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)RRG LUUDGLDWLRQ LV RQH PHDQV RI IRRG SUHVHUYDWLRQ GLVHDVHV� VWHULOL]DWLRQ RI PHGLFDO HTXLSPHQW� PHGLFDO

WKDW PD\ QRW EH IDPLOLDU WR PDQ\� EXW LW KDV EHHQ LQ GHYLFHV� SKDUPDFHXWLFDO SURGXFWV� DQG KRPH SURGXFWV� DQG

GHYHORSPHQW VLQFH WKH HDUO\ GHFDGHV RI WKH WZHQWLHWK SURGXFWLRQ RI VWHULOL]HG IRRG IRU VSHFLDO KRVSLWDO GLHWV� ,W

FHQWXU\� ,I SURSHUO\ DSSOLHG� LUUDGLDWLRQ FDQ EH DQ HIIHFWLYH LV DOVR LQWHUHVWLQJ WR QRWH WKDW IRU PDQ\ \HDUV SUHFLRXV

ZD\ WR WUHDW D YDULHW\ RI SUREOHPV LQ RXU IRRG VXSSO\� VXFK VWRQHV KDYH EHHQ LUUDGLDWHG WR LQFUHDVH WKHLU EULOOLDQFH� DV

DV LQVHFW LQIHVWDWLRQ RI JUDLQV� VSURXWLQJ RI SRWDWRHV� UDSLG ZLWK GLDPRQGV� RU WR FKDQJH WKHLU DSSHDUDQFH� DV ZLWK

ULSHQLQJ RI IUXLWV DQG EDFWHULDO JURZWK� +RZHYHU� LW KDV WRSD]� LQ ZKLFK LUUDGLDWLRQ SURGXFHV D VPRN\�OLNH

QRW \HW REWDLQHG D VLJQLILFDQW SODFH LQ WKH 8�6� IRRG DSSHDUDQFH LQ WKH FU\VWDO�

LQGXVWU\� 7KLV DSSDUHQW KHVLWDQF\ LV FDXVHG LQ SDUW E\ YHU\

YRFDO DQG DFWLYH RSSRQHQWV ZKR SURYLGH LQDFFXUDWH 'HVSLWH WKHVH NQRZQ EHQHILWV RI LUUDGLDWLRQ DQG WKH

LQIRUPDWLRQ WR LQVWLOO IHDU DERXW IRRG VDIHW\ LQWR WKH WHFKQRORJLHV WR FRQWURO LWV XVH� FRQVXPHU DFFHSWDQFH DQG

SXEOLF
V PLQGV� 0DQ\ IDFWRUV RI HFRQRPLF IHDVLELOLW\ VHHP FRQFHUQ IRU QXFOHDU LVVXHV KDYH KLQGHUHG WKH SRWHQWLDO IRU

WR KLQJH RQ IRRG LQGXVWU\ DV ZHOO DV FRQVXPHU DFFHSWDQFH� ZLGHVSUHDG FRPPHUFLDO VXFFHVV LQ WKLV FRXQWU\� +RZHYHU�

DQG LQ WXUQ� KDYH KLQGHUHG WKH SRWHQWLDO IRU ZLGHVSUHDG PRUH WKDQ �� FRXQWULHV KDYH DSSURYHG DQG DUH XVLQJ IRRG

FRPPHUFLDO VXFFHVV RI IRRG LUUDGLDWLRQ� LUUDGLDWLRQ WHFKQRORJLHV WR HQVXUH IRRG VDIHW\� &RXQWULHV

5DGLDWLRQ LV QRW D PRGHUQ� PDQ�PDGH FUHDWLRQ� :H -DSDQ� &KLQD� WKH 6RYLHW 8QLRQ� WKH 1HWKHUODQGV DQG

JHW QDWXUDO UDGLDWLRQ IURP WKH VXQ DQG RWKHU QDWXUDO )UDQFH� ,Q WKH 8�6�� LUUDGLDWHG IRRGV KDYH EHHQ XVHG E\

FRPSRQHQWV RI RXU HQYLURQPHQW VXFK DV JDVHV DQG GHSRVLWV DVWURQDXWV� WKH PLOLWDU\ DQG KRVSLWDO SDWLHQWV� EXW WKH

RI XUDQLXP RUH LQ URFN VWUXFWXUHV� ,Q WKH ����V� DGRSWLRQ RI WKH WHFKQRORJ\ IRU RWKHU SXUSRVHV KDV EHHQ

UDGLRDFWLYH VXEVWDQFHV DQG ;�UD\V ZHUH GLVFRYHUHG� VORZ GHVSLWH DSSURYDOV IURP WKH )RRG DQG 'UXJ

,QWHQVH UHVHDUFK DERXW WKH ELRORJLFDO HIIHFWV RI WKHVH $GPLQLVWUDWLRQ �)'$�� )RU H[DPSOH� WKH SURFHVV WR

UDGLDWLRQV EHJDQ LPPHGLDWHO\ DQG EHQHILFLDO XVHV RI WKHVH FRQWURO WULFKLQRVLV LQ SRUN� DSSURYHG LQ ����� LV VWLOO QRW

VXEVWDQFHV ZHUH VRRQ IRXQG� 7KH ELJJHVW FRQWULEXWLRQ RI XVHG� :LWK WKH UHFHQW DSSURYDO RI LUUDGLDWLRQ IRU

PDQ
V XVH RI UDGLDWLRQ KDV EHHQ LQ WKH PHGLFDO ILHOG �� FRQWUROOLQJ EDFWHULD RQ UDZ SRXOWU\� DWWHQWLRQ ZDV DJDLQ

PHGLFDO DQG GHQWDO ;�UD\V� GHWHFWLRQ DQG WUHDWPHQW RI IRFXVHG RQ IRRG LUUDGLDWLRQ�

XWLOL]LQJ IRRG LUUDGLDWLRQ IRU YDULRXV SXUSRVHV LQFOXGH
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WKH IRRG� VXFK DV VSURXWLQJ DQG ULSHQLQJ FDQ EH PRGLILHGHistory of the Irradiation Preservation
of Food

(DUO\ LQ WKH ����V� D )UHQFK VFLHQWLVW GLVFRYHUHG WKDW

LUUDGLDWLRQ FRXOG EH XVHG WR SUHVHUYH IRRG� 7KLV

WHFKQRORJ\ ZDV QRW DGRSWHG LQ WKH 8�6� XQWLO :RUOG :DU

,,� $W WKLV WLPH WKHUH ZDV D QHHG WR IHHG PLOOLRQV RI PHQ

DQG ZRPHQ LQ XQLIRUP� 7KH 8�6� $UP\ VSRQVRUHG D VHULHV

RI H[SHULPHQWV ZLWK IUXLWV� YHJHWDEOHV� GDLU\ SURGXFWV� ILVK

DQG PHDWV� ,Q ����� WKH 8�6� VDZ LWV ILUVW DSSURYDO RI IRRG

LUUDGLDWLRQ ZKHQ )'$ DSSURYHG LWV XVH WR FRQWURO LQVHFWV

LQ ZKHDW DQG ZKHDW IORXU� ,Q ����� DGGLWLRQDO DSSURYDO

ZDV JLYHQ WR LQKLELW WKH GHYHORSPHQW RI VSURXWV LQ ZKLWH

SRWDWRHV�

,Q ����� DSSURYDO ZDV JUDQWHG WR NLOO LQVHFWV DQG

FRQWURO PLFURRUJDQLVPV LQ D VSHFLILF OLVW RI KHUEV� VSLFHV

DQG YHJHWDEOH VHDVRQLQJV� �7KH DSSURYHG OLVW RI IRRG

SURGXFWV KDV EHHQ LQFUHDVHG ZLWK ODWHU FKDQJHV�� 7KHQ� LQ

����� WUHDWPHQW RI SRUN WR FRQWURO WULFKLQRVLV ZDV DGGHG WR

WKH OLVW RI DSSURYDOV� ,Q WKH VDPH \HDU� DSSURYDO ZDV

JUDQWHG WR FRQWURO LQVHFWV DQG PLFURRUJDQLVPV LQ GU\

HQ]\PH SUHSDUDWLRQV XVHG LQ IHUPHQWDWLRQ�W\SH SURFHVVHV�

,Q ����� DSSURYDO ZDV JUDQWHG WR FRQWURO LQVHFWV DQG

LQKLELW JURZWK DQG ULSHQLQJ LQ VXFK IRRGV DV IUXLWV�

YHJHWDEOHV DQG JUDLQV�

$SSURYDO ZDV JUDQWHG LQ 0D\� ����� IRU LUUDGLDWLRQ RI

SDFNDJHG IUHVK RU IUR]HQ XQFRRNHG SRXOWU\� )'$ VXSSRUWV

LW DV DQ HIIHFWLYH FRQWURO RI PLFURRUJDQLVPV UHVSRQVLEOH IRU

D PDMRU SRUWLRQ RI IRRGERUQH LOOQHVV� LQFOXGLQJ

6DOPRQHOOD� <HUVLQLD� DQG &DPS\OREDFWHU� 7KLV ODWHVW

DSSURYDO LV WKH ILUVW DSSURYHG SURFHVV WR �SDVWHXUL]H� VROLG

IRRGV� VXFK DV SRXOWU\� 7KH SURFHVV UHGXFHV EXW GRHV QRW

HOLPLQDWH DOO EDFWHULD� 7KHUHIRUH� SURFHVVHG SRXOWU\ DUH

VDIH ORQJHU WKDQ XQSURFHVVHG SRXOWU\� EXW VWLOO UHTXLUH

UHIULJHUDWLRQ�

What Is "Irradiation?"

-XVW D PHQWLRQ RI WKH ZRUG LUUDGLDWLRQ XVXDOO\ VSDUNV

VWURQJ REMHFWLRQV� XVXDOO\ EDVHG RQ PLVXQGHUVWDQGLQJ RI

WKH SURFHVV LQYROYHG DQG LWV HIIHFWV RQ IRRGV� 9HU\ VLPSO\�

IRRG LUUDGLDWLRQ LV D SURFHVV RI H[SRVLQJ IRRGV� HLWKHU

SUHSDFNDJHG RU LQ EXON� WR YHU\ KLJK�HQHUJ\� LQYLVLEOH

OLJKWZDYHV �UDGLDWLRQ�� 7KH SURFHVV FRQWUROV WKH DPRXQW

RI UDGLDWLRQ WKH IRRG DEVRUEV�

)RRG LUUDGLDWLRQ LV D PHDQV RI SUHVHUYDWLRQ� LW LV XVHG

WR H[WHQG SURGXFW VKHOI OLIH� 7KH UDGLDWLRQ HQHUJ\ XVHG LV

DEOH WR FDXVH FKDQJHV LQ PROHFXOHV� VXFK DV EUHDNLQJ

FKHPLFDO ERQGV� $W VPDOO LUUDGLDWLRQ GRVHV� SURSHUWLHV RI

�XVXDOO\ LQKLELWHG�� +LJKHU GRVHV FDQ DOWHU PROHFXOHV LQ

PLFURRUJDQLVPV VR WKH\ FDQ QR ORQJHU FDXVH VSRLODJH RU

KXPDQ LOOQHVV� 7KH PLFURRUJDQLVPV PD\ EH NLOOHG RU

JHQHWLFDOO\ DOWHUHG VR WKH\ FDQ
W UHSURGXFH� ,W WDNHV ORZHU

GRVHV WR GDPDJH PLFURRUJDQLVPV DQG LQVHFWV WKDQ WR DOWHU

HQRXJK PROHFXOHV LQ WKH IRRG WR GDPDJH LW�

)RU WKRVH ZKR ZDQW WR NQRZ PRUH DERXW WKH UDGLDWLRQ

WKDW LV XVHG DQG LWV UHODWLRQVKLS WR RWKHU W\SHV RI HQHUJ\� LW

LV QHFHVVDU\ WR ORRN DW WKH HOHFWURPDJQHWLF VSHFWUXP� )RRG

LUUDGLDWLRQ XVHV JDPPD UD\V� ;�UD\V RU HOHFWURQ EHDPV WKDW

DUH SDUW RI WKH LQYLVLEOH OLJKWZDYHV UDQJH RI WKH

HOHFWURPDJQHWLF VSHFWUXP� 8OWUDYLROHW OLJKW �UDGLDWLRQ� LV

DOVR LQ WKH LQYLVLEOH UDQJH RI WKH VSHFWUXP� DOWKRXJK WKH

ZDYHV RI XOWUDYLROHW OLJKW DUH QRW DV VKRUW DV WKRVH RI ;�

UD\V DQG JDPPD UD\V� 7KH VKRUWHU WKH ZDYHOHQJWK� WKH

JUHDWHU WKH DPRXQW RI HQHUJ\ SHU XQLW�

+LJK HQHUJ\ UDGLDWLRQ FDQ EUHDN PROHFXOHV LQWR

VPDOOHU IUDJPHQWV WKDW PD\ EH HLWKHU HOHFWULFDOO\ FKDUJHG

�LRQV� RU QHXWUDO� 7KH HOHFWULFDOO\ FKDUJHG LRQV DUH

UDGLRDFWLYH� 8OWUDYLROHW� ;�UD\ DQG JDPPD UDGLDWLRQ FDQ

EUHDN VWURQJHU ERQGV WKDQ YLVLEOH OLJKW DQG HYHQ H[SHO

HOHFWURQV IURP DWRPV� 7KLV LV ZK\ WKH\ PD\ DOVR EH FDOOHG

LRQL]LQJ UDGLDWLRQ RU LRQL]LQJ HQHUJ\�

2WKHU W\SHV RI UDGLDQW HQHUJ\ ZLWK ORQJHU ZDYHOHQJWKV

DQG OHVV HQHUJ\ SHU XQLW DUH LQIUDUHG DQG PLFURZDYH

UDGLDWLRQ� 7KXV� FRQYHQWLRQDO FRRNLQJ PHWKRGV VXFK DV

EURLOLQJ DQG EDNLQJ DOVR XVH UDGLDQW HQHUJ\� EXW LQ WKH

LQIUDUHG UDQJH� &RRNLQJ ZLWK PLFURZDYHV LV DFFRPSOLVKHG

E\ PLFURZDYH UDGLDWLRQ� HQHUJ\ RI \HW DQRWKHU ZDYHOHQJWK�

0LFURZDYH UDGLDWLRQ LV DOVR XVHG WR GHWHFW VSHHGLQJ FDUV�

WR VHQG WHOHYLVLRQ DQG WHOHSKRQH FRPPXQLFDWLRQV� WR WUHDW

PXVFOH VRUHQHVV� WR GU\ DQG FXUH SO\ZRRG DQG WR UDLVH

EUHDG DQG GRXJKQXWV�

          Sources of Radiation         
(Ionizing Energy)

7KHUH DUH WKUHH W\SHV RI HQHUJ\ WKDW FDQ EH XVHG IRU

LUUDGLDWLRQ RI IRRG� ;�UD\V� HOHFWURQ EHDPV DQG JDPPD

UD\V� 0DFKLQHV FDOOHG �HOHFWURQ DFFHOHUDWRUV� DUH XVHG WR

SURGXFH EHDPV RI HOHFWURQV WR ZKLFK IRRG FDQ EH H[SRVHG�

,I WKH HOHFWURQV IURP WKH DFFHOHUDWRU DUH VWRSSHG E\ D PHWDO

WDUJHW �VXFK DV WXQJVWHQ IRLO� ILUVW� ;�UD\V DUH SURGXFHG DQG

WKH IRRG LV H[SRVHG WR ;�UD\V� 7KH DPRXQW RI HQHUJ\

SURGXFHG E\ HOHFWURQ EHDPV FDQ EH DGMXVWHG�

*DPPD UD\V DUH SURGXFHG E\ UDGLRDFWLYH VXEVWDQFHV

�FDOOHG UDGLRLVRWRSHV� WKDW FRQWLQXRXVO\ HPLW WKH KLJK
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HQHUJ\ JDPPD UD\V� 7KH DSSURYHG VRXUFHV RI JDPPD UD\V H[FHSWLRQ RI VRPH VSHFLDO KRVSLWDO GLHWV IRU

IRU IRRG LUUDGLDWLRQ DUH FREDOW��� �WKH PRVW FRPPRQ� DQG LPPXQH�GHILFLHQW SDWLHQWV��

FHVLXP�����

D YDULHW\ RI FKHPLFDO DQG SK\VLFDO UHDFWLRQV� 7KH DPRXQWDoses and Effects of Radiation

,Q IRRG LUUDGLDWLRQ� WKH UDGLDWLRQ �GRVH� WKDW D IRRG

UHFHLYHV VKRXOG QRW EH FRQIXVHG ZLWK VRPHWKLQJ DGGHG WR

WKH IRRG� 7KH �GRVH� IRU IRRG LUUDGLDWLRQ LV WKH DPRXQW RI

UDGLDWLRQ DEVRUEHG E\ WKH IRRG DQG LW LV QRW WKH VDPH DV WKH

OHYHO RI HQHUJ\ WUDQVPLWWHG IURP WKH UDGLDWLRQ VRXUFHV� 7KH

GRVH LV FRQWUROOHG E\ WKH LQWHQVLW\ RI UDGLDWLRQ DQG WKH

OHQJWK RI WLPH WKH IRRG LV H[SRVHG�

7HUPV XVHG WR GHVFULEH WKLV �GRVH� RU DPRXQW RI

DEVRUEHG UDGLDWLRQ� DUH XQIDPLOLDU DQG FRQIXVLQJ WR PRVW

SHRSOH� ,Q WKH SDVW� WKH WHUP XVHG ZDV UDG� VKRUW IRU

�UDGLDWLRQ DEVRUEHG GRVH�� ZKLFK LV ��� HUJV DEVRUEHG E\

� JUDP RI PDWWHU� 7KH UDG KDV EHHQ UHSODFHG E\ WKH JUD\

�*\�� 2QH JUD\ LV HTXDO WR ��� UDGV RU ������� &DORULH

�L�H�� GLHW FDORULH� SHU NLORJUDP RI IRRG� �������� &DORULH

SHU NLORJUDP HTXDOV ������ &DORULH SHU SRXQG�� 7KH

)'$
V UHJXODWLRQV GHVFULEH UDGLDWLRQ OHYHOV LQ WHUPV RI WKH

NLORJUD\ �N*\�� HTXDO WR ���� *\�

7KH GRVH �QXPEHU RI N*\� SHUPLWWHG YDULHV DFFRUGLQJ

WR WKH W\SH RI IRRG DQG WKH GHVLUHG DFWLRQ� 7UHDWPHQW

OHYHOV KDYH EHHQ DSSURYHG E\ )'$ DV IROORZV�

�� �/RZ� GRVHV � �XS WR � N*\� GHVLJQHG WR

D� FRQWURO LQVHFWV LQ JUDLQV

E� LQKLELW VSURXWLQJ LQ ZKLWH SRWDWRHV

F� FRQWURO WULFKLQDH LQ SRUN

G� LQKLELW GHFD\ DQG FRQWURO LQVHFWV LQ IUXLWV DQG

YHJHWDEOHV

�� �0HGLXP� GRVHV � ����� N*\� GHVLJQHG WR

D� FRQWURO 6DOPRQHOOD� 6KLJHOOD� &DPS\OREDFWHU

DQG <HUVLQLD LQ PHDW� SRXOWU\ DQG ILVK

E� GHOD\ PROG JURZWK RQ VWUDZEHUULHV DQG RWKHU

IUXLWV

�� �+LJK� GRVHV � �JUHDWHU WKDQ �� N*\� GHVLJQHG WR

D� NLOO PLFURRUJDQLVPV DQG LQVHFWV LQ VSLFHV

E� FRPPHUFLDOO\ VWHULOL]H IRRGV� GHVWUR\LQJ DOO

PLFURRUJDQLVPV RI SXEOLF KHDOWK FRQFHUQ �H�J�� WR �FRQYH\RU VSHHG� WKURXJK WKH FKDPEHU�

VWHULOL]H IRRG WR WKH VDPH GHJUHH DV LI WKH\ ZHUH

WKHUPDOO\ VWHULOL]HG �FDQQHG�� KRZHYHU� QR $V RI -XQH ����� WKHUH ZHUH WKUHH IDFLOLWLHV LQ WKH 8�6�

FRPPHUFLDO DSSOLFDWLRQV RI WKLV GRVDJH KDYH EHHQ ZKLFK LUUDGLDWHG IRRG RQ D FRPPHUFLDO VFDOH� 7KRVH LQ

DSSURYHG E\ )'$ IRU XVH LQ WKH 8�6� ZLWK WKH RSHUDWLRQ KDYH EHHQ IDFLOLWLHV IRU VWHULOL]LQJ PHGLFDO DQG

:KHQ UDGLDWLRQ HQHUJ\ LV DEVRUEHG E\ IRRG� LW FDXVHV

RI HQHUJ\ WKH IRRG DEVRUEV LV FRQWUROOHG VR WKH FKDQJHV

SURGXFHG KDYH GHVLUDEOH IRRG SUHVHUYDWLRQ HIIHFWV ZKLOH

PDLQWDLQLQJ WKH VDIHW\� TXDOLW\� DQG ZKROHVRPHQHVV RI WKH

IRRG� 7KH IRRG LWVHOI GRHV QRW EHFRPH UDGLRDFWLYH�

3HULVKDEOH IRRGV WUHDWHG ZLWK DOO EXW KLJK GRVHV�

KRZHYHU� PXVW VWLOO EH UHIULJHUDWHG� 5HIULJHUDWHG VWRUDJH

OLIH LV H[WHQGHG� EXW WKH QHHG IRU FROG VWRUDJH LV QRW

UHSODFHG E\ LUUDGLDWLRQ� 0LFURRUJDQLVPV DUH GHVWUR\HG E\

UDGLDWLRQ PRUH HDVLO\ WKDQ HQ]\PHV ZKLFK OHDG WR IRRG

GHWHULRUDWLRQ �FRORU� IODYRU DQG WH[WXUH FKDQJHV� IRU

H[DPSOH�� 0DQ\ HQ]\PHV VXUYLYH WKH FXUUHQW OHYHOV RI

UDGLDWLRQ SURFHVVLQJ� DOWKRXJK UHIULJHUDWLRQ FDQ VORZ GRZQ

PDQ\ HQ]\PDWLF FKDQJHV� ,Q DGGLWLRQ� QRW DOO

PLFURRUJDQLVPV DUH GHVWUR\HG� 7KH SURFHVV GRHV QRW

SURWHFW WKH IRRG DJDLQVW UHLQIHVWDWLRQ RU FRQWDPLQDWLRQ�

7KHUHIRUH� LUUDGLDWHG SHULVKDEOH IRRGV DUH VWLOO FRQVLGHUHG

SHULVKDEOH�

Facilities

)DFLOLWLHV IRU LUUDGLDWLQJ IRRG DUH VLPLODU WR WKRVH LQ

RSHUDWLRQ IRU VWHULOL]LQJ PHGLFDO HTXLSPHQW DQG GR QRW

UHVHPEOH QXFOHDU UHDFWRUV LQ DQ\ ZD\� 7KHUH DUH QR

H[SORVLYHV RU PDWHULDOV WKDW FRXOG FDXVH ZLGHVSUHDG

GLVVHPLQDWLRQ RI UDGLRDFWLYH PDWHULDO� )DFLOLWLHV XVLQJ

FREDOW GR QRW XVH PDWHULDOV IURP QXFOHDU GHIHQVH

LQGXVWULHV� )DFLOLWLHV XVHG� KRZHYHU� PXVW FRPSO\ ZLWK

SODQW DQG ZRUNHU VDIHW\ UHTXLUHPHQWV RI WKH 1XFOHDU

5HJXODWRU\ &RPPLVVLRQ DQG WKH 2FFXSDWLRQDO 6DIHW\ DQG

+HDOWK $GPLQLVWUDWLRQ�

$W DQ LUUDGLDWLRQ IDFLOLW\� WKH UDGLDWLRQ VRXUFH �XVXDOO\

WKH FREDOW���� LV FRQWDLQHG LQ VOHQGHU SHQFLO�OLNH VWDLQOHVV

VWHHO FDVLQJ DERXW �� LQFKHV ORQJ E\ ��� LQFK GLDPHWHU�

7KH FDVLQJV� LQ WXUQ� DUH FRQWDLQHG LQ D OHDG�OLQHG

FKDPEHU� 3DFNDJHG IRRG WUDYHOV LQ SDOOHWV RQ D FRQYH\RU

EHWZHHQ ����� IRRW WKLFN FRQFUHWH ZDOOV LQWR DQG WKURXJK D

FKDPEHU ZKHUH LW LV H[SRVHG WR WKH UDGLDWLRQ VRXUFH

�JDPPD UD\V LI FREDOW��� LV XVHG�� 3DOOHWV PD\ EH WXUQHG

WR DOORZ XQLIRUP H[SRVXUH RYHU WKH URXWH� 5DGLDWLRQ

GRVDJH LV FRQWUROOHG E\ D FRPSXWHUL]HG UDWH RI SDVVDJH
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RWKHU VXSSOLHV� DQG ZKR VRPHWLPHV GLYHUW WR LUUDGLDWH EXON )RU LUUDGLDWHG IRRGV VROG DW WKH ZKROHVDOH OHYHO� WKH

ORDGV RI VSLFHV� 2QH KRVSLWDO LQ 6HDWWOH LV DSSURYHG IRU ORJR DQG WKH ZRUGLQJ DUH VWLOO UHTXLUHG� ,Q DGGLWLRQ�

LUUDGLDWLQJ VSHFLDO GLHWV IRU LPPXQH�GHILFLHQW SDWLHQWV KRZHYHU� WKH\ PXVW EH DFFRPSDQLHG E\ WKH FDXWLRQ �GR QRW

PHQWLRQHG SUHYLRXVO\� LUUDGLDWH DJDLQ�� ,UUDGLDWHG VSLFHV VROG LQ WKH 8�6� GR QRW

WKH\ FRQVWLWXWH RQH VPDOO LQJUHGLHQW� 0RVW SDFNDJHGAdoption of the Technology

$OWKRXJK VRPH IRRG UDGLDWLRQ WUHDWPHQWV KDYH EHHQ

DSSURYHG LQ WKH 8�6� VLQFH ����� RQO\ LUUDGLDWHG VSLFHV DUH

IRXQG RQ WKH PDUNHW WRGD\� 7KH IRRG LQGXVWU\ LV VORZ WR

LQYHVW LQ WKLV WHFKQRORJ\ EHFDXVH RI XQFHUWDLQW\ RYHU WKH

SXEOLF DFFHSWDQFH RI IRRG� 7KH RQO\ WZR WLPHV WKDW

LUUDGLDWHG IRRG RWKHU WKDQ VSLFHV KDV EHHQ VROG LQ WKH 8�6�

�DV RI -XQH ����� ZHUH UHVHDUFK WHVW PDUNHWV� ,Q ����� �

PHWULF WRQV RI PDQJRHV LUUDGLDWHG LQ 3XHUWR 5LFR ZHUH WