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Abstract

Ooimoo

This pilot study aims to assess the environmental impact of Positron Emission Tomography/Computed
Tomography (PET/CT) imaging, in the context of efforts to mitigate climate change. This is studied by
investigating the energy usage, waste generation, and the radiopharmaceutical production.

O mooon

Power measurements of the PET/CT scanner were conducted over four weeks and during different
power settings (system on, computers off, software shutdown and energy saving mode) with a power
analyzer. Various outcome measures, such as energy and cost savings per hour, energy consumption
per PET/CT radiopharmaceutical procedure, and total annual energy consumption in two distinct sce-
narios, were calculated. Additional power measurements of reporting stations and desktop computers
were performed in off-mode, sleeping mode and active mode. The data for waste disposal was col-
lected by counting and weighing consumables used for a Fluorine-18 Fluorodeoxyglucose (['*F]FDG)
procedure. Waste streams were identified and the data categorized per waste stream. The workflow for
producing the ['®F]FDG radiopharmaceutical was mapped out and data on the energy consumption
of the cyclotron and cleanrooms and waste generation was collected. All data was finally expressed in
CO,-equivalents (CO,-eq) by using emission factors.

Omono

Of the four different PET/CT power settings, the energy saving mode showed the most significant en-
ergy reduction compared to system on, resulting in 030% energy savings and a 0.94 kg CO,-eq emission
reduction per hour. Furthermore, the energy consumption of various radiopharmaceutical procedures
showed results ranging from 3.03 (2.90-3.09) to 5.15 (5.00-5.41) kWh/procedure (1.90 to 1.12 kg CO,-
eq). The reporting stations and desktop computers showed both a 071% energy reduction in shut-
down mode compared to system on. Correct waste separation of plastics and paper showed a 064%
CO,-eq reduction per procedure. For radiopharmaceutical production, the impact of the cyclotron’s
energy consumption was found the largest (0.44 kg CO,-eq/procedure) compared to HVAC energy
consumption (0.13 kg CO,-eq/procedure) and waste disposal (0.003 kg CO,-eq/procedure).The total
environmental impact of ['®F]FDG PET/CT imaging was measured at 2.01 kg CO,-eq per procedure,
with PET/CT scanner energy consumption (62%) and cyclotron energy consumption (22%) being the
primary contributors.

0000000000t

This study showed that the environmental impact of PET/CT imaging is substantial and that it can be
reduced by implementing energy saving strategies during non-operational hours, improving waste seg-
regation for recycling and optimizing the energy efficiency of cyclotrons and cleanrooms. Furthermore,
hospitals and manufacturers can even reduce the impact further by addressing opportunities such as
using eco-friendly or recycled materials and incorporating green energy sources for power supply. Fu-
ture research should focus on increasing energy-efficiency of scanners, cyclotron and HVAC systems,
reducing the scan length and reducing low-value scanning to further decrease the environmental im-
pact of PET/CT imaging while maintaining high diagnostic standards.
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(FOFSBM CBDLHS

3BUJPOBMF

IPTJUSPO &NJTTJPO 5PNPHSBQIZ $PNQVUFE 5PNPHSBQIZ 1&5 $5 JNBHJO
EJBHOPTUJD UPPM GPS WBSJPVT DPOEJUJPOT JODMVEJOH DBODFS NZPD
SPMPHIJDBM BCOPSNBMJUJFT 5IFVTF PG 1&5 $5IBT HSPXO FYQPOFOUJBM
1&5 $5JT EVF UPJUT BCIJMJUZ UP JNBHF DFSUBJO NFUBCPMJD QSPDFTTF’
EFUFDUJOH UIF SBEJPBDUJWF EFDBZ PG BENJOJTUFSFE SBEJPQIBSNBDFV!
$5 FOBCMFT QSFDJTF MPDBMJ[BUJPO XJUI BO BOBUPNJD SFGFS*¥ODF BOE |
IPOFUIFMFTT UIF XJEFTQSFBEVTFPG 1&5 $5JIJNBHJOHIBT SBJTFEDPODFS
QBDUY <3FTFBSDIDPOEVDUFE PO PUIFS TINIJMBS JNBHJOHUFDIOJRVFT IBWF
JNBHJOH TFSWJDFT BSF LFZ DPOUSJCVUPST UP UIF DBSCPO GPPUQSJOU F
FOFSHZ JOUFOTJWF PRVYVPINWES <UIJT JTTVF SFNBJOT VOFYQMPSFE GPS 1
SFOU MJUFSBUVSF 5IFFYQMPSBUJPO PG UIJTUPQJD XJMM FOIBODF UIF F
QSPGFTTJPOBMT BOE QBUJFOUTBOE GBDJMJUBUF UIFBEPQUJPO PG DBSC|

I1PTJUSPO &NJTTJPO 5PNPHSBQIZ

IPTJUSPO &NJTTJPO 5PNPHSBQIZ 1&5 JNBHJOH JT B GVODUJPOBM JNBHJ
EJPQIBSNBDFVUJDBMTJO UIFIVNBO CPEZ UéBIBENBW QPO JUSBED BR EEIBNBBE
UJDBMT BSF BENJOJTUFSFE JOUSBWFOPVTMZ JOUP UIF CMPPETUSFBN PG
SBEJPQIBSNBDFVUJDBMTIJIT QSFIFFKDIBERNBO FI FWWMPBM USBWFMT UISPVHI UIT
CMPPETUSFBN VOUJM UIF UBSHFUJOH NPMFDVMF aOET BUBSHFU SFDFQUP
UJWFJTPUPQF DPOOFDUFE UP UIF MJOLJOH CPEZ EFDBZT PWFS UJNF 51J°
UIBU EFDBZT JOUP B TUBCMFJTPUPQF CZ FNJUUJOH B QPTJUSPO " QPTJU
IFODFJUIBTBQPTIJUIJWF FMFDUSJD DIBSHF BOE UIFTBNFNBTTBT UIBU PG |
USBOTGPSNTJOUPBOFVUSPOCZFNJUUJOHBQPTJUSPO UIFSFGPSF UIF DI
TUBCMF TUBUGEWKFS QPTJUSPO FNJTTJPO UIFQPTJUSPO USBWFMTB TIPSUE
VOUJMJUDPMMIEFT XJUIBOFMFDUSPO SFGFSSFEUPBTBOBOOJIJMBUJP(
XJUIBQIPUPO FOFSHZ PG LF7 BSFZJFMEPRE JOVB QQPM BFRQBSFIFDWEAIP ©
JTTIPXOJO 'JHVSF

SIF1&5 TDBOOFSDPNQSJTFTNVMUIJQMF SJOHT PG HBNNBEFUFDUPST FODJ
UFDUPSTEFUFDUUIFIJHI FOFSHZBOOJIJMBUJPO QIPUPOT FOBCMJOH UIF
BMPOHUIFMJOFPGSFTQPOTF -03 CFUXFFOUIFUXPEFUFDUJPO QPJOUT &
PGUIFEFUFDUPSTJT TVEDJFOUMZ IJHI UP EJTDFSO UIF TNBMM UJNF EJéFS
JOH BOOJIJMBUJPO QIPUPOT 51JT UIJNF XJOEPX DBO CF VTFE UP DPNQVUF
FMFNFOUT UP UIF BOOJIJMBUJPO>FWHPU&DOBFIFBFDBRST PG UIF (& EJTDPW|
SJOH 1&5 $5 TDBOOFS BSF MVUFUJVN CBTFE TDJOUJMMBUPS DSZTUBM BS*
HSPVQFE JO B CMPDL QFSEHFRUBDRUPCGGJIIJMBUJPO QIPUPO IJUT UIF TDJOUJ
DPOWFSUFE JOUP TFDPOEBSZAZMJBHIB THBPRGEBS&Z QIPUPOT BSF TVCTFRVFO



