPLV @DLo2PURFXWHU VSHFLHVY DQG LQ VRPI
UDLQERZ2WBRUEWIQFKXV BINRBBGZDWHU VSHFLHV LQ DTXDSF
VI\VWHPYVY 7LODSLD DSSHDU WR EHHFQH W RWKHN K RIVHWD LBHRG X
DTXDSRQLF VA\VWHPYV

6HOHFWLRQ RI MO GANSLONETHSHOGY RQ WKH UDWH RI JURZ
WROHUDQFH WR FROG O5DONL@I9MEBUNNWNKIES RQBY VDKIKDWH R
QLORWLPRUADUHQGD PRV VDPEL FORUQRURPHUDQFH WR FRO!
EHFRPHYVY LQFUHDVLQJO\ LPSRUWDQWL ¢ \PRHAH QRO WIRKRHIUR Q
ODWLWKGBYLDLNXIHHUDOO\ UHIJDUGHG DV WKODRRYW FRO
VSS 7KH JHRJUDSKLF UDQJH DRWGRFOUIWNIKRQGQY & HS B IV LK)
WHPSHUDWXUH 7KH SUHIHUUHGW.HBDH VIDRVDWK] RIDWUE D KIU

R& R) *URZWK GLPLQLVKHV VLRRQ LFL FD@W OCG HEDHWOIR Z
ZLOO RFFXWREEH®ORZ7KXNY ODWIEI®H DUH LGHDO IRU LQGRRU DT
VI\VWHPV EHFDXVH WKH ZDUP WHPSHUWWHKUHR DVUK DIOVR Q'
SODQWYV 5DNRF\ DQG OF*LQW\

2ZWKHU VSHFLHV RI ILVK WKDW DUH WQHRWHKHBWQ DTXDSR
FRXQWULHV LQFOXGH B U RSHMR-KONKK B/ANDRCREGREY Q VH U
VSS K\EULG DQGSNRIZEBUSDQG EDXMDPARY GD O AN /HU
2ZWKHU FRPPRQ VSHFLHV XVHG LQ DTXDSRO@PE\VWHPV LQF
&SHQWUDUFKLGBHUDPUWDPUFIABE SLH SDFX )DPLO\ &KDUDFLC
FODZ OREVWHU RU FUD\ILVK DQG RUQBRWQWDBLI OIOMPV XFK
VEFDODUASSBRWFLOLD URWHWNYNON WYDPLO\ &KLUDFLGDH JRX
J)DPLO\ % HORQWLLGDH VZRUGIIO/MKLHDP)ORLOSKBRIHGDBO L LFSH
HWF
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DWHU

JURP WKH SHUVSHEWLYH RI IRRG VVOMH®\LQVKH VRXUFH
DTXDSRQLF VIVWHPV KDV WKH SRWHQWILQD RADR VKR [ XD @ L W
RI WKH ILQDO SURGXFWV ZKHWKHQ $OKEHUMNUH  1G.I I SR DH DY/
PXQLFLSDO VXSSOLHV Rl ZDWHU DUH 2ZDKMHHBRRW FRPPRQ VF
H[SHULPHQWDO RU FRPPHUFLDO DTXDSR XK QWP VL GORF
IDFLOLWLHV $FFRUGLQJ WR +XWHAKULRHVGHHS ZIHD @ WRWXW Fu
ZDWHU IRU SULYDWHO\ RZQHG DTXDSRRYA D\KWHP W R QY D\OX +
VDOW FRQWHQW DQG JHQHUD O OR ZDAK RJRIND IV @ WW DEEWD HU IHRWK
ILVK

,Q WHUPV Rl ZDWHU TXDOLW)\ D QW VWKHMGFRIQFHHIQOID W L
QHHGHG IRU WKH SURGXFWLRQ R{LGHMHVY ED VL5® FRY\ JHQHU
QRWKGEU JHQHUDO JXLGHOLQH LV WHUBRAG $IHRUK S @WID WL
JURZLQJ DUHD SHU GD| 7KLV UDWL B HBYRYVYGHN VR B S O OM
ZLWK HTXDO DPRXQWYV FDOFLXP KI|GUR{LGR PIA) B/DUW O A X
QHDU (YHU| WKUHH ZHHNV ZHKBIGI®URP RV B IFKHRO® W@ GV
FRPSRXQG

,O D FRPPHUFLDO VFDOH DTXDSRQLF WINMWHPUIWOEI, 8
,VODQGV WKDW ZDV WR SURGXFH DHDUWW X BN WEDHQIPX R XV C
FROQFHQWUDWLRQV YDULHG ZLWKL @ KLKM ZRAOBZLQRYHID QJH
SURGXFHG H[FHOOHQW VZHHW EDVLO JURZWK =

&DOFLXP 3KRVSKDWH |3 &RSSHU
ODIJQHVLXP 6XOIDWH 6 =LQF
SRWDVVLXP ,ZURQ %RURQ
I1LWUDWH 1 ODQJDQHVH ORONEGHQXP
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7HVWV IRU ZDWHU TXDOLW)\ E\ WK HGSEARGXFAHHRDYH EH
2WKHU SDSHUV UHOHYD QW JHP HOQ\WXBQ® VADD/WGD PG G

ZDWHU TXDOLW\ LQ DTXDFXOWXBH % RQWMHMI@HUD S KEDOXGH W

%R\G DQG *DXWLHU 1 HOURIQ L DQG

‘DWHU FDQ EH D FDUULHU RI PDQ\ PDMKRRHUDLEGLVPV LQ
VWUDLQV RI EDF\WHAKUDU L\FKRIO TR OY S B ERR B HERD HUD H
6KLINOISBD DQG WKH PLFURY¥ERSWR IBDRIN\ANKBNSBILDY X P
ODPEQIADRVSRUD FDIFHRVROBRWRY UDRGGKKH 1RUZDON DQG
KHSDWLWLYV $ YLUXVHV (YHQ VPDQ JDWPRXBWN RI WRKOWD P
RUJDQLVPV FDQ UHVXOW LQ IRRGERTUXDDLYO @HZYD W 6 K XKRDZ
DQG ZKHQ LW LV XVHG DQG WKH FIKDUDFRMHW K WWSLRFW HRY WALKS
ZDWHU WR FRQWDPLQDWH SURGWFRI ZMWHUWHQ A UWRW FRE
ZLWK WKH HGLEOH SRUWLRQ RI BHW &/XRHTXD\OQ WH G R\PFS E Bl HI
XVHV ZKHUH WKHUH LV PLQLPDO FRQWDFW

2WKHU IDFWRUV WKDW LQIOXHW FAH. WK H 3\R WHERWLDHD | F
SDWKRJHQV DQG WKHLU OLNHOLKRRGHRV FDRVDQIE HRW & HER
FRQGLWLRQ DQG W\SH RI FURS MWK RARXPRXDW RQ GV K B K YEHHWAA
SRVW KDUYHVW KDQGOLQJ SUDFWLPRHW IBAHR G ¥ FHD WKWK R D
OHDI\ YHJHWDEOHV DQG WKRVH ZMXEKKVR\S RRXIKKVY KD D FHD
WKDW IRVWHU DWWDFKPHQW RU HQ\WWDBPHEOWH R | LRLWIND QULR/A
SDWKRJHQV LI WKH\ DUH SUHVHQW HMBMWRLEDOY HVWRRWDF
GXULQJ SRVW KDUYHVW KDQGOLQJH 6RO VWEWRUN RD WHU
FRQWDLQLQJ DQWLPLFURELDO FKHPLWD AV WIRQRB L [HV\DX. QI 2
FRQWDPLQDWLRQ $QRQ F

7KH TXDOLW\ RI DJULFXOWXUD@@DWXW ZE® IDXWHUV WE
PD\ EH VXEMHFW WR LQWHUP LW WG® QWX F\W HDP/S R/ Bl UG LPRFRK\D D B
RI ZDVWH ZDWHU RU SROOXWHG UXKQ@WR IORE R DG YYX-SWMWRAND R
*URXQG ZDWHU WKDW LV LQIOXHQPHEG ES WX ZIHDFEE VZDMWWHK
FUDFNHG FDVLQJV PD\ DOVR EH YXCGGUBHDFEMNLGHWWRRF REWS P L
HQVXUH DGHTXDWH ZDWHU TXDOLWAH®I\ QEOXSHRISE VOV L C
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FRQVWUXFWHG DQG SURWHFWHGF WREHDWLQR IX®W HRUW WR LUH
DOWHUQDWLYH PHWKRGV RI DSS®V¥FBW MR SUR GXEHX FR RW D
7KH IHDVLELOLW\ Rl WKHVH DQG RWKDBYWDS 0D EW HFURXDLFOHY (
ZDWHU WKH LQWHQGHG XVH R DAQKGH ZHDWARHKW FIIQY GR WW I HQ H H ¢
SDUWLFXODU SURGXFH RSHUDWLRQ $QROQ F

‘DWHU VXSSOLHV IRU RQVKRUH IDELOHW UKV NK BY H HL @ Bl
FRQWDPLQDWHG E\ LQWHVWLQDOIERRWH WRLSTH WK\ QRR W KHRF
IURP ELUGY DQLPDOV DQG KXPDQV GDQHF@NON R ERGRP VRO
IURP WKH ODQG )RU H[DPSOH 6\RPDXW M UFHL SVRHUBNVENG+
WKH UHVXOWYV Rl D JOREDO KHP®WKWRHOLMW HG& RIIUYOLR RQ P H
ULYHUV LQ IRXU UHJLRQV QDPHOWHUIRADN KX$PREH FDQ 6 REIM! K
3DFLILF 7KH PHGLDQ IHFDO FROLIRYR @ RWQHNVUID@D WK RV H U

RUJDQLVPV P/ Rl ZDWHU

7KHUH DUH YHU\ IHZ UHSRUWV FRQWKROHQUFWKH SUHV
LQWHVWLQDO EDFWHULD LQ D ORHKEG! MY KWFEKOWY L 8 R WHH & W R G
KDYH UHSPOWRQ@HEBONLQ SRQGY KROGLQJ FDWILVK DQG RQ
WKH LOQWHVWLQHY RI WKHVH KDUYHVWHG LQVKDMSKHVQFDE |
LQ WKH VXPPHU FRPSDUHG ZLWK WKRVH FRCGOBFWHKGVLQ Wk
RUJDQLVP ZDV IRXQG DW ORZ OHYB8G LQ B/K®GLM KWRIYGWLLQUH N
ILVK LQ RQH SRQG 6HYHUDOQGLRWHLQAIN PR QR OXRGIHPH V
30HVLRPRQDV VRQBKQ DR G B \G | VEXONGEMRIRHN-SCE0 D
ZHUH FXOWXUHG IURP K\ERUAQWWALL/S WEG@DWRISID UHG LQ
WKUHH IUHVKZDWHU V\VWHPV LQ 0DHNOXDVHGE BH® O 7ZZRWRIUW |
DQG WKH WKLUG XVHG ULYHU ZDWHU +RZJDWH

7KH IHZ GDWD UHSRUWHG FRPH | WRWPHFRXIQPVDWHAY DLONEK
LQGLFDWH D YHU\ ORZ LQFLGHQFHLR K LRXONMIIHIED DQS O WM KR
VXUIDFH ZDWHUV +RZHYHU WKH GKDWDUSRGERWL. R ZDQY P Q F |
VHDVRQV 21 JUHDWHU FRQFHUQ DUH YM\KLHD Z IKKHP\DSUEBRG SU
DQLPDO ZDVWH DV IHUWLOL]JHUV UQLS/RQG DVKDEQ QWD XWH D
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ZDWHUV $ QXPEHU RI VWXGLHV FLWWGXB\WRHJOMD-OWK  SF
KD]JDUGV Rl WKLV SUDFWLFH

$Q H[WHQVLYH PLFURELRORJLFDCFXOWBUREG ZMWISB QQV
ILOOHG ZLWK D PL[WXUH RI ZDVWBZDWBEGV ZRIUMGY\W KD WLEE
WKHVH ZDWHAMNW DOKUDNMXPEHUV RI IHFDO RUJDQLVPV ZHUH L
RI 031 PRVW SUREDEOH QXPEHU P/REDDPWAHODDG WKF
VSS ZHUH LQ WKHORUGHU RI ZDWHU $W WKH HQG RI WKH .
VHDVRQ FDUS DQG WLODSLD LQ RQ® \8RBGUKW GVNIHD\O ER B!
WKH PX\6D@HPRMSBOZHUH QRW GHWHFWHG LQ DQ\ WLVVXH
ZHUH GHWHFWHG LQ WKH GLJHWMIUY §RWGNFRQRR WKHOWD §DP $
RFFDVLRQV 7KH DXWKRUV FRPSDUHGWILR/HW EHE \R H ULL\DKO DFQRC
WKRVH LQ WKH ZDWHU DQG FR QVIOKGH GDWKD WL PQWLRH ER!

P/ VWDQGDUG SODWH FRXQW EWQRDB TKIGF K KW FS\HQUHWD L

WLVVXHV RI WKH ILVK

2WKHU ZRUNHUV VKRZHG WKDW K I$RIQGR DIBW HRU DVE REX W

RUJDQLVPV P/ DERYH ZKLFK W KH ARDREQDFRROHID@L V PV

WISKILOO EH IRXQG LQ WKH PXVFOHDRIJNBSRIVHG ILFKWBBGO |
E\ +RZJDWH $OWKRXJK WKMKGIDW IZ 2 W UHY 0GR QWH G
LQGLFDWLQJ WKDW ILVK FDQ EH HEOS/RQEVG Z QWARXMH 2D W H
VLIJQLILFDQW ULVN WR SXEOLF KHDGW K UNHVLQRRAIDIFH VRPH

7KH EDFWHULDO ORDG RQ LQ FRQW® FEL\ CDOMHRE UQVK FDC
WKHP WR «GHSXUDWH- LQ FOHD® ZDMWHW KR UJ D VO IRE HIH 8 K |
RI WKH EDFWHULDO FRXQWYV LV Y8UNKNOREZRWQIU BE WS XD D W
FRPPHUFLDO FRQGLWLRQV 6RPH DXW KRRXQMD/Y RI SARPIR V H
EDFWHULDO VSHFLHV DV JXLGHO L QtDF XROW WKBIOP S QR G M P WY
IURP ZDVWHZDWHU V\VWHPV +RZJDWH

,Q LWV «*XLGH WR OLQLPL]H OLFUREUDOHRR GUSOLIN W\ +I
DQG 9HJHW DSRXRLY F WKH 86'$ UHFRJQL]HOHEWUWDLQ ED

DQG SUDFWLFHYV DVVRFLDWHG ZLWK PLRRWDR I XDWDLR@VRR
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IRRG IURP WKH ILHOG WKURXJK WKKRAN G IDMNCGUYHIAMWRE GRHM U H
+RZHYHU LW LV LPSRUWDQW WR VRIUNRHQ WKRFXWEHYADIWLHRR

WKH FRPPRQ ILHOG PHWKRGV RI SIWGXFWLRQ DQG 127 WK

DTXDSRQLF DTXDFXOWXUVOHURKIMOREY WKH\ SURYLGH VRPI

JXLGHOLQHYV
6RPH RI WKH JHQHUDO SULQFLSOHV UGIFRPEHQGHG E\ V

SULQFLSDUHHYHQWLRQ RI PLFURELDO FRRAWDPLUOYRWURG RI ILU
RYHU UHOLDQFH RQ FRUUHFWLYH DR¥FERQVUH®FH FRQWDPL

SULQFLSTOHPLQLPL]H PLFURELDO IRRG VRPGXWM KD]DUGV LQ |
JURZHUV SDFNHUV RU VKLSSHUV U KRRGGPBRQH JHRMRKQOWI UL F
SUDFWLFHV LQ WKRVH DUHDV RYHU ZKLFK WKH\ KDYH FRQW

SULQFLS@WHVK SURGXFH FDQ EHFRPH PLFURDBMRORJILFDOO\ |
SRLQW DORQJ WKH IDUP WR WDERXURREB | AKUIFIUR EAKOHO PD MR
FROQWDPLQDWLRQ ZLWK IUHVK SURGXAHDQQLPYDWORIHAEHNHG ZL

SULQFLSBEHQHYHU ZDWHU FRPHV LQ FRQWDPBPW&ZLWK SURGX
TXDOLW\ GLFWDWH WKH SRWHYWLPCEE&R URWD @ R/VQWW B APLL@QDL W L RHQ
SRWHQWLDO RI PLFURELDO FRQWDWKQDWYRQUXRWVZDQYGE U >
YHIHWDEOHYV

SBULQFLSDUDFWLFHY XVLQJ PDQXUH IURP EQICPRDVWRHNP XQL
VKRXOG EH PDQDJHG FORVHO\ WR FPULRUFRPHEIL B GV KR QSARD\PH. QI LV
RI lUHVK SURGXFH

SULQFLSGMILHQLF PHDVXUHYV DQG VDQLWDWWR@ GUDFWLFH
KDUYHVWLQJ VRUWLQJ SDFNLQJ \BQRD W WR@HS RY W DYILLRLQ |
WKH SRWHQWLDO IRU PLFURELD®XFRQWDPLQDWLRQ RI IUHV
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W LV LPSRUWDQW WR QRWH WKD WP LI HF XMHG] HUADSDIR\ H
RI FRPPXQLFDEOH GLVHDVHYV DQG L@IH@WLRYV SNEDRW LB OR
RI LQIHFWLRXY DQG FRPPXQLFDEOH GMMWBE HWVKWRRW PD\ E
SURGXFH LDHEEOHH 7DEOH

3DWKRJHWWMQ IAUID@ V7 P IDVDW P IGWENY H R REEH BRRFOEEAR @ @ RW-HODEY H Q | B

+HSDWLWLV $ YLUXV JHYHU -DXQGLFH
6DOPRQHOOD WISKL JHYHU
6 KL JNOIED 'LDUUKHD )HYHU| 9RPLWLQJ

1RUZDON DQG 1RUZDON|OLNH YLUXVHVWLQJ'LDUUKHD )HYF

6WDSKIORFRFFXV DXUHXVLDUUKHD 9RPLWLQ[J

6WUHSWRFRFFXV SIRIHQHMYH 6RUH WKURDW ZLWK IHYHU

7KH VIPSWRPV RI GLDUUKHD IHYHKRDK RIYRRPYMWULDO B WH HDL
SDWKRJHQV WUDQVPLWWHG RFFDVLROD®IGOG WHE\GIRIRS OFR\GIW

30XPE QRWHG WKDW F\SULQKX®W SHEKLFK IRQ FDUGH
DV ZHOO DV PLQQRZV LQGLJHQRXV W R HSOVE HEHD W B ULHY H{ W
E\ FROXPQDULV RUJDQLVPV WKH FI¥VHQRD %DBWHWYL RO *LC
VSHFLHV RI ILVK %RWK PRUWDOLWVFDBOBVBFXMWHQHVV RI G
WHPSHUDWXUH 1RJD ,Q JRI@MG RDOL MDWBWLURQPVBRXUF
ZRXOG QRW OLNHO\ EH JRRG VRXUFHVVIR R IDW K B SSRROAL A QML
RI LQWURGXFLQJ PLQQRZV DQG RWKWHK B SHFULHYWR IRLGK VHI
FDXVLQJ DJHQWV LH YLUDO EDFWHULDO SDUDVLWLF [XQ
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D $OJDH

,Q WKH FRQWH[W RI VXLWDEOH VRXW\NMWHRV Z B MWUHW DI RQ
VSHFLHV Rl F\ADQREDFWHULD EOXH J&H¢DQ' B EHHQ OLNH ER
UHSRUWHG WR FDXVH D SURORQORY W R) COUSRSAHHVR WG LDQG K B
ODVWLQJ D UDQJH RI ! GD\V LQ KXP®QQ MX B KLAEDQ R US 6R
1HSDO .RWNDO ,Q WKLV VWXG\ DQDO\VLV RIFEYWHU IURF
UDZ YHJHWDEOHY DQG FRZ PDQXUH G RWERWMWXRBH%URP RQF
ZKLFK DQ DIIHFWHG SDWLHQW KDI& RIQWHQ RMZIROGRHWAVEHIR U
$QDO\VLV RI VWRRO VDPSOHV VXEHRIWMWBE WRH DQIG RW H
RXWEUHDN LQ 1HSDO GHWHFWHG &/% LQ VL] SDWLHQW\

&\DQREDFWHULD DUH D GLYHUVH OROODWFWRRQ RI SULT
PXOWLFHOOXODU SKRWRV\QWKHWHRE RF WHIW\L BRLWX\D 00\ IR
HQYLURQPHQWY ,Q $OEHUWD VSHPFLHNDRIOFG EREHF WHHH.G
DOJDH DUH ZHOO NQRZQ IRU WEH LOUQ GRFOWKIHQY SFSLHFR GIVQD KA
WKH\ LQJHVW DOJDO EORRPV WKDWLRU H E®R®V¥ HQWULHDWGRE
VKRUHOLQH IUHTXHQWHG E\ WKHVHGLQIOMDOV ZKHQ WKH\ FF

'KHQ QXWULHQWY DUH LQ ULFK VXSFOMHVRPHNVSHFLHV
JURZ ZLWKRXW OLJKW 7KH &/% DWUSIRWR HQDWPMBPEHFDXVH W
PRUSKRORJLFDO DQG UHSURGXFW LW KRAKD B D PAKH UZWGWH.F V \
&KURRFRFFDOHV RI FADQREDFWHULD WRKHHYHU &/% GRQ-V
FKDUDFWHULVWLFV RI DQ\ NQRZQ WESRG RH \F \®IM\REH MM H QL D
RQ OLJKW PLFURVFRSLF H[DPLQDW LDRFQV RO HUKWDIO N @HR R OWMWVIV
PHDVXULQR LQ GLDPHWWW DROFND

Q WKH VDOPRQ IDUPLQJ LQ ®¥WW Wh& QDWZKHD OHF K H C
SURWHFWHG EXW SRRUO\ 10XVKH&\I| DRVBHIZHDYRK/ WL Y PO\ DI |
DQBKDHWRNBBRYV ,W LV EHOLHYHG WKDW DVYWKHVXQWXQPH R
QRUWKZDUG LW KDV VHYHUDO HDWFW M URRVOMBDY G Y IWeRH BKI
 QOHW WKHUHE\ UHGXFLQJ 10XV KL\@D BLFON.MRQ YR B B 8 B WAL
JURZWK RI DOJDH DV ZHOO DV V>SRN LVQ K H) XWRIZW IQ RV W/KKH
DOJDH ,Q SDUWLFXODU W&«D S IVREBLORBVHHI IEHFWW HRU
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XQGHUVWRRG WKADWGHW RRWVEL RAD UHVSRQVH WR JLOO GDPDJ
E\ DOJDO VSLNHV HYHQAKRD-OREBPREHRWIRQLVPV P/ RI
VHDZDWHU ZHUH VXIILFLHQW WR FRBWMPLYCD IVHRW Q W \E RR G X F
PXFXV ZKLFK LQKLELWHG WKH XSWDN&RG RYKH QLVKKWKR SU
FRQYHUW WR DQDHURELF PHWDERWLWR FDXE K® W L FREW HROI\
WKUHH IDFWRUYV PLFURELDO LQIKAWRBQNDRIHGRIPDJHG JL
FDSLOODULHV LQ WKH JLOOV RRI WXXIIRFRGXRQLEY WKH[E
PXFXV $V ZHOO GDPDJH WR WRMW URGXV \DIOFOR BRH & DR W KNUKL
SDWKRJHQV VXFK DV WKRVH RI EDFWHRNV.DW WK B W HN LELO/HH® \
DIIHFWHG ILVK 6WHZDUW

,Q DQRWKHU VWXG\ WKHOZE@XPS JUHHQIRRQDB WR EH
DEXQGDQW LQ VHYHUDO SRQGV LQ ZRLFIOBPRULWKURZG DQ
% R\G

+RZHYHU WKH PRVW VLJQLILFDQW SXEOKBUWPHROWK SU
DOJDH DUH
$PQHVLF 6KHOOILVK 3RLBREXGR @DWYHCKED
GRPRLF DFLG
&LIJXDWHUD )LVK 3RLVRQLQJ FDXVHIFELEV D YDULHW
LQFOX'®BELHUGLVFXV WR[LFXWS SV RWRIREYWW X P
VSS HWF FLJXDWR[LQ PDLWRWRI[LQ
'LDUUKHWLF 6KHOOILVK 3R IQWRSKINE IV RDVDOVGDA. FE \
DFLG
IHXURWRI[LF 6KHOOILVK 3RLAQRREQQ L XD MG HE \
EUHYHWRI[LQV
3DUDO\WLF 6KHOOILVK 3BDWRQQOMEKPXVHG E\
*IPOQRGLQLXP FDXWBIQBPRKELQV
$QDPQHVLF VKHOOILVK DQG SDUDO\WLFLVHKHOOILVK SRI
WKUHDWHQLQJ ZKHUHDV WKH RWKHBKLGKVWHFR FBXV B RO
RFFXU B5HFRYHU\ WLPH IROORZLQJDRLWRDNW HUH NMW KP B R MWWKR
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DQG HYHQ \HDUV  7KHVH WR[LFLWLHWVHRRFRU WK HY B&E RX\G
DURXQG WKH ZRUOG $QROQ J

E &RQWDPLQDQWYV LQ :DWHU

L +RUPRQHV

Q D VWXG\ DW 6W 0DU\-V &ROOKRZ HRRG WDKD WD QG &
PLQQRZV ORFDWHG LPPHGLDWHO\ GRDOVIWNHBDRWURP DHEDI
KDG VLJQLILFDQW DOWHUDWLRQV I0Q G\HK HIMK WKHDSU R Q M FWVK_LY
OHVV WHVWRVWHURQH DQG WKH L UDW HAWK\RAAH ZRH UXHQ Bl ERRKWH &
ILVK IHPDOHV KDG OHVV HVWURJH®D B R P S [PRHUGT 2N MAKW
IHPDOHV IURP DQ XQFRQWDPLQDWHGGYWD\WEBB WKKHV Hi 110G
IURP IHHGORWYV LV KRUPRQDOO\ DRW LW\ I WZAKHHMLKEH KR IWRAPQ®I |
LOQMHFWHG LQWR WKH FDWWOH $QRQ H

7KH IHHGLQJ RI PHWK\O WHVWRWWRHSBRGIXPH DLQ WLOD:
XQLIRUPO\ PDOH SRSXODWLRQ FRXOBVIGXHIW R | WAKKH. \B U H V H
KRUPRQH +RZHYHU VLQFH WKHVH K@M HDA 0OF LRUOR Q
UHVLGXHV RI WKLV KRUPRQH DUH WEGNVMHIQV W D \E HVKIH F\R DI
PDUNHWLQJ

7KH LOQOMHFWLRQ RI KRUPRQHV VXFK WV RXRD Q+ EKRULRC
D JOLFRSURWHLQ LQ WKH VSDZQLRIVRD ERXKVKWDHNV UG KN GL @
WLVVXHV RI WKHVH ILVK +RZHYHURZHBOWRDRW®W LRX LK
LOMHFWHG ZLWK +&* WR LQGXFH RRROKWDRQ @ &/ XS DN $
FRRNLQJ DV ZHOO DV KXPDQ GLJHVWILGK MO RPMAKLILOO G
KRUPRQH ,Q DGGLWLRQ WKHVHDXW®WRRUVHWRKEGG H\GKDQ/ I+&
LOQMHFWHG ZLWK WKLV KRUPRQH WIDV}HIHDQ DEBWDJSRRW G
LOQMHFWLRQ GHSHQGLQJ RQ WKR QRHFAL RWK D VWV WK VIV IHRUH !
K\EULG WL OPIRMUD PAZ FOVORWYRABYLQ WKHVH H[SHULPHQWYV
QHJDWLYH DW GD\V SRVW LQMHFWLRQ
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LL 'UXJV

$ VWXG\ IURP 2VOR 1RUZD\ IRXQ® QVED RWRE URLLQW\ K&
EHHQ UHFHLYLQJ D PL[ Rl FDIIHLRF DQ & HDHQ N [$&/OAHO/OI1 U R
VDPSOHYV WDNHQ IURP D VHZHU RXW®HDW ® BB UP B BWX B I IEDW
DPRXQWY Rl DQWL HSLOHSWLF GURYR DRXCQDQADLY G IE XS HRVH
DQ DQWL LQIODPPDWRU\ GUXJ\RLWHRQORWH G WIRY MAULHIY\F KD U W

FLWHG D QXPEHU RI SDSHUV @G\HDLAQYIFODIXGL\QK B B W/ILED W\
DQWLSKORJLVWLFV DQWL LQIORRPDWGRE \EG WD) E O FORLISH G VUI
LQ DTXDWLF HQYLURQPHQWYV LQ D \DXRGHKWVRZ FRX®@ \BEBHD U
UHSUHVHQW «WKH WLS Rl WKH LFHEHUJ=

$ VWXG\ WR EH UHOHDVHG E\ WKHRIBNHHQY HRQ V& IRX JH0 E
DQG DQWLELRWLFV LQ WKH %RZ U IDEHRXW HVGHFWM HWUBHQV
VRXUFHV RI ZDWHU LQ WKLV SURYLQFH

LLL 3RO\FKELRBKIHDD®WG

1RW RQO\ ELRORJLFDO DJHQWYV JENDW BR & FSRI@MO X W D Q \
SUNRRVIKDO $V ZH OLYH LQ D YLUWXDEHOVHQ HVFDSDEO|
SROOXWHG DLU ZDWHU DQG VRLODQW HH MAK\D WP B RV | RRGH
VXSSOLHV DUH FRPSOHWHO\ I[UHH RI ERQRDD/PEBBQWWSRBRW
WKDW VHYHQ RI IDUPHG VDOPRQ SXQFKDAKH® DWMR QURFH U\
6DQ )UDQFLVFR &DOLIRUQLD D QGQIRIARLQDGH G2ZHWKQ ZH U
SRO\FKORULQDWHG ELSKHQ\OV 3&% \FRIWHIUHMWHOVKWKDW U
UHSRUW UHOHDVHG E\ WKH (QYLURQPHKRW B O D RRHNE QUKDMR )
IDUPHG VDOPRQ DUH OLNHO\ WKH PRQW B X %FHR QW IVKIHQ ®6N
IRRG VXSSO\ DQG FRQWDLQ WLEHYGVYXB OPRRX QR XU RKPG
WKH OHYHO LQ EHHI DQG W LR WX MUK M HDARRGW TRXQ\GR KQ
RI WKHVH 3&%V LV EHOLHYHG WR EN WHKH IURRP,FBO DBV W
3HUX &KLOH DQG 'HQPDUN IHG W RWMKKHR/UHL YD RR QV KIHO/\M K F
VDOPRQ ZDV QRW LQGLFDWHG $QR®@ E GLYRRKQNMUHGKH C
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WKHVH FODLPV DQG TXHVWLRQHG WX MKDGRE IQRIQWV\ R1 WK
VEFLHQWLILF JURXS

'HVSLWH WKHVH REMHFWLRQV D WHBRUQYGLFE HWHG\
WKDW WKHUH DUH GHILQLWH ULVNRQWRPEWRRQ RHPRWHK WK
RQH PHDO RI IDUPHG VDOPRQ HYHU\ DWZRQ B R QW KWX FIEKHB B X V |
3%V DUH WLPHV KLJKHU LQ WRRPH QR WKD® LQEDOG \
VXEVHTXHQW SUHVV UHOHDVH +H DYV & BRGD/ WIDS IFOUM H ¢
DQG ZLOG VDOPRQ DUH ZLWKLQ M KH GSBRXWD IBBWH YDUBHR
KXPDQ FRQVXPSWLRQ $QROQ

,Q D VFLHQWLILF SXEOLFDWUR®@ &RZKRNHWG W KPWHIL O G
VWRFENV RI VRFNBOFARODRIRFEKXUHMNUMPLQJI IURP WKH VHD V
VSDZQ LQ SULVWLQH ODNHV LQ $ODVNBWDWYDFW &M VEXON
:KHQ WKHVH ILVK GLH DIWHU VSDZ QLR W K3 % ¥ ®LLPH Q WORID V
WKHVH ODNHV DQG LQFUHDVH LQ FRQHARQW UMMW.RRHE\ PRUF
LQVWDQFHYV ZKHQ WKH GHQVLW)\ RTKIHHWRXQEQ RVBOBRQQV
WKLV FDVH LV EHOLHYHG WR EH KGOLW WH@W DL\QHG YAKW V HDSR DK
LQWR WKH DWPRVSKHUH DQG RFHDQV

,Q DQ H[SHULPHQWD OHVWWXG\ IRMRBRWKDW % FHOO PHGI
LPPXQLW\ ZDV VXSSUHVVHG LQ MXY MQKDE I@KMERIRN VDOPR
H[SRVXUH WR HLWKHU D SRO\F\FOLF &DA\R P DRWENMKRIOURFD U E

SURYLGHG D GHWDLOHG GRFXWHKQW SRIQ MDKHL & QE/OR F KX
H[SRVXUH WR 3&%V WKH ILQGLQ% R ILB KHKPDQHSRO XN ® B I/ R
SOXV WKH SUHVHQFH RI GHYHOR SREQKMMOLDQFK RBIG UR Q RZK
PRWKHUV DWH 3&% FRQWDPLQDWHGRRQW K QK®XEOV A IKLHRXY/WLK

LY 2UJDQLF 3ROOXWDQWYV SHVWLFLGHY +HUELFLGHV H

$TXDFXOWXUDO V\VWHPV FDQ EH DITHNWKBUBHD FXIWH D
RUJDQLF SROOXWDQWYV $FXWHHSREBXWLEBRYHBVXIOWKDUR I
VXFK DV DFFLGHQWDO VSLOODJHV IURPXBEEKBPRHNDROUSK\DW KH/
JURXQGLQJ RI VHD YHVVHOV ORWWQGERKXPWRDLOY DK WH D
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GHJUDGHG E\ FKHPLFDO DQG ELROR ZDADIUS DRFEH B RHYRMD V
DFFXPXODWH WR DQ\ ODUJH H[WHQMG DWRP DUWKU DERFHD\ H O
VWXGLHV KDYH PHDVXUHG WKH XSWDX\HVEQ B RKNPRIFBBYH
E\ IURP ILVK DQG VKRZHG WKDW WKHXEDRKHPQFROV KDG O
HIILFLHQWY DQG VKRUW KDOI OIQY R HRNWKB\R DGHLD RO K BRI
SDUDWKLRQ ZDV DGGHG WR D SRIQBK FRWKHD WZBWSDG VW KILK
SHVWLFLGH DERXW IROG FRPSDQHQ ZDWK WKEHXRARQFHQW
«GHSXUDWHG- LW WR YHU\ ORZ OHMHONREJIDNMRQWK DIWHU

ORUH GLIILFXOW WR FRQWURO LD/TRRBRQWHK BRQWR R LRID
URXWHYV Rl FKURQLF FRQWDPLQDVWDRWHD U B HDEK IXYHRRI SRC
DJULFXOWXUDO RU LQGXVWULD O IFKIHPDR W Bl G VV IRULFCP LV WHRD W)H
ZDWHUV DQG GHSRVLWLRQ IURP WKID D\M BRRFBKIRHIQ G ¥DMUY H
GLVFKDUJHG LQWR RU DUH SUHVHQW LEXW MK DA X DIW RK $1\Q
SDUWLFXODU DUH Rl FRQFHUQHV VKK®RIM QD WGICH DGWH BW L |
OLQGDQH DQG WKHLU GHJUDGDW LYRIOS EIRGKEMQD W HZE G M EDIC
SGLR[LQV 3&'"V DQG !GLIXUDQV 3&')YLHBXPFPDULHV DQG L
HQYLURQPHQWDO LPSDFWV DQG WXRDIQ® W H DDOQGKV IRIQLILFEDC
FKORULQDWHG RUJDQLF FRPSRXQGWRB ® RX\DIMHILF FRQWDP L (
HQYLURQPHQW KDYH EHHQ SURYLGHG EXMHYHUDO DXWKRU

$FFRUGLQJ WR +RZJDWH D KIDDQ&WWKHDMQDSSDUH
LQYHVWLIJDWHG LQ DTXDFXOWXUDSHESVRGWHWW LV WKH SUH
RUJDQRFKORULQHV +LJK FRQFHQWWMWKRYDH RH HK HRWHQ BRI
ILVK ITURP VRPH IUHVKZDWHU HQYLURIQRNQRVM.F)RO B DRSO
DJDLQVW FRQVXPLQJ ILVK I[URP VRIRY BBEDNXW R |RW K J4U HD W
OHYHOV Rl RUIJDQRFKORULQHV %\ IDVXDIOQR J U H\WK ZIVYWSHRW V L E
DTXDEXOWXUH FRXOG EH DIIHFWHGHWLLAFID@MDUBDVR®M UM DD}
WKH SK\VLFDO SURSHUWLHV RI W KBIKXOMRQMDPE QD BWIL/F B Q
ILVK IURP IUHVKZDWHU DTXDFXOWRIUKDWR WRVKIXRQQV D OR:

KRZHYHU PHDVXUHPHQWY DUH QHHGH®SRIRQUNFR Q@ KH POXMLRIC
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RUJDQLF FRQWDPLQDQWY LQ DT X DWIRR HFFRR/QV VGH.PNH UM QKL L
FRPSDUWPHQWY RI WKH VIVWHP DQ@& WKRBWKLIFFFXBXQY W DR
EHHQ PRGHOHG DQG DSSOLHG VXFFHNVYHXDO\ WHRHUHQ G HWL W
FLWHG E\ +RZJDWH W ZRXWOIGHEH R RIGIKOVVWRRD\BFS PN
UHSUHVHQWDWLYH DTXDFXOWXUD OZ \3 M UWNHLPWWIHED W URKHILR WIRC
K\GURFDUERQV LI SUHVHQW ZRXOBWHPESLVWULEXWHG LQ
.HQQLVK DQG 5XSSHO IRXQG UR@WBPLQDWLRQ E\ |
RFWDFKORVWWRD K\GUR PHWKDQRLQGDQH WKD
IRUPXODWLRQV RI SHVWLFLGHV D\WSEHZHIW \Z iIDIKM. QL | WK P
WLVVXHV RI IRXU VSHFLHV Rl IL@PWKY DG R@H FIQGK AR D VIW
PDULQH ZDWHUV RI 1HZ -HUVH\ 86$WLRQWRIUPDMRHUFRQWDP |
SHVWLFLGHV DQG KHUELFLGHV VHYRWBG ¥WSIULIHX & BKH HE
&DQDGD DQG RU $$)5' DQG KDYH VKRBXFOMWY H QVDRQ XNPKEHHUH |
VDPSOHV IURP $8BWUW D+ HKUMODO 2QWNHD Q@O +LOO
$V ZHOOH WLOD@HDQG 26WRMO UHSRUWHG RQ WKH HIIt
RI DJULFXOWXUDO SUDFWLFHV RQ ZDWHU TXDOLW\ LQ $OEF
$ MRLQW VWXG\ E\ $JULFXOWXUH &IHFMGDRDQG $$)5' RQ
DJULFXOWXUDO PDQDJHPHQW S U RXWLKEHIWQREO EBIW WD TXHDNOH
WKH SUHVHQFH Rl VHOHFWHG KHURLFDS HR QDML @ LV RUIDFBIQ \
UXQRIlI HIIOXHQW IURP VXEVXUIDBWHW DX @®HH DRGIDBR XX
VSULQNOHU LUULJDWLRQ $V ZNWOR ILWQDWFHDOM FRRRBG)
JURXQG ZDWHU XQGHU LUULJDWHSODVRR®WYRQX\ERHPWE KUMRI L
IHHG ORW W 10 ID@O H U
,Q D PRUH UHFHQW VWXG\ RQ WKH @HRBBIRWW DANKR-RU BED
$OEHUWD BQWMNHDOHWHUPLQHG WKDW OHYHODORI WRWDO
FROLIRUP EDFWHULD DQG WRWDO GLERNW® Y$OE N B'W DGIVQRS W |
&DQDGLDQ JXLGHOLQHV IRU ZDOHHYH @ X DFRO LWH Y H, QDDGSH WY RR
RIWHQ H[FHHGHG JXLGHOLQHV )LYHQSWWKWYPLVBXGE\ZB&BSG
H[FHHGHG JXLGHOLQHY DW OHDVW D PRIVWWW K HVILE b L JIDQ\G. RLQ
JXLGHOLQH OHVV WKDQ RI WKH WLPH
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Y ODQXUH

$ VWXG\ RQ WKH DSSOLFDWLRQ RWR B QIXDHD D\ G RIWAR HO
DQG JURXQG ZDWHU XQGHU LU WD DMIXREG LVOKDRVX WH SR WHOE
DSSOLFDWLRQ RI PDQXUH HVSHFLDOMHDW KLJK DQQXDO U
JUDPV KD \HDU VLJQLILFDQWO\ OIDHFGVHERW®RE Z R I/GIIUW \Z RW
EXLOGXS RI QXWULHQWYV LQ WK I MRUDWBQIQW KHK ®BRYHEH Q\
JURXQG ZDWHU 7KH UHSRUW DOWRR UQGLHD WH B S\8 K D WD MNL_H
SKRVSKRUXV ZLOO FRQFHQWUDWH HQQ/RRD DRWW & W IVIXW I D F
FRQWDPLQDWLRQ RI VXUIDFH ZDW HID EM SKRMS KRIUOWRW K U R
DO

YL OHWDOYV

0DQ\ PHWDOV DQG PHWDOORLGV RIHFRWQWHIQQDIRU KXPD
QXPEHU RI IRUPV DQG YDOHQF\ VWIKMHY IDQG W& H B WHIRIL I/
FRPSOH[ 7KH S+ Rl ZDWHU SODPH I ID®W JYWRIXEW O DWGGR B
ZLWK LQFUHDVLQJ S+ )UHVK ZDVOHUD TW B B)XGOWR EBIOD \D\N DVCH
LQ SRQGV DUH XVXDOO\ PDLQWDY (@H® O WSR GG VDERXBIO O\ K§
DQ DHURELF RUJDQLF ULFK VHGLPK @WWPRYGWWQBQVRXQGH
SUHFLSLWDWH LQ WKH VHGLPHQW W& RIROKEOH VXOILGH)

7KH FRQFHQWUDWLRQ RI PHWD O VXIOW K GDBOSHU KB XWWRQ
UDWKHU WKDQ LQ WKH ZDWHU UB GHKY.BR WLWKR BXHE QLHD KHBO
$OWKRXJK PHWDOV FDQ HQWHU ILVKLEODERAR BS \DER R WS KWL
IURP IHHG WKH ODWWHU LV WHKWHKRARMERLPSRWWOQ W UHR X W H
DFEFXPXODWHG LQ WLVVXHV LQ ZKLFKDWKHLW KIRD E B QD WHWY
IHHG ,Q YHUWHEUDWH VSHFLHV RN DDWKD &R @FRZMW WDMQ R Q
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PXVFOH DQG WHQG WR FRQFHQW UDWH RIQ MQ FROIWDL® D KY
OHYHOV RI KHDY\ PHWDOV EXW P H DAMXQ MAKHRYW VL Q QV HZDRIHG
IHUWLOL]JHG V\VWHPV ZLWK WKH SRWVEHOR ZHUFHIX\W DRUR &\ |
UHFRPPHQGHG OLPLWV +RZJDWH

7KH VLIJQLILFDQW H[FHSWLRQ WR WXWHWFOHJXKODWLRQ RI
YHUWHEUDWH ILVK LV PHUFXU\ LQ EWWV\RUQRQLUP QRBP RI PH
PHUFXU\ FDQ EH PHWK\ODWHG E\ ELRRERRFRILFRWOHGRPLQD
SURFHVVHV 7KLV RUJDQLF IRUP LV WDNQI® X® B \UMHVXODML F
WKH FRQFHQWUDWLRQ LQ WLVVXHWHD® HEH R KDBE& UVKRMWP DQ
ZDWHU %HFDXVH PHWKO\PHUFXU\ DFBX® X O&BW HM XSHWWKH \
FRQFHQWUDWLRQV DUH IRXQG LQ SRHGIKWMRWR \WD/X P 1B EXU\
WKH HGLEOH SRUWLRQV RI ILVKIRQ8 RQ PHWW HERMWEEKW \LV L
+RZJDWH ARUFBL :DUG DQG 1HXPDQQ GHVFULEH
VHDVRQDO YDULDWLRQV LQ FRQFHQWXVWORQM RI PHUFXU\
ODUJHPRXWHK ADNSWHUXV VDOPRLGHYV

YLL 2GRUV 211 )ODYRUV HWF

$V D SRLQW RI LQWHUHVW DQ HRWP RQODWLRKQORI WKH V\
FKRSSHG FXFXPEHUV LQ W K H3#RVNRWDLOLAVHIRI@B® D@IY B G
LW ZLWK AYURAQYDGLHQDO DQ RUJDQLF FRP SRMXWOHQNBRZQ V
IUDJUDQFH RI FXEFXPEHUV 7KH DXWHKR WK RW WKLY @ DAY S U DX
RGRU Rl FXFXPEHUV LV VKDUHG E\MPRXPERHUP RLVKHGWH LLH
ZRXOG QRW DSSHDU WR EH DQ LVMXGILRU MIREHD UDIHW\ LQ W}

211 IODYRU LQ SRQG UHDUHG FKDQRH® WRWIHWVK KDV EH
IUHTXHQW SUREOHP IRU IDUPHUV D)W HKID VXBHH @V \Y UH DHDGV B
SKHQRPHQRQ B5HVXOWV RI H[SHULPBQ®W WRR®GXFWHG E\ %
LQGLFDWHG VHYHUDO SRVVLEOH FDRVHNHEBKRW LYEW KB KIK
FRUUHODWLRQV EHWZHHQ FKORURSKDM®® b &2QGZAKHPLFEDO |
QRW VLJQLILFDQW SRQGV ZLWK WK RRRE SKW & RQFE G VE&J D\
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FRQWDLQHG WKH EHVW WDVWLQJIQMIYS7 KA DE/O B B XJQUGHMH@WD
LQ VHYHUDO SRQGV LQ ZKLFK ILVK KDG DQ H[WUHPH RII I0L

7KH DIRUHPHQWLRQHG VWXGLHV U HYHIVWHIW WL R Q F SVOF
GHWHUPLQH WKH SUHVHQFH RI SIROPXWBOQWE KR XDVKHRNQ/ $N
DQG RWKHU VLWHV WKH\ LQGLBRWBD XWKDAW V. GEGHNMB QWK HQ F
DJULFXOWXUDO XVH $ PRUH GHWDQ GRANGK H D B K@ D VALIRIDGRY W
RQ SROOXWDQWYVY LQ ZDWHU LV EH\@WG SHKUHWMLRISHWRE LWWKDLW
RI HQYLURQPHQWDO DQG H[SHULRHWR[RQ W WX'GE H M RRX® 6 RLAL
VHYHUDO RI WKH UHIHUHQFHV LQ GOWKR N QWHIFW LR HDUOH E & W
VHFWLRQ

2YHU DOO LW ZRXOG VHHP WKDW UWBHXDBWRWEY LVR X UFHV
RSHUDWLRQV DUH OLNHO\ WR EH @/IUHMW VRHIGWPKRMHF LERP G DY
ZHOOV RU VSULQJV $00 VXFK VXSSWUHRFREHED®W UV KR)SOIG
EH DQDO\]HG SULRU WR XVH IRU WKWXH @MY HDAMGRI FKHPLF|
FRQWDPLQDQWY WR GHWHUPLQ®DW ML D Q/X IL MWWDKE LOOLIVWAR\KIHRQ

)HHG

,Q KXPDQ IRRG VXSSOLHV KD]DUGN W& DRWU PDQ LEF-D OM O D
PD\ LQFOXGH VDOPRQHOORVLV P\FRWR[LEFRN LL\Q JW R W IQR/QI U
RI XQDFFHSWDEOH OHYHOV RI YHW® WLQ® UQ G X XWW DI} D JU
FKHPLFDOV 7KH OLQN EHWZHHQ %6HDG® GLWIHDY\WM +MNRE
KXPDQV LV DQRWKHU H[DPSOH RI FR{HWBRLQDWLRY IURP Ol

O\FRWR[LQV DUH VHFRQGDU\ PHWDEROLWHRISURGXFHG
IXQJL WKDW JURZ RQ DJULFXOWXWU B D USYUHRGK FRW EXHURQ B R
WUDQVSRUWDWLRQ RU VWRUD $WS HIRDIQEBGIFA MDY X PK DV
LQYDGH JUDLQ DIWHU KDUYHVW DQ® ISHRG ¥YKFRURWAV ZKH
VSS W\SLFDOO\ LQIHVW JUDLQV DWYHSWRGXFWRPR[EQV H\H I |
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$VSHUJY8B®XWDQ JURZ DQG SURGXFH WR[YBVVEMGRUH WKH F
2UULVV

O\FRWR[LQV PD\ EH FDUFLQRJH QLK UHW B[IIOD W RIX BR/Q% V
% HVWURJHQLF ]JHDUDOHQRQH DG&URDQNGGQHDUBRHERO)
RFKUDWR[LQV FLWULQLQ RRVSRWHLIAFKRWKHPRQMWMLQRWF
LPPXQRVXSSUHVVLY IRFRUDDWRRE[IQQ$U QG 7 WRILQ 7KHVH
UHJXODUO\ IRXQG LQ LQJUHGLHQW\RURU D/RIPIKXRHHGVY Q PU
PHDO FRWWRQVHHG PHDO SHDQXWW\ OBBRXMH U UBAKUWHDWD B/Q
VWDEOH DQG DUHQ-W GHVWUR\HG E\FRURFAHQMWUQ W HIBQ GQP D\
VFUHHQLQJV )RU KXPDQV WKH PDLQ WRRU® B VRH ® \FIRIMLR[V.
DQG FHUHDO UDWKHU WKDQ DQLPD® G WR GPOFRAKVIUHBD@HHU W
GHYHORSLQJ FRXQWULHV LQ ZKLFR RMKHH IVQS (RAWE HWW UDUL

([SHULPHQWDO VWXGLHV RQ MX I KD QHF\DV FROIWD LOY VKR

EHHQ UHSRDWWG® [EWRWOL DQG E\ -DQWUDURWDL DQG /RYHC

$FFRUGLQJ WR 7DFRQ DTXDFXOWRUWKHRZRYOHY D
VXSSO\ RI ILVKPHDO DQG WKH H[SHLAWODNWLHR® Z1MOW KDLW HE W |
RI WKH HQWLUH VXSSO\ 7KH XVH LRJILERPIRN K FRIDDOI WHE P \F R
EH D VXEMHFW RI FXUUHQW FRQFHWRPUQDMQ RVKHBALWRGLQJ\
SRO\FKORULQDWHG ELSKHQ\OV 3&%NQ G LDGPWIEO BR® Q
.U%PPMIW DO ORVW VXSSOLHV RI ILVKPHDOVRXWFHK LV WKI
RI 3&%V IRU IDUPHG VDOPRQ RUIXLQPOWH ID@B 'ARGDQE 3|

3ULRU WR WKH LQWURGXFWLRQ[RUSBBGHWHGYV HRID Q&
6DOPROMEBOFRXOG EH UHFRYHUHG IURP WHKHGKLJIJEW SUHVH:!
FRRNLQJ WHPSHUDWXUH XVHG LQ PRAHDQHSURBHOVHN WK}
HYHU GHWHFWHG LQ IHHG

JHHG LV DQ LGHDO YHKLFOH IRU WK B FGHKOLLYRDW VRl YD U
VXSSRUW Rl WKH LPPXQH V\VWHP RI:HWK DQG RWKHU VSHF

ODVVLH GLVFXVVHG WKH FRPPHUGRHEQVBD®G\XFW LR
IULHQGO\ IHHGV IRU DTXDSRQLF V\VWHPV
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JRRG 6DIHW\

7KH VDIHW\ Rl IRRG IRU KXPDQ FRQPW{PBWLIQRQ\LY EHFRI
LPSRUWDQW VLJQLILFDQW RQ D ZRHYG®XMEHNVQ B Y H@ G X ¥ W W\
SUREOHPV DVVRFLDWHG ZLWK WKH %RWYERWHA&S RRQ JD IRIUPJI O H
(QFHSKDORSDWK\ %6( «0DG FRZ- DWRDWVRWRXUGLING R QHIO I
ODWH RI DQ $OEHUWD ERUQ % 6L(QD | DHVAKW B GWHR® VW B MWH F
86$ DUH RQO\ WZR H[DPSOHV $QRAWKWHE DW WKOWILHYXHU BHR!
GD\ LQ FRQQHFWLRQ ZLWK KXPDQ LOQSRMXM BEHQBRGHDWKYV F
VXVSHFWHG DQLPDO RUYLFARVHIRWHIHERUQH LQ :DONHUWRQ
2QWDULR LQ $V ZHOO DPRQEIRMKHIL BIPDVIS ORIW \ SHKZ B\
FDXVH Rl VHULRXV LOOQHVV LQ -DSM@BVH VFKRRO FKLOGU
DGGLWLRQ WR LOOQHVV DVVRFLDMIGE I ISUR X RQBSH \WHRKRJ L DH
DSSOHV LH DSSOHV WKDW K DRUI DVIRO KRUNJHRPWW K R QUMAUDHRHLQ |
ZLWK OLYHVWRFN AVQX®H QVKDRNSRULDVLV FDXVHG E\ D
OLNH SDUDVLWH WKDW DSSHDUV WREHJVBEHYLUPBRWRV K GP DG
WKH 86%$ +RHAD@Q® 1LFNHOVRQ $QRQ DE 6WHUOLC
2UWHJD DQG FU\SWRVBRULGLRVVRFLDKMHG ZLWK IDOC
DSSOHV DUH IXUWKHU H[DPSOHYHRNIVKMWJI RR 2ZLRKH LRR & H/ R
LQ D VKULQNLQJ ZRUOG

,Q VSLWH RI WKH PDQ\ SRVLWLYH DROHFWYV RIXBKXDW X C
WKH QXWULWLRQDO EHQHILWV RILI@® WPHHEGP VL RK |RBRE GAD | HW\
LPSRUWDQW WR H[DPLQH WKH VXE®H AW /DR VW HRW HPW 8 H WM
FDQ DGYHUVHO\ DIIHFW WKH ILQDO SURGXFW
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I1LFNHOVRQ QRWHG WKDW WKRH YHD IRRSLWD FRQV
FRPELQDWLRQ RI VDOW DQG IUHVKZBD/VHRQIOAK L QR IWX®BIO8 6 $
P HD WD EYAQDHE O H
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Beef Pork Chicken Seafood Turkey Lamb
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7DEOH 3HU FDSLWD FRQVXPSWLHI RR @ H WV KSHR 8 OV L
JURP 1LFNHOVRQ
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+RZHYHU WKH SHUFHQWDJH RI FROQRIUWPAHG LROHWEUBHD NV
ZDV KLJKHVW LIWVHB O PRR/GV FRPSDUHG ZLWK DSSUR[LPDYV

EHHI IRU FKLFNHQ IRU WXUNUI\S PN MY MWQRW KR XJ KRV
SHU FDSLWD FRQVXPSWLRQ RI VHDWROVZDR/UPKHHIOBRHN I/t
FKLFNHEOH E @H

18

N U {
o N A O
I [ I

Confirmed outbreaks (%)
o

o N b O

Seafood Beef Chicken Turkey Pork Lamb
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7TDEOH SHUFHQWDJH RI FRQILURIE RXWEUHL
GLVHDVH IURP PHDW SRXOWU\ DQG VHDIRRG )

*DUUHWWO H[DPLQHG SXEOLF DQLPDO DQG HQYLURQTF
LPSOLFDWLRQV RI DTXDFXOWXUH RISRQHEW TXOISRODBH LV
WKH SRLQW WKDW DOWKRXJK PRVAR YWPPBRGRY LDV H VRYRK
HQWLUHO\ ZLWKRXW ULVN )RU H{ DLRCSIODQHH \RY HW KBH S RDMR R G
&HQWHUV IRU 'LVHDVH &RQWURO D@6$3 PRYMHOWHERQ &'RI LC
WKH RXWEUHDNV DQG RI WKH L QGW MIGGXIDVDK FIPLVIEK\D & IR PLHQ
IURP D IHZ UHHI VSHFLHV DQG VFRARBURWRPRLOVRP WXQD
6FRPEULGHOIXHIRAD WRWPXV DQG WKH FRQVXPSWLRQ RI PDL
PROOXVNV HWF +RZHYHU QRQH RI WEBHAMMWRXWEUHDNV ZL
DTXDEXOWXUDODFORGHBW V

*DUUHWWO QRWHG WKDW LQ PDQ\ GHIMHDRSLQJ FRXQV
FRPPRQ SUDFWLFH WR FUHDWH QXPHSRRDFKPWR&DWLVKXQSR Q
KDYH D JUHDWHU DGYHUVH HIITHFWXR® RX®DWQLRHO B VOO WIKD
SRQG 6PDOO SRQGV LQFUHDVH WE&HQRIYRIUSRQGH/J DRI D W H
SURGXFH KLJKHU GHQVLWLHV RI ARV TXQWRUPBHIGY.DMW B GV B |
LQ WKH OLIH F\FOH RI IOXNHV ZKHAQERGWREE DFP® LQFUFH
SUHYDOHQFH RI KXPDQ GLVHDVHV VXRKQ DWVILN\ODULDVLV DQ
UHVSHFWLYHO\

7KH LPSURSHU RU LOOHJDO XVH RILBKWRLFP@W WRF K D\
SHVWV VXFK DV VQDLOV LQ SRQGV LQUMRRB VS DQWWD RO WER/HV
KXPDQ KHDOWMW*DOUHWRZINIDWH

$ QXPEHU RI UHYLHZV UHODWHG WXF WWHFYVHG/ERI ILV
+RZJDWH UHODWH WR SURGXPE/GV BQ G YIHWHV KIEDIYIRA W K
ZHLJKWHG WRZDUG WKH KD]DUGV RI| QLWKHKQRORG XFHVYORR
PRUH DGYDQFHG FRXQWULHV O0ORVWGNQDRIEP R QY LLROF LRAH /W M

! Poisoning by scombrotic fish is caused by the ssive production of histamine in the muscle, arttiés
result of the breakdown of amino acids by a rarfggacterial species (Inglist al, 1993).
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RI IRRG SRLVRQLQJ LV GHULYHG | @QRWPUDKWYV MW KRYB WV LRYO \
OLWHUDWXUH UHODWHG WR IRBGFIRWL FRQLVXP HER PQI LGHNHA |
FRXQWULHY ZKLFK DUH ORFDWHG PDLQO\ LQ WURSLFDO FC

5HYLHZV RI EDFWHULRORJLFDO KD]DQ &4 IDWIRKE H DWKHG
IRRG SRLVRQLQJ RUJDQLVPV LQWRKDIWZRD BB LLQ GURKGR X WWK F
DTXDWLF HQYLURQPHQW IURP ZKLHG | LIVEGY WK G 8 H. WKK D W HD K
SUHVHQW RQ WKH ILVK VKHOOILRK RY W KHH ¥ B ®/\W LR E F R § MIDG
DQLPDO IHFHV $ WKLUG JURXS LV MRPRWSPHWHEBRRNLGHUH
EDFWHULD LQWURGXFHG WR WKH SWREH\FWL GX ULRZII RIVGIG O |

%DFWHULDO 'LVHDVHV WKDWXPD\QVIITHFW )LVK DQ

/ILNH RWKHU DQLPDOV UDLVHG IREXIREBU HL B K XDSROHEG
IDFLOLWLHY KDYH WKH SRWHQWLDRO WIRUPI® DEHPMWHE EO D S)
DQG P\FRWLF IXQJDO DJHQWV DQG BHD\ONVRWALE\LRMW ERQWDP L
P\FRWR[LQV WR[LQV SURGXFHG E\ PROGYV SHVWLFLGHV H

6HYHUDO IRRG ERUQH SDWERBW®WLSD YDV KWHW
GLQRIODJHOODWHY DQG WR[LQV BHALBIVVRBWUBWMHG ZLWK D
%HFDXVH DTXDSRQLFV LV RQH FRPSRQ QWD QWK LEH) RDGG
IRRG VDIHW\ LV DOZD\V SDUDPRXQW \WKHRRNFIWH WIRIPGI H[DF
GLVHDVHV WKDW ILVK DQG KXPDQV PDEWKIDQURUQHIRPPRQ \

JQIHFWLRXV GLVHDVH GRHV QRW KIDISSHQ LIMHDVROMDRV LR
EHJLQ WKH FODVVLFDO FRQILJXWBW LKWQKWIDIV® 8 WMEWH U D F W
HQYLURPXN@WFRPH LQWR SOD\ 7KLV L GRIDSRXWRY MWW WK D
H[SRVXUH RU ODFN RI WR WKHYVHFBSWREY MLMW\QRMVWKHGK\R
WKDW GHWHUPLQH ZKHWKHU WKHWH VBKEHF LIQ W H. Q SIDW IRR QA

2|t is interesting that the author found a largglet! unidentified parasite on the surface of samgorted
frozen red snappeL(tjanussp.?) purchased at Save On Foods, Lethbridge)
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KRVW WKH LQIHFWLRXV DJHQW DIQRR) W K HWQIYLQRQ P HE WD Q
ILQDO RXWFRPH Rl WKHVH ELRORJLFBOIGIRRFRXQWHUV +HG!

7RSLFDOO\ VNLQ DFTXLUHG JRRQRWLBG GURRDVHV GLV
DQLPDOV WR KXPDQV LQFOXGLQJ WKRVYH ¥BK\WDWG E\ EDFWF
SHURPRQDV (GZDUGVLHOOD (UIVLSHGIBWREFRFROXKR EDEDH
DQGLEWISS KDYH DOVR EHHQ GLVFXVVHG E\ SIDRIDSHH U E F
LQIHFWLRQV XVXDOO\ RFFXU DV WKS$L QH V XROIW LR/IK LROW YWKLUHRY.
FRQWDPLQDWLRQ RI RSHQ ZRXQ G VKD %D \lKRXUR PR QW WXUPD
LPPXQLW\ WR ZRXQGV LQIHFWHG E\LRBV LIQH HEFDWF MRHIUOM. D URIR |
RIWHQ DVVRFLDWHG ZLWK LPPXQH FBPSURPWXHE ZREBQBGLG
DQG KLJKO\ YLUXOHQW VWUDLQV RI EDFWHULD +DUSHU

7KH DVVRFLDWLRQ EHWZHHQ GLVHRD\WI IFR QWKFIMQ G WK
KXPDQV LV GUDPDWLFDOO\ H[HPSOWIXHIBUG R WRR/Q Y \FD\XY H &R
OIFREDFWHULXP BPOW [DIDXWR E\ &UD\ILVK +DQGOHUV- GLVHDYV
SULPDULOI\WESHORYEK ENSA EDFWHULD DQG £QLWOANEWLRQ
VSS QHPDWRGHV $QRQ D $0GHUPD'Q DRIGL F DDKRMORIW
RI KXPDQ LQIHFWLRQWFDXMMBKEWDQN JUDQXORPD VZLPPL
JUDQXORPD PD\ EWWHHQVDW\ GHUPDWRORJ\ XLRZD HGX 00
+X DQG .REHUJHU UH SR UWHEU WK F KRR BIMPRQ R |
LQWHVWLQDO SDWKRJHQ IURP $RAHULFD@R@XAMOHDVHG
URVWUDORIDWKH HVWXDU\ Rl WKH 6 X ZB@EQ WH RIQ D & W HQH JOHRU
RI WKH RFFXUUHQFH RI WKLV SDRVXRIGH \LHHR WHK\H D WIG DQ W\
WKH UHSRUW E\ +X DQG .REHUJHU

+XPDQ LQIHFWLRQV FDXVHA EW MKHD BDFONIEFQWRRT H QO H V

D E D ZKLFK LV RIWHQ DYQBRRVDWRG RLWK WKH

PD\RQQDLVH EDVHG VHDIRRG DQG RWKNHDIRRG VDOQ®GV DQ
WKRVH FDY\VH®ENSSOFRMUH RI LPSRUWDQFH DQG FRQF|
3HQQHU

, JOQRUDQFH Rl WKH PLFURELDO SXRMQH RQ DOXVRFBOWK'
KXPDQ KHDOWK DQG KDV OHG WR \RKH D/OUD® VWFEMWMEWQ IRR P
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WLODSLD WR KXPDHQWDOMHLQY¥WEHQO D FKDQJH LQ PDUNHWL
VWUDWHJLHY WR VHOO OLYH ILVK LLFRH \SFODFONY FIRMWY D H® K O W H
KXPDQ LQIHFWILEFQASRLWEBFWHULD RULJLQDWLGUWMY WLODSL
DO
7KH DEXVH DQG PLVXVH RI UDZ FKILLF NRID FRO@MXW R DV |

UHVXOW LQ WKH WRORRPKBOLRR WKH FXOWXUHG SURGXFW
WR KXPDQV AIVWUIHWWHYHUDO VSHFLHV RI DTXDWLF DQLPD
VQDLOV FODPV R\WWHUV QHZWV DWRUY FURWRGK OW X LD/QC
ILVK KDYH EHHQ NGR2BRPRSBODVNMYHUDO UHIHUHQFHYV FLW
BRFWM DO G6RXAMMWO IRXQG HQWHULF LQWHVWLQDO ED
VWXG\ Rl FRP PRI (FIDQSV AYQGS ZA LW H MXFR AR P D
FRPPHUVIRIRIPP ILYH ORFDWLRQV IRXU LEHEQVSNUAHRODQG RQF
WKHVH DXW K RENOPRAMOIMDHGLHIFGEVSH ORQWHYLGHR IURP W
LQWHVWLQHV RI ILVK QHWWHG LRQWKHDBW /P UKNQF RIWILLE G

WKH ,QWHUQDWLRQDO -RLQW IRKRPRV WK |U¥IS DUMBDGE
VDPSOHG GLG QRW PHHW ZDWHU TROWHWYW \OREMHFWLYHV LQ

%HFDXVH RI WKH IRUHJRLQJ ILQGLQRW VHRS HFWUDB®WW K
HW DO VRPH FRQFHUQV DERXW IRRGWH RIWNXDHODLWHG W R
DTXDSRQLF VIVWHPV DV SURSRVHG EDAXWWDWKH »VHIRIL
WKHVH ELUGV LQ DQ DTXDSRQLFV VIWWBPR +REHXKBVYV QRRVG
UHSRUWHG DQ\ GLVHDVH SUREOHP LQL® KMKHVDEWHEOFHLRYH
TXDOLW\ FRQWURO PHDVXUHV WKW \&RWHQ W HDRR QRVUL G K W M Dv
H[LVW LQ WKLV V\VWHP

$Q H[SHULPHQWDO VAWX ®OE\GHRFAHNLQHG WKDW VLOYH
+ISRSKWKDOPLFKWRIXOTROHWDLLD D VWUHSWRP\FLQ DQWL
VWUDEQOPIRQHOOD WMIGKWRMUUVDXARQWHVWLQHY +RZHYHU RW
RUJDQV VXFK DV NLGQH\ ZHUH QRW RUJPWHGP |, WRD DM HR Q
LOQWHVWLQH RFFXUUHG IRU GD\VFMO/HQ RAPSFOVH @DIWHKI Z H
7KHVH ILQGLQJV DQG MW RMH RUGRXFDMH WKH SRWHQWLDO
FRQWDPLQDWLRQ RI DTXDWLF HQYL QRRIPDOPWMNIBOE WKH W
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DQG RWKHU HQWHULF SDWKRJHQV RILKXPID® W KHR \FDWPKIH U V S
HQYLURQPHQW DQG E\ HHWHQVLRQ WRKXPDQV \FRHAHPL Q.
RIEDOPROHIDAMIHFW KXPDQV +RZHYHU RWXHU ELRORJLFC
PLWLIJDWH WKH SRVVLELOLW\ RI VXFK WUDQVPLVVLRQ ODF
. JQRUDQFH Rl WKH KD]DUGV DV QRALDIWHIEGZ DY KPW R HR

KXPDQ ZDVWH LQ SRQGV KDV KXJH DPS\KLF DR FOQ W& WKDHPD
WKRVH HQJDJHG LQ IRRG SURGXFWLRYKKDYHZ BXOWXDWE W 8
SRQGYV DQG KDYH JURZQ VHFRQGDU\ Y HU HVQIEE @ HGLPRISMVL Q
PDWHULDO LQ LQWHJUDWHG D THD FXIOMVHU BRQRES. ALIRVY VR QWK
SRWHQWLDO IRU WKH WUDQVPLVVQORQWRH K XBHE LSDMWHRIR LR/
VHOGRP FRQVLGHUM®O*DUUHWW

S5LFHW DO FRQGXFWHG D FRQWUROOHG WXWXG\ LQ 0DOTL
VSHELHV RI ILVK VEONWHUL AL IVEHD @B QREKDUIQIRGRQ
LGHD DR G FREPRAL CX V@ FDSISR DQ @DAKURLPSD FKLXP
URVHQEBRHUBH. UHDUHG LQ SRQGV WKDW UBIWHDYHEUVZLQH P|
7KHVH ZRUNHUV VKRZHG WKDW D O WKIRSQBQWEK HF KRUIPY SD U
VSS ZHUH SUHVHQW LQ WKH PDQXZBWUHRPDKQRI V HDQ BHIQQVS/F
KXPDQ SDUDVLWHY ZHUH QRW IRX @G EQRW X HHGL IIMAKWR Y H W
VKULPS 3RQGV HQULFKHG ZLWK VZLUQMHHBDRXWH JHQHUDOGC
SDWKRJHQLF EDFWHULD DV ZHOO DV H® Z#H WKR RFD@WEIRFON $IR)

'LIIHUHQW VSHFLHV R BREW AR @DAXGFOXTQAMD\]
ERUIQHEDFWSHJLIX®G VHYHUDO VSHFLHV RI (QWWHHREDFWHU
LQ UHODWLYHO\ ORZ QXPEHUV IURPVWIKBH/FDQMKYHR | TIKWKY BiL
DXWKRUV FRQFOXGHG WKDW VLQFH OHRZLQ XPEG KK RD G D WK F
SDUDVLWHYV ZHUH VHHQ LQ RQ WKH\HLFOHEWIRDVKULPS S
SURFHVVRUV RU FRQVXPHUV ZRX0OG EH GIG BIHRG HEW \SLLORIS H |
,Q DTXDFXOWXUH GHVSLWH WHKWH BIRS\DHQKNRLIBI@ L R LE BVAW HW U L
ILVK WR KXPDQV WKHUH DUH VHMHRUDDQY DNUX B D O HEVLWWLIHQ
IDFWRUV DPRQJ EDFWHULDO VSHFLH¥ BRBWHWKH R RAKDOM H.QF
KXPDQV 7KHVH EDUULHUV LQFOX®HK DAQHRS\HRUD W K UFHU R.BMLLDQC
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DQG LPSRUWDQW SK\VLRORJLFDOVD QE&DHYR ®X V8 KRWDLCAD\OG L | |
IDEFWRUV PD\ DOVR GHFUHDVH WKHISWHRAEDBLDQ®H RI WKH W
/JLNHO\ WKH PRVW REYLRXV QDWXBBBUDDNWYXUMU LV WKD
)DUPHG DTXDWLF VSHFLHV DUH DEQ CBHR ENRICO RMHFHBHRULIFW X U\A
LV GHSHQGHQW RQ HQYLURQPHQWBE UPNP EHRIED WYHPHS HUD \8 |
LV JHQHUDOO\ WRR ORZ WR EH FRRVLIGHDMA RS R L PIRY/ WR U
LQWHVWLQDO EDFWHULD OLNHO\ WVRRRGQER BWHK 8 B V&R J HORW \
SUHIHU WKH FRPSDUDWLYHO\ ZDUPUWWP SBEOMVDXODHY RI KRP
+RZHYHU WKH UHDULQJ RI D VSHFOPRZ/ XEK WYXHVEORGS LDHES
RI DQ LQWURGXFHG KXPDQ SDWKRJBW X ¥ HE FUHW X IHU BIBU IFR W
RSWLPDO JURZWK RI WKLV VSHFLB®\[RS §XRW DK QWK RRAM W/HKHD
JURZWK Rl EDEFWHULDO SDWKRJHQV 5DNRF\ DQG OF*LQW\

D6WUHSWRVFRF FXV

BWUHSWRFRFFDO VHSWLFHPLD L@EDFWHRWLDQ® RXKOHW L
EORRGVWUHDP KDV RFFXUUHG VSRUWELADIONOA PR @YV HSL
FXOWXUHG IUHVKZDWHU DQG VDOMIH ZWHOJ L V)R UQH PIDRB 03D
XVXGW DO GHVFULEHG WK H6 UALR-CSDIMRVARFIRRAE D Q
HSL]JRRWLF LQ FXOWXUHG HHOV +FZHYHRRWWKARPPROOWRF
LOQYRO M/ HS WRFRFFXW LQMIDH QO\ D GLVHDVH RI WLODSLD
EDVYRURQH VDJDWIKALVREWRIIUHIHD® DQG UDLQERZ
WURXW 7KH NQRZQ F\SULQLG VSHGFH HR QKDY VIKLLIY BUI DRNGH
EOXH PLQOREXOXV JUIHIOBWIKYPHQWDO 6RPH BWSBFIDHV WKDV
WR EH DIIHFWHG E\ WKLV DJHQW LQW®XEH,|/PRRRE®IFDUS E
FISULQHORX®ILVK DQG FHUWDLQ YBHRIMKHRRERQDSLD HJ
PRVVDPELFXV 7L0DSLRQMSIDNDOOPDGHRZHYHU -RKQVRQ
QRWHG6 WK@MIHD VHULRXV SUREOHP LQ VRPHORSHEDDWLRQV
QLORWDF® HTXDOO\ LPSRUWDQWO\ DWH BQ KKXPDQWPSRUWI
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%HFDXVH RI WKHVH IDFWV & QLIQEWHRQOPDBDIVXNYGG W\LODSLD |
EH GLVFXVVHG LQ VRPH GHWDLO DV IROORZV

7LODWE® DUH FRPPRQ IRRG ILVK UHDDUSR®QLE DTXDFXOV
VHWWLQJV ,W VHHPV WKDW RQH RLWH E KLRAKWS VR G IXFEX\ \G |
PD\ EH IDFHG LQ WKH UHDULQJ R [\VQLDES KB PLROMNYLHFFW LR Q
EDFWHULDO VSHFLHV WKDW ZDV IEDXWHURHSRIRWHGOLQO GLB
LQ $PD]RQ IUHVKZDWHW GRESKIERWHEZ LQ DTXDULD LQ WKH
7KH ILUVW VWUHSWRFRFFDO LQIHFWDRRQERY WURXWDVLQHSB
DQG LQ WLODSLD LQ 2 X W E WOHDBNL\D ZIHW K LWHGS RWHCH/GH @ D!
IURP -DSDQ LQ 7DLZDQ LQ QG, WKHH®6$® QG 6MXGL
$UDELD LQ 7KH VSHFLH VVAILQARIMQDRAA Q EXW
IROORZLQJ WD[RQRPLF YDOLGHWLRADNKQHWDWBHGBPRFD XVt
ZDV SXEOLVKIAG VEKHIRAM JH 'RUOGZLGH VWUHSWRFRF
LQIHFWLRQV KDYH EHHQ UHSRUW HIG/ KURPKBIERRKWWN VWSH R XN
DIIHFWHG VSHFLHV L@HUARDAHDQA RZTW BQD & NBED
WLODWWDLSHEG EDYMYVDOLBERZ WU R X0W ASKGV WX LR W
PD[LPXVTKH FRXQWULHV LQ ZKLFK ILVKGRVHDPRYWQBIOMNBWH
-DSDQ ,VUDHO WKH 86% 6RXWK $IQLEMREXVWWUDOLD DQG 6

QIHFWIR Q@ BAQHKXPDQV ZDV ILUVW UHFRUGHG LQ 7H[D)\
*HRUJH DQG LQ 2WWDZD DYWBURRAQ ,Q WHKLH
LQLWLDO UHSRU®W LWRPY QWRODRHG IURP IRXU LQGLYLGXD
KLVWRU\ RI SUHSDULQJ IUHVK ZX RIOHK STOUIFACDOAM 6 UD D QUd
7KUHH Rl WKHVH LQGLYLGXDOV KLDUG KD & GWWERUJ LRI LEUWHID, U
RI WKHVH ILVK :KLOH VKH ZDVQS3LHS BX DI SXIQFMSWDH &R G H |
ZLWK D ERQH WKH VHFRQG KDG ODFHUBNWHG KV BHNON LI \R K |
KDG MXVW EHHQ XVHG WR FXW D &ZPOHDD | D QKX @IQGEH Q WMK L
SXQFWXUHG KHU ILQJHU ZLWK WKHHH ZOR/UVPIOIL@I R |1 DKW LSHLE
IURP LQMXU\ WR WKH RQVHW RI VI\RBWWRWP YV $M QUK WLRP R |
KRVSLWDOL]DWLRQ WKHVH SDWLHQWOMMRBBWHRBURD @/& H H C
FRQQHFWLYH WLVVXHV EHQHDWK WIKHFWNRQ DERWHK WEKBHDR
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RI LQMXU\ %ORRG FXOWXUHV | SRF D/DKY WERBIAH SDWLHQW\
7UHDWPHQW ZLWK EHWD ODFWDP SXQWRNSRWLBDW SHAR F LIROC
FOLQGDP\FLQ UHVXOWHG LQ FRPSOHWH UHVROXWLRQ RI W|
7KH IRXUWK SDWLHQW D PDOH KIDG/IDQZHIN-Q/ LKL \DWR U
NQHH LQWHUPLWWHQW VZHDWLQ@QQGHFRIQIXFLRQFX®ER EWH C
GD\V EHIRUH KH ZDV DGPLWWHG WR IPRMWSLWKDW L G BISKDG ESXM
WKHUH ZDV QR LQGLFDWLRQ W KWW KB WK BVG R M 6DRR & LPX/®
IURP WKLY SDWLHQW6ZHQHASHR Y DW LD IR VHG ZLWK YDOY X
HQGRFDUGLWLY LQIHFWLRQ RI WHKMWLKHIDUGN Y@MEXYHY DQG P
7UHDWPHQW ZLWK EHWD ODFWDP DHWXIOR R @&/ LLFV UHF®R HHIW W |
IDWHU VXUIDFH FXOWXUHV IURFRHBXURBHMKOWEDBSLO VR @
E\ KHDOWK DXWKRULWLBRP\WHIOGHGILVK KRZHYHU WKH VWL
LOLDWRODWHG ZHUH GLIITHUHQW IXRWPEWHEBNH LQYROYHG LQ
7KH VRXUFH RI IUHVK ZKROH W L OVXS LIDUWR OLG LMPK2Q W D U
863 $V D UHVXOW VDPSOHV RI GRYHB GXDFWQVDWHGS DL ¥ K
WR EH FROOHFWHG 60 Q@ [F¥@®GDWWIHGQ R KXPDQ FDVHV RI WK
KDYH EHHQ LGHQWLILHG ERWK LY BWAaD G D QDB GX WW K HIR L WR
KDYH EHHQ PDGH IURP VHYHUDO VSHFLHV RI ILVK &037
6WUHSWRFRERXIYQWR MMHRZQ WR FDXVH GLVHDVH LQ WL
RUJDQLVP LV WUDQVPLWWHG KR UAJRIWIRMDR QI UJRIPW K YKV W R|
RI WKH ILVK RU LW FDQ FDXVH LQYDML PR GWDODWH HMWKRW P
$IIHFWHG ILVK PD\ VZLP HUUDWQERO ®RWQ & @G DWS W/X\HD
VXUIDFH Rl WKH ZDWHU DV D UHDX0 W RH P @D JEH G\D U N [HA
RI WKH DIIHFWHG ILVK GRUVDO BHXOUGQWWH\WXROOHQ DEGRF
HIRSKWKDOPRY FRUQHDO RSDFLIHOODXSW KXH P RRJIUWM R B HH RH
WKH ORZHU MDZ DEGRPHQ RSHUFKGD D@DWHL@® OWK\H EOR
IOXLG DVFLWHV PD\ EH IRXQG LQWKKE EBRGH FDLYLHA\ DGR Q
HQODUJHG VSOHHQ DIIHFWHG ILVK Q8 HH VZ L R/G IUQENIHYIDU D O (
*HRUJH ,Q WLODSLD PWDLJE}X REVLHQQMF VRILRW KH GLV
PD\ FDXVH ORVVHV RI LQ DIIHEFWHG ILVK
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E(GZDUG WS OD

7ZR PHPEHUV(REZMKAHN P OWRXS RI EDFWHULDO RUJDQ
ILVKGZDUG VL HCORURBAUGD PIJYXHGO LPRG WL IHUD
3DUDFROREDFWUXP DQURLIDOL PRI VUFBDORHNH EDFWHULD
SURGXFH WZR GLIIHUHQW GLVHDVHYV

(GZDUGVLHTOXVHNUGHSWLFHPLD LQYDVLRQ DQG PXOV
EDFWHULD LQ WKH EORRG VW U HLIFX OL3QU DD W P ZIDMCHW D RQ\EK F 3D
,FWDOXULV EX@WFUAD WOVR NQRZQ WR FDXWFHHGWHHDQB LQ W
&RQUR\ 7KLV RUJDQLVP LV ZLZBH®WL B IDQLPHLAM VEHR® G ¢
ZDWHU DQG PXG RFFXUUHQFHV W KDNW SVUR YIHG HQUHPW \FR ©S)
ILVK ,QIHFWHG ILVK SURFBVXPSWRRQKXBB® VRXUFH RI W}
RUJDQLVP ZKLFK FDQ FDXVH JDVWURHQWHULWLY LQ KXPDC

(GZDUGVLHOBDXNANDD XHAISWLFHPLD LQ FDWILVK DQG L
FRQWDJLRXV GLVHDVH ZLWK VHULRXWHIUHFRMMVFRY IWKK FRP
ORVVHV IURP LQ WKH VRXIW IOHU QRSB ,QJOLV

(GZDUGWS OODSWLFHPLD LV D PLOG WR VHYHUH V\VWH
ZDUPZDWHU ILVK LQ WKH 86% DQG BAVUBPQL, WVLB CADRX FB O EN G
ILVK JDQJUHQH HPSK\VHPDWRXV SXWWH DFW 5WIG GLWHHDWHH
RI HHOV &DWILVK DQG HHOV SIZRWDEOD -BENRP YRV H OV
UHSRUWHG IURBGPHUOEFED QRAIVIXKURIFBFQJXHODD @QJIXLOOD
DQG FDWILVK DUH WKH PRVW FRPPRYQHU LY KHIF RVUHID @ BV L H
KDV EHHQ LVRODWHG IURP D YDULH@\ RR OMMKKANLRIVILVK
DXUDWRPPRQ DQG JUDVV AWFS MRU®DSLD

,Q WKH (86 8DMB®» EHHQ LVRODWHG IURP RI ZDWHU VE
FDWILVK RI PXG VDPSOHV IURP SBQGVRAROBULQJ FDWILV
WXUWOHYV DQG FUD\ILVK IURP SRQ/RX BRI W D MXKLYJ RADMIQ VK
OLNHO\ LQWHVWLQDO FRQWHQW YV HRH G\D U\ HB @@ IDPD OV &D
DPSKLELDQV DQG UHSWLOHV D UHS$OMNKRNJKRKY ¥ HYRRIP HDI
VWUHVVRUV GRQ W DSSHDU WR ERFFKVVKDRJKLW®E A B H UDQWE E\M
SRRU ZDWHD QX FOUIRBBHQILNHO\ FRQWULEXWLQJ IDFWRUYV
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E\( WDOGH QRW FRQILQHG WR ILVK EXWDDOH JDOWRRU M XHD
OLRQV ELUGV FDWWOH VZHIQHWDOQGRKPOPDQV ,QJOLV
(GZDUGWK/BEAGDDQ LPSRUWDQW JRRQRWLF GLVHDVH RI
LV D VHULRXV FDXVH Rl LQWHVWEKQUY ® GV RHDHHQ L PSIOXLFD@
PHQLQJLWLY OLYHU DEVFHVVHV DQGRIFNQ&BRIAHWFWLWREGVV
RUJDQLVP FDXVHV JDVWURHQWHUL®WL\SORQW VL DK H LRIGHNDV
FRQWDPLQDWHG ZLWK WKLV RUJDQQVPEWWEW R DD @ SWRIVGH\
1RJD ,Q DQ HDUOLHU VWXWKDWDMG\ DQG QMG EW® B QO
FDWILVK ZWMWXKBDLFWBENBPRQDV K| OWEBSHKGRPRQODV
JIOXRUHVFH®IZKHQ WKH LOMHFWHG ILVKH\LHGURU ZR]BK PR U
DW R& 7KHVH ZRUNHUY IRREOBXOIGDEM UHFRYHUHG RQ FXOW
GD\Y LFWDROXULGH\KXIGURSKULODGD\\B DQGCRUHRBHQV
GD\V LQ WKHVH IURJHQ ILVK

F$HURPRQDSY

$HURPRQ®Y EDFWHULD RFFXU ZLGHO\ LQRUHVK ZDWHU
H[DPSOH +HQHPO\ IRXQG WKDW WKH PRVW FRPRRQ EDFWH
RI \RXQJ VLOYHU FDUS IHG DOWH WOJDW HRXRF HP\D @ XK URRGL DI
$ KIGURSEROB VSHEHHWNR RRDPVHW SDWKRJIHQLF IRU ILVK DQG
RFFDVLRQDOO\ WR KXPDQV
$FFRUGLQJ WR 1RJD PRWLOHWDHURPRQDG LQI
OLNHO\ WKH PRVW FRPPRQ EDFWHULD® G LRMVHDKLH KR IDIWHH V K Z
SUREDEO\ VXVFHSWLEOH ORWLOH EWDRRRQKR GDWHQ [EXWR
WKH\ GHFUHDVH LQ SUHYDOHQFH ZLWK LQFUHDVLQJ VDOLQ
%\ IDU WKH PRVW LPSRUWDQW EDBFWRPRD® IBDWKRIHQ |
KIGURSNAQRQ\WVOLTXHIDFLHQV $ 7TKRNPILERYS Rl RUIJDQLVP
RIWHQ GHVFUI$E KKGGRAR BRBSOH[ ORWLOH DHURPRQDGV DUH
RQ WKH PXFRVDO VXUIDFHV DQG L@WRHBROALRKIDING RD RO L
RIWHQ VHFRQGDU\ LQYDGHUV LQ LQIEKFSV LRI, RRE K LIGD W K R
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. XPDU DQG 'H\ UHSRUWHG RQ VBSRXI(PFMPSOLEDRW DR QRRY
EDFWHULD LQ WKH EOR R \KWEURFPR NDIOWHE EDUS

'DYLV DQG +D\DVDND IRXQG VWOHDAROWKMNRIWKH LU
FXOWXUH JODVV HHOV DQG HO$Y@HAX\V. RO AV KR BIRH D WED Q HHO
DIIHFWHG E\ RQO\ D VPDOO QXPEHQ®RGEDHWWHN.DO SDWKRJ
SHURPRQDV KIDURBKQWHG IRU $HURPIRIKBYLVRODWHG IURP
WKHVH HHOV ,Q WKH QH[WSHHRREDPHIP ZAWKVMRRQG\WR EH
DVVRFLDWHG ZLWK GLVHDVH LQ WKHVH HHOV

$HURPRQDV VDPPROHY¥/IGIDWDO RXWEUHDN RI GLVHDV}
IXUXQFXORVLV LQ VDOPRQLGV «)XUXQFR®BVKXPOY D WHU
FRQGLWLRQ +RZHYHU WKH FKDQJHE ¥M MK LL\) RDDEPIRQILREY
QRW UHVHPEOH WKH SXV ILOOH&PWDZHO D LIGIFWRG B\K FHODNIMY
IXUXQFXORVLY 'HVSLWH WKHVH GLHIHULWVQWH E H ADXHV 6 HWY L
WRR ZHOO HVWDEOLVKHG LQ VFIHQWQAMIA ®PQWHUDWXUH WR
&LSULDQR DQG %XOORFN YWXKULW KIHHQ K @ | RD @ (EMLIRX R®@
&LSULDPPO DQG &L W DQRD

$V D SRLQW RI LQWHUHVW LW QWVHE WH IRX@V WR XEWHBZD\U F
SHURPRQY®Y LQ KKPYEBVEHHQ NQRZQ VLQFH WKH HDUO\ Vv
DQG 'XSRQW 7KH PRVW FRP MY ARPRQIFNVWDWLRQ R
LQIHFWLRQV LQ KXPDQV LV EDFWH ULHP EDR U RXCHD SWLIQ\ HLQF W/ IR
EORRGVWUHDP $V ZHOO ZRXQG EQRRPLIOQROPRUG KXPDQV
FRPPRQO\ UHSRUWHG LQ WKH VFRWGWDIQEFR QL WH U W X QHH F
LQ KXPDQV LV UHODWHG WR WKH FOFWHUKBRWV\EK IG\HED Q LKADD
UHVXOWY VXFK DV WKH DPSXWDWLRQ RI AFREMGH QJOLPEV
ZRXQG LQIHFWLR@WH ZORX®IG QRWLYHU RU SRQG ZDWHU

G(UIVLSHORWKUL] UKXVLRSDWKLDH

$OWKRXJIK WKLY EDFWHULDO RUUD/XLMVPNVLKDYREHBQS D W I
LVRODWHG IURP D QXPEHU RI GLUWYK WQWKIDVPHREGV $BIFLEYV
*DGLGDH DQG KHUULQJ )DPLO\ &QOAHBULIHYGDHR U DR J SWURRG
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WLPH LQ WKH PXFRXV OD\HU RI IKXRDRY GNKW RNXUIKQWRILQ WH
LOMXULHYV IURP VFDOHV WHHWK BRHHRUID YISLB)HDQ KD KX
WKUHH GLIITHUHQW W\SHV RI OHVKBWW YV )LQRW® D\ WI EDIKQ UH
D ORFDOL]J]HG UHG SXUSOH OHVLAHF RQGWK HLKD RBGQRRD M\H HD
PRUH GLIIXVH VNLQ OHVLRQ $0WK BXVHKSWDLLFHH PW B HV & D WWF |
OHDG WR HQGRFDUGLWLYV LQIHKWLRYDRUWRID & HRD WK M DKGIY
ORUWDOLW\ UDWHV IRU HQGRFDUGIKWNVW RDLY E HR | L Q IHEFRWLR
WKLV RUJDQLVP DUH ILVK SURGXFHUDUKHQ@GOHEBY DQG ILVE

H 9L E ISRS

9LEULRVLV LV D FRPPRQ GLVHDVH IL\X | IDHV/K FDWHU DQC
FDXVH ORFDOL]JHG XOFHUV Rl WKH VNWEHLQNESHEBRFHQ B
GLVWHQWLRQ DQHPLD VXEGHUPDROXFB®HMDWL RQHWSOXV OF
BHYHUDO GIULIFBWIBQWDXVH GLVHDVH LQ PDULQHDILWK EXW C
KXPDQ SDWKRJHQV 7KH NQRZQ ]RRQRRKAOFMPKRIHQV LQF
GDPVHOD 9 YNXOQ®LSILAXVKDHPRXMILEGLVHDVH DVVRFLDWH
ZLWKEWISS LV PRVW RIWHQ DVVRFLDW HRBUZILRVGKU RIKHHUIOQ J H V
FRRNHG ILVK DQG VKHOOILVK &OLQGHDOLOGQV LQ KXPDQ)\
JDVWURHQWHULWLY GLDUUKHD |QY®GIRD & HABRYV GFHIDRALID -+DOQUCS

E $V DQ H[DPSOH RI WKH SRW H®WE VSR HWURKXWQRQWY R
LQ KXPDQV LQIODWHQZOVX¥RQILUPHG WR KDYH FDXVHG WK
DQ LQGLYLGXDO ZRUNLQZ ZRARWKY R VFELLEX W LEDQEELDR WL FD
DXUHX@ ,VUDHO ZKHUH WLODSLD DUH UHDBSB VY QOBWDFNL\
JHQRLU

| OIFREDFW&3II XP
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O\FREDFWHULD FRQVLVWLQUFRE DFRILHAIHQIAM W O\
UHSUHVHQWHG E\ DW OHDVW UHNRYQLIRCEWFRHFPULKMVH RU

DJHQWY DUH IUHH OLYLQJ LQ VRLOVBIQGLYBWWH LQRPOILY DIOR
DQG KXPDQV O\FREDFWHULDO LQIMPVEHRFX ®R VILVKRD DH L
QXPEHU RI VSHFLHV 7KH GLVHDYVH BVIKEFDWVHL DLGEGH RIDUQLIH
VSHFLHV Rl ILVK DQG SDUWLFXODW®WH D UXNKZORV HW KD PV
$QDEDQWLGDH FOLPELQJ JRXUDPLHWHWKDW DHWEDH Q8L UD ¢
&\SULQLGDH 1RJD +RZHYHU QLW SHIFHLPHA CRINIH T K W B D W
EH LQIHFWHG O\FREDFWHULRVLV LV K RKHMA@®RIFVV\VWHPLF
JUDQXORPDV GHYHORSLQJ H[WHUQDO QRUDQGWKURXJKRXW

7KH VSHFOHARED FWMILKDXWY DUH SDWKRJMHQLF IRU ILVK DL
PDULOXP 0 [|RQWBXEMXPRIQIWDWPHQW LV QRW VDWLVIDFWRI
GLVHDVHG VWRFN VKRXOG EH GHVWUR\NGFDHV SBFHLPW O\ VL (
KXPD®W ZHOO DV HWWKDQQJIOLV

OlFREDFWHULXPURBUHIXRAWY WKH ODUJHVW SURSRUWL
P\FREDFWHULD LVRODWHG IURP IQ8KW URBR.FIDRD © DU HYK 2 DW
EH LQIHFWHG EXW QDWXUDO L&UHWV®%H RIQHVQK D W®!IR & HEHDHAH
UHSRUWHE W, QIOLV

7KH LVRO DWALAROWVEKIDWXPHHQ GREFXPHQWHG OHVV IUHTXH
WKDW RDULOBOPW WKH SUHYDOH QG H ARY WK MIEXYN. RQ\ EAR U H
ZLGHVSUHDG WKDQ LV VXVSHFWHG URRLERRWKI WQIRSL EQOHB
WHPSHUDWH ZDWHUV EXW LV PRVWDPRPPRQ K Q Q UHFAK ZR @/ i
NQRZQ WR RFFXU LQ PDUM@HDWSHFLHV ,QJOLV

6R IDU LQIHFWKRQ@EPNHEHHQ LGHQWLILHG RQO\ LQ FR
VDOPRQLG VSHFLHV 7KLV LQIHFWLR@ KDMVEHZHDQVMSHFLILFD
KDWFKHU\ HQYLURQPHQWY EXW R GHUWVWD BMCKL/ROHIK RIXW \F
IUHVK DQG VDOWZDWHU SKDVHWWRD W KH OLIH F\FOH ,QJOL\

7KH PDLQ VLJQV Rl WKLV LOOQHVW & HSHR® RDGWKHGV S
WKH H[LVWLQJ HFRORJLFDW FRQGIWH ERVPPRQIOLYGLQJIV DU
OLVWOHVVQHVV ODFN RI DSSHWLWHR®?DHR[PIWRIQD GR.IL L F\
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GLVFRORUDWLRQ DQG H[WHUQ D O RD BAFLDRIHW W\KFD Y RUBDXQ@IHHV | U
XOFHUV DQG QHFURVLV RI ILQV DV VQIJQGUMRDP®GYDQFLQJ LQ
FROGZDWHU VDOPRQLGY WKHUH PHD\GE M HDR/ iHi [RWIH KW & K/ QX
PRUWDOLW\ RU YDULDEOH GHJUBIBI®OR] BNNVQRRROBUBWILRQ
WURSLFDO DQG FROGZDWHU ILVK UBL\ZIKEOWH ROH ¥ L R QR VER\S|
IRXQG VFDWWHUHG LQ DQ\ WLVVXH UEXQ@GHMSHFHD OO\ LQ V¢

O\FREDFWHULD WKDW DUH SDWKRJHWLEQI R LIENKVKBHQ L
OHVLRQV DUH XVXDOO\ ORFDOL]JHGN QR Q QOHIRIFER 1 XD FHUV
SRRO JUDQWIORWDPD\ EH GLIILFXOW WR WUHBIW EHFDXVH RI

FDXVDWLYH RUJDQLVPV WR PRVW D @WW RAX RH OFXYQRDIW LQU
KXPDQV KWHMS WUD\ GHUPDWRORJ\ XLREMDWHKERX K0 DUKLH) K\
ULVNV WR KHDOWK\ KXPDQV DUH 0 RPD ULQRERW IERHMFDXVHG
UHSRUWHG IURP +,9 LQIHFWHG LREHYWLEKROOG EHAFRRIGQ EJC
LQGLYLGXDOV ZKR DUH DW ULVN ZEORQQBOHDKLORJIDTXDULD
-RKQVRQ WRR KDV ZDUQHG Rl MWKL\R RORWQEVE®DWRH U\
LQGLYLGXDOV ZRUNLQJ ZLWK VSHFLHV RI FDUS

J/LVWBESSI D

/LVWNB8SED DUH ZLGHVSUHDG LRKYRLMB BRICH Y DVDWUEHH Q
LVRODWHG ZLWK KLIJK IUHTXHQF\ IDRWHRWBQGHVRMQG PD
VHGLPHQWY G6HYHUDO VXUYH\V RI ILWKHHIG SILWMKG XFWYV UDz
FROOHFWHG DW WKH UHWDLO OHWHOV&BDEDYIHQ U FRRFHHWH G
WKLV RUJDQLVP ZLWK IUHTXHQF\ HBIWHHRP R®QHKDX DEJHH-QU URH
WKH VDPSOHV H[DPLQHG +RZJDWWKDW LQ,WHNLQRWDEGH R
/LVWNB8ED LQ VHDIRRGY 'LOORQ DQG ®mMWHGE I HUHQ@AH VR W

SUHVHQFH RI WKLV VSHFLHV RQ TUHMNRPOWKBUANHWGNRIGI UIRMK

DTXDFEFXOWXUDOKWHRRUFBIQLVP KDV EHHQ IRXQGVLQ D YDULH\

VXFK DV XQFRRNHG PHDWY DQG YHFHWNHGHRRGW Z\HODAN DD/L
FRQWDPLQDWHG DIWHU SURFHVVLQJ | LHH MVRNWEFRXKHHMVHFBE® D
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EHFRPH FRQWDPLQDWHG IURP WKH DAR LIDURML OUW RHPUP 3Q RQH >
K

,Q KXPDQV OLVWHULRVLV LV D VHUL®XVWMNLRGEGVRLR R RG
FRQWDPLQDWHG ZLWK MK ED PR BB EXIBLAI B QWHWDVH DITHFW\
SULPDULO\ SUHJQDQW ZRPHQ QH ZERUKQZHPINDKWAG DB BXDE X
VIVWHPV 3UHJQDQW ZRPHQ DUH DE R WK BMZ HRQWK\HW LKPHHD/OR\R
DGXOWV WR EH LQIHFWHG ZLWK WK&\D BB FDADHPIRMYP WSKHUHR Q
KXQGUHG WLPHV PRUH OLNHO\ WRKERRVH@HFW R FRPSDUHG

LPPXQH VI\VWHPV $QRQ K W KBPN &HHWY KWW K BDMRH G |
FDVHV Rl OLVWHULRVLV UHVX®RWWPIBEHXU GO OQ WKYO\
LQ WKH 86% $QROQ F .0 W OHR&'\® BUHHTRU WIHGL VW H U

DWWULEXWHG WR FRQWDPLQDWHBQIR X QWK H UJRRPU IV KSHUIREW §
863 DQG UHVXOWHG LQ WKH URFGIORIWR RDIOIRQOWR® V
SURGXFWV $QRQ D E

,QIHFWHG SUHJQDQW ZRPHQ PD\ K DLYNHRLQOID @CH ¥ ¥ OVGK IDQM
FDQ OHDG WR PLVFDUULDJH RU VWD Q8 LKL RS R P DWKXU H
QHZERUQ LQIDQW

$OWKRXJK VHYHUDO Rl WKHVH JRRQRQULRWGLVHDVHV DU
XQFRPPRQ DFFLGHQWY FDQ KDSSHQIZXKOH JXWWLQJ RU KI
,PPXQRGHILEFLHQW SDWLHQWYV LH#+, % KERWH HR@QWWW DU RILGWVKI
ULVN *RRG SHUVRQDO K\JLHQH MJ&ZBURSHWKDOQVK ZWQRA Q
WR SUHYHQW LQIHFWLRQV $V ZHRHGLWRB BB VHVMWD Q/EH RW
DEUDVLRQV RU FXWV HVSHFLDOOSUR JHD/YIHYI LNGH M PM G HRQL
D QRGXOH RU LI RWKHU VLJQV DULVH +DUSHU E

K£ORVWULGLXP ERWXOLQXP

,Q IUHVKZDWHU HQYLURQPHQWYV DB KLDR RYUBDRHYPH RI
EORVWULGLXAKBRIEXGQOMXQG LQ ILVK DQG LQLQHGLPHQWYV
%ULWDLQ DQG 'HQPDUN EXW JLYHQ RVKWKZLGRY SGID\E RRFF
WKH ODQG DQG LQ ZDWHU LW LV VDB DQ NRHAOK HAUX FIKUPR/U H 2
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+RZJDWH 7KH FDXVDWLYH R UBRW LS/PRIGX DIRW SLRW HHFOW
WR[LQV 7KHUH DUH VHY HQOW R WU HQLF ABE R RAK @ MNIDAN
SURGXFH SRWHQW QHXURWR[LQV HM SH (HOIFK EHHHFR WQRGLF
FDVH LQ ILVK 6SRUHV RI WKH RUJDR®L \OPQ B URD © HAL\WKKVDMD Q
PRLVW KH& IRW VHYHUDO KRXUV EXWEDIM IG MM VWU RYVGHD W
,QJ®WN DO

%RWXOLVP FDXVHV D VHYHUH LOOQH®V LA KXPDQV DQC
KXPDQV KHDGDFKH GLVRUGHUV RI YMWRRQG ZMBDNBWYYV D Q-
YRPLWLQJ DEGRPLQDO SDLQ DQG G L MUHXKHRID R DL FEDHD | R IOIR/
ZLWKLQ RQH WR VL[ GD\V  5HV X0 WLQLV B/DIRW L DRQS\DKID Q\IV Y
RXWFRPH LV IDWDO GHDWK XVXDO QO \WRKFH X 00 QRANN K HQILQLAY
DO

,Q ILVK WKH QHXURWRI[LQ FDXVHV SURJW HMVHFW W XV F}
DOO EXW WKH FDXGDO ILQ $V @OV H\WX® W R VIH K TWZALPL B U UXOR
DIIHFWHG ILVK IORDW RQ WKH VXS$DEH QW Q@NUW R RWY K DRV
UHSHDW WKH F\FOH XQWLO WK LQWHUYHQHV ,QJOLYV

7KH SUHVHQFH Rl WKH RUJDQLVP LERQVUPGIBUNERKW KD
GHEDWH DERXW WKH ULVNV RI ERWBGEWY L Q7 51 RIALN/ WY HDG WL
DUH PRUH DVVRFLDWHG ZLWK DVSHFWY \RW BURJFH \RY LMDK H S D
SURGXFW WKDQ ZLWK WKH SUHVHQ®H &\ IVEBIOR VLD QU WP KLH
SXEOLF KHDOWK KD]DUGV RI IDUPH@WKDWKILMK EX@® EBURNV
VSRUH& EIR WX OLRZXNM W H $FFRUMBIWQIOW RWRHBOLYV
ULVN WR KXPDQ KHDOWK IURP ERWXQVVIPHDWVY R K WD QRN & X W\
,Q D UHYLHZ E\ WKH &'& LQ WKH B¥& RW IZD YK BRMXGK PVKYD \& H'
LPSOLFDWHG LQ RI RXWEUHDKM VR ERYWRCOWLYVE FDHQYWGR I
VPRNHG RU YDFXXP SDFNHG VHDIRRG RIZW WH RX.\WY G XXUWX D
FRRNLQJ ZKLFK RUGLQDULO\ ZRXOG KDYH LQDFWLYDWHG V

7KH LQFLGHQFH RI ERWXOLVP LV ORXO\ED QG WD\WVRFLD)\
7KH PDMRU UHVHUYRLU RI WR[LQ® DK G IGHG HRJVBIUHY G LIVEJI WRK
GLVHDVH 6WRFN LQ FRQWDPLQDWHG SRQMCHBWEPXIMW EH VC
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UHPRYHG DQG DOO EXULHG LQ TXHFWEGPH VK KO QVEKRWHAL R
WR XVH ZLWKLQ D PRQWK EXW LRBEUZRWHRHQWY WKGXRZGU D
VWRFNLQJ GHQVLWLHYV PRKWVWEH PDGH ,QJLV

,Q +DZDLL LQ WLODSLD DIIHF\&HRGNBWWR/H DF DIZNDHLL 7LOD
2UJDQLVP +75/2 EORRG YHVVHOV EHFBRHDEVHRFRHG E\ OD
LQIODPPDWRU\ FHOOV WKDW GDP DB & RFKHWHKID ®AU D Q GSRIURN
R[\JHQ 7KH GLVHDVH VHHPV WR EH D VHDNRQDD BXHQ@JI D
WKH ZLQWHU OHDGLQJ WR VSIOMKAD W LFRRP SWKH[W. Q W H.WD\W WH
EHWZHHQ WKH RUJDQLVP DQG RQHFRAR B R U S DHIGWLLRXFODRIHQ W
WHPSHUDWXUHV $IIHFWHG ILVK @B YRU SIDIOH\ DS BHDNVSDQ H
FRORU 5HVHDUFK FRQWLQXHV $QRQ

$V H[HPSOLILHG LQ W I6HV UG SRAVAPARFIBRIY R GXEMLVKHG
UHSRUWYV WKDW UHYLHZHG VDIHWLRK R/HEKD ORMWDW KDY ULRV UL
E\ SXQFWXUH ZRXQGV DVVRFLDWH & H IR K WKLPCS\SLLFDQ RRJI FUMD\VE
ILVK WKDW DQ\ KXPDQ GLVHDVH KDV RFFXUUHG ODFOLOOD

QD 8. VWEXBPRQREVPEHHUQIHFWLRQV D FDXVH RI
JDVWURLQWHVWLQDO LOG/QHP® LIRKRBDWKUKHDRIYMRU IDFW
WKDW FRQWULEXWHG WR WKHVH DQIHFWVYBQNG MBWH\WD EFOXH
DV WRPDWRHV DQ@BGFEPEANVQJ ERWWOHG ZDWHU 7KH V

WKDW YHJHWDEOHV FRXOG EH FR QWD U QDKWHH §RH QWK R U VEDHC
&RQWDPLQDWLRQ DW WKH VRXUFH GRWEG RRERURW KADRNXH K
GXULQJ KDUYHVWLQJ $V DQ H[DPOOKRRIN WK MW DG \BWHLS RW K
HW DO RI LPSRUWHG OHWWXFH DV DLQHKEWQR QRAL\WKWE UH
6D 0P R QHEERDJIHNEGD EDFWHULD LQ WKH 8. +RZHYHU WKH\
WKDW VXFK LQIHFWLRQV GHULYHGH IURBH U X XWWHKH Y WKHWE
VKRZHG WKEDWSWKREDSHHULQIHFWLRQV ZHUH PDLQO\ WKH UH
FRQWDPLQDWLRQ LQ WKH NLWFK H.QV KD ® PADKADRH W B ® VV R F
FXFXPEHUV ZDV WKH UHVXOW RI WK HRQ HWIGH MRHU YHH YWHHAQDVEL QY Hi
GXULQJ SUHSDUDWLRQ DQG RIWRBWWKH XVH RI D FKRSSLQ
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3XEOLF +HDOWK DQG %YDFWHULD $VVRFLDWHG ZL

ODQNLQG LV PRUH FRPIRUWDEOH ZLWKERWKGEBXYQ DG VD.
NQRZ KRZ WK H IGuss-Louatky Checkup, 2003

+XPDQ LQIHFWLRQV WKDW PD\ EH ADDAOIXG H\IRBEWHULEL
SRLVRQLQJ DQG IDO\VODWPRIPH\WABDLWINUY RS EORVWULGLXP
&DPSIOREDFWHWRBHMRXQG LQIHFWLRQV DQG P\FREDFWHUL
WXEHUFXORVLV

TDEOKM OLVWYV VLIQLILFDQW KXPDLQYKERWKWEKHQYV HOR QD W@
, QJEIW DO

6D O PR QB0 D JRRG SRLVRIQLQJ
9L E VUSRS JRRG SRLVRIQLQJ
EDPSIOREDSHU *DVWURHQWHULWLYV

30HVLRPRQDV VK L*DANONMRRIGEW HULWLV
(GZDUGVLHOOD WDWIBLJKHD
$HURPRQDV KIGURERU®BHD VHSWLFHPLD
3VHXGRPR@BV 'RXQG LQIHFWLRQ
OIFREDFWHULXP PDYEBWPXORVL
(UIWWLSHORWKUL/[ |UMXVLRISORUAGL OWHSWLFHPLD
/HSWRVSLUD LOQWHHEWRRNSKURVLYV
EORVWULGLXP ER WRGMIOXA/ P

D JRRG SRLVRQLQJ FDXVHG E\ SDWHKRFIPHDY WKH DTXDWL
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J)LVK ERUQH EDFWHULDO IRRG SRLVERQEQ@HBDD EH FDXV
QDWXUDOO\ SUHVHQW LQ WKH DTXB®UERRDPIXRYRAQW WK
SROOXWLRQ RU WKRVH LQWURGRFH@VE&RU L Q4 DKFIDADHGEUILLDQ @ M\
SUHVHQW LQ WKH DTXDWLF HQYLBRQFRLY\R QLG LPF O XFCHW
ILENSS DIQERWXWLIPKXAR 7ZHQW\ WKUHH RI VDPSOHV RI
DQG ZDWHU WDNHQ RIl VRXWHKZFHINW FERBERQ GREWDLQHG
SDWKRJHQLFLW\9FKRWQBRDEVIREDUDKDHPROIWLFXV 9 YXO
DQ% PLPLEXRODWHG LQ WKH VDPH UHJLRQKKAW PBHQ FRQIL

FLWHG EMWQDOLY 6SRUDGLF FDVHV Rl WURSLFDO GLDUL
DWWULEXWHG WR FRQVXPSWLRQAIOUE VKA DGBWDNEDFD U U
30HVLRPRQDV VKILMWIO®BHEHEFNOBHERYYONGLQJ WKH QDWXUDO
KDELWDW RI WKHVH EDFWHULD

I TLVK FRQWDPLQDWHG ZLWK W K& \DH) S DWWRUH®@ \D W U H
WHPSHUDWXUHY FRQGXFLYH WR EBRWHROQADXC P REOWLSOLFDW
JDVWURHQWHULWLY PD\ UHVXOW ,QWHKXEGEQWKWKH V\PSWR
SDUDKDHPRAIWERDPWDFWHUL]I]HG E\ DEGRPLQDO SDLQ YRPL
GLDUUKHD IHYHU FKLOOV DQG KHHDLGROSF KW TKKHD@QGEXEDWL
UHFRYHU\ RFFXUV FRPPRQO\ ZLWKLQ GDSWRBWXNVOQJ FRRI
NLOGBNVDUDKDHPREXW OARXA/WHPSHUDWXUH VWRUDJH RQO\ UHC
PXOWLSOLFDWLRQ DQG RUJDQLV MWK GEYCH \E M WERGHMWAHFW H G
IURP ILVK FRQWDPLQDWHG ZLWK DERKNWR Y XX@FVBEWS6KHU JUD
VHSWLFHPLD FKLOOV IHYHU VRPBWDRBVFXRBDIQHRXVDQG C
OHVLRQV DQG XOFHUV PD\ RFFXU DWRWYXW SWRPN PR AAOHW 7
ZLWKLQ KU RI HISRVXUH , Q G IOYHVGELXHDM® R IZQ WKHIUP B D LMWARSP
DUH SDUWLFXODUO\ YXOQHUDEOH

E %DFWHULDO VSRLODJH RI ILVK

$V QRWHG W, @QIXODL¥DFWHULDO VSRLODJH LQ ILVK LV D
SURFHVV LQYROYLQJ PLFURELRORJSEBEREHVWYBEHWRQ PLFUREL
1RQPLFURELRORJLFDO GHWHULRUDWSBRWHNREDWLIFGIBRI\IR@ &
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WKDW DUH FRQFHQWUDWHG SDUW LFXOTKUB Y 1\© HVKBIWKWDGN T
WKHVH RUJDQV DQG VXUURXQGLQWILWL\LYXHDUDV MAXD B b O WK
ILVK WKDW UHFHQWO\ KDG EHHQHEHGL QX XWRYHOR | QHBIGLX
GLVVHPLQDWLRQ RI JHQHUDO FRQWHRQURVRIUIP@QXGP®J HQJ\P
(Q]\PDWLF VSRLODJH PD\ EH FRPSRXQOWGE\ WHRWHULRUDW
R[\JHQDWLRQ Rl XQVDWXUDWHG |DWW\ |\DXOE\RW DIF G WV WK D W
GHYHORSPHQW RI UDQFLGLW\

'XULQJ OLIH PLFUR RUJDQLVPWRDB SYHVHEHY RO W/HKHH
ILVK DQG LQ WKH JXW EXW WKH $XWHO KM KW GRDMMKXORN NW K
PLFURELRORJLFDO RUJDQLVPV GLIIKNWYHLD@ R X\PKEH B XVOBHRC
DW ILUVW DQG WKHQ PRUH UDSLG®GKDIIGE \FDRVRGR YV HDTCH Q
IODYRU 7KH UDWH RI GHWHRERVD MW\ FEQ Q i 6 DWOHRGE MR ED.O O
LPPHGLDWH VWRUDJH DW ORZ W HPFRSYHDUD W/IX WK H DYQ®/ FEH UUD S\L
DQG KHDG ,Q UHJDUG WR DTXDF® BWRGHK FIVRRWY R F RXUHV JICC
DQG WKH 3DFLILF ZKHUH UHIULJHUDWLRQWLHY PWKEH SURE
BHYHUDO PHWKRGV Rl SUHVHUYDWLRQJD BKHPLFD®DEOH ! LI
SUHVHUYDWLRQ HWF ! WR GHOD\ WKHVH HIIHFWYV

7KH EDFWHULDO IORUD RI ILVK WKHEBUKDMGEFHVVHQWLE
HQYLURQPHQW DQG YDULHV ZLWK VBEPWRQDO PQGNVKEYL WR/G
DIIHFWHG E\ WKH W\SH Rl VWRUDJ i DSYGXSHR FHWKLQIRFR OO
VXEWURSLFDO ZDWHUV KDYH D K LR K SFHWIFH QM DZKH R H P M VLRX
FDXJKW LQ FROG ZDWHUV SMAFXGR 8 RBFERW\R /KX EBRGWBNH U
JODYREDFWHYLXPHGRPLQDWH 'XULQJ ORZX PREHHRIHRID W X UH
3VHXGRPR@BVLQFUHDVH VXEVWDQWLDOO\ DMRS WIDRAH VW

RI WKH WRWDO FRXQW RI| EDBWMXEBRARQPROGZDWHU IL
$OWHURPREGOMAODWHG VSHFLHY DUH FRQVLSIMHUM RIWR FRP S
WKH VSRLODJH IORUD 7KH\ JUR X IDH\W QWD ®\QIBWD Q/RVD WH P S |
WKLRDPLQR DFLGY DQG WKLRDPLQH®HVRQEURG K A K FGQRW E
VXOILGHV OLFURELRORJLFDO VD IHWHN DRI M %D\ D B B LN
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RUJDQLVPV WR LQGLFDWH WKH SUHW/AR[EK) RRUPHHWEY SBW KR
VSHELILHG OHYHOV

7KH EDFWHULD ZKLFK SUHVHQW BVSXX DORSF KHDOWK ULV
ZKHUHDV VSRLODJH EDFWHULD KD DM BDUBRIRUI IR RE WX P $\WH
FRXQW RI EDFWHULD LQ D VDPSQWHPQRAXDDWKHG DMWY MK 1D @ L J
LQGLFDWLRQ RI WKH GHJUHH RWAERQ@WD RDQPWLAR @ XAWHKUS R
'HWHUPLQDWLRQ RI \WKARORE LFROQFRUPIV LQGLFDWHY IHFDO
FRQWDPLQDWLRQ DQG VRPHWLPHYDIWWHPWK H K XN WHQF MVR I L
VSHELILF SDWKRJHQV VXFK D\W/DBSHEIRBBEBFIRVLWLYH
6WUHSWRIFRFFXMWHYDWHG OHYHOV RI KLVWBPEWH WLWDH WD N
TXDOLW\ PRUH JHQHUDOO\ DQG WKH ULVN Rl VFRPEURLG SF

$OQWLELRWLFVY DQG %DFWHULDO 5HVLVWDQFH

$EXVH RI PRGHUQ WHFKQRORJ\ LQ XL)XOMHA X O WX VM WH RO
WKHUDSHXWLF GUXJV FKHPLEFDOVHUHHW KOE|JHUNIWP QG KQHD W
ZLGHVSUHDG XVH DQG PLVXVH RI DQM\L EIQR VLUFIVF WERWAHRILD/OU
DTXDEXOWXUDO VSHFLHV LV ZRUOGEZWEHLROGHMDALDHOO LQF
LQWHQVLYH OLYHVWRFN KXVEDQGVYH RIRW KH CCRBW HE LVRKWL . C
FKORUDPSKHQLFRO LQ WKH FXOWXWHPRN VKW IXRSVWR) ARQM G
RI WKLY DQWLELRWLF LQ WKM DAY DE® SR R\G XFW * DAKUHH W W
LPSRUWDQFH Rl FKORUDPSKHQLFR®H @ KPOPDUHQEW RH QR H
WV\SHV RI GHSUHVVLRQ Rl WKH ERQ@RFBUHMRIDWHIB UHYHUVL
LQWHUIHUHQFH ZLWK LURQ PHWDERDQMPLDQG VRPHLQWUD
LQGLYLGXDOV SDWLHQWHKL\D DADHNUL BVLLRANDIVE P!HIQMQ E HWIK
ORQJ HVWDEOLVKHG EDQ RQ LWV GXALIQY KXQRP QD \D QR RRR G

D
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,Q VRPH FRXQWULHY WKH DY DL ODELXOW RUHXMH YRH UG L
OLPLWHG WKXV GHFUHDVLQJ D@ ISIRDVQKYLDQ@ WKSIDFES RRQ
WZR SURGXFWYV DUH DSSURYHG E\ WKH )'R[\RWH WV £\F OLTXHD
HJ 7HUUDP\FLQ DQG WKH SRWH®WLDWHGRXELEGRWPRGHR I!
VXOIDGLPHWKR[LQH DQG RUPHW DRSULPKHEWRIVFZRRHSHR G XFW
DUH DSSURYHG IRU XVH LQ FKDQQMX® RIMW LMK DFGH® WD O® R Q
GLVHDVHV ,Q LW ZDV HVWLPDWHG NUKRW DSSUR[LPDW
DQWLELRWLFV \HDU ZHUH GHOLYGXHELR\QI RH® YHO OV P QOW!
SRXQGV RI FDWILVK KHOG LQ SRQ®W WW H D § ®OMRUN \UW DRI
WURXW XVHGJ R DQWLELRWLFV \HDU LQ PHGLFDWHG IHHG

,Q &DQDGD DSSURYHG DQWLELRW DXPAM FIKHFER WK U B 6H X
IRRG ILVK LQFOXGRI[VWR WIHMA\FRQQH HU\WKURP\FLQ DQG V
VXOIDGLD]LQH $QRQ F ,Q LD LW KHUD WALNVKXOROOURE
LQGXVWU\ XVHG DQG FRQWLQXHV WRBOX¥RPWRXGGVEDVLE D
RI\WHWUDF\FOLQH WZR SRWHQWLQMAHR® VXRKRHQBPER& H\D VD C
FRQVLGHUHG LQ LWV XVH LQ ILVK EZWUZD I SSSHMRN H BL IRHGXW |
LQ ILVK WKH UHPDLQLQJ DSWIDEHBUWRVH LR ZIRRE SURIGE
DQLPDOV DQG ZHUH SUHVFULEHG ORSUR WKR KRG\H URK[ SRIW L PY
GHVWLQHG IRU KXPDQ IRRG LH WURR® YWIRFINRWLZKH PDMR
VXSSOHPHQWHG IHHG XVHG LQ % & ZIXTHXD FIX\CKWZHUUHH Z D X YIHS)E.Q
VPDOOHU WKDQ NJ EHWZHHQ UXJV R SHBE@W HBDW R HNUDICDPR G
ZHUH IHG WR VPDOO ILVK 6XFK WOWRWPHOQW HG B XGrUDQIL OH
FOHDUDQFH SHULRG RI IRXU WR FRRQOWHKM EBIRHUBGLVRWH
KDUYHVW 1RQH RI WKH DQWLEDR®HUWLKR Q@ @ 34680 MIVV XE/HHHEQL ¢
XVHG DV JURZWK SURPRWDQWYVY 6KHSSDUG

W KDV EHHQ VWDWHG WKDW HDFI$0DH W LKRIQNR BS®\E 0G
HITRUW WR PLQLPL]H WKH QHHG IRHGWQ G KH 16 HRE L P HEQ FDRYV
DQWLEDFWHULDO SURGXFWYV LV P O5GBWW W ®& GLDQUIH Y E\VWHKJH. QRE
6RPH IDUPV DUH DEOH WR SURG X WK HL ® K HG | LK U HBOQW\OL\ EDLRMk

® Florfenicol is a fluorinated derivative of thianggficol, and is a potent antibacterial agent with
bacteriostatic properties (Horsbexgal 1996).
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DJHQWYV 2WKHUV KDYH D VHOI LPRBVRIGVKDR WP HGRARQWKR Q
EHIRUH KDUYHVW 6RPH RZQHUV |LQ\ L\WRDWR PUWHHEGE X BV MR
HIITHFWV Rl EDFWHULDO GLVHDVHV 6KHSSDUG
7KH XVH RI DQWLELRWLFV WR WU® DAVD GLRMMVH LQ KXP
DJULFXOWXUDO SUDFWLFHV KDV LR®BH IRV HGE W KELRRUWLEG Z |
UHVLVWDQW EDFWHULD 2QH H[DPSOM RFLID/QNGHVWKLEH G
FHSKDORVSRULQARIEROQY IDQVWNHQGHHY DIIHFWHG DV ZHOO
VDOPRQHOORVLYV DW D V¥MP RO FDPISHUHUDWVFRQFHUQ WKDW
XVHV Rl DQWLELRWLFV VHOHFW IWR DRWLHEWURDV MWAYD W B H U
WKH XVH Rl DQWLELRWLFV WKH JUBQ® MK W RHR WV O b F WLHR®
DUH UHVLVWDQW SDWKRJHQV HQFRADWHUH®@DFOGBOPRQ D
J)RU H[DPSOH GXULQJ HSLGHPQRGRJIJDLGDHSLGMRANVRRJID)
KXPDQ FKROHUD LQ (FXDGRU LW ED® 8KWVER 3 HUHGX WK D WP W
KDYH FRQWULEXWHG WR DQ RXW BUFAWDING RFAKFKDWXYPBERWLF UH
W ZDV VXJIJHVWHG WKDW WKHUH WDWFVLPQWRISH WV KWIHP B | LIS
DQG WKDW WKLV OHG WR WK H GAHK/AIMHRISOH DRX Q@ WHIKIV LV W D Q
DUJXPHQW ZDV WKDW SRRU SXEOVFZEW WHIQH ALMMRIUHSWR-ED E
$QJIXOR
&RQWDPLQDWLRQ LQ WKH NLWFKHQ RYWHRX GG PLOD B FW L
RI ZKLFK DQWLELRWLF UHVLVWDQW \RKDWQERRU ® EH & LF ¥
WR WUHDW LQ KXPDQV $V QRWHIGRRR QD IVHKI G QRS KL D ) HE R
DQGIFREDFWKNEB8XPUH RUJDQLVPV PRVW OLNHO\®R EH LQY
+DVWLQJV SHFHQW LQIRUPRQN.FQXRHEBXP\DQ LQIHFWL
6WUHSWRFRERGLEDWHME WKDW LW WRR LV VXFK DQ DJHQW
3HUVRQV LQYROYHG FRXOG LQFOXGE |IRRK KWDRFH/NRW VID U |
DOWKRXJK WKHVH ULVNV PLJKW \E D GDRDIRWYR E G B QAGKDLWY W
JUHDWHU ULVN WR KXPDQV LQ WR LD WRHD IR VKKWHD U HGH | R
IRRG EXW IURP RUQDPHQWDO ILVK $OGHUPDQ DQG +DVWL
$QWLELRWLF UHVLVWDQFH LV YDULMEDK GHH®WG ,@HS+H
WHUPV RI SXEOLF KHDOWK UHVLVOWIMQFD @ \FRQMWHQWG BV QB
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LQGLFDWRU RI WKH OLNHO\ RXWHEFHR BHH IR QW & H.OD &\H WRW FDIQ
EDFWHULDO SDWWHUQV RI JURZWKFLQP\S K H JRUDHWHI® BH. \RA VD |
DJDU PHGLD WKH SUHVHQFH RI FHWRWDRY DABQHV IRU UHVLYV
HSLGHPLRORJLFDO DWWULEXWH 5B QIO WRQWHVID HLWKH U
FKURPRVRPDOO\ PHGLDWHG 5HVLVMADXIOAM R D QHEHH @ DRV X U D
PXWDWLRQ RU LW FDQ EH LQGQRWGFELQW R PDWILRD WP RQ J
EDFWHULD $OGHUPDQ DQG +DVWLQ3IDUSHUODF@LOODQ
$OWKRXJK DOO W\SHV RI UHVLVWDQFHVKD\ ERIVFQEQOE I\
RI H{WUD FKURPRVRPDO UHVLVWDQFWP IVG\AK B VDWRIQ IV UD Q\
GLIIHUHQW EDFWHULD LV RI JU DB FRAAGR ZE D FRUH H [XPS O
LQ WKH ZDWHU RU RQ D ILVK DQGPULHKUWW D DR @VWRI RJ DUH\QL
IDFWRU(WRRRPQIDQLVP RQ ILVK RU LQ WKH ZDIKMU 6XFK DQ
LQIHFW KXPDQV RU WUDQVIHU W RHSDM\KIRIW R FIHOW R DRAN K H
SUHVHQW LQ KXPMMQ®O%UXKB XVH RI DQWLELRWLFV LQ WHL
DQLPDOV PD\ DOVR FDXVH DQWLELRWHRQUHEXWVDQEN KOQ WKG
WR GHPRQVWUDWH FDXVH DQG HIIHFVQWWURY MV VARV L GHU®
VR VRPH VFLHQWLILF UHSRUWYV VXSQEDW WE&HY HWHID W K3W
VXSSRUW WKH FRQWHQWLRQ WKDOWRQYKH BUHWWROM RI 10XR
&DPSIOREDF WHILMFRBPRONK KXPDQ SKDWKRQAQNDVHG EHFDXV
RI WKH XVH RI WKHVH SURGXFWYV L QREILGAIHIH EDFGV BULD F
FDXVH KXPDQ JDVWURLQWHVWLQDQW QIHFADL RVEDYWQG GLDU
EDPSIOREDEYHBUH VSUHDG PDLQO\ WKURXJRLQORVABQV XP S
SRXOWU\ $OWKRXJK WKEDIASIIQREBDYBHLR| WVOKE LV S XW H
UHJXODWLRQV WR EDQ WKH XVH RLQOARUMRW XL KR R QEHWH QU F
LOQVWLWXWHG LQ WKH 86$% ,QF DGOIAVDIRM\ - WKHD &% & 1D W L
VKRZHG D FRQFHUQHG 9LHWQDPEWH HDRWHBEVVBYUBULRUV FKL
DQ DWWHPSW WR SUHYHQW $YLD®OK, ®RXXVKHMDVWKOWL IV Z H SIW

“30DVPLGYV DUH H[WUD FKURPRVRPHWX WVH\D Il RMHE® LD BRLRW HW. DO FHOO\
JHQHV IRU D YDULHW\ RI IXQFWLPQVIRWK MWW H UBRERMW RV¥V¥HQOV 7KH\ U
LQGHSHQGHQWO\ RI FKURPRVRPHAMXFFQIE WLY B (AVHROLOV GLRURXRRYV I XQFWL
UHVLVWDQFH WR DQWLELRWLHWFERFDOOHG WKH 5 SODVPLG@
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VHHPV KRZHYHU WKDW WKHUH LY HVRWKLDW H@QW UHISSRW W W
FRQWDPLOQDWLRQ RI WKH DTXDWLF HQEDRWIPPHR)AW KDV FDX
SDWKRJHQV WR EHFRPH UHVLVWDQW ODFOLOODAQ

JRRG ERUQH RU |JRRQRWLF GLVHDVHDDVYREGRAWMG ZL Wt
LOQFOXGLQJ DTXDSRQLFV IRHHPKLW R EBVIRMUHW LV DVVXPHG

IRRG ERUQH EDFWHULDO SDWKRJIJWR \D QYW DEL BWH FIVOIMR W K A
SURGXFWYVY DUH HYHQ PRUH UDUHHS$RUR WH& W DEBRGHERU® |
LOOQHVVHY DVVRFLDWHG ZLWK ILVK LED AW H UL630Z HR G GHLIWKL
VXFK DV FLIXDWHUD DQG VFRPEURLGNKRIMAHR QLW XD WHORW L @
DQ DTXDFXOWXUDO SURGXFW LQYROYHG ODFOLOODQ

,Q DTXDFXOWXUH WKHUH DUH WHKYWH WO @QDIWXY UROO EDU
UHVLVWDQFH IDFWRUV DQG WKH RFFXUUWHRBFW RXPAQ@MHULF
7TKHVH EDUULHUYV LQFOXGH WHP N UPMWOUWRHE L DW LIMHRWIDQ W QW
LPSRUWDQW SK\WLRORJLFDO DQG HRRVXSKINRDPLO GLFMWRUQ
PD\ DOVR GHFUHDVH WKH SUREDELOVWW® RH WKIHN WQ\DWK HHBR
REYLRXV QDWXUDO EDUULHU LV)WKDMG RD TEXFDGN LW HRSSHRULBIW A
DOO SRLNLORWKHUPLF ZLWK [D@WDIEVL GH EHRGGEG WHP RHQU D W X U
HQYLURQPHQWDO WHPSHUDWXUH DYWWQHURDOR LW KEG REARKCH U/
WRR ORZ WR EH FRQVLGHUHG R@WIL FPIRYWRHOWHJ B EOIEWH |
OLNHO\ WR LQIHFW KXPDQV ORVWQKRXPDIQIHRIRWKERUQH SDW
FRPSDUDWLYHO\ ZDUP WHPSHUDW XUHU LRIHKRPPHRQM WKPDW F
KDYH D UHODWLYHO\ VWDEOH WHWRSRIUWWNX WDH BMKDQWLYV LQG
WHPSHUDWXUH ZDUP ZBP®R RGH GO D KDLOLOD Q

7TKH XVXDO HQWHULF EDFWHULD ROFRQROUR\IDUBHEDW
( FROL &DPSIOREDFWHU MHAMEDIO R FHB&QDBKILHEH O O D
FKROHUDH 9 SDUDWISKL 6WDSKIORFRIMMIDMEYVHXV /LVW,
SHUVLQLD HOWRUBBRDOWDBPOLOODAOQ 21 WKHVH VSHF
RQO\PRQRFIWRMPIRFIRZQ WR EH FDSDEOH RI UHSURGXFLQJ
WHPSHUDWXUHYV | LQ IDFW XVXDORYHDWIHHGBWE URVHWREHU I
SUROLIHUDWLRQ RI WKHVH RUJDR HWH\R XA HD WK HRUW B Q RXW
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GLDJQRVWLF PDWHULDO +RZHYHWUIRWKW KRS ®WUR D O MWUHP\S HR)
WKLV RUJDQLVP DUH QHYHUWKH&H\2\8WQPWIOHLQBREBD VRILR Q
WHPSHUDWXUHV IRU DOO RI WKH RWWHEBH/ BBRIYMY PHQWLRC
WKHVH RUJDQLVPV DUH RIWHQ LVROWWD\E DURP LRFIXELDAD DG
WHPSHUDWXUR&Y R¥%HFDXVH WKH SUHIHUUHG WHPSHUDWXUF
RSWLPDO JURZWK RR&WLOBRSLBDINNRF\ DQG OF*LQW\ LW L
SRVVLEOH WKDW VRPH RI WKHVH RUWDQDRSPY FRXOG SUROL

&RRO DQG FROGZDWHU DTXDFXOWXHDO V8XRIGX FWKICRD R
DUH JHQHUDOR\ EM®RZDWHU DTXDFXOWXUDO SURGXFWLRQ
WHPSHUDWXUHV R&LIRBDG WEPQXGHY WHPSHUBRWXWHY DV KL.
VXUYH\V Rl EDFWHULD SUHVHQW X Q&MU B DIEBRXOW XUDO FR
FROQG RWKHU SRWHQWLDO HQWH UK FJB X F DRU SLIQVKIRUH QR Z
QXPEHUV ZKHQ SUHVHQW DUH PRVW RTWHBBXIRWR® GHL Q D KR
WKDQ LQ FROGZDWHSILBQNRURERHQDY 9 IOUD RMNKARIO WL,
9LEVISRS KDYH EHHQ GHWHFWHG LQ MRWRBQWYH D@FO R DB U Q¢
PDULQH DTXDIEDMSBUHDUH JHQHUDOO\ WKH SUHGRPLQDQW
HVWXDULQH ZDWHUV DQG WHQG WRXRD DI WH DWRBDW FKDQ
JUHDWHVW DEXQGDQFH RFFXUV GXULRKLFRQMKERRQEDUP
SDUW IRU WKH VHDVRQDO RFFXUUHRGEDVRHGRRIGVERW IQH L O (
FRQVXPSWLRQ RI UDZ VKHOOILVK ODFOLOODQ

3UHVHQW HYLGHQFH VXJJHVWYV WKDW SETFRWRSKDOLF I
«SVVFKUR=- LV D FRPELQLQJ IRUPNV®HRROMGL QUDIVKHDO ®AL 8 QN
DTXDFXOWXUDO HQYLURQPHQWYV KPS HUDOXUIMNG KR OH DH/ T
KXPDQ SDWKRJHQV ZKLFK DUH PHVROKE® IPFH B QFWSHUHI Bl ULR
PRGHUDWH WHPSHUDWXUHY FDQ EGODH)Y HUHO\ LQKLELWHC

$QRWKHU QDWXUDO EDUULHU W\R U\HCD W H B QWRHW KR4 U H
WUDQVLWRU\ QDWXUH RI WKH B UFHYRIELLHO RIIORDBWHU LIDVKQ V
LQWHVWLQDO WUDFW RI ILVK D S/$HIFUHV LW RVE HSIHAIG RQ WE K
ZDWHU ODFOLOODQ DQG 6DQWXFFLW RU WRHWKHGIGKDQRB!
VR WRR GRHV WKH PLFURELDO |CKRPHRWKGQUP YV , QL ¥R QGBROB:\
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DSSHDU WR KDYH D SHUPDQHQWSBREWR RIRVIOLV ,REYBIWW DIV
%RFWM/ DO IRXQG WKDW VLOYHU FDUWHG ZILQWKLMQZDWHU L
DQWLELRWLF UH\D\OWPERQW OONDU BIDRK BRI DXA HO RI
EDFWHULDO FHOEOND ISPIHIGOWWHHRUJIJDQLVP LQ WKMHU LQWHVYV
WKH\ ZHUH WUDQVIHUUHG WR FOHDQ ZDWHU

(DUOLHU HWDMNG®IU PL[BGWISKLPXQIZDVWH IURP VZLQH D
LQRFXODWHG WKLV PL[ LQWR ZDWHNUAON RPRIDE @Q VK XHDHD
UHFRYHUHG IURP WKH YLVFHUD RIWWX MWW 1LY R FORDX\EL RV@R
RWKHU WLVVXHV ZHUH IUHH RI WKK & UG DW@MRW PF R 6 MQDFLHY W\KKH
RUJDQLVP LW ZDV FRQFOXGHG WKRBWUS bR S\HHG SSURRFGIRVAML Q J
VKRXOG SURYLGH DQ XQFRQWDPLQDWHBQRRG IRU KXPDQ F

W LV NQRZQ WKDW ILVK VWD U YD HRNQDHS/N BIQRN\GL B O &/

VWHULOH JDVWURLQWHVWLQDO WUDFWHQBHROLOODQ DQG 6l
FRQWDPLQDWLQJ HQWHULF EDFWGRQBW URHPF W YA\ I VAN UH\DVD
UHVLGHQF\ LQ H[SRVHG ILVK DOWKRXIKLQY KH) PDXRWERU W
VSHELHV $V ZHOO GHSHQGLQJ RQ W/KHHV Bl PEEU HIQ\L WPH/P B H H
XQOLNHO\ WR UHSURGXFH 2FFDVLRQIDDKRYBQVRPDA IEXP D (
UHFRYHUHG IURP ILVK RU WKHLUWIQGOLWR Q WHW WH \EE \E DLAW H
KDYH FRORQL]JHG RU HYHQ UHSUR G X FHH® XIQGIHW XW K HIV®IGF R C
SK\WVLRORJLFDO FRQGLWLRQV LQ SRLNEODRWKHRIPRRYMN KR P I
SDWKRJHQV IURP FRORQL]LQJ IDUPWG IDV K DPVDL FE B QUHP\DLOAXV D
WR VXFK FRORQL]DWLRQ $QRWKHUDXRSRW WD N FARHIQMD Q VI
RI ILVK LV WUDQVLWRU\ WKH XVRPRWDQWY ELRMW D\R W VD SR
WR ZRUN DQG LQ FRXQWULHV VXFXOD\) WKHBBB QLW LV DOV

*HQHUDOO\ VSHDNLQJ WKH SURE DLE/IKORW \WRI HALRIQ W D F W
HQYLURQPHQW DQG KXPDQV LV ORZ FRIQWKX BEWER QVIHEG WK
86% KDYH YHU\ ORZ QXPEHUV RI SR W HDW WHW KX P D:@® SHWHKR
LV NQRZQ WKDW FDWILVK ILOOHWS6/$LUSURIFMHH/QY/LQJ SODQW
FRQWDPLQDWHG ZLWK WKHGEDE\E W UM DIDKR WIRLQLVSUHDG WR
KXPDQV E\ WKH RUDO URXWH 1RJDLQ 6DQFIRYMSOCINXG
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VSS ZHUH GHWHFWHG LQ YHU\ ORZ QWREWK ¥ QGRIPPSR P M HIE
IDUPHG WLODSLD WKH VRXUFH RHUPKBHRGJIDQLVP ZDV QRW
5DZOHW DO IRXQG WKDW WKH SHUIRUP DQFBWR L WKXY HQ
ZDV QRW LPSURYHG E\ WKH LQFOXVLRIQQRILERWHW G LRHWR [\ V
5DWKHU FRPSDUHG ZLWK FRQW UR/®VW BB GHRG® MIRQ 6 H FRU HD K/}
ZKHQ DQWLELRWLFV ZHUH VXSSONPKNQWHGLIGX MWK R | LWL E
DERYH WKH OHJDO OLPLW RI VR \NDPBHOWHY QRRWHGLVYR PR
PHGLFDWHG ZLWK DQWLELRWLFVUH RUWRBU ZHMHN & HHU ILHRFGN |
GHFUHDVHG WKH FRQWHQW RI D QH¥MER ROH. FOHYE OWLVV XHV
,Q D FRPSDUDWLYH VWXG\ LQ 3XJHIL HRXQG :DVKLQJIWHF
IRXQG WKDW PRVW DQWLELRWLFQUVHWROGDQQIW EDPW® LRF Et
DW D VLWH DW ZKLFK WKH PRVW D QAN MEL RWKHF (ADDNV XYW HG  F
UHVLVWDQFH LQ SHQV ZKHUH WK HDOHBVMGD PRX @M HR | IDUPWD
ZKLFK PRVW DQWLELRWLF ZDV XVHG UG \BRPMIMQFH WR R[\W
WHQGHG WR SDUDOOHO HDFK RWKRH-PWP RIQBHWV X DIHMWPHRS H LW
UHVLVWDQFH RU OLQNDJH RI WKHVIN@M\WQEMVSRQVLEOH IR
7KH HQYLURQPHQWDO IDWH RI DQUMLEVRWDRFHW XBBE LQ
XQNQRZQ KRZHYHU ZDVWH PDQDJHPHGQRW BQWHR\Y DFH M HFDN \
RQ SXEOLF KHDOWK $V QRWHG P HDWKHG RHKMWD/F R R F K ODHAF
RI DQWLELRWLFV EHORZ QHW S WX KR O-GH QAN DOPRQ 6PLV
3UHVXPDEO\ LI VHGLPHQWYV ZVWVMW WP PAMMWEG DQR\PL KR
ZRXOG EH SUHVHQW $OWKRXJK RRHUHP ZR HNVIKH DHPHRK DGV VR K
DQWLELRWLF SUHVHQW LQ HIIOXHOQWK DQRRPGDVFW RQ KXPD
XQGRFXPHQWHG ODFOLOODQ
7KH ODFN RI FUHGLEOH GDWD SURYDRDERXW WRKH GV IRU
LPSDFW RQ SXEOLF KHDOWK RI SKDD® O FIHXMPLDFRD O QDGIX\OWMIL
LQFOXGLQJ DTXDFXOWXUH ,W VHWRWY WPB\RD® YRWXPR GHW
DQWLELRWLFV XVHG LQ WHUUHVMWQLLPIDG Y QEQIST WKW LU BiUDLC
RI DQWLELRWLF UHVLVWDQW EDRWHRUDKK® DT FREOVXW X WD €
7KH RULJLQ RI DQ\ UHFRYHUHG S HW KIRRPQWIK H IZDWHHUL DW K H
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IDUP WKH SURFHVVLQJ SODQW RWRWHEKH GWHWHDUWPIHUH & R X &Z
DOVR EH XVHIXO WR GHWHUPLQW MK R IOLMNHIONWK R R EHRIIDW WIR
IURP DTXDWLF HQYLURQPHQWY LOQFWKGLLR WIKYV R X DK & B KXI
SDWKRJHQV ,W ZRXOG DOVR KRDB Q¥R 6EIHRVHUIFR/L Q® WKH DO
HQYLURQPHQW ODFOLOODQ

«IHXWUDFHXWLFDOV- DQG %D BW WHIURIKDLIHNV, \
SQWLELRWLFV"

D «1HXWUDFHXWLFDOV -

0DQ\ RSSRUWXQLVWLF GLVHDVH FDX\Q® RWBFWHULD Y
RUJDQLVPV H[LVW ZLWKLQ RU RQURRHAW L OWKKRDXT K DMKH
RUJDQLVPV DUH D QRUPDO FRPSR@H YW WRHP QRO QMK FIV&H L
UHFRJQL]H HQJXOI DQG GHVWUR\ SD\MKRJW®& HFLRE UBQMHO/
HITHEWV Rl FURZGLQJ DQG DVVRFLD WK WHDUWH\DURRIVI H\QKE R ;
WKHVH DQLPDOV DUH PRUH VXVFHSHHLED B IJWQJGILWHKD V'K WLK
SHULRGV RI VWUHVV WKH LPPXQH V\VOHPVPBN EFL R ®MWU DKH
RYHUW GLVHDVH PD\ EH WKH UHVXOW

6LQFH LQIHFWLRQV DUH XVXDOO\ RS\WRPMAX QRVWLE CHY
WR FRQWURO WKH VSUHDG RI LQ IHNFWLHRQQVES UFREJQHHIEW KD W
SUHFHGH DQ RXWEUHDN RI GLVHDVWURQ RH YWKUHY N LLVDX 1B WL
PD\ UHTXLUH WKH XVH Rl PHGLFDKWH GHH{3H 6D\ $FHNVB PRIBW X F |
IRU WKHUDS\ ,QVWHDG RI WKHRXWLHF VD Q@& D E XA/OHD LRPIHIEQW K E
«IXQFWLRQDO= IHHGV IRU ILVK WIRQPE B LIRLY]HQRIUQSDI® YDHADMH F
GLVHDVH &ODLPV IRU WKHVH «IX\@ PMWKLHR\QDWH: HIQHIEG ¥ KLHGS ZE
VSHFLILF QDWXUDO IHHG LQJUH GLRIQFHY WK M I ELUGRLSH\URM L\ ¥
LPPXQH VIVWHP WR FRQWURO SDWKRBBQOHBKHVH LQJUHGL
«QHXWUDFHXKMOD\WDIDUH SXUSRUWHG WR KDQN WSKHRUHE\SURYV
RIITHULQJ D EHQHILW EH\RQG VLRMIOH QWWRQW L$EG FRUGEQ Y LV
FODLPV IRU WKHVH SURGXFWVY SURYHQ «QXWUDFHXWLFDO
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%LRIODYRQRLGYV WKDW DFW DV QMWHKNUD R IDQRMNLRYHGD Q
R[\JHQ UDGLFDOV WKDW PD\ DGYHUVHO\ DIIHFW WKH Kt
BURELRWEKFRVILUVW OLQH RI GHIHQVH DU B LKQHNINO WXW H VW
SURPRWLQJ EDFWHULDO RUJDQLVPYPMKBW LPSURYH W}t
VHOHFWLYHO\ VXSSUHVVLQJ KDUPIXO EDFWHULD LQ WK
BUHELRWLFV UHIHU WR D JURXS RURDMWFKDO \VXHYD WK B
DUH UHVLVWDQW WR GLJHVWLRQFBWXMMKHBX\E\RADSH E HI X
SURELRWLF RUJDQLVPV DOORZLQB[WR&MBHVR FRPSHWH
SDWKRJHQV LQ WKH JXW FDOOHXXFRBSHWLRW Y FHVHDEO®
QXWULHQWYV IRU SURELRWLF RUJDQLVPV
PPXQRVWLPURPEWMM WKH PDFURSKDJH GHIHQFH V\V
HOLPLQDWH SDWKRJHQV LQ WKH EORRGVWUHDP

$GGLWLRQDO FODLPV IRU «QHXWUWOWHH RW LFQPW ERQ@BED FB &
ZLOO DLG LQ WKH FRQWURO RIQADWKRIMAN K HDWWHOQ DOV D (
UHGXFLQJ WKH GLIJHVWLYH SUREOHPYWALKEDRWIHFWWUWHRWP R (
SURORQJHG VWUHVVHYVY GH :HW
JURP D SUDFWLFDO SRLQW RI YLGHILWKHYHN RS RDUYV W
WKHVH DOWHUQDWH DSSURDFKHV WR QX KH AR QKV URXON RD G\LR,
RWKHU FODVVHYVY RI DQLPDOV LQFOXBYLKU WXPBIQVXFXOOHU
YLDEOH WHFKQLTXHYV FRXOG VXSSEDRWLFDBQXVRIGWKRIGWR Q §
FRPELQHG DTXDEFEXOWXUDO DQG RWKMHU SOOLNHYVRHRIAN ERXGXE
UHGXFH VLIJQLILFDQWO\ WKH QXPEWHVDQW D/ SW FHHAVRIIUL Q V
KHDOWK RI KXPDQV DQG OLYHVWRFN XWRPBGMBb DIUHHU LR/ IWH
KHUHZLWK

L B3URELRWLFV

$OWHUQDWLYH DSSURDFKHV WRWKUH RWH RQ \V D/QLCE RRIW
SUHYHQWLRQ RI GLVHDVHV DIIHFYEQd@OL YD UILWKV\DRM DHE B VI
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WKRVH WKDW DIIHFW KXPDQV DUH JRROLRUWKHDMWHU DFFH
DSSURDFKHV LQYROYHV WKH XVH RI SURELRWLFV

BHYHUDO GHILQLWLRQV RI SURELRWIOFHWKDYH EHHD SU
D SUHFLVH GHILQLWLRQ ZKLFK FR8WIQKHWA MU EBEZIDEH O\
VXSSOHPHQW ZKLFK EHQHILFLDOOL PSIHFWEQ WKWK VK RY WHYOUL
EDODQFMRZHYHU 9HUN BPXOKHBEBYH H[SDQGHG WKLV GHILQLW
DOORZ IRU D EURDGHU DSSOLRDWE &Y ARE L\RKH ANVHW & HDNQIRE
OLYH PLFURELDO DGMXQFW ZKLFKHHBR\OWVEHIQRRGEL DLAD #H MHKF
KRVW DVVRFLDWHG RU DPELHQOW PLFURESDRYFRGPRXB LRV E
WKH IHHG RU HOKDQFLQJ LWV QX WIKMLRRODWD YR OKRIQ EH H
WRZDUG GLVHDVH RU E| LPSURYH QW VHIOH [TXPQRMQP R L WV I
7KH PHDQV E\ ZKLFK SURELRWLFV SUIR®NXFHQSR VX B/AX G WXLD-
KDYH EHHQ UHYLHZHG E\ ,ULDQWR DQG $XVWLQ

1XPHURXV RUJDQLVPV LQFOXGLQJ D 7ZHIBHOUBPAL Rl PL
VSS \HDWBMNIRPIFHV DBREGPHAKDURRIFIV DQG *UDP
SRVLWAYAL OOXV &DUQREDFWHULXP (QWHERFRRIEXV /DFWHF
6WUHSWRFRGHNWMEED DQG *UDP QHJDIHUAPRIPHWHULD
SOWHURPRQDV 3KRWRUKRGREDFQSH EDAFS 3 VKGR ERIGLDV
HYDOXDWHG 7KH PRGH RI DFWLHRQ AR WKKHHV 8 UIRIBHLRWAL K D ¥ \
UHDOO\ EHHQ LQYHVWLJDWHG EXWWIRWVHEAMXWIRHY L& F O
SURELRWLF EDFWHULD DFWLYHGR WHQVELWOWSCHVKROR QV] D@
GLJHVWLYH WUDFW E\ DQWLELRVLW KRN \EW ERPGHIWLRQ RQ D
LPPXQLW\ LQ WKH KRVW 7KHVH SUWRIGXIFVD\D @ L\PEWRRK XODW
QXWULWLRQ E\ WKH SURG XFW L RED R/IL R QWRDI PRROR/S FEX QMGKWH L@H)
GLHW DQG E\ WKH EUHDNGRZQ R| Z®&8 UHHNW DE 6 K PFOB/RIQY-
HYLGHQFH WKDW SURELRWLFV DW3HHJ CHFMALR H BLOQF WGIKILLEDLON |
VRPH YLUDO SDWKRJHQV LQ ILVKJ RKB>GGH®LFDW L7RM GDDVH
VWDWHG @
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$ NH\ SRLOW LQ WKH GHYHORSPHQMW REDEHHVRIOWRLID F DROUD J
XVH LQ SURELRWLF V\VWHPV LV WKDWUWKXPPQVWVEKERH QRQ*

FRQVXPH WKH ILQDS RSUNHEMIFYDMAH Q

$ UHYLHZ Rl SURELRWLF EDFWHUQW \D Y (E DR & R FIXFCDNDX BRI
LQFOXGLQJ D WDEOH VXPPDUL]L@JEWHHSR BWR/YRQHBGKEV WRS
OHUVFKK¥MUBO 2WKHU VHOHFWHG UHIHUHQFHV UHYLHZV F
SURELRWLFV LQ DTXDFXOWXUH W Q@FD XGHDWK RARMD RIOODH G D
*DWHVRXSH ,ULDQWR D.@O® BRIV QD QG
$ELGL DPRQJ PDQ\ RWKHUV

LL SBUHELRWLFV

7KH RIILFLDO GHILQLWLRQ RI BSRIMHELRINVIUFNE D@ KKRBQV
LQJUHGLHQWYV WKDW EHQH/LFLDQQO| VIWLPEW DWKIHQ 8 RWAWH EIIU Wk
DQG DFWLYLWI| RI RQH VSHFLHV RU D EOPWWWHIGD Q0P iKW IR
'‘XJJIDRW DO SUHELRWLFV UHIHU WR D/ MXRXSDR/I QDWXUDC
ROLJRVDFFKDULGHY > «ROLJR- PHD QY KOV MWW OB F MEDWDVE\HR
UHVXOWLQJ IURP WKH SDUWLDO KVERI FREBQWD LR B WIHU E®& LI
QXPEHU RI VXJDU PROHFXOHYV VXFKHDVWKIDWRVH WHGLVWE
WR GLIJHVWLRQ E\ ILVK EXW FDQ EH XWUR E]HG®V HFf FRORXMVLY H\OF
DOORZLQJ WKHP WR FRPSHWH ZLWRVER G XWF FDO®HIBOWKRJIF
«FRPSHWLWLYH H[FOXVLRQ- 7TKRY SURELRWILF\R DJIH Q X M
2WKHU H[DPSOHV RI SUHELRWLFW RGFIOWRRD OWARD FW R lUXF
ROLJRVDFFKDULGHYV XVHG LQ WKHVSURPBWHRIORWILKM DLQW K
DTXDFXOWXUH FRXOG DGG WR WKRWAEHQYHLDFWK® $UHKFWY WL
LQIHFWLRXV GLVHDVHV SDUWLFXODUO\ EDFWHULDO GLVHD

LLL ,PPXQRVWLPXODQWYV

,PPXQRVWLPXODQWY DUH FKHPLFDO BRRBSRXIQHLYV WKDW
LPPXQH VA\VWHP WKURXJK WKH DFWL YCDQNGL RV HRU ZEK\L OH\ E O R |
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UHQGHU DQLPDOV PRUH UHVLVWDQWLWRRRXQIFFO DRBYVEY D5
,QFOXGHG DPRQJ WKHVH FRPSRKG®H DKWL W D RO\
DFLGV JOXFDQV \HDVWV QXFOHRWLGHY BRGWRWKHUV VXF
OHYDPLVROH SURELRWLFV HWRRMWHH® WKDW Y,DF KIDYDEHHRC
OLNHO\ WKH EHVW NQRZQ PHWKRG R I|DWBEG FLK DR LEPPW QRIVW I
RI PDFURSKDJHV LV DQ H[DPSOH RI QRQRSHEKRX¥ 1LRPXQRV\
S5HYLHZV RI LPPXQRVWLP XODQBHHRQSD RN BXBWEAUH K
6DNDL DQG 5DD
W VHHPV WKDW WKH PRVW SURPLVLQJ LPPXQRVWLPXO
JOXFDQV EHFDXVH WKH\ KDYH D ZHOUMH ®HIG QR3S AKRIPLFDO
DFWLRQ RQ WKH LPPXQH V\VWHP ,Q/ DWGILYRAQVRVKFHVH FR
XQLYHUVDO «DODUP VLJQDOV- WKDWWKHNYDBWH DWKLH LP P X
PHFKDQLVP LQ DOO JURXSV RI DQLPDONUDNRRARWWR KXPHOQN\
7KH B JOXFDQV RFEXU QDWXUDO®YARY QIABKFEK DY BRDUOBIVVH
RDWV U\H DQG ZKHDW JHQHUDOO\ LQ DPRXQMMWVRW DE® X W
UHVSHEWLYHO\ &KDSOLQ | \HOV W@ VSRR EHOOLZDOO
7KH R JOXFDQV ELQG VSHFLIQABROM \RR DV K H FAXSIWIRFH |
FHUWDLQ LQIODPPDWRU\ FHOOV FDQEHGSKDDHURWRDHIBEW PD
KHQFH PDFURSKDJHV DUH ODUJH FD\DOVLWRDW7KEYXO! IRU
LQIODPPDWRU\ FHOOV SOD\ DQ H WWKH WQ D\® LD @G R5Q YORMED O
PDLQWHQDQFH RI WKH LPPXQH UHVSRQVH
JURP DQ HYROXWLRQDU\ SRLQW R RIOHZH \P/D UQRS R B YRW
FRQVLVWHQWO\ SUHVHUYHG LPPXQRORJQFRO®N FRPBHWHQ\
IXQFWLRQ LPPXQRORJLFDOO\ PDFURSEDHHM PXWNYIDVIVRWY
WKDW LQYROYHV FHUWDLQ PRUSKR QR SRAD/DDRKAD@M\] HMW EFKQW
VHTXHQFH RI PHWDEROLF FKDQJHVHG SAWLYDWLRW\F®IQ EH
GLIIHUHQW VWLPXOL VXFK DV HQ ®RAVKRIRIOMND CEVD PMKIBWL BD @ L
WRR WR[LF RU SDWKRJHQLF WR RMW R\CHIX @ | | HFEHWA Y H GRXJFDD0D
DOVR FRPSOHWHO\ QRQWR[LF DQG §RWH EW W WY PRX@®H W R WK
WKH LPPXQH UHVSRQVH $QRQ L
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7KH UHFHSWRU IRU R JOXFDQWHRQ® PHWDROKBJIHV |
GXULQJ HYROXWLRQ DQG LV IRROG Q QHJOVH PQD WHEY JWR XX ¥
'KHQ WKH UHFHSWRU LV HQJDJHG E\LR IO D P P DOWREUD\QF/H GADKVH \
EHFRPH PRUH DFWLYH LQ HQJXOIERBEWNUQDL QD G @GV GAKHWW
WLPH WKH\ VHFUHWH VLJQDO PR QIPBXOLHRQ VRK DWW 2/ WK PW & D \
EORRG FHOOV ,Q DQLPDOV WKDW KDFW VBWEK LDRB LIPELXRIHD
KLIJKHU RQ WKH HYROXWLRQDU\ \HFLOWF GLHY HD@EFHMY WVRIQHW R
DFWLYDWHG LQIODPPDWRU\ FHOOV SDRGR FAHF WAWPRNLHYV W
DQWLERG\ SURGXFLQJ ZKLWH EORRGLFHG®@V D @G> E RQH FPIXW/L
GHULYHG@ FHOOV )RU WKLV UHONWRQ@KH HIILFDFXADIQV HC
YDFFLQHV %HFDXVH Rl WKH EDVLF PAGBFDRIVD BWRRQ FRWV \B L
WKLY FDWHJRU\ DIIHFW D QXP E HIWR RH \G\UH M ULH)F\® XEG IRGDIR Q RFV
UHVLVWDQFH WR GLVHDVH EXW DOYRLIURIZAHKO @R XGPE® KXHDC
E\ XOWUDYLROHW OLJKW VNLQ FD UBSO DORDNKUDWHVD FHMLFY H G
RQO\ ZKHQ LQMHFWHG EXW DOV RHBIGHRUDREP IPXIPFRWBOHG LQ
VXUIDFHV 5DD

'XQFDQ DQG .OHVLXV D DGPLQLMWHDWES B JOXFDQ [
6DFFKDURPIFHV FWBHYHDQQHO FDWILVK DQG IRXQG WKDW
QRQVSHFLILF LPPXQH UHVSRQVHV ZKH\HHDFWMR G ORUMGY &/ IKG
OHDG WR HQKDQFHG QRQVSHFLILFDMPRRIEI SR IO B D F W
LFWDOMUERQWDVW 6DKRR DQG OXNKHUMHH FRPSDUHG
LPPXQRPRGXODWLQJ VXEVWDQFHV ! B YUWRPDQV GHIYQB L(V

LQ URKBHR URRPWID PDMRU VSHFLHV RI FDUSRIXQY ,QGLD ¢

VXEVWDQFHV KDG VLJQLILEFDQWO\ SR \QLGVW\RH EHHI I\ R W \P RR/ WO
HITHEFWLYH LPPXQRPRGXODWRU LQ WKHVH ILVK

$PRQJ YLWDPLQV DQG PLQHUDOV YIGNDIPLRP&E QWVFRUEL
DQG ( DQG WKH WUDFH PLQHUD® WO HSOXK®J @HWHUGHLP SR
YLWDPLQV & DQG ( DUH NH\ LVVXHVQRRELV® | Bl RO HIOAK D
/DOO 7KH ELRORJLFDO HPSRYWDRFRHRW B Q®@ WK
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PDLQWHQDQFH RI WKH LPPXQH V\VWHMD AV KOPDBNHIQ G RW K
UHYLHZHG E\ .ROOHU DQG ([RQ

9LWDPLQ & LV LQYROYHG LQ VSHFLIQF ID/\XGDQRSQR\E K FIUI L
DQLPDOV ,Q LWV QRQVSHFLILF URIRP WIK\WMDPRED&ALSQIRWH F
HITHEWV Rl IUHH UDGLEDOV R[\JSQR GX¥ W VRLP DRGMWDHFW H.\Y
LQWHUIHURQ LW LV UHTXLUHG LRUWNKKIHVARQQV B B @ L W NI OFHRADF
WKHUHIRUH LPSRUWDQW LQ ZRWOQ® K MK € D V HORHE WWP PP E
RI WKH HSLWKHOLXP RI WKH RUP O FWY LWR OMHQ IGQ L YSAHHAL WLLFQ
UHVSRQVHV LQFOXGHV WKH SUROLIMUDQGRQKRI| DQWQBRG D\
UHVSRQVH 7KH UHTXLUHPHQW IRWYNWDML@O& LQ ILVK LV
BHYHUDO RWKHU VWXGLHV KDYH HEDPQ QWHCH WKHMWURDHRQ KL

'XUYH DQG /RYHOO /L D QMW FDYAH O+ U WHOLX
ILHW DO [WHW DO
%OD]HU DQG :RONH D VWXGLHGI WRKAH NUWBWNQR( P \

RQ WKH VSHFLILF LPPXQLW\ DQG QRRY¥ IWHUFR XWF IHHGV DVRROQQNF!
DQG DQ b WRFRSKHURO GHILFLHRDMQ®LEIWHW) KDG | YIGI /LK H F®
UHGXFHG LPPXQRORJLFDO UHVSRQVKN FROWDROGIDRXE WK
DOWKRXJK WKH GHILFLHQW ILVK 8QGH)RWGHKID YFLEQF\ LV DEC
HW DO VWXGLHG SDUU RI 8 N@AR) WDHEGV®OS®QW H G
LQWHUPHGLDWH RU KLJK OHYHOG RS OHWBBLMQG KLYK OHIY A
YLWDPLQ ( ZHUH WKHQ FKDOOHQUSHURIPRIQ DVYWDEARRQM NA
)LVK IHG WKH GHSOHWHG GLHW RRGWDROQIMLFBG %mMYH® ZU M
JLYHQ WKH KLJK OHYHO GLHW HRZOHYGWY LUHSRQWH G \EN %/a
DQG :RONH D LQ UDLQRREZ MARMRWQEDWEDW WKH IXQFW]
ZKLWH EORRG FHOOV VSHFLILF KP®PRUDY QIRAW R UV FMH @&/ K F
ZKHUHDV WKHUH ZHUH HIIHFWV RQ FHRUFWDWO ® RQWEHFLILF
LPPXQLW\ ADWILHDOVR VWXGLHG WKH HIITHFWV RI YLWDPL
LPPXQH UHVSRQVH RI $&OWPERWUFOVILO PR Q

%ODHW DO H[DPLQHG GLHWDU\ LQIOXHQFHV RQ WKH U
GLVHDVH LQ FKDQQHO FDWILVK E\lIFRASDW LGLHMV K BH.GQW Kl
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GLIIHUHQFHY DPRQJ WKH JURXSV ZHWHGREMWHW Y BGLEDGWN EHF
JUHDWO\ LW ZDV LPSRVVLEOH W RQH[H\D D LIl WK H REELVHHW R H G
YLWDPLQV & DQG RU ( DQG WUDFHHV.@HYDODVPDQG & R G I$IL
ZHUH VXJJHVWHG DV SRWHQWLDO FRRKWHG E\$%QP]LHD D Q/GV ;
‘RONH E LQ UDLQERZ WUR X W QUHH\DXO00ON H/G FLLGD DLUD B/IRQ WK |
REVHUYHG LQ FKDQQHO FDWILVK

7KH UROH RI YLWDPLQ ( LQ WKH L PEXGHMRH S SR WHDIQU
QRW VR FOHDU DV WKDW RI YLWD® LR & KKRWHRHKDY BB BHIDJ
WR EH HIIHFWLYH 7KH SRVVLEOH PHMKDRLLY P\R @ IWAKKH D F W
LPPXQH UHVSRQVH LQFOXGH S URWDHFHWL R U ZKK KV A HEDOCRROED
FHOOV DJDLQVW WKH SHUR[LGDW L YLH O5®\P DV XIF KQIE\K RH'\G HEQ |
SURGXFHG GXULQJ WKH LPPXQH UHMSRQNVE ODL@GW L @ I W\KFH.
R[LGDWLRQ Rl DUDFKLGRQLF DFLG*YWR B;UFDQND JOIBIQRLQYV 3
) P LQ VHOHFWHG WLVVXHV 6LQFH SHR/WRIDIIAOEQDBWQR § RQ
O\PSKRF\WHV D VSHFLHV RI ZKLWHHEOQRRE GH Q6 VDBRGVUWHH J >
WKH LQKLELWLRQ RI WKH VIQWKHVMKR| BXAFREVHUDRDDQGLQV
O\PSKRF\WHV DQG DV D UHVXOW L@FRUMHDVHVY FHOOXODU L

LY6SLUXOVE®D

6SLUXVE®DODUH EOXH JUHHQ DOJDH WKW WY DW B PLICRK L Q
PLQHUDOV DQG RWKHU QXWULHQWG® DV KL VRRGRGXFSOK P ¥ E
IRU PRUH WKDQSLUHDAR® DJURZ QDWXUDOO\ LQ ODNHV ZLWk
S+ OHYHOV EXW LW LV DOVR KDUYH\L\WBGSRLRPVODKKHHH FD (
SXULW\ LV PRQLWRUHG EHIRUH G HQQWSEOH\E DQG SR Y WHWE
IRUP

BHYHUDO VWXGLHV ZLWK DQLPDOV KBMHPWKIRZH) VSLUXC
LPPXQRPRGXODWRU DQ DJHQW WUW IRW [EFRX Q H HFFHVD OWK H E®I K
UDWV VSLUXOLQD LQKLELWHG DO GWHKH WAHOHDVFW LR QM EW D
LQ D GRVH GHSHQGHQW IDVKLRQFH® WBPMWDEYSOLWX@UQD HQ
PDFURSKDJHV WR HQJXOIl EDFWHULRQBQBDVHEKREWHER GV S
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UHVSRQVHV DQG WKH DFWLYLW\ RV@D\RX UQ CHRWOIGHQRH O C
FDQFHURXV FHOOV LQ WKH ERG\ 5H\VHDRBRLDW 'WKHVSQLYF
IRXQG WKDW QXWULHQW ULFK RS LLL)\OH Q DOLPP® SRWHQW LQ

IROG LQFUHDVH DQG D PRGHUDWHIUDW XNXQDWRLUGRI| ERV
LQWHUOHRBNLQIROG LQFUHDVH ,QFUHDVHV WEKDWHVH F\W|
VSLUXOLQD LV D VWURQJ SUR S RIQ®W WD FRHD 6N R W b FS/DIMKIRD B
SDUDVLWHY DQG SRWHQWLDOO\ FDIHQQYNUWNRDW WWH PH{S D ¥
LQIODPPDWLRQ ZKLFK DOVR KHOSWWMR) BHURRMLIRKW DV@&E ERG
SRWHQWLDOO\ KDUPIXO PLFUR RUZDWKVIPQ/GLY¥GGXIWWQRQDO \
FRQVXPLQJ VSLUXOLQD DUH QHHGHGHVRUGRWW UP LHJ HH E VW
HIWHQG EH\RQG WKH ODERUDWRU\ EQWNWKEGHEQY¥R@DYLQJ
VS VKRZHG WKDW WKHUH ZHUH H QKIDRPPHEH QROASRHPALHIVE F
EXW QR VSHFLILF SURWHFW LRZYZ DUBGL/Q ¥\E OXTFODRYE Z L W K
.OHVLXV E

,Q WKH ERG\ WKH SUHIHUHQW L IORUQRUMBDEMHLR QVKH S
LQWHUOHXNLQ VKLIWV WKH LPPXQ H NOWONVMHPGWBWBIGGV PR
LPPXQH UHVSRQVH LQVWHDG RI D SYRRBXFW URY RRQVH LH
DQWLERGLHY $ FHOO PHGLDWHG WHRQRQ VHFIHOFA\K GBG W
DQWLERGLHV WKDW FRPELQH ZLWK LRDIF P RSKD RHAM DVRL VIOV X
KHQFH WKH YDOXH RI VSLUXOL\DDLRH S 0 R WBIE VB DAVKRJ B IV
SDUDVLWHY 7KH PRGHUDWH LQFWHDDH XRQLBMAMRNHEGHHWLR
WKDW DFWV RQ QHDUO\ HYHU\ FHODPRIDWK R E R\GA S8 R LBW R R\P
RYHUDOO LPPXQH UHVSRQVH *DQ

E %DFWHULRSKDJHYV

6LQFH WKH DGYHQW RI DQWLELRWDEW E@® K WKH KXPTC
DJULEXOWXUDO VHFWRUV KDYH UHMHOAG K@ DWKLHOX H DBU®R G R B!
FRQWURO EDFWHULDO SDWKRJHQV UHRZIWVWHIIQ EK) FAURIDVLQJ
DQWLELRWLFV E\ SDWKRJHQLF EOLFWHURD KDY HFXHWEXONG W
WKHUDSLHV $V D UHVXOW UHVHDWFRHWKK®Y WRRXHR®W DL
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WKHVH SDWKRJHQV 2QH Rl WKHVHEDEWHUQR SKLYHWLD WK
ROG LGHD WKDW FRQWLQXHV WRQ R X § W@ LK)V KUOPFDXQ DKVH BXOW!
UHSRUWHG LQ WKH &%& SURJUDPWR7&HDID WIXWK RD F\WHQ LV
SDWKRJHQV Rl WKH LQWHVWLQH 6WRQH

/\WLF EDFWHULRSKDJHV DUH YLUXVHSWRKINWR Q WWKBIF K V
VXUIDFH Rl EDFWHULD LQMHFW W KW OIHD ® QYR M{EHHVV J|
VIQWKHVLV RI QHZ SKDJHV 7KLV SURFHGVOMQGEV GHWW KVK F
RI WKH KRVW EDFWHULXP DQG WWHHMOHDVH RI PDQ\ PRUF

7KH WKHUDSHXWLF XVH RI SKDJHV WV MXWEPRUFRRELDO
DGYDQWDJHY FRPSDUHG ZLWK RWKH U H KWXKRB W S HIFLYMFO \
DQG DOORZ IRU WKH UHPRYDO RRLWKRRASHRLULYVPNYOORW DU Jt
PLIHG SRSXODWLRQ 6HFRQGO\ POQ RUNHJ DIQIVPIHE LERX\PLEFVUW K
SKDJHV DFWXDOO\ LQFUHDVH DQG ZRARNSWRENHWVYRIPRUH G
LQIHFWLRQ )XUWKHUPRUH SKDWHNGDSHW LY G GHIY IRQWH WWHK
SDVV IURP KRVW WR KRVW DQG IORYHK WK H S RIFMQW KB CF YR

 QWHUHVW LQ DJULEXOWXUDO D$SDQEDR®WLRP\E IRG B\KIDQ |
WKUHH PDMRU DUHDV

SKDJH FRQWURO RI SODQW GLVHDVRRDWXREKVDYQEDFWHU

(UZLQASD LQIHFWLRQV RI IUXLW WURSW VRUW BRWIKW D

SKDJHV WR WUHDW GLVHDVHV RIIBOWRRQV FHDXVHGY LU

( FRIOQ FKLENHQV IXUXQDRERNEVGYK DQG PDVWLWLYV

FDWWOH

SKDJHV WR FRQWURO KXPDQ IRRG 6ROFFHVSBHRRIHQV

LQ FKLFNH®OZ + LQ FDWWIOMWERYGEEXULQJ WKH

SURFHVVLQJ RI IRRW DEOUDEEDQ

,Q UHIHUHQFH WR KXPDQV LW KBVLENHY W HTRURHG DW|
DWWHPSWLQJ WR XVH SKDJHV W RUFR/Q W\WB Y0I56F PXIXNV K L F L
DXUHXYV EDFWHULDO RUJDQLVP WKDWPDW RHVSR @Y IVEHQH RR Y
LQIHFWLRQV WKDW RULJLQDWH LQ KRVSLWDOV YRQ 5DGRZ
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$V DQ H[DPSOH LQ DTXD#XXWNWXBKQGDWERR W\SHV RI

SKDJHV WKDW ZHUH VSHFLILF WR/AKGIRPEPWHULDO RUJDQL
SOHFRJOR WM F®XVH RI EDFWHULDO KHPRUUKDJLF DVFLWI
SOHFRIORVVXV D WKHHBRVLY Rl WKHLU H[SHULPHQWDO ZF
VXJIJHVWHG WKDW WKHVH SKDJHV PGLKWDEHH X WHKG \WOROFR Q W
SURYLGHG D QXPEHU RI UHIHUHQFHWRQ SKBH®D \FRYWQRO R
DQLPDOV $OVR *UDERZ S URM OB DED WIRDWH RQ W
EDFWHULRSKDJHV DV PRGHOV IRU YQXRNUHRX\QUADWHHQ PIO\WR
RQ WKH VXEMHFW

&RPPHQWY DQG &RQFOXVLRQV

Facts are hard....understanding is harder....wisdom isrtast.
Stephen Becker: A Covenant with Death, 1964

7KH DSSDUHQW VFDUFLW\ Rl UHIHWRHWRHWRBWKX QHG VS
DTXDSRQLFV DQG IRRG VDIHW\ KDWKHNQ/IV ¥®\LJIXWM. QGRE D |
ZKLFK 'RXLOOHW DIJUHHV &R QWHRN KKK JIWH AW H Q FHWF
DUH PRUH UHDGLO\ DYDLODEOHDIFRUD W KH HO DQ JHHD WRSQ F R H
WR D JUHDW GHJUHH LW KDV EHHQSO@HFHYPYBUDWERMVRFXV R
DSSOLFDEOH WR DTXDFXOWXUHSRYOHWBOORP Q\GKWR WRI\ WR
DTXDSRQLFV LQ SDUWLFXODU

W LV VLIQLILFDQW WKDW IRRG ERDQY/M ®RZJWRQRWLF G|
DTXDEXOWXUDO SURGXFWV LQFOXG U®QJRUTWKSRQLHFNV R® H.R
LV DVVXPHG WKDW IRRG ERUQH E DFOWRJ UBI® LSDMDKRY HOR/ W |
DQWLELRWLFV LQ WKHVH SURGXFWYXH SHHYIHF WRVYH R D LRR
VDIHW\ LQ DTXDSRQLF VIVWHPV WKHUKRR{LHRY WR EH PXFK
FRQWDPLQDWLRQ Rl YHJHWDEOH DQ@G IRWK HILIKX 5B W& RB H
EDFWHULD RI GRPHVWLF DQLPDO R DUDMLWHYGVXIAKKDRLFUR
EIFORVEBUR| KXPDQ RAUISWR DQMISL GRRIXPRPHVWLF DQLPDO
RULJLQ LQ DTXDSRQLF V\VWHPV HVSHLWDH® Z LY K. QUKRIR U
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SRWHQWLDO RI VXFK FRQW D P IHIDIBVR RW KRGW KRH YWLRZG IQW L\RX
FURSV

W LV SRVLWLYH DQG QRWDEOH WKDW D VWXXRE\ 5REL
FROOHFWHG ZDWHU DQG YDULRXV YRIQHRF DIEFLIOL. WU RAED W QQ\
WLODSLD DW WKH /HWKEULGJH ERRPR QLI ZONB E B IS U REXE €
EDFWHULDO FRXQWV IURP WKH Y H EHOWDE IOFHW X HIRK ZLHADIGL QV
HDW IRRGV 1XPEHUV RI IHFDO FROZDRWHY HQWHHDYB GVEH YV
VIVWHP DQG WKH ZDWHU H[LWLQJ WKH WEDWHR CKRRHPM U Q
ERWK VDPSOHV ZHUH YHU\ ORZ

%\ FRQWUDVW D UHSRUW RQ D WHVW&RREDRBWL@MG VW X
YUDQN VKRZHG WKDW KLJK O HYXHGV LRY ¥ Q DD VKHREY ERNU |
FKRL FXODQWUR URRWY DQG FKLYHV JURHE\OHLRODQ \U V XIDLSHR
ORZ JURZLQJ DQG EHFDXVH WKHLU QHFYHVHIZUHDVORN HJ RIR
ILVK WKH\ DUH DW JUHDWHU ULWN®W FRQ VRIVBHID W RRRD U
FKRL DQG FXODQWUR LQYHVWLJDWRUWHX V$EGODRWKHIUFW ZD
VDPSOHV RI YHJHWDEOH SURGXFH LPSWKIYW®WXIGIDWDIGY BR
OHYHOV RI PLFUR RUJDQLVPV IRU ZKARFXGKFMMWHBULDO FXOW
+RZHYHU DOO DTXDSRQLFDOO\ JURZQ SSPREK® R UAIH ZDYE H
ULQVHG LQ SRWDEOH ZDWHU SIUWKRUWARWXEEA H. Q G K FIDWWHAGK @M
ORZ JURZLQJ YHJHWDEOHVY DQG SKBKDBSMDIDIX Y SRBOWPDEOH
VA\VWHPV PD\ ZHOO UHTXLUH WKLV HWRAKHGRBAH S Y RUGHEB |V
VXFK SURGXFH E\ WKH EX\LQJ SXEOLF

%HDULQJ RQ WKH ODVW VWDWHPWE&W MW XE\LOQWWUKR X\
PRVW IHHGEDFN IURP FXVWRPHUV DW Y& QI FiH UZDQMWS RIVWU WH WK
WKH IHHGEDFN IURP WKRVH DW D WH{/G\HBDW R HEM Q1 JBWK E k
&XVWRPHUV DW WKLV VLWH FODLPHKUW KDRW WR/H I /IRYPW R &
WKRVH JURZQ LQ VRLO WKH\ OLN HBUWE HWKD\ WHIORN BYKDX/P E
JURZQ YHJHWDEOHY DQG KHUEV FRQM)DMM\QBE Q@ RHHHWRLO PL
KHDOWKLHU DQG PRUH IODYRUIKOZ LW/KHW B H UV M QRA RZFD R/ BIW T
KROGLQJ ILVK IRU JURZLQJ SURGXFHLWRPHRIGXVDQUHHWBGKZLV
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SURGXFHG LQ D FORVHG HQYLURQRPAPMQWSNIDRPHVXOW RI \
FXVWRPHUV WKLV PDUNHW GHFOLQBO\WR KDY ISURGWRHU D
GHOLYHUHG &KREDQ DQG )UDQN

,Q RXWGRRU V\VWHPV EDFWHULDORPRWKHD PLEHDWRRQ F
URGHQWYVY ELUGY DQG WKRVH IURP @R PLHY WQ & FORQL K/D\OW HPQ
URGHQWY DUH OLNHO\ WR EH D SRWKRW.QIOF VRYXUCHP RQED
+RZHYHU DW WKH 8QLYHUVLW\ RI SWKH DLW DITX DBRDQ 6V KIK
EHHQ XVHG LQ SODQW SURGXFWLEQDRPHG \WRDW QW RKQNM E
EHFRPH LOO DV D UHVXOW RI ZRUN DQ DTXDSRQLFV 5DNRF

7KH LQFOXVLRQ LQ WKLV GRFXPH QN ARI|W RHFRE kD BOL G
YRRG 6DIHW\ +D]DUGV IRU )UHVK ) U XLUWW KIHQ IGHDHGILHQM DFEIO H V -

¢<DWHS®DBDJH ZDV WR KLJKOLJKWRW KMK S RFMR-OQWDLFL@ DWLRQ R
DQG YHJHWDEOHYV E\ PLFURELDO B W QW \D 1L BMKMWEURDDOG H U
SURGXFWLRQ QRW WR DURXVH MQUWIVERXMEOH RU LUUDWL
DTXDSRQLF DTXDFXOWXUDO SURGXFRMRQ LTRRVUKLH \WRRQ/ UI
DYDLODEOH WR WKH SUHVHQW WMRAHRLQGLFDWHY WKH UHOL
DTXDSRQLF DTXDFXOWXUDO SURGXAWLRQ WRPSDWHE @D @ K
PHWKRGV Rl SURGXFLQJ IUXLWV DQG YHJHWDEOH HWF

7KH SURWHFWLRQ RI SODQWYV IURP IHPWHFEBA EHVWYV LQ |
DFFRPSOLVKHG WKURXJK WKH VHOHNWDURQ VRK HL XWHIFRI UH VL
%BDFLOOXV WKEQGORUMPKH WLPSOHU XVH RI LQVHFWLFLGDO

JLVK LQ DTXDSRQLF V\VWHPV PD\ EHDVXERNRHFG\L WIRRW K H
IRXQG LQ WKRVH UHDUHG LQ WUMP\G LWV RIFVOHIST XQ ROV W B[
SDJH VRPH Rl WKH RUJDQLVPV RD XMLKQ P DMKMHIVHE@/L V HD V
KXPDQV DV ZHOO )RU WKLV UHDVR® UQXLD/ERYMVHKHK RV HV |
DQ DTXDSRQLF VI\VWHP VXFK DV WKDWWIRQSBRYLGH WHKHH X \Dr
VRXUFH RI QXWULHQW IRU DOJDORXOWDNUH7IOH SRARERWHG @
IRU WKH TXDLO XVHG LQ KLV SURMD BDMXK RIVW HPX RKR [L\Q W UR
6DOPROHOOBWF LV SRVVLEOH DQG ZLWK RMMW XEHDI WO HIBQSU |
FRQWURO TXDOLW\ FRQWURO RKLQYVD QX R W KHWHPRMS-SHWD L
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KDYH VRPH SRWHQWLDO ZHDNQHVVHVLV3WR KD BDHERMMH
UHILQHPHQWY LQ PHWKRGRORJ\ PDWZXHY® GRDOHUQNWFWLYH
6LQFH ZDUP WHPSHUDWXUHYV DUHRIHIREYH G SRUHWKH U
LQ WKLV SURSRVHG DTXDSRQLF WWRKK FWBH KSRPD/QELO L
EDFWHULDO SDWKRJHQV PRVW RI ZBOLW K RIQO WRI RISHXD WK ZHD
OLNHO\ LQFUHDVHG VRPHZKDW 'HWSLWRP DX/ WBR EULEHI C
WKDW IRRG SURGXFWYV GHULYHG IURP KRY EXRBRVHG V\VWI
FRQVXPSWLRQ KH GLG QRW SURYLGH FEIXUXDIQWW FRQQWUFRQ
PHDVXUHV EHLQJ XVHG WR DVVXUHG/AWW\ RO WKHDQGDIQMK
+XWFKLQJV KDV LQGLFDWHGX IVKRIQLE VX RW D RPGIL W\
VRXUFHV RI ZDWHU IURP GHHS ZHO OVWKH IMK K LSIKRFR. QW H GE\!
VDOW $FFRUGLQJO\ LW PLJKW EN \RR/V[EORURWWRPH SU
GHYHORSPHQW VDOW ZDWHU DTXDSRQLFWQ®F BHVFWWEHG E
D RULQD EURDGHU DTXDFKGIWEHDYRQR®W D UXDIRIQLY K
DV WLODSLD LQ PRUH EUDFNLVRDADEMHUND U,IQG, \. QDD FANILY I
ZDWHU SSP VDOW /HQRLU
W ZRXOG VHHP SUDFWLFDO WKDVRULD®\HQWBBXQW R QD
IDFLOLW\ VKRXOG EH REWDLQHGMVRRBFB W QOAKLEXHU KXW WQ |
GLVHDVH VXUYHLOODQFH SURFHGXUWHVEDQB GGV WWRFRV IV H
SUDFWLFHG 6XFK SURFHGXUHV DUHKRGKRIPRYRL GRY W WKIH |
HFRQRPLF ORVVHV FDXVHG E\ SDWKRJHQY R XG\H DIOFQ\O LR/G IHH\
VKRXOG KDYH VDPSOHV RI LQFRPLQJWHMHRWVR XH[BH [RQH L WK IV
&DQDGD IRU HYLGHQFH RI LQIHFWLIRXO\G BLWMDNGH VERI NRKH W
IDFLOLW\ 5RXWLQH GLDJQRVWLP ®RR YWRXDED R | L\R XCGHIWIH.
SRWHQWLDO SUREOHPV :KHQ LIVJDV @W\W IMBIHFQH.FYGE¥HQU
PD\ EH SUDFWLFDO DQG FRVW HIIHFWLYH 5HGGLQJWRQ
8QGRXEWHGO\ LQ WHUPV RI DWVRHNF SGLLVQHID WIRVS WHKYHH Q
VLIJQLILFDQW ZDYH RI WKH SUHVHQW R D3 LPW RV H L@ BOPIEQ\
KXPDQV 6D@MLOP®Q DQG ILVK PD\ ZHOO EH WKH XVH RI VR
«QHXWUDFHXWLFDOV- UDWKHU WKBB RIKBIQIWHLEEQ RWDIRAQ XV |
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SURGXFWLRQ RI OLYHVWRFN 7KHQRGQEHXBUBEHRWLFDO -
SURELRWLFV LPPXQRVWLPXODQW\®XF® QPP XERPRGXGDWR
YLWDPLQV DQG WUDFH PLQHUDOV URMXIFFRLW F@ B WHDWE L Q J$V
EDFWHULRSKDJHV WKDW WDUJHW !VISHHWKHE WEKPWHVKBO SD
WUDGLWLRQDO DQG LQFUHDVLQJO\LQUWN\ PHWKRGV RI VLPS
DQWLELRWLFV FKHPRWKHUDSHXWLF W DRWX R WGIIDQHDAPH/A WD W
OLYHVWRFN ! PD\ ZHOO EH DQ DGGLWRR® VO IBWDFWLFDO D

7KH XVH Rl «QHXWUDFHXWLFDOV - FRPWKMHUWLIRIY 0S GRAV |
YDFFLQDWLRQ ZKHUH LW LV SUDFWVYROLG IRPXIR Y6 D YRUE
WR WKH SUHYHQWLRQ RU DPHOIRUQ WIL\RKQ R WIKHIHPWYRXW B
LQ KXPDQV ZKR FRQVXPH WKHP 6XFRDFIQR® DGWUEQRWRR (
ILVK FRXOG EH D PDMRU IDFWRUQWRW® CPW WRKQ RQROKD Q DG [5 DR
DQG LQVWLOOLQJ FRQVXPHU FR QHGILHE@RH SLLR B/ XHWT X B DR.MO,
VXFK DSSURDFKHY DV DQ DWWHPSW WRSOE YEHQ W SRV HFW Y |
IDFWRU LQ SURPRWLQJ DTXDSRQVFI&R®\ W KR ZIH UMWSH B WY G YK
LQWUD DQG H[WUD &DQDGLDQ WUDGH

JRU H[DPSOH JLYHQ WKH VHULRXV QHWURIS W FAMFLRQ \
LQLD@ KXPDQV KDQGOLQJ WLODSLIDIKDDJHG YD QWDZIRRXE BHR
GHYHORS DQ HIIHFWLYH YDFFLQH PRQWW RAWKUN FRUJ'\D G EDFE \
ILVK XOWLPDWHO\ WR DYRLG KXWD®UW QI FRPRRYDWDRQ LAL
DV SDUW RI WKH URXWLQH PDQDXB8RQMF R SHTYDDNF IXROQWX UMDIC
VHOHFWLYH XVH RI FHUWDLQ «QH XVDWBIFEX@H AD\O V6 MRNIPG/
WKH VDIHW\ DQG KHDOWK RI ERWK KXPDQV DQG ILVK

2QH LVVXH WKDW GRHY QRW DSSHDGHW R DVDE G\ BHH @ KOHC
OLWHUDWXUH WR ZKLFK WKLV ZURLDWH M X B @/ \DIFG MWR/H X M & DRA
OLYH ELRORJLFDO SURGXFWV VXFK BV SWKDEN W HF § URGR® \EH
IRU GHDOLQJ ZLWK GHILQHG LQIHEWLRXYVL®IOVEBDVHDVHY SR
GLIIHUHQW VSHFLHV RI ILVK DQ® WKHDOI)LRK HYIDNPFSONHH O D L C
VRPH SURELRWLFV DUH GHULYHG |URPF@RIQ@SDW R R JHQLFK VW
WKHUH DUH DOVR SDWKRJHQLF VWEIDYQWVVRR®Q KRH \PDXRWHD RULR
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RI D QRQSDWKRJHQLF RUJDQLVP WRKDYSDWHKRHHIQLF VWUDL
FRQVHTXHQFHV QRW RQO\ IRU ILVK EXW DOVR IRU KXPDQV
DTXDFXOWXUDO DTXDSRQLF SURGXBW QV2ELWLMROH VK DLW Q M
WR EH H[DPLQHG HVSHFLDOO\ LQXW K\HK B LWKWHDIW RQ EH B Q R
DJHQWYV WR LQFDSDFLWDWH KXPDQ,®RBXODNMOLAR B W & Bl IV O
SRLQW LV D «JLYHQ- LQ DQ\ VWIXFGLHY RRR & ISH KRG KFR QS UFSE
RI SODQWY DQG DQLPDOV

7KH H[FHOOHQW UHYLHZ Rl WK HDWXIBIFK\OWRK SXEOLF KHI
GHULYHG IRRGV E\ +RZJDWH FROB®EK O HE K\HKODOW W KBIRWP
WKH FRQVXPSWLRQ RI DTXDFXOW X UD®DGSIUR @R PW \ QWW DIk

ORZHU WKDQ WKH ULVNV IURP HTXWKIHO AIQBNGPCENHH\Y. WMWK HD X J

SRLQW WKDW KLV UHYLHZ LV D Q WLWANAN VIPERMRD RW M K/ H VINH/O L
VRPH KD]DUGV LQ DTXDFXOWXUDO S WRIGIXE WAK BIUH ZD\0 & L J K
FRXQWHUSDUWY :LWK WKH H[FHSWKRQ@BWXHW HRU LW\ UH
KD]JDUGV LQ DTXDFXOWXUDO SUR GXFKV UWRPWAKH 8 DIPWRIE W W
(SLGHPLRORJLFDO HYLGHQFH VKR ZVLW KH® OWKK IRRWM R U VKLH
SURGXFWV ERWK LQ QDWXUH DGFHKW HQME VD U HV MV KIRR/MH LY
LQ WKH ILVK VKHOOILVK DW WKH WLPH RI KDUYHVW

2WKHU LPSRUWDQW SRLQWYV UDLVH®KE HRZO R W J L

3URGXFHUV RI ILVK IURP ZLOG BWREWY YD ¥ R QQLWRNMOR Y
WKH LQWULQVLF TXDOLW\ Rl WKH FRMWFPKHG7KWH \ERVEMH W KD WI
RI WKH VSHFLHV FDXJKW E\ FKRLFHRR Q RK IFQB WMXRXQ G¥Q H
RI WKH VHYHUDO DGYDQWDJHV RI DI XDFXDS\RQLH VDI\G ZEH O]

DV D VRXUFH RI IRRG ILVK LV WRHKDWRW WH O ROOHRH W KD Q QHW

TXDOLW\ LQFOXGLQJ VDIHW\ RI WKH SURGXFW

&XOWLYDWLRQ RI ILVK LQ EUDFNIWKHRW IRRRIVKZDWHU V
KD]DUGY DQG JUHDWHU ULVNV WKMQ WKRWHDUBDGH® MDD OW
ZDWHU ,Q HLWKHU WHPSHUDWBORID EDWIPW¥ DMAH UNIK'HUMH- KD
FRQWDPLQDWLRQ ZLWK HQWHULFVERDVMEH RIUDZKKIHQ VA W\W A VZ
DUH IHUWLOL]J]HG ZLWK RUJDQLF RD@/XWHKHVHKRUKDQYLMFVGAL
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SHQHWUDWH LQWR WKH HGLE O HUW LKM\IXHEHRIVILW K HAK R Q BDKE
LQ WKH ZDWHU $V D UHVXOW WRHHEDRWIBUDRGRWHKIEQ HAL \
DVVRFLDWHG ZLWK ILVK UHDUHG LQ UWYWIH G VEM K >X0RD® L Q
DQG DQLPDO IHFHV DUH QHHGHGZRXQ ® \SHHDMF \I G ¥ DEHOYHH O
DYRLG WKH XVH RI ZDVWH ZDWHUVIKUR® DX P B R WXNWKHU RUK
DTXDSRQLF SURGXFWLRQ

)LQDOO\ LQRUJDQLF FKHPLFDO FRIDVMDALIM® @W \K XWKDQW
VRXUFHV FDQ KDYH DQ LPSDFW RQ DTXBFKMMGUDO VI\VWHP
EUDFNLVK ZDWHU 7KHUH DUH ZHODWILIRG | RIK MRUH BHL 6 D B
WKDW WKH ULVN WR KXPDQ KH D O VWRK OER P HWKHHWAHORRZQ DD W IK!
VIVWHPVY +HQFH WKHUH LV OLNHG\DQRRPRP HOG RRWVXRGHOL
LQRUJDQLF FRQWDPLQDQWYV LQ VX3S0 LK) VRH ZPWRU IRU DT
VDIHIJXDUGLQJ KXPDQ KHDOWK 2 QU XK HXWER Q \P IOJLKNM G H
RQO\ PHWDO Rl UHDO FRQFHUQ VGQFKHOWH W BEYV R FRK® GU
D EDVLV IRU HVYWDEOLVKLQJ PD[LPXP OHYHOV LQ IHHG

$GGHQGXP
D +D]DUG $QDO\VLV &ULWLFDO &RQWURO 3RLQWYV

+D]DUG $QDO\WVLV &ULWLFDO &RQWWRD® WRRQW OV O+$&&3
UHFRJQL]JHG V\VWHP IRU FRQWUROOLQJ WVRRBWOHYWORSEDG&]
RULJLQDOO\ LQ WKH 86% WR JX®URQ W MW WRKAHD XIVIWH WVQ R/ISIORF
KDV QRZ EHHQ DGRSWHG ZRUOGZLB8HZDW G MWFILHRWLILYHF VW
DSSURDFK WR HQKDQFH IRRG VDIHW\ LBQGCHRH#}pE& &3 SURFF
FRQWUROV WKURXJKRXW SURGXHVRISRHQY DAKR B KWIRQUMBDE §/ O &
SUHYHQW VDIHW\ KD]DUGV EHIRUH WKHMHFREBOXHY R7KH#H$ &&3r H(
DUH
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'HWHUPLQH WKH FULWLFDO FRQWURO SRLQWYV

(VWDEOLVK OLPLWY DW HDFK FULWLFDO FRQWURO SRL¢

,GHQWLI\ WKH KD]DUGV DQG OLVW SWHKYHPQWLYH PHDVX

(VWDEOLVK SURFHGXUHV WR PRQIWRU WKH FULWLFDO

(VWDEOLVK FRUUHFWLYH DFWLRQDWRREM WDNHQ LQ FD\

(VWDEOLVK HIITHFWLYH UHFRUG NHHSLQJ
7KH ILYH VWHSV Rl KDUBUG DQDO\VLYV

5HYLHZ WKH LQFRPLQJ PDWHULDO SDFRNO®XIGQQJ LQIJUHG

PDWHULDO

(YDOXDWH HDFK VWHS RI WKH SURFHVVLQJ RSHUDWLRC

2EVHUYH WKH DFWXDO RSHUDWLQJ SUDFWLFHV

7DNH DFFXUDWH PHDVXUHPHQWYV

$QDO\]H WKH PHDVXUHPHQWV

,Q HDFK FDVH WKH DQDO\VLV PXVW FIR® VEIGHRL PDO® SR
DQG SK\VLFDO KD]DUGV 2QFH WK H LKIO5] IDUGEV CKODYG JEHHEH QIV K
QH[W VWDJH RI +$&&3 LV WR GHW SRR Q@3N KQHH FHYWRBD O F|
WR FRQWURO WKH KD]DUGV

,Q WKH PDQXIDFWXULQJ SURFHVV W&ZRLFKHFBRMWIUVRYD R U
FDQ EH DSSOLHG DQG D IRRG VDIWWE KB {PLWPE FIDWPHEBHRIWH Y
UHGXFHG WR DQ DFFHSWDEOH OHYHWR AROQMUR®LGH Q%I IQ
KD]JDUGV LV WKH VHFRQG PDMRU SULQWKHHOMRMRGEG D +$&&3 V\\
SURFHVVLQJ VHTXHQFH &&3 DUH ORERWRIJA MO D OK\S/REQW
DQG FKHPLFDO KD]DUGV FDQ EH H/GIXP/L QRDAVE HF® @ U § RQX\GIR C
FRRNLQJ FKLOOLQJ VDQLWL]LQHQWMIUPXRDWURYWVRQWURO
FRQWDPLQDWLRQ HPSOR\HH K\JLHB8H QGNVHION NBIR QURKHDQW &.
DUH GHYHORSHG DQG GRFXPHQWHG RD FRIXWOR OWCLLGFH WK H
KD]JDUGVY GHSHQGY RQ WKH FDUH WD NMIQHLBPUG WWHL® LOQLPQ W
PXVW EH PHW DW HDFK SRLQW WK I MR EWQWIURD SHURAKH & &
DQG WKH FRUUHFWLYH DFWLRQ W DINGIHQZIKLH QH\G KIHW HD L&& B G
9HULILFDWLRQ RI HDFK &&3 LQ D SDRFRARQGLYRGOPIRW HQV X
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SURFHGXUHV DUH LQ SODFH D QG RVG\W WRW OH QD WHK H | SHREMH.QY
KD]DUG

$FNQRZOHGJIJPHQWYV

W LV YHU\ PXFK D SOHDVXUH WR DNNQRWO®GEBH, WKH D
KDYH UHFHLYHG LQ WKH SUHSDUDWLRXKBRWWHKIRY UGS B UBN W
IROORZLQJ LQGLYLGXDOV 'DU\O /REBENOGDW YRRGWVKMNWH
RSSRUWXQLW\ DQG ILQDQFLDO VXS(SRBW XWRFK[LRAR UR UNVKILV
NQRZOHGJH DGYLFH HQFRXUDJHPHQW)RQGH®P® & &R L+
+UXGD\ RI WKH 1HLO &UDZIRUG 3WR®YQPIXDE GH @W ¥ HVM D Q/F
D P\ULDG Rl UHIHUHQFHV -XG\ &KRZ GEVILD BOB{DE GRU WW®E
FRQVLGHUDEOH SDWLHQFH DQG DVVLWXDIQWH[ILW®&GI1GLWLC
SUHSDUDWLRQ RI WKH ILQDO GRFNXRPHQSV Z AWK D/ RROQIHY JI B\
JUDSKLFV *HUDOG 2QWNHDQ IRU UWLNU BQFHQMWI BR W IKUV RG |
LQIRUPDWLRQ RQ WKH 20GPDQ 5LIYWUDWODWIHQ DEMEHW R4 XVEKGL |
PHPEHUV RI ERWK WKH $TXDFXO VQX% H DEGIFKV LARRW WIQHEL JU U L J L
FRQWLQXHG IHOORZVKLS DQG JRRG KXPRU
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SHIHUHQFHYV

$ELGL 5 8VH RI SURELRWLRHZ F DQEL®DWMHHDYH DLIHR/
$TXDFXOW $VLD

$GOHU 35 -. +DUSHU (0 :DGH ) 7DNHEDNDQG 6 1 @R PIUF
DQDO\VLV RI DQ DTXDSRQLF V\VWHPRIR R IWKH Q @ RH WWUWDRNKWG
DQG SODQWV ,QW - 5HFLUF $TXDEFEXOW

$OFHVWH && DQG * &RQUR\ ,PEREHWOQ QW R YIHD VKD W &
$TXDFEXOW ODJD]LQH

$OGHUPDQ '- DQG 76 +DVWLQJV XDEFOWWKIURMWLF XVH LQ [
GHYHORSPHQW RI DQWLELRWLF UHVHWYWEBQBMW K SJRW N W, QDAC
JRRG 6FL 7THFKQRO

$QIXOR ) $OQOWLPLFURELDO DSIRI\G WQWLLD O TEXFESAXFOMV R Q H:
KHDOWK $OOLDQFH IRU 3UXGHQWHWH RI $QWLELRWLFV 1F

$QRQ 7LODSLD 3XEOLFDWALRQ IRRU 7UR JKHD &HDQ G
6XEWURSLFDO $TXDFXOWXUH &ZB% FWHNMD RUJ SSV

$QRQ D )LVK GLVHDVH DQG KXPDQ KHDOWK
Z7Z7Z ILVK ZD JRY DX VI EURF IKLQIR IKLQIR KWPO

$QRQ E )RRGERUQH GLVHDVHV REWLYH VXOOYHLOODQF}
ZZZ FGF JRY HSR PPZU SUHYLHZ PPZUKWPO K
$QRQ D )DFWVYFDRRSWUD

ZZ2Z FGF JRY RG RF PHGLD IDFW F\FORVSR KWP
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$QRQ E 2XWEUHDN RI F\FORVSRUDODVLV | 20D0WDULR &D1
2272 FGF JRY HSR PPZU SUHYLHZ PPZUKWPO K

$QRQ F *XLGH WR OLQLPL]H O4PUBEGNORRBRG H\DHHWXLV
DQG 9HJHWDEOHV )RRG DQG 'UXJSHERLRH YW WRD \§ 1 B QF X806V
&HQWHUV IRU 'LVHDVH &RQWWRS D PG B UGLY HEWLRQ

$QRQ %BDFLOOXV WKXHAQMUB® YDFW 6KHHW 1DWLRQDO 3
7HOHFRPPXQLFDWLRWW 3 HWZERURUVW HGX LQIR QSLF IDFWYV

$QRQ D 8SGDWH J/LVWHULRVLVBRXWEBHOND\MH HAAPMWLJID
Z2Z FGF JRY RG RF PHGLD SUHVS88MO U KWP

$QRQ E 3XEOLF +HDOWK 'LVSDWHREXL V2 XQ/REEWW B N DR/IWAHLV/Q
8QLWHG 6WDWHYV 00:5 2FWREHU
Z272Z FGF JRY PPZU SUHYLHZ PPZUKWPRG WP D KWP

$QRQ MVWHULD PROREQUMRIBIGWWR HDW IRRGY .DQVDYV
5HVHDUFK DQG ([WHQVLRQ RRZGRGQDHMWNYMZVGX IRRGVDIHW

$QRQ D /LVWVAHUERV¥LYFLGRG GEPG GLVHDSBVQIR OLVW
$QRQ E 3&%V LQ IDUPHG VDOPRDZ HEY RHULHYV
$QRQ G $PHULFDQV DWH PRUMVYRQDRRGFHPQLF DIPG

$WPRVSKHULF $GPLQLVWUDWLRQ 1DWLERQ D&LWBIGLDR® )LVKF
IRUWKHUQ $TXDFXOW
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$QRQ H 6FLHQWLVW GLVFRYHDW ERWW O/WKRDPR Q@H/GV
DOWHU ILVK UHSURGXFWLRQ
Z2ZZ VELHQFHGDLO\ FRP UHOHDVHV KW P

$QRQ I JLVK JHWWLQJ GUXJ FRFNWDLO IURP VHZHUYV
ZZ2Z LWHFKQRORJ\ FR |]D LQGH[ SKS"FOLFNBL% WUWBLG TZ
HWBLR

$QRQ J 7KH +DUPIXO $0JDH 3DVYNRFRXPWIQGL DIOWK KD U P |
DOJAEZZ ZKRL HGX UHGWLGH LOOQHVYVY LOOQHVV KWPO

$QRQ K /LVWHULRVLV 'LVHDYHRI|QBBWBWLBQ DQE LOWE
'LVHDVHV &RPPXQLFDEOH 'LVHDVHV &HQWHU
KWWS ZZZ FGF JRY QFLGRG GEPG GRVHDVHLQIRU OLVWHUI

$QRQ L %HWD JOXFDQ H[WBBRWGLEPFPX\GARPIX Q®IFV X S
3DOR $OWKKRVWS® ZzZZ YLWDPLQH[SUHVV FRP QHZV EHWD K

$QRQ )DFW VKHHW )RRG 6DIHWA\VEKQGDE %V IRXQG L
777 KF VF JF FD HQJOLVK PHGLD UH O HKDMWM V IDFWVKHHW

$QRQ D 7KH OHUFN ODQXDO RI 'LDIKRWLR@DQG 7KHUDS)
,QIHFWLRXV "'LVHDVHV &K $QWLEDFWHULDO 'UXJV

$QRQ E ,QVHFWLFLGDO VRDSV
KWWS LSPRIDODVND KRPHVWHDG FRP ILOHV VRDS KWPO

$QRQ F $SSURYHG &DQDGLDQ 3K®\QRSMHRH XQWLFDQ WER Q
'QFZZZ V\QGHO FRP PVGY FDQDGDBDSSURYHG KWP
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$QRQ G 6DOPRQ IDUPLQJ DAY@ KEPDF® KHDOWK
ZZZ IDUPHGDQGGDQJHURXV RUJ IDUPBKHDOWK KWP

$UNRRVK 05 ( &DVLOODV 3 +XIIPDQ (68MHHRROQQG-8YHUHG
9DUDQDVL ' QFUHDVHG VXVFHBSRW IDADPRQRI MXYHQLOF
20FRUKIQFKXV WVHKRE IV FRQWDPLQDWHG HVWXDUWARNR WKH
DQJXLOODUNBY $PHU )LVK 6RF

$UNRRVK 05 ( &OHPRQV 0 O\HUV DQG UBDVILRQMRY % FHOBX S
PHGLDWHG LPPXQLW\ LQ MXYHQERUKEREKZRR NVWPDEWARRQV K D
HISRVXUH WR HLWKHU D SRO\F\FOLFROOURRORULEQDWHRFDUE
ELSKHQ\OV ,PPXQRSKDUPDFRO ,PPXQRWR[LFRO

$YDXOW -: &DWDVWURSKLF ORVIVWW BIREXGVHBLWRQER
LQVHFWLFLGH $TXDFXOW ODJD]JLQH

%DNHU '$ 52 6PLWKHUPDQ DQG 7% OF&WVRBOPRQHOBRIHYL
WISKLPXURLOP®SL DDA/ ADWHU I[URP SRROV IHUWLOL]JHG ZLW
$SSO (QYLURQ OLFURELRO

%HUUD 70 -) 6PLWK DQG -' ORUULWROQWLILFDWIREDROMWKB
FXEXPEHU RGRU RI WKH $3XVARVUDUDU B B VOARTDNRYTURIIS DU
J)LVK 6RF

%OD]HU 96 DQG 5( :RONH D 7KKHHR B FRQ/ VRK Hp MWWPRRKR)SH
UHVSRQVH DQG QRQ VSHFLILF UHVLVWIDOFAR | DFMFGIVHRL UL

S5LFKDUGVRQ $TXDFXOW

%OD]HU 96 DQG 5( :RONH E (IWAPWORI GHWSRRYHVKIH
UDLQERZOWORRWDLUGDRUL)LVK $TXDW 6FL

83



%OD]HU 96 *7 $QNOH\ DQG ' )LQFRQ.IMXWQFHV RUHEDWHDVH
UHVLVWDQFH IDFWRUV LQ FKDQQHO FRDWILVK 'HYHO &RPSI

%RFHN $- <- %UDG\ DQG :$ 5RIJHUYV S[SRVXUH RI VLOYH
+ISRSKWKDOPLFK WO FPRROH WL [WIS$KKPKYOXNP

%R\G &( DQG ' *DXWLHU (110 &HADW A B PISFOQMAL\R Q D Q
VWDQGDUGVY *OREDO $TXDFXOW $GYRF

%UDEEDQ $' 5 5D\D 7 &DOODZD\ DIXDJH. WKWBDS\ 1HZ
PHWKRGV IRU WKH SRWHQWEDO HQ DOALYADMWWLRRKN R |
KWwS DFDGHPLF HYHUJUHHQ HGX E EUDEEDQD

KWWS Z7ZZ HYHUJUHHQ HGX SKDJH KRPH KWP

%UDG\ <- DQG 6 9LQLWQDQWKDDPWHULDO SDIELFIHM\VRL CE |
ILVK - $TXDW $Q +OWK

%WURZQ 6: DQG &( %R\G 211 10O DLVWKUIURPFKERBRHHWF ED W |
SRQGV 7UDQV $PHU )LVK 6RF

%UXXQ 06 $6 6FKPLGW , 'DOVIJDDUGRQEXJDDUNHRQVIHU R
ODUJH SODVPLGYV FRQIHUULQJ R[\WHWWDR\¥ HLLY B H W/7Z8H HUH V
HQYLURQPHQWDO DHURPRQDGV |LVH SOHNM EXHE @ LFARPRFWH U
$TXDW $QLP +OWK

%XUDV 1 / 'XHFN 6 1LY % +HSIHU DQGHUREQEDBRQNFDO
DVSHFWYV RI ILVK JURZQ LQ WUHDWHG ZDVWHZDWHU :DWH
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%XWWQHU -. 5: 6RGHUEHUJ DQG 'QWHRBGXJFWLRQ WRQZDWHU
FKHPLVWU\ LQ ITUHVKZDWHU )DFX\DBEKXKB M\ UH 158XSV

&KDSOLQ O AWONXSFDRZZ OVEX DF LN ZDWHU K\JO\ KWP
&KHQ 6 $TXDFXOWXUDO ZDVWI\WDOPODDHPRIPW $TXDFX
&KREDQ % DQG : )UDQN THVW PODRINHWIHMKDTXDSRQLF

YHIHWDEOHYV DQG FXOLQDU\ KHUEV LG @GW ELHWIMDFK % XVLQH\
$$)5' (GPRQWRQ $OEHUWD 7 < + (PWOLO
EHOLQGD FKREDQ#JRY DE FD

&LSULDQR 5& */ %XOORFN DQG $ MRHORPRQDV UDOIRKRPLRLG
FDUULDJH RQ DV\PSWRPDWLF UDLGERX XWHR XW W Bl PQAN. DVKQ H
UHFLUFXODWLQJ ZDWHU DQG IOXDWL$RGPVPQWKELRILOWHUYV

&LSULDQR 5& /$ )RUG &( 6WDUOLSBQG-%1HWONVHJ 1HOVRQ
D &RQWURO BHUHRRPRQDDO/DOPRRSEEGD GLVLQIHFWLRQ

VDOPRQLGYV ZLWK &KORUDPLQH 7 - $TXDW $QLP +OWK
&LSULDQR 5& DQG */ % XOORFN UXUXRBXBRWIVXURG EWI
SHURPRQDYV VDORPRNX. FAULNGEDVH /HDIOHW 86 *HRORJLFDO

1IDWLRQDO )LVK +HDOWK /DERUDWRDUYQH\V/NHHNRZQ SRDI Q.
6HQLRU $XWKRU
ZZZ FGF JRY QFLGRG HLG YRO QRSSV KWP

&037 &OLQLFDO OLFURELRORJ\ B3URILFDHQGELNFUHR/BNLIR®DI "HY-!
Rl SIDWKRO 8%& 6WUBSWRFRFFXV LQLDH
22Z LQWHUFKDQJH XEF FD FPSW KWPO P KWP

® Northeast Regional Aquaculture Center
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'DYLV -) DQG 66 +D\DVDND 3DWKRJB Q@AVKDFXNCHWYUX D HOBV
$PHULFDQsOHONO OD IHRVMHKXOIW DL )LVK %LRO

'H :HW / IHXWUDFHXWLFD OV E RXUDAZ- Y XDAOWOH WKRI JDX]] C
'LOORQ 50 DQG 75 IDWWMBQLWHDIRRGY D UHYLHZ - )RRG 3l
'LYHU 6 $TXDSRQLFV ! ,QWHJUDWKLBDXPIFKIVWRSHR QL F\

KWWS DWWUD QFDW RUJ DWWUD SXE DTXDSRQLF KWPO

'RXLOOHW 3 (IMMLFLHQW XWULIFRILEDKIMMIK IDOL S VREH RXL |
PLFURELDO PDQDJHPHQW *OREDO $TXDFXOW $GYRF

'RXLOOHW 3 SHUVSKR PR S(PHBEEGRXLOOHW#\DKRR FRP

'XJJIJDQ & - *DQQRQ DQG :$ :DONHU XWULHIQWMW BRW LIKK RW L
IRRGV IRU WKH JDVWURLQWHVWLQDO WUDFW $PHU - &0LQ

'XQFDQ 3/ DQG 3+ .OHVLXV D 'LOWDNUNQRPEBRVWLPXOI
QRQVSHFLILF LPPXQH UHVSRQVHV L§LAMADIMEOHOWDWILVK EX

(ZDUGVLHOOD $ FXY VO $QLP +OWK

'XQFDQ 3/ DQG 3+ .OHVLXV E 6@ LHUKBDY B HFH GLFRQD Q G
QRQVSHFLILF LPPXQH UHVSRQVHYV R$GKPOQOQW® FDWILVK -

'XUYH 96 DQG 57 /RYHOO 9 L WIHPALQY W DR & IQVHIRIV®RIQ H (
FDWILANKDOXUXV SEQDOWDWXK $TXDW 6FL
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(YDQV 05 &' 5LEHLUR DQG 5/ 6DOPRRHDOWKY D]IIDWL&\V RIEERW
ZDWHU DQG vVDODG YHIJHWDEOHYV DV ULYINH FBVAWRUYV (IRIJU&D F

, QI 'LV 2FWREHBGFEF JRY QFLGRG HLG YRO QR K
SSV

)XOOHU 5 $ UHYLHZ SUREIIROWLFVY $£8SPD%DFWEH DIOR®
*DQ & 8& 'DYLV 6WXG\ VKRZV 6SIHUXONWVOHDPE RRVAVYV LPP

IURP 8& 'DYLV +HDOWK 6\VWHP KWWS &¥Z QHZV XFGPF XI

*DUUHWW (6 & /LPD GRV 6DQWRYV DQOLF -DEIOFFINH DQG 3 XE
HQYLURQPHQWDO KHDOWK LPSOLBD@WIHRFW 'RY DTXDFXOWXU
Z272Z FGF JRY QFLGRG HLG YRO QR JDUUHWW KWP

*DWHVRXSH )- 5HYLHZ 7KH XVXDR K6 WKBLIR WEFXDIFX O

*HRUJH 77 &DQDGLDQ GRFWIRRY FRQ IHUP MWKWH RLIQITHF W
6WUHSWRFRARXMWYRLDDFG KXPDQV %XOO $TXDFXOW $VVRF

*HRUJLDGLV 03 ,$ *DUGQHU DQG 58REIBWRIFINSLGHPLRIORJ\ L
WKH SUHYHQWLRQ GLDJQRVLV DBIQEHRGWILRE R B UG MHRQWLLE
9HW OHG

*ODUH 75 DQG 0 2-&DOODJKDQ LQLWWMBRBW+HRNOWKH 0

(QYLURQPHWDO DQG KHDONOKKPSBEXNNLRVLHQRERQWURBOH
%LRGLYHUVLW\ *UDVVODQGV 'LY $FROYHDUFK 32 %R]
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*RUVNL 35 5& /IDWKURS 6' +LOO DIQEBSRUB B URH.WQF X U\
G\QDPLFV DQG GLHW FRPSRVLWLRQS$PHWKHVRLFPRF VKLQHU

*UDERZ :2. %DFWHULRSKDJHV LR G®VYWH RIPOD/SIRAL F D W
YLUXVHV LQ ZDWHU 'DWHKWW$ Z27ZZ ZUF RUJ |D

*UDKDP / - D $TXDSRQLFV LQ $QEBHDOWNIDQ ®XQVWQY MFRQP
%XVLQHVV DQG ,QQRYDWLRQ ‘LY $$J5' 20GV $OEHUWD

*UDKDP 7 E 7KH )RRG 6DIHW\ (DKD)@FHPHQW 3URJU
2272 LQVSHFWLRQ JF FD HQJOLVK SSF SVSV KDFFS KDFFSH \

JUDKDPW#LQVSHFWL&®VIF FD

+DUGLH /- 7& JOHWFKHU DQG &- 6HFRPEHWDPLQ7KR QH WHFW
LPPXQH UHVSRQVH RI WK 4 C5G\FRD RAAFTXDG R R QY

+DUGLH /- 7& )OHWFKHU DQG &- 6HFRPEH®LHW D UNK¥HL MWIDIR L (
RQ WKH LPPXQH UHVSRQVH RIEWRARS WDODRHWXIDFFXOBWPRQ

+DUG\ 5: IXWULWLRQDO EH®HXIDWX QW I@®DUWMH GQIH V K
+DUSHU & JRRG ERUQH SDWKRYHQ$TRD BXAWWIDR V]S KA.
+DUSHU & D &KHPLFDO UHVLVWOIDFHKO WRXBEBW KSR XHDEX QW
ODJD]LQH

88



+DUSHU & E =RRQRWLF GLVHDWHXIDRXTOXW UHDG DUIRPHILV

+HGULFN 53 5HODWLRQVKLSVDRIGWHKOIYKRRWYPISQWKRJIH
LPSOLFDWLRQV IRU GLVHDVHV RIODX\WWMRQUH G - DET & XW C8®) L IPVA

+HOIULFK "/ +\GURSRQLFV D Q/GVIVTEKMDW XPW KUH F LHQAV
IRRG SURGXFWLRQ *OREDO $TXDFXOW $GYRF

+HQHEU\ 06 5: *RUGRQ DQG '+ % XFN XODWhBBRBWHWLWEEREW
WKH VLOYHUOBRIKUBKDOPLFKWRIVRRARQ N IK (& O W

+HUZLJ 53 -3 *UD\ DQG '3 :HVWRQ O UH VILQWIDEDAF VEB BWH UL L
VXUILFLDO VHGLPHQWY QHDU VDOPRXQ®EHWDNVKXLH JIVRRN LQ
$TXDFXOW

+LOO %' -- OLOOHU & &KDQJ DQG -DSERGEVDORDWLRQVHDYVRQ

KHUELFLGH OHYHOV GHWHFWHG LQ VKDYIORQ$OHEHWWD JUR

+LOO %' -- OLOOHU .1 +DUNHU 6'=%0DHQI '- ,QDED DQG &
(VWLPDWLQJ WKH UHODWLYH OHWY ERQL®O EF-RIMHQ WRIDDVR | : 0K
4XDLW\ 5HV - &DQDGD

+LOO %' +HUELFLGH UHVLGXHNULDG® DU YD OOR X BUERZF
$JURQRP\ 8SGDWH ! &RQIHUHQFH /HWKEULGJH $OEHUW

+LUVFK 5 7 7THUQHV . +DEHUHU DREXUUHWQHFEW]RI DQW2ZELRW
WKH DTXDWLF HQYLURQPHQW 7KH 6FL RI 7TRWDO (QYLURQ
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+RIPDQQ - = /LX & *HQHVH * :ROW : (0'D@®@HN\ D@GORLQHOO
8SGDWH 2XWEWFDIRNAS RUD FD LHWBORWIORQ V¥ 8QLWHG 6 WD

DQG &DQDGD 00:5

ZZZ FGF JRY HSR PPZU SUHYLHZ PPZUKWPO KW P

+RUVEHUJ 7( .$ +RII DQG 5 1RUGPR LFV RIKDORPWI FRONE® WD G
LWV PHWDEROLWH IORUIHQLFRO$SOTKDWH $IQL BWOWEWLF VDOF

+RZIJDWH 3 5HYLHZ RI WKH $XSHRIGXKWINOIWRPDIHW\ R
DTXDFXOWXUH , QW - )RRG 6FL 7THFKQRO

+X &6 DQG -$ .REXUJHU 9L EVR B DAMIBRRE BWKH $PHULFDQ
HHO®QJIXLOOD URIRREDBMIRWHFW

+XWFKLQJV ( 3HUV &RPP

,QJOLV 9 5- 5REHUWYV DQG 15 %URRDIDD HZWDVHV RADEWH
+DOVWHDG 3UHVV DQ LPSULQW RI 7RKRQMWIRH\ DEBEGEWBWRQV ,C

,ULDQWR $ DQG % $XVWLQ BYJRELRWKFYMQ DTXDFXOW

-DQWUDURWDL : 57 /RYHOO DQG R[FELNORI DI VRIR{W %/
FKDQQHO FDWILVK - $TXDW $QLP +OWK

-DQWUDURWDL : DQG 57 /RYHOO G L6WED W U R (WILBFVWRR [ IOF 26W |
FKDQQHO FDWILVK - $TXDW $QLP +OWK
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"-RKQVRQ %/ + ( +LFNV : &LEXODV 2 RDURR@®RVE( $VKL]DZD
&RJOLDQR DQG 0 &ODUN " 3XE QU FHKSIMD\OWHK WBOLFDWLR
SRO\FKORULQDWHG ELSKHQ\OV 3&%V V BQBQEVHDWHR[LF ¢
SHIJLVWU\ $76'5 ZZZSBWVGU FGF JRY '7 SFE KWPO

-RKQVRQ * 3HUV &RPP S$SWODIHNIBREMWHBLQDU\ &ROO
&KDUORWWHWRZQ 3(, & $ 3

-RQHV 6 (YROXWLRQ RI DTXDSRQLFV $TXDSRQLFV -
-RU\ '( 8VH RI SURELRWLFV LEXSMQBHAKOGRPXKCILPS JURZ
ODJD]LQH

.HOO\ $0 DQG && .RKOHU + X P WY RERQ LR HFWRD GQ |

GHJUDGHYV PHWDEROLFDOO\ DQG E\ FRRNLQJ RUOG $TXDF

.HQQLVK 0- DQG %( 5XSSHO & K@RUIGD ¥ H CAHRRYWHDEP L Q D W
HVWXDULHY DQG FRDVWDO PDULQHHUGH\V I8 EHQ G( ¥ K HORQL V |
3ROOXW

.RFND ) & 3HWHUV ( 'DFXPRV ( $]DUFRQ- BRRHEHOOML¥RQO07 &R
'5 6KOLP 3 )DELDQ DQG 5 5DMDKF QRW((BML GIOBELEBRRUWYV
RXWEUHDNVY RI GLDUUKHDO LOOQHVVHEHDXMRBEUBWE @ Q0K F\

OLNH ERGLHV ! &KLFDJR DQG 1HSDO DQG 00:5
7ZZ FGF JRY HSR PPZU SUHYLHZ PPZUKWPO KWP
.ROOHU /' DQG -+ ([RQ 7KH WZRGBFRHVY HRQ FAHIDH® L X P

WR[LFLW\ | DUH VLPLODU LQ DQLPDOV DQG PDQ &DQ 9HW -
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.U¥%PPHO (0O 5: ODF'RQDOG /( .LPSH ,-*WHHPIHRULA (3BYHV O
6PRO % )LQQH\ DQG -0 %ODLV HOSYKDWRF $RAB O RWD QGV"
VSDZQLQJ VDOPRQ 1DWXUH

.XPDU ' DQG 5. 'H\ % DFWHULDOHUHBSMWLSHPLD LQ VL
+ISRSKWKDOPLFKWKIV PROLWUL/[ SIRHLORPRGQD LQKIEWERBWLRQ
O-$TXDFXOWXUH GH OD &DUSH HW G H W K5 HFW W LORD WILRID\D
&ROORTXLXP RQ WKH $TXDFXOWXHHALRN &DUS\V YUD® BH ODHASH

XVXGD 5 , .RPDWVX DQG 6 UWLZHSWRVR FEXRODWHG IURP DQ
HSLIRRWLF RI FXOWXUHG HHOV %XOO -DSDQ 6RF 6FL )LVKFE

/IDOO 63 5ROH RI QXWULHQWWGQLNAPYH UHVSRO DI F|
ILVK ,+19 5HVHDUFK :RUNVKRS &DPSHOO 5LYHW %& -DQX
/IDOO LV IURP WKH ,QVWLWXWH IRD® BU VYD UAKR & RXIQFE BV
+DOLID[ 16

/IHQQDUG :$ 7KH SRWHQWLD ® WRW OTX D SR @ DB\R Q QFVX-

/IHQRLU $ 9LEULR YXOWOGEXV,VUDHO SURO(' PDLO SRVW

XKWWS 77ZZ SURPHGPDODROURPBPIRI  QWHUQDWLRQDO 6RFLHW\
'LVHDVKWWS ZZZ L@WWG RUJ

/IL 0O+ O05-RKQVRQ DQG (+ 5SRELQVRQ \ YLWORYQVEHG GLHWD
FRQFHQWUDWLRQV GLG QRW LPSURYHAMHDQRXWOQFH RI FKD
SXQFWDDIOWGYWUGVLHOOQIHFWDLRIULSTXDFEFXOW
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/L 0+ '- :LVH DQG (+ 5RELQVRQ \ Y ( MIDPPW QR & GRLCH WHDLLD K W
JDLQ WLVVXH DVFRUEDWH FRQFHQW UWIHDIRIQWH WIM/WD/QY/FHH
RI FKDQQHOFWDOMXYKYV SXREGLBUSTXDFXOW 6RF

/IL < DQG 57 /IRYHOO (OHYDWHRUDBDHFN D6 VGRL GRHWMDAH DV
LPPXQH UHVSRQVHYV LQ FKDQQHO FDWILVK - 1XWU

/ILX 35 -$ 30XPE 0 *XHULQ DQG FAFRYRIOPHIDOHYMHOV RI
GLHWDU\ YLWDPLQ & RQ WKH LPPXQHN,I8WDIRYXH B X DKDPOF
LQ SRQGV 'LV $TXDW 2UJ

/IRQJ 60 *. $GDN 6- 2-%ULHQ DQG ¥ OQHUDHOVBXMEUHDNYV R
LQIHFWLRXV LQWHVWLQDO GLVHDWHI @QGQNKGWZ LMK OMMDPD G C

‘DOHYV &RPPXQ 'LV 3XE +OWK
IXW] &* 7KH DTXDFXOWXUH GHOXWQRQLVVVEHXDFRQWL
ODJD]LQH

ODFOLOODQ -5 DQG 7 6DQWXFFL Q W 61V DWLROODO EWW B W & G V DLG
RI IDUP UDLVHG FKDQQHO FDWILVK - $TXDW $QLP +0OWK

ODFOLOODQ -5 $TXDFEXOWXURHHQ GDDQMILELLIR W DH WBEK\EIC
KHDOWK ULVN" :RUOG $TXDFXOW

ODHGD 0 . 1RJDPL 0O .DQHPDWVX DQG/KHLRRIQBRHBW RI
ELRORJLFDO FRQWURO PHWKRGV LQ DTXDFXOWXUH +\GUR

ODVVLH 6 (QYLURQPHQWDOO\ RWUHQWB\OWIHHRM\GV IRU DT X
$TXDSRQLFV -
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ODWKHZVRQ -- DQG +/ 'XSFRGWRQPPHFLHY UROH DV KXPDQ
SDWKRJHQV ,Q 5HPLQJWRQ -6 DQUHQW6ZDUW]F HIB VR S BKV
,QIHFWLRXV 'LVHDVHV 9RO H &BBEULGJH %ODFNZHOO ¢

OFOXUWU\ 05 '& 6DQGHUV -'" &XUH 5* «RGY¥IRGWH& +DQLQJ

$OPDQG (ITLFLHQF\ RI ZDWH® IXVK RH DHWIDEWHIBR W X (
VIVWHP - :RUOG $TXDFXOW

OLOOHU -- %' +LOO 1 )RURXG & ®&ED®GUH®QO/LE)GHROYD QJ

* % XFNODQG ,PSDFW RI DJULFXBWXXDO LSAU\D F$JILUHH\X @
&DQDGD $OEHUW $JULFXOWXUH 5HSRUW SSV

OLWFKHOO % 7HVWLQJ IRU ZBTKDF X & WOADM\D FIURHE O H P V
OVKDU 3% =) '"HPEHN 0/ &DUUWHIK 0OG ) LRUMHEUMIDNR R

(VFKHULFKLD +RIGQIHFWLRQ DQG FU\SWRVSRWILEQINRVQAYN DVVF
XQSDVWHXUL]HG DSSOH FLGHU | 4RQBEBHBWLFX0M:BQG 1HZ <F
ZZ27Z FGF JRY HSR PPZU SUUHYLHZ PPZUKWPO KV

OXVKHU '0 &EXWDQHRXYV DQG VROQW R L WWSH IP\D G XIHH WVRD
*UubP QHIDWLYH HQWHULF EDFLOOL 5HY ,QIHFW 'LV

1HJURQL * ODQDJHPHQW RSWDE D] WIHRFE @RGRY XN W DR K
WUHDWPHQW DQG GLVSRVDO UHXNRASKIDMMK RQUPRBM W/ XEXGQW

ZHWODQGV :RUOG $TXDFXOW

1LFNHOVRQ ,, 5 7KH TXDOLWWRQIBGVIRR®NY RIRDUIXGFXO
$TXDFXOW
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ILNRVNHODLQHQ 6 6 6DOPLQHQ * %\OXQG DQG $& 2XZHKD(
&KDUDFWHUL]DWLRQ RI WKH SURSHUWLHGE SURKP®WLEY G R3J
SUHYHQWLRQ RI LQIHFWLRXV GLVHMDRBVOLBUREKRO $SSO DQ

1RJD (- JLVK "'LVHDVH 'LDIQRVWIRWEQEGHDWHBWRN QW
,QF 6W /RXLV OLVVRXUL SSV
IXWWOH '$ D 7KH SHDFH WHRKQRPORDIDIAKOWXOHDDEE OV

DTXDSRQLFV $TXDSRQLFVQSLLQF (fPIDRO FRP

IXWWOH '$ E S3HUV LQFBRRQHPDEDRO FRP

20VRQ %0 5+ OFNHQ]JLH '5 %HQQHWWQV 2UPDQI®ORGH53 $W
DSSOLFDWLRQ HIITHFWV RQ VRLOGHQUGLUWRIDGEYZBY HWQ V>RDOLI
$OEHUWD O5HSRUW RI WKH , U UHSDWA RIQQMWUR Q& KU LEFOECHAXALD
DQG 5XUDO '"HYHORSPHQW

2QWNHDQ *5 '5 %HQQHWW '6 &KDQDV\RNW¥ RRWLDN FX O W A&
RQ VXUIDFH ZDWHU TXDOLW\ LQ WKH$OERIUIR R V$ JFULHFEX KD \& & W

5HVHDUFK ,QVWLWXWH 3URMHFW 0 Y
2UULVV * $QLPDO GLVHDVHYV IRQ FSKX E QR IF UJH,0D0 MWAWL ALS/R
3DO ' DQG &. 'DVJXSWD , Q W HUHDFMIIHR B DREEMAHRIALHD RZLLWIAK

,QGLDQ PDMARWEFELPUGXV -PYLYDW $QLP +OWK
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S3DUN 6( , 6KLPDPXUD 0 )XNDQDJD . 2 ORWIRODW®L/RODRID L
EDFWHULRSKDJHV VSHFLILEFWNR @R AR/FEDIDINKARABIDR V VL FL G |
FDQGLGDWH IRU GLVHDVH FRQWURICRO $SSO DQG (QYLURQ

SHQQHU .3 JRRG VDIHW\ QHZV QG WD L5SRHY H D BFSKW D
ZZZ RIQHW NVX HGX IRRGVDIHW\

SHUHUD 5 -RKQVRQ 6 &ROOLQVMUHEBMRAANFRBNXNREICDIWHG
ZLWK PRUWD@RSN\DRPQ ® RN MU LGV - $TXDW $QLPDO +OWK

3OXPE -% +HDOWK ODLQWHQDRHEALHD O QGVEWDINVHRLEDO OLF
&XOWXUHG )LVKHV ,RZD 6WDWH 8QLYHUVLW\ 3UHVYV SS

3ubwvVvV * % OLUHOLYV (OLUp ) I1IDYDUUR&EGDP®ORYHW -5 -RKQ
'RP QJXH] DQG / 6DOOHUDV SHEKAXKGRNLEFRUDLQFRAGY LV W
DPRQJ VXPPHU FDPS DWWHQGHHYV ZLWK LYOPRQHOORVLV
2FWREHXYZZ FGF JRY QFLGRG HLG YRO QR KWP

5DD - 7KH XVH RI LPPXQH VWLPXODMOMWAK ULEBHIGEVK DQC
&UX] 6XEUH] /( ' 5LETXH ODULH 0 7D SUFDY RDOTCS] D W& LY®IIUDH U
&HUHFHGR 5 (GV  $YDQFHV HQ 1XWURY LGOS B X6 IERDFDV B X0RH
,QWHUQDFLRQDO GH 1XWULFLUQ $FX FROD.GO RYXPEWHQ
OH[LFR

5DNRF\ - DQG $6 OF*LQW\ 3 R Q 6 RRXXVORNHDUUH SRHIJWR QD SLD
$TXDFXOW &HQWHU 65%$& 3XEOLFDWLRQ

5DNRF\ - D 7KH VWDWXV RI DTXBSHRQAWX U H 7KIHI EYRKR DL
SODQWYV LQ UHFLUFXODWLQJ V\VWHPV 388W $TXDFXOW
ZZ2Z DTXDSRQLFV FRP KREE\FI KWP
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5DNRF\ - E 7KH VWDWXYV RI DT X¥X®R\Q DBV D BIDQHV $TX

S5DNRF\ - D 4XHVWLRQ DQG $QVZHU $TXDSRQLFV -
S5DNRF\ - E A4XHVWLRQZZD ®TEOQWVRHUFV FRP DMBTD KWP
5DZOHV 6' $ .RFDEDV 'O *DWOLQ ,,, :; 'X'DQWD&\:HL

VXSSOHPHQWDWLRQ RI THUUDP\FLQKDQGHRBRWK ®RRHV QR
FKDQQHO FDWILVK EXW GRHV LQIOXISQRBRXOW ¥RFRIJHVLGXH

SHGGLQJWRQ -- %HQHILWY Q] GLORBDRYUVSIK PRQAW B

SHQR 3: J)DEFWRUV LQYROYHG L&L WHKHVE LIVY HIPYIQD W LR Q
SRSXODWLRQV - $TXDW $QLP +OWK

S5LFH 7 '+ %XFN 5: *RUGHQ DQG 33 7]ISODWKRJH@L\F DREL D

KXPDQ SDUDVLWHYV LQ DQ DQLPDO ZDIWWNIKSBRROAXOWXUH V\'

SRELVRQ 6 DQG - %\UQH :DWHWDWQLE | R/RIGVWBIRSODEGD QL
UHSRUW S5HIHUHQFH ( +XWFKLQJWWKERRPBIXQLWFWREBDWK |

6DKRR 3. DQG 6& OXNKHUMHH QRIRIR GIX OHFWL R Q LPFPXQ
(GZDUGVLHO@®F LRQDOERQ LQ KHDOWK\ DQG LPPMRBFRPSUF
FDURDEHR URKILWR 6KHOOILVK ,PPXQRO
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6DNDL O &EXUUHQW UHVHDUFK \XOD\Q XA R I$MXYIXFXPRPX Q F

6DOPLQHQ 6 ( ,VRODXULH DQG (FHODOPLIPH®R|I SURBLARWLFYV |
VWDELOL]LQJ WKH JXW PXFRVDO EDXWXHIH RKOFRFONQIXY VW
$QWRQLH YDQ /HHXZHQKRHN

6KHSSDUG 0( SOQOWLELRWLF REHDLQ TWR R >XQWWXAULH/ K RGOV
,V WKH FRPSDULVRQ ZLWKXDOROUZDX OO BWVR'F &

6PLWK 3 03 +LQH\ DQG 2% 6DPXHOMRQALVWDQFBFWR ULD O
DQWLPLFURELDO DJHQWY XVHG YROXPWLRQPRIQBHWKRGLVQ f
PHDQLQJ $QQ 5HY )LVK 'LV

BRXWHU %: 5% 6RQVWHJIDXUG DQG /B WEFHEPRMHW LD LQ WU
LISULOXV AN ZRLWHAXFERHWWRPD FRPPAUWVIRGBHY %RDUG
&DQ

6WHUOLQJ &5 DQG <5 2UWHJD D&XROUOMAMKS RQDD DRQOHQUJIP
(PHUJ ,QI 'LV -DQXDU\ ODUFK SSV
Z272Z FGF JRY QFLGRG HLG YRO QR VWHUOLQJ KWP

6WHZDUW -( (QYLURQPHQWDO LMRSIDFAVYTRIDB XRODW X O W)

6WLFNQH\ 55 7LODSLD XSGDWH 'RUOG $TXDFXOW
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6WRIITUHJHQ '$ 6& %DFNPDQ 5( 3BHUKD®DBHEWKRZVHU DQG -
,QLWLDO GLVH®OWHHBHBERARFRIHEYLRRA LQ K\EULG VWULSHG
EDVV DQG VXFFHVVIXO WKHUDSHXWRTXLQWBRYHQWLRQ ZLW
DOWLEDFWHULDO HQURIOR[DFLQ - :RUOG $TXDFXOW 6RF

6WRIIUHJHQ '$ 35 %YRZVHU DQG -* BAWHUYRO $QWLED
FKHPRWKHUDSHXWDQWYV IRU ILQILVIKDRMXROW XOUHG 1DHO Q RH YILF
DQG VDIHW\ VWXGLHV - $TXDW $QLP +OWK

6WRQH 5 %DFWHULRSKDJH WRKRHID SXUBWBOELAQ¥VHRUJI
7TDFRQ $-* SHQGHUHG DQLPDO BAN\SURGXRKWMHOGW HAH

WKH QHZ PLOOHQQLXP *OREDO $TXDFXOW $GYRF

7DH .ZDQJ 2K S3URELRAWNUIA/ HOBPVKGRO AHQRLEFBRXQGHU
SDUDOLFKWKIVKROLY D FO-DFMWR SURELRQLF FRP SURELRWLF\

S9HUVFKXHUH [/ * 5RPEDXW 3 6RUJHORRV3IUDRELRWHBVWUDF
EDFWHULD DV ELRORJLFDO FRQWUROCREIRQVWYR @ KFXDXOIF %@ ¢
KWWS PPEU DVP RUJ FRQWHQW IXOO

9LOODPLO / & 7DIDOOD $ )LIXHUDY ®XQOEWIH RI®R RR D
LPPXQRPRGXODWRU\ HITHFWV Rl OWFARFAKDKLGOPEFVWHULD L
PD[LPXV&OLQ 'LDJQRVW /DE ,PPXQRO

KWWS FGOL DVP RUJ FJL FRQWHQW IXOO

YRQ 5DGRZLW] - 6FLHQWLVWVKKREHBXWR 3WDOHN W56 $
'HF 6FRWVPDQ FRWWSHZVOHZY VFRWVPDQ FRP
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'DUG 60 DQG 50 1HXPDQQ 6 H D VRR®POH QDVULIDWLLR@W R.IQ
PHUFXU\ LQ D[LDO PXVFOH WLVVXH RI)IODUOBPWRXWK EDVV

'HLQVWHLQ 0 '(/RZ $ OF*HHU % :LOMHU 3 5RSHHU 0$& R XO

%RUF]\N D QG 0 /RYJUHQ , Q B DAUAY FIVRA RIARXLR Q OZ LDMK
2QWDULR 00:5 $XIXVW

Z2ZZ FGF JRY PPZU SUHYLHZ PPZUKWPO KW P

"KHODQ (0 %DQQLQJ VDOPRQFRDQ HDFPWQRN SR OLWKFD O
Y)DUPLQJ

‘LOVRQ * 6DOWZDWHU DTXDSRQLFV $TXDSRQLFV -

;LDQJ +RQJ : /L -XQ -L :HL 6KDQJ DQGSSOFDIWERX RI
SURELRWLFV LQZZZXDEXABYWXPXHWUD\ FRP &KLQD KWP

=KRX -LQ $SSOLFDWLRQ RI LPIPROQRNXVLH X OB QWL\E ILQL /D
FKDOOHQJHV 1HWZRUN RI $TXDFXOWXUH &HQWUHYV LQ $VLI
ZZ2Z HQDFD RUJ PRGXOHV ZHEORJ SULQW SKS"EORJBLG

6 XSSOHPHQWDU\ 5SHIHUHQFHYV

$QJIXV 5% 3KHQRO WROHUDQRMTXQWRSXORO WLR® \& RO @)
DQG QRQSROOXWHG ZDWHUV 7UDQV $PHU )LVK 6RF

$QRQ $ JXLGH WR DSSURYHG FWHROQFDQ® LIQVKIHAK SUR
UHVRXUFH PDQDJHPHQW 8QLYHUVLW]VRHQGUND® BBV BLFRS!
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%R ILWWOH 5RFN $UNDQVDV LDHY) G HBWBY UAHK DOR G :LOC
&URVYV LVFRQVLQ SSV

$QRQ " 7R[P$MRAU SRO\FKORULQDWHG ELSKHQ\OV 3&%YV
7R[LF 6XEVWDQFHV DQG 'LVHDVH 5HJLVWU\ $76'5
Z7ZZ DWVGU FGF JRY WIDFWV KWPO

$UNRRVK 05 DQG 6/ .DDWWDUL DWR({LBFBRWANAWEHPRQ\ DIO
YL YORGQ YDIQWARERG\ UHVSRQVHVEDQ R UR EB-Z)RWMER X W
%LRO

$UNRRVK 05 ( &DVLOODV ( &OHPRQVVY®% OF&DLQ DQG 8 9DU
6 XSSUHVVLRQ RI LPPXQRORJLFDO PNPRPRRNQ MXYHQLOH &K
ZQFRUKIQFKXV WVHREIIMYRKMEDQ HVWXDU\ )LVK DQG 6KHC

$UNRRVK 05 ( &DVLOODV 3 +XIIPDQ (6AMHRRQQG-§YHUHG
OIDUDQDVL ,QFUHDVHG VXVFHBRW EIDAWPROQRI MXYHQLOF
2QFRUKIQFKXV WWVKRE IV FROWDPLQDWHG HVWXDUWNRNR WKH
DQJXLOODUNXBY $PHU )LVK 6RF

$UNRRVK 05 ( &DVLOODV ( &0HPRQV5HQR DI \-( 5 WGIVRQ
(I IHFW Rl SROOXWLRQ RQ ILFKDE WWH R § HWD CSRRRADH.GW L D C
SRSXODWLRQV - $TXDW $QLP +OWK

$UNRRVK 05 ( &OHPRQV 3 +XIIPDQ $1 $GD®N\ ¢B&DVLOODYV
6DQERUQ 7. &ROOLHU DQG -( 6WHLQVLELOLWF RH DAXHYG § XOF
FKLQRRN VDOPRQ WR YLEULRVLV DIQ\GHDUHBRWXBH WR FKOF
FRPSRXQGV IRXQG LQ FRQWDPLQDWMGS$RUE DD WKW XDULHV
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$UQGW 5( DQG (- :DJQHU 7KH VBRIWRLVE\HRW R\GD RQERZ
WURRWRUKIQFKXIDBGBVEXWW KURDW AN Q REKXWY\FDQ G N L

ILQJHUOLQJV - :RUOG $TXDFXOW 6RF

$YDXOW -: 3RQG ERWWRPV $TXDFXOW ODJD]JLQH
$YDXOW -: &RQWUROOLQJ ZKQOGHHO VISIRW LGAKY H B V XIDFEQ G
ODJD]LQH

%RZVHU 35 ' ODUWLQHDX 5 60RDQ QQH%WURZQ3IDRGDO QBN VI
Rl OLYHU OHVLRQV LQ EURZQ EXK®MQKHD &Q RULFSHR O BR/DOHDX W H C
VLWH RQ WKH +XGVRQ ULYHU 1HZ <RUN - $TXDW $QLP +0\

%R\G &( DQG ' *DXWLHU (110 &HADW A B PISFOQMAL\R Q D Q
VWDQGDUGYV *OREDO $TXDFXOW $GYRF

%URZQ /DXUD / DQG ": %UXQR &KNMNEHWWHV RJIQE4RPWIZRXAM W )L
LQ JUHVK :DWHWR 3/Q ': %UXQR DQG /+6 /LP (GW ‘'LVHD
DQG 'LVRUGHUV RI J)LQILVK LQ &DWLRRDDOKWEHL &$% ,QWHU
SXEOLVKLQJ RUJ

%XFNOHU '5 $ :LWW )/ OD\HU DQG -1DBQENLUQWRQLF HI$ARWM
RI .HSRQH DQG OLUH[ RQ WKH IDWKWHDIGVRLERFRZ 7UDQV $P

%XH %* 6 6KDUU DQG -( 6HHE HYLR QPM RDGPRDJ
SRSXODWLRQV LQKDELWLQJ 3ULQ@RHIJHQMOWDW LERRX\D G | \§ 8 D W
([[RO 9DCRAMY VSLOO 7UDQV $PHU )LVK 6RF
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&DKLOO 00 %DFWHULDO IORUPUWRRELR&H¥RD UHYLHZ

&DLUQV 0% 55 *DUWRQ DQG 5% 7XEHQWLOBWH RQ IIUWKT XHQF
HVWLPDWH FKURQLFDOO\ VDIH WRELFDWW VR GRIFQWUDWLRC

&KHQ 6 &RIILQ '( DQG 5) ODORQH XFWLRD PQIHPDUFRGIHPHQV
IRU UHFLUFXODWLQJ DTXDFXOWXUDRFV\VWHPV - :RUOG $T

&KHQ 6 $TXDFXOWXUDO ZDVWIO\WDOPDDHPRIIYPW $TXDFX

&KXQ <DR & *$ :RRVWHU 5* *HWFKHOIOP BBRQX¥RZVH DQG 0% -
IHSKURFDOFLQRVLV LQ 1LOH WLODRAOWXYXRER Y\VYW RPU F X G-IDW
UHSRUW - $TXDW $QLP +OWK

&OHPHQWYV :+ DQG '( 5HHYV (IHRWQVSRIHK DEX\QEHDW B 8 V
IHHGLQJ KDELWV DQG PHWDO KSWDNBD @Y EW RZYHUU RRW R.I]
7UDQV $PHU )LVK 6RF

&RQQHOO -- &RQWURBKRS ) ) VKKAQDOLMZYV % RRNV /RQC
SsSv
&RXWDQW && 'KDW LV “QRUPRDQWLY 8 °SIRWY 9 WKWIYW KRRQ

FRQWURYHUV\ RYHU LOQWHUDFWLRQV E-HWZXHDMQ $LPG+DGXK F

'‘DXEOH '"" 6% DUUDFORXJK 50 %HDQ &IQURQLIMDBABAORBRWYV RI
FRDO OLTXLG GLVSHUVLRQV RQ IDWRNKWG FIUP@QNZY¥PBIQ G UMK
6RF
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'RUU % / &ODUN -) *ODKQ DQG , R{QLRKYHD PHWKYD®D OXDWL
DQWKUDQLOLWH EDVHG ELUG UM FBWH XKW X VX R [ & KIOW WW R/ ¥
DQG HIIHFW RQ JUHD\E HED XKH UKRHEEROQJ EHKDYLRU - :RUOG
$TXDFXOW 6RF

'RUVD :- +5 SRELQHWWH (+ 5RELQVRQ (DIQBFW\BMRSH5LHWD U\
FRWWRQVHHG PHDO DQG JRVVI\SRO RQVIIL\NRKZ WRUDIQWR %$® H & K
JLVK 6RF

(UPDQ '& DQG (3 3LVWHU (W K HIOW D @ GE WKGIRH QYWU R Q P
JLVKHULHYV

JLVKHU -: 5 '=$OOHVVDQGULY DQG -PWVYRIQKVAURDQLQH RQIIF
IXQFWLRQDO PRUSKRORJ\ Rl UDLQMDRIZ WURRW S$IFPHEW )RV KD Q C

6RF

JHIDQ %DOODVW ZDWHU DMKEREHQGNVNU DILWINMWY IRW SHC
KHUULQJV" *OREDO $TXDFXOW $GYRF

J)LQOD\VRQ %- DQG .0 9HUUXH TRALPBPOGLAY GRALKRS SHU
PLIWXUHV WR MXYHQLOH FKLQRRN VDOPRQ 7UDQV $PHU )L

JUDQFLYVY )OR\G 5 - *LOGHD 3 5HHGS8NME@GRH %NQXNBLGH
%D\HU IRU VQDLO FRQWURO LQ+OWK SRQGV - $TXDW $C

*RXGLH & %' 5HGQHU %$ 6LPFR DQGLGLIDWLRQ RI PKPQQH
FDWILVK E\ RUDO DGPLQLVWUDWLRDQRI $PHHWURNVE BRF KRUP
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*UL]]OH -0 (ITHFWV Rl K\SROLP QKHHDIPWKLERRRUZIBI RQ |
UHVHUYRLU 7UDQV $PHU )LVK 6RF

+DDFN -3 6 -HODFLF 7( %HVVHU ( :HLQ@EHWIOHU '- .LUN */ |

+DUULVRQ .- OXVJUDYH * OLOOHU 7+(¥BKFHW [DRKG [B FRIDUU
HI[SRVXUH LQ :\RPLQJ DQG 6HDWWRIHU XWUHDWR ORJIN F (FPHULG

, QI 'LV 2FWREHUFGF JRY QFLGRG HLG YRO QR K\

+DUDGHU 55 DQG *+ $O0OHQ $PLRRRRND WORJP RIQW\ WR &
UHGXFWLRQ LQ VDOLQH ZDWHU 7UDQV $PHU )LVK 6RF

+DUG\ 5: 2[LGDWLRQ RI ILVK QHO $TXDFXOW 0DJD]L
+DUG\ 5: 3UHYHQWLRQ DQGRGHGHFMR@® Q RIXIDFXORN O
ODJD]LQH

+DUSHU & 'LVHDVH ULVNV DVVRRIDRHBTXIDMK RVKH LP ¢

DQLPDOV $TXDFXOW PDJD]LQZ

+DUSHU & ([ WUD ODEHO XV HDRIXPH & DRMDXNUHHG VIFHHFA. HIVR
$TXDFXOW ODJD]LQH

+DUWZHOO 6, '0 -RUGDKO &(2 'DZVR@®[DOGWHGERIYHWWUDS WLU
OHDFKDWHYV LQ HVWXDULQH VDO RQLWUWYILBULUMHOWIIHIHYV "D F R
$PHU )LVK 6RF

+HQU\ 7% (5 ,UZLQ -0 *UL]]JOH 0/ :X®GBBXEKU DQG :* %U

$FXWH WR[LFLW\ Rl DQ DFLG PLQH GUDH BOX HPI[OQID|@GH \
ODUJHPRXWK EDVV 7UDQV $PHU )LVK 6RF
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+ROODGD\ 6' 6% 6PLWK + (O +DEEDFNQDQXHQEBFHAFL
FKORUS\ULIRV DQ RUJDQRSKRVSKIWH VQOMWIFW RFLIGK HRQ W
WLODSLD - $TXDW $QLP +OWK

+RURZLW] $ DQG 6 +tRURZLW] FV (L BDRVZRK®UREMRHAPLY
*OREDO $TXDFXOW $GYRF

+RVNLQV *( DQG )& 'DO]JLHO 6XVUYAER ORI RFEFEXILQRRN U
WVFKDZIWRBLOMRZLQI HISRVXUH WR EHQ]ZONRIQ@LXBURKIORULC
JLVK &XOW

+XEELOHN = (PHUJLQJ KXPDQ LQWKWRXYRFHWHDVHYV T
JRRQRVHV DQG VDSURQRVHV (PHUJ ,QI 'LV

, YHV % 7KH SROLWLFV RI DTXDQOWNV B YDUIPERRSOHYHORS
PDWWHUHG | D FRPPXQLW\ EDVHG B FRPPREKXV WRoKEGHILQLC

$TXDFXOW $VVRF &DQ

-DQWUDURWDL : DQG 57 /[RYHOO F WBRFXAPMLMW DRIG VXEFKUR(
F\FORSLD]RQLF DFLG WR FKDQQHO FDWILVK - $TXDW $QLP

“-RKQVRQ // 'OLVLWDQR 6< 6RO *0 J4GIIONBRQR % QGQF K RF0
&RQWDPLQDQW HIIHFWV RI RYDOUADLD ENXHABDREY HQW D
URFN VROH IURP 3XJHW 6RXQG :DVK&ERBWRQ 7UDQV $PHU

-RU\ '( &KORULQH DQG ILVK BXYRFXHYWLEGEGYRFOREDO $

.DWRFK 5& 6 ODQGHHS 9 6XEKDVKD DQ®FWHDYEBQMLW
SDWKRJHQV RI FDUSV DQG RWKHU I DQ $HWDFKDO 3UDGH
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.HPSLQJHU -- .- 2WLV DQG -5 %DOIKOH )R[ ULYMK NLUBR QMWL @&
DWWULEXWDEOH WR FDUERQ PRQRIUGRMWPHPBPDUVKR B RIFQ JL C

JHH 3* %LRVHFXULW\ DQG FORVHGRHBDUFKODAXIOW V
$GYRF
/H ORXOODF * (QYLURQPHQWQI® UBINSRQVHODBEW LPP X

UHVLVWDQFH LQ FUXVWDFHDQV *OREDO $TXDFXOW $GYRF

/LR 3R *LOGD ' DQG /+ 6XVDQ /LPRX&KDYWHEHVHV RQIHFWL
:DUPZDWHU )LVK LQ JUHMR :BWHU %UXQR DQG /+6 /LP (GV

'LVHDVHY DQG 'LVRUGHUV RI )L Q%% K QW HLDQ B WL XREVDXOU
Z7ZZ FDEL SXEOLVKLQJ RUJ

/LP & 3+ .OHVLXV DQG 3/ 'XQFDQ VHV,POBQMHHVHVWRQFH |
FKDQQHO FPGVIR VW& W R O B RDIFOIHIQIMUZKHQ IHG YDULRXV GLH

RI ]LQF PHWKLRQLQH DQG JLQF VXOIDWH - $TXDW $QLP +0O
IXW] * 7KH DTXDFXOWXUH HIDOWHR@W LBVXBFXEROVLGE
ODJD]LQH

ODVVDXW / 6 6RQQHQKRO]JQHU DQG & (FbBWHG ZLWELVNV D\
FKHPLFDOV DQG RWKHU DIJHQWYV X¥XH® H (¥ DRWW ¥ RBGM WHR F |
*OREDO $TXDEFEXOW $GYRF

ODWWLFH -6 6& 7VDL DQG 0% % XUMBPDKORPHWERKRQRHRVWIRI WUL
FRPPRQ FDUS HPEU\RV 7UDQV $PHU )LVK 6RF
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ODWWLFH -6 6& 7VDL DQG 0% % XUFK[LFLW\ R RSPRIBKWDOLRYUR ¥
DFLG DQG K\SRFKORULWH LRQV WB PARNKTERWR ILVK 7UDQV

OH\HU )3 DQG 7$ -RUJHQVRQ WHKHDWRIHEEIN Y RO PQGDH |
JUHHQ RQ GHYHORSPHQW RI UDIZQERY WRRXWLMNR GRMDEELW

OROHV $ 6 %DWHV 6' 5LFH 6 .RUQ R1 FRK & XWVFARER QU RIAW K
HISRVHG WR WZR SHWUROHXP FRPSRKIHIHOVH WRAOXHEK DDWG
7UDQV $PHU )LVK 6RF

OXUSK\ 0/ 5% +HLQW] -: 6KRUW 0/ /DUVRRHBR®HA\5RFH
SLON VDOPRQ VSDZQLQUY/ROHDIORAMYHAS MOKH 7UDQV $PHU )
6RF

2VERUQH // '5 ,UHGDOH )- :URQD DQGHBEWD/YRH¥KORULQDW

VHZDJH HIITOXHQWY RQ ILVK LQ WHKUID QKH$FHPHUL)LNY 6ROFEHUW

2VWHUKROP 07 DQG 0( SRWWHU UL]DWURG IRKO WIRROQ G DR R/Gi\

WDNLQJ IRRG VDIHW\ WR WKH QH[W OHYHO (PHUJ ,QI 'LV

SHWHUV .. DQG &0 ORIILWW 2\SWKLLPROFO F&ARVIY KH FRA\BIQ D W

D QHZ IHHG DGGLWLYH WR FRQWURGERFW BQLPO+ RMWXQH\ G

SLHWU]DN % 7KH LQIOXHGFSIRBKWKB O/RIOFKHAVRFID PR O L I/
WKH HXWURSKLFDWLRQ RI WKH HQ¥HH K@PHAWK RI FDWKS SRE
1DXN 5ROQ 6HU + S5U\EDFWZR (QJOLVK VXPPDU\
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3LOOD)\ 795 $TXDFXOWXUH DQGKWEH (DX URRFPNHQW )
IRQGRQ SSvVv

3RVW * 7THIWERRN Rl )LVK +HDOWSWXGH3XEWLFDAVZLR Q"
-HUVH\ 868% SSV
SRWWYV $& DQG &( %R\G &EKOROMWM QYW LFRRD BV F K-D:-RQUDG

$TXDFXOW 6RF

3RZHOO 0' '- 6SHDUH $( )XOWRQ OQ6FWYURDUYWHUPLWWH
IRUPDOLQ WUHDWPHQW RI $W O D QWK FFRIDGRRQ RMX YBIFM R H V
SODVPD HOHFWURO\WHVY DQG KH PW®MUR RULIAQ V CH LU W\RK Z B VAL
- $TXDW $QLP +OWK

SDKHO )- 6HOHFWLRQ IRU JIUHVWRWHUDRFHO D@ RUDKVR
ZLOG SRSXODWLRQV 7UDQV $PHU )LVK 6RF

SDWKERQH &. DQG -. %DEELWW DNH: KUMKW VIKVRIIDOE W
"RUOG $TXDFXOW

5RVHQWKDO + $TXDFXOWXUH:RQOGGNEKFHXBOXOWRQPHQV
5HIJHQVWHLQ -0 3URFHVVLQJ D Q& @ DIWNKH WLEBE D DX BVF X
6KHHW 1R IRUWKHDVWHU® RHIQWE D O 8KILXD RX O W X U

ODVVDFKXVHWWY 'DUWPRXWK
6DQFKH] -* '- 6SHDUH 1 ODFQDLU DQGHFWR/KRINVNRQ (1

SURSK\ODFWLF FKORUDPLQH 7 WURBW PHXBEWFRQ GIULMREZRUXK SH
LQGLFHV RI UDLQERZ WURXW - $TXDW $QLP +OWK
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6KDQNHU .0 DQG &9 ORKDQ L/HKIH R W®I @W X D D XRIWEX U H
'RUOG $TXDFXOW

6RQQHQKRO]QHU 6 DQG &( %R\G XODQYQDRDQRWKHIDRBEKP
PDWWHU GHSRVLWHG RQ WKH ERWWRB BIQGKELROSRIRGOV!'R
SURELRWLFV UHDOO\ ZRUN" :RUOG $TXDFXOW

6SHDUH '- DQG 1 ODF1DLU (Q WF M\ RY X QR WBRPWW MUHD St
OHYHOV RI IRUPDOLQ RQ JURZWK FKIIRUD RWMXYYWWLPW DQG
UDLQERZ WURXW - $TXDW $QLP +OWK

6SHDUH '- * *RIl 3 ODF,VDDF - :HFKHUNLZVN\(IDQBWIODF1D
RI IRUPDOLQ DQG FKORUDPLQH 7 WRS\WDIWPY @BWM>RHRLOHQ
VDOPRQLGV - $TXDW $QLP +OWK

6WH\HUPDUN $& -5 6SRWLOD ' *LO O HMWWRH MWONH ¥V VIMHGILRAD \
KHDOWK SUREOHPV LQ EURZQ EXDJOIGHERKKXIORPOWKULYBG XV
BSKLODGHOSKLD 7UDQV $PHU )LVK 6RF

TKXUVWRQ 59 DQG 5& 5XVVR $FXWHR WR LG ERZ RIURKXR

7UDQV $PHU )LVK 6RF

7TKXUVWRQ 59 5& 5XVVR DQG *5 3KULFFQOWSWVRI DPPRBRXWHVWR R
IDWKHDG PLQQRZV 7UDQV $PHU )LVK 6RF

7TRUW 0- & -HQQLQJV %DVKRUH ' :LOVBRRZVHURRVWHU DQG

$VVHVVLQJ WKH HIITHFWV RI LQFUHDVLQ@I KDGQRBRHA QNVIHRXRY L ¢
JLOOV XWLOL]JLQJ D GLIJLWL]HG VHFRPWKRJ PHWKRG - $TXDW
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7ULSL & DQG 35 WRZVHU 7R[LFEAA WRI XKVUE URFHRY G UR |
\RXQJ RI WKH \HDU ZDOOH\H HIIHFWYHRRIZODOWHKU KDRIWGQ® VV
$TXDFXOW 6RF

:DIJQHU %$ 7KH HSLGHPLRORVHWRILRDDIRWRIBGU\LID|G E6KDQD H
FDWILVK - $TXDW $QLP +OWK

'KLWPDQ 53 73 4XLQQ DQG (/ %UDRHQRRQVXVSHQEBEHQROFDC
DVK RQ KRPLQJ RI DGXOW FKLQRRN RFOPRQ 7UDQV $PHU

'RRGZDUG ') 30 OHKUOH -U DQG :/ ODXWNRQ DQ&F¥XERABI/ KL
HITHFWV RI D :\RPLQJ FUXGH RLIDQNVQ$PKW WKWK BRFWURXW
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