$PNQVUFE5PNPHSBQIZ

'JHVSF5IFDPNQPTJUJPO PG B SBEMR)VBSNBBEVBOBBMOBODFS JOTUJUVUF 3BEJPQIBSNBDFYV
&OUFSTUIF .PMEBVMBS "HF

CZUIF1.5T BOE QSPDFTTFECZ FMFDUSPOJDT "MM UIF EFUFDUJPO TJHOB
DPNCJOFTBMMUIF 1&5 EFUFDUJPO JOGPSNBUJPO UP SFDPOTUSVDU B 1&5
SJUINT DBO CF FNQMPZFE GPS SFDPOTUSVDUJPO XJUI UIF PQUJPO UP BQ
EJEFSFOU aMUFST FH (BVTTJBO 'JOBMMZ UIF 1&5 JNBHFJT EJTQMBZF
DPSSFTQPOEJOHTPGUXBSF

'JHVSF (FOFSBM QSJODJQMFPGBOBOOJIJMBUJPO

$PNQVUFES5PNPHSBQIZ

*O DPOUSBTU UP 1&5 JNBHJOH $5 JNBHJOH QSIJNBSJMZ TFSWFT BT BO BOE
SJOH TIBQFE $5 TDBOOFSDPOTJTUTPGBO9 SBZUVCFPOPOFTJEFBOEBO
TJEF 5IF9 SBZUVCFDPOUBJOTBOFHBUJWFMZDIBSHFEUVOHTUFODBUIPE
"QPTJUIJWF WPMUBHFJTBQOQMJFE UP UIF NFUBM UBSHFU BDUJOH BT BO B
L7Q CFUXFFO BOE L7 51 JT BUUSBDUT FMFDUSPOT GSPN UIF DBUIPEF
HFOFSBUFE BGUFS DPMMJTJPO PG UIF FMFDUSPOT XJUI UIF NFUBM UBSHF
DBO CF VTFE UP OBSSPX UIFY SBZ CFBN UP UIF SFRVJSFE TQPU TJ[F 5IF ¢
QBUJFOU EVSJOH UIF $5 TDBO %VSJOH UIJT SPUBUJPO NVMUJQMF QSPKF
PG JOUFSFTU GSPN EJEFSFOU BOHMFT b5IFY SBZT XIJDI BSF HBNNB QIPUL
CPEZ %FQFOEJOHPOUIFEFOTJUZPGUIFUJTTVF BDFSUBJO QSPQPSUJP
CPEZBOEBOPUIFSQBSUPGUIFQIPUPOTBSFTDBUUFSFE S5IFIJHIFSUIFUJ®
PG QIPUPOT EFUFDUFE CZUIFHBNNB EFUFDUPST 5IF$5BUUFOVBUJPO WB
)6T DIBSBDUFSJ[FTUIFSBEJPEFOTJUZPGUIFUJTTVFBOEJTDBMJCSBUFE
QPJOU XIJDIJTBTTJHOFE B WBMVF PG )6T 5IFSFBSFUXPUZQFT PG $5 T



1&5 $5 IJNBHJOH

(FOFSBMMZ BTJOHMFBYJBM $5 TDBO TDPVUTDBO JTaSTUQFSGPSNFEUP
TFUUIFTDBO SBOHF GPSUIFTVCTFRVFOU IFMJDBM $5 TDBO %VSJOHBIFM
UISPVHIUIF$5 TDBOOFSBUBDFSUBJOTQFFEUIBUDBOCFNBOVBMMZ BEKV
EFUFDUPSTUIBUEJSFDUMZUSBOTGFSUIFTIHOBMTUPUIFDPNQVUFS 5IFT
SFDPOTUSVDU POFPS NVMUJQMF DSPTT TFDUJPOT PG UIF CPEZ 3FDPOTU:!
QSPKFDUJPOTNBEFBUEJéEFSFOUBOHMFT BMTP DBMMFECBDLQSPKFDUJP
PGUIBUQMBOF 'JOBMMZ aMUFSTDBO CF VTFEBGUFSXBSET UP SFNPWF C
>

1&5 $5JIJNBHJOH

'PS 1&5 $5 IJNBHJOH 1&5 BOE $5 TZTUFNT BSFJIJNQMFNFOUFE JO UIF TBNF |
VSF S5IFQVSQPTFPGJIJOUFHSBUJOHUIFTZTUFNTJTUP QSFDJTFMZ MPDBM
EFUFDUFECZ 1&5 JNBHJOH 5IFTUBOEBSE 1&5 $5QSPDFEVSFDPNNFODFT )
CzBIFMJDBM $5 TDBOBOE MBTUMZ UIF 1&5 TDBOJT DPOEVDUFE "MUIPVHI
JOEFQFOEFOUMZ UIFJS EBUB DBO CF TVQFSINQPTFE BMMPXJOH GPS GVT
J[BUJPO PG IPUTQPUTJO SBBEJPUSBDFS VQUBLF <

'"JHVSF*MMVTUSBUJPO PG UIFDPOaHVSBUPNGPE BID&SJIET FOBMOBSF 11ZTIDT PG 1&5 $5 TDB

-JGF DZDMFBTTFTTNFOU

"MIJGF DZDMFBTTFTTNFOU -$" JTBOJOUFSOBUJPOBMMZ FTUBCMJTIFE NI
JNQBDU PG B EFWJDF TZTUFN PS QSPDFEVSF UISPVHIPVUJUT MJGF DZDM
FYUSBDUJPO PG SBX NBUFSJBMT NBOVGBDUVSJOH VTE XBRFPEEBETQPTBI
PG UIF QIBTFT BOE UIF JOQVUT BOE PVUQVUT BEWEFQISOEFRAPPFEQOS'GRE R
B-$"IBWFCFFO FTUBCMJTIFE CZ UIF *OUFSOBUJPOBM 0SHBOJ[BUJPO GPS

<> -$" SFTFBSDI DPOTJTUT PG UISFF QIBTFT HPBM BOE TDPQF EFaC
-$* BOE UIFJNQBDUBTTFTTNFOU QIBTF *O UIF aSTU QIBTF UIF HPBM PC
EFUFSNJOFE XIBU -$" TUBHFTBSFJODMVEFE JO UIF SFTFBSDI BOE UIF GVO
UIFO QFSGPSNFE UP HBUIFS EBUB BCPVU UIF TPVSDFT PG FNJTTJPOT QFS T
51 JT FOUBIJMT UIF VTF PG EBUBCBTFT UIBUDPOUBJO TQFDJabD JOGPSNBUJI
NBUFSJBMT QSPDFEVSFTBOETZTUFNT FH UIF&DPJOWFOU EBUBCBTF ¢
UPBTTFTTUIFFOWJSPONFOUBMJNQBDUJOUIFGVODUJPOBM VOJU EFaOF|
$0 FRVIJWBMFOUT BCCFRWBBUFEBGVYGDOUIPOBIM GODEBNFOUBMBTHSFFOIF
HBT ()( JOUIFDPOUFYUPG HMPCBM XBSNJOH "O FTUJNBUJPOCZ UIF &0W
TVHHFTUT UBBDBYOUT GPS BQQSPYJIJNBUFMZ P BVAVIOEFWIEVBRVMOHMPC
XBSNJOH QPUFOUJBM PG BMM PUIFS ()(T BSF OPTOVEFSQ PEFI DBRINFUNB U TP G5$B
TVNNBUJPOPGBMMUIFHMPCBM XBSNJOH QPUFOUJBRI®PG BMM ()(TJT SFG

5lFSFJTOPTUBOEBSEJ[FENFUIPEGPSUIFFYFDVUJPOPGB-$"GPSNFEJDB
PSTZTUFNT-$" GSBNFXPSLT DBO EJEFS JO UIFDIPTFO GVODUJPOBM VOJU
TUBHFT BOE JOUIFJS BQQSPBDI PG HBUIFSJOH EBUB 'JSTU UIFSFJT B U



IPXFSTVQQMZ PG UIF 1&5 $5TDBOOFS

PVUQVU -$" XIJDICBTFTJUTEBUBPOUIFFYQFOEJUVSFT PG UIFDPNQBOJF
TvDIBOBQQSPBDI BOPWFSWIJFXBUBNBDSPMFWFMJTDSFBUFEBOEDFSU
TZTUFNT DBO CF BMMPDBUFE DPSSFDUMZ 0O UIF PUIFS IBOE UIFSF JT B
XI1JDIEBUBJTHBUIFSFEUISPVHI SFBM NFBTVSFEFNFOUTPG UIFTUFQTJO UIF
FWFOU 51JTCPUUPN VOQBQQSPBDIQSPWJEFTBNPSFBDDVSBUF SFQSFTFO
JFODF UIJTBQQSPBDI XBTEFFNFEQSFGFSBCMFJO UIFDVSSFOU TUVEZ <

'"JHVSF-$"QIBTFTBOEUIFJOQVUTBOEPVUQVUT

()(FNJTTJPOTDPQFJOWFOUPSZ
51SFF EJTUJODU TDPQFT IBWF CFFO EFMJOFBUFE GPS RVBOUJGZJOH UIF F
PSHBOJ[BUI3IPOO LIF DPOUFYU PGB -$" JUJTJINQPSUBOU UP TQFDJGZ XI1JD|
XJUIJOUIFBOBMZTJT 5IFUISFFEJEFSFOUTDPQFTBSF MIJTUFE CFMPX BOE
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IFBU

4DPQF *OEJSFDU $0 FNJTTJPOT SFTVMUJOH GSPN UIF CVTJOFTT BD
51 JTIJODMVEFT FNJTTJPOT GSPN TPVSDFT OPUPXOFECZUIFPSHBOJ[B!
EJSFDUDPOUSPM

IPXFSTVQQMZ PG UIF 1&5 $5 TDBOOFS

&MFDUSJDBM DJSDVJUT
5|lF FMFDUSJDBM HSJE TVQQMJFT FMFDUSJDJUZ XJUI BOBMUFSOBUJOH DV
WPMUBHF UIBUBMUFSOBUFT CFUXFFO QPTJUJWF BOE OFHBUJWF WBMVFTE
JTBTJOVTPJEBM XBWFGSPOUBOE IBTB GVOEBNFOUBM GSFRVFODZ PG )|

*OBO FMFDUSJDBM DJSDVJU FMFDUSJDJUZ JT DPOWFSUFE JOUP BOPUIFS
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LIJOFUJD FOFSHZ "UUIF TPVSDF PG UIFFMFDUSJDBM DJSDVJU XIJDIJT JO
TVSFPGUIFBQQMJFE WPMUBHF 7 DSFBUFT B DVSSFOUPG FMFDUSPOT Ul
DJSDVJU 5IJTDVSSFOUDBO CFNFBTVSFEJO "NQASFT " 5IFDPOWFSTJPC
JODPOOFDUFE SFTJTUPST JOEVDUPSTPSDBQBDJUPST 3FTJTUPST SFTJT

JOEVDUPSTDPOTJTUPGBDPIJMUIBUDSFBUFTBNBHOFUJD aFMEBOE MBTU!|
< >

5ISFFQIBTF QPXFSTVQQMZ
"UISFFQIBTFQPXFSTVQQMZDPOTIJTUTPGUISFFIJOEFQFOEFOUWPMUBHEF X
UIFMBSHF MPBET PG UIF TDIEQJOFSEKWPMUBHF TPVSDFT QSPWJEF UIFJS WP
OBUJOHQIBTFT XJUIBQIBTFEJEFSFODF PG EFHSFFT *OBEEJUJPO TVD
BOQOOMIJFEWPMUBHF FBTIMZ X JYIRUFRMNBRODNGFPIDNBAVGE TATUFN BOE UIFDPSSFTQP(
BSFQSFTFOUFEJO 'JHVSF

5lF DVSSFOUBQQMJFE QFS QIBTF DBOCF NFBTVSFEVTJOHB QIBTF QPXF:
DPOOFDUFEUPUIFUISFFQIBTFTBOEPOFFYUSB XJSFDPOOFDUFEUPUIFC
UPSTVNPGUISFFQIBTFT *EFBMMZ UIFDVSSFOUBOE WPMUBHFPGUIF OFV
JPXFWFS JO NPTUUISFF QIBTF QPXFS TZTUFNT TPNF TNBMM QIBTF DVSSF
UIFQSFTFODF PG B OFVUSBM DVSSFOU 51JT TMJHIU OFVUSBM DVSSFOU U.
EJTUSJCVUIJPOTZTUFN "OFVUSBMDVSSFOUPGCFUXFFO 7TJTUIFSFGP.
DVSSFOUT HFOFSBMMZ SFTVMU JO TJHOJaDBOU QPXFS MPTTFT XIJDI NBOJ
UIFOFVUSBM DPOEVDUPS QMBZTBDSVDJBM SPMFJO FMFDUSJDBM EJTUSJ
UPNBJOUBJOUIF WPMUBHFTBUB SFMBUJWFMZ TUBCMF MFWFM CZEFUFDU
UXFFOUIFFMFDUSJDBMTZTUFNBOE FBSUI BMXBZT[FSP 5I1JTQSFWFOUT
WPMUBHFT UIBUDPVME QPTFB SJTLUPUIFFRVIJ@GNFOUBOEUIFFOWJSPON

1IBTFEJEFSFODFWPMUBHFBOEDVSSFOU
*O HFOFSBM UIF WPMUBHF BOE DVSSFOU PG UIF TZTUFN QPXFS TVQQMZ B
QSFTFODF PG DPIJMTJOUIFTZTUFN B QIBTF EJEFSFODF DBO PDDVS CFUXF
QPXFSDBMDVMBUJPOT UIJTJIT FRBERSFEMCEERIGIBFF EJEFSFODFJO NFBT
JO EFHSFFT5FSFJTBEJTDSFQBODZ CFUXFFO UIFJOEVDUBODF BOE DBQB
DVSSFOUJT MBHHJOH PS MFBEJOH DPNQBSFE UP UIF WPMUBHF *O JOEVD
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'JHVSFS5IFUISFF QIBTFFMFDUSJDBM TZTUFN BOE XBWFGPSNT

USPNPUJWF GPSDF UIBU BMMPXT UIF DVSSFOU UP bPX UISPVHI UIF DPJM B
CFIJOE TFF'JHV®® UIF DPOUSBSZ DBQBDJUBODF DPJMT aSTUMZ DSFBUF
UIFUXP QMBUFTBGUFS XI1JDI B WPMUBHF EJEFSFODFDBO CFEFUFDUFE CF/|
MFBE UP QPXFS JOFEDJFODJFT 1PXFSJTDPNQVUFECZUIFNVMUJQMJIDBU
QFSJPETPGQIBTF NJTBMJHONFOU CFUXFFO UIFDVSSFOUBOE WPMUBHF L
BSFOP MPOHFS BMJHOFE MFBEJOH UP B SFEVDUJPOIQODRBXPXMEPTETITIP
UBLFOJOUPBDDPVOUCZJODPGRPSBIIJOHRIUAPOPXFS DBMOEMBRISPBG O5IF I
CFBTDFSUBJOFECZTIJNVMUBOFPVTMZ NFBTVSJOHUIFDVSSFOU BOE WPML

'JHVSF 1PXFS SFEVDUJPO DBVTFE CZ 8RM8DF EPEPSHBXBF'VOEBNFOUBMT PG<FMFDUSJD QP XF!
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)BSNPOJD EJTUPSUJPO

)BSNPOJD GSFRVFODJFT )' BSF DVSSFOUT UIBU PQFSBUF BU B IJHIFS GS
UIFGVOEBNFOUBM GSFRVFODZ PG UIF XBWFGPSN %VUDI FMFDUSJDJUZ G
))TEJTUPSUUIF QVSF TJOF XBWF PG UIF GVOEBNFOUBM '®DFPRVEROBZUBT T
.BYXFMMrTUIFPSFN UIFNPTUDPOUSJCVUJOH)'TBSFUIF UI )I UIF Ul
))T< > 5IF)'TJOUIFDVSSFOUTVQQMZBSFDBVTFECZ OPO MJOFBS MPBE"
UJPOFSTBOEJOEVDUPST POUIFFMFDUSIJDBMHSJE DSFBUJOHBDPNQMFY
))TEP OPUDPOUSJCVUFUPUIFFMFDUSJDJUZTVQQMZ CVUPOMZ SFTVMU J
FYUSBDWIPROXKXT FYUSBFOFSHZDPOTVNQUJPOJTPGUFOPWFSMPPLFE BOE
QPXFS>= 5IF UPUBM IBSNPOJD EJTUPSUJPO 5)% FYQSFTTFT UIF SBUJP PG
)) TUPUIF QPXFSPGUIFGVOEBNFOUBM GSFRVFODZBTB QFSDFOUBHF 5I1F)
CMJOE FOFSHZDPOTVNQUJPO BOEDBOCFDBMDVMBUFE CZUBLJOH UIF 5)
PGUIFGVOEBNFOUBM GSFRVFODZ UIBUJT BDUJWFMZVTFE BDUJWF FOFSF
DPOTVNQUJPODBOUIFOCFDBMDVMBUFE BDDPSEJOH UP 'PSNVMB

= SaaScW_e = SUezZgW =T]Z_V

1IBSBNFUFST & BQQBSFOU &OFSHZDPOTVNQUJPO L8l & BDUJWF "DUJ!
QPXFSBOBMZ[FS L8l & CMJOE #MJOEFOFSHZDPOTVNQUJPO PG UIFIBS

.FBTVSFNFOUT PG UIF FOFSHZDPOTVNQUJPO VTJOHB QPXFS BOBMZ[FS BS
"OBMZTFTUPEFUFSNJOFUIFNBHOJUVEFBOEPSEFSPG) TOFFEUPCF QFS(
BOEBSFUIFSFGPSFDBMDVMBUFECZUBLJOH'PVSJFSIrTUSBOTGPSNBUJPOT
NJOJNJ[FEBTNVDIBTQPTTIJCMF CFDBVTFUIFZDBVTF NBMGVODUJPOJOH F
PGUIF XJSFT "EEJUJPOBMMZ UIFZDBVTFJODSFBTFEFOFSHZFYQFOTFT B
PG FMFDUSPOJDIBSEXBSFTZTUFENT <

'JHVSF)BSNPOJD EJTAP\SIDP OPLPHBXB 'VOEBNFOUBMT PG<FMFDUSJD QPXFS NFBTV

1SPEVDUJPO PG SBEJPQIBSNBDFVUJDBMT

5lF SBEJPBDUJWF JTPUPQFT VTFE JO SBEJPQIBSNBDFVUJDBMT BSFUZQJD
DMFBS SFBDUPST $ZDMPUSPOT BSF TQFDJaDBMMZ FNQMPZFE GPS UIF QS
TVDIBT 'MVPSJOF '"MVPSPEFPMYMZHMVBDPIFULF NPTUDPNNPOMZVTFE SBEJ
NBDFVUJDBM XJUIJO 1&5 $5JNBHJOHBOEIBTBIBMS MIGFERUWUIPGZDMPNBP
QSPUPOTBSFBDDFMFSBUFE UP OFBSMZ UIFTQFFEPG MJHIU ESIJWFO CZ B!
USBDFBOJODSFBTJOHMZMBSHFSDJSDVMBS QBUIVOUJMUIFIJSWFMPDJUZ
GSPN UIFJS DJSDVMBS USBKFDU®BE U I'FOQSBIFWDMBOF PSF<EJSFDUFE UP B UBSH
FOSJDIFE XBURSUP QSPEVPIFF OFYUTUFQJTUIF SBEJPMBCFMMJOH XJUI "% (
UIFTJT JOBTIJFMEFEIPUDFMM MBC UIBUJTDMBTTJaFEBDDPSEJOH UP UIF
5I/F TZOUIFTJTUBLFT QMBDFJOBDBTTFUUF XJUI SFBHFOUTBOEJT BO BVUI
UuJwJuz 'PMMPXJOH TZOUIFTIT>'"QIFITSFKIWIMABE BOEMIKQFOTFE JOUP JOEJ!
QFSIPTQJUBM 51JTQSPDFTTBMTP PDDVSTJOBTIJFMEFEIPUDFMM MBC JC
TFRVFOUMZ QBDLFEJOMFBETIJFMEJOHBOE QSFQBSFEGPSUSBOTQPSU U
PGUIFQSPEVDUJPO QSPDFTTJT TIPXO JO '"JHVSF
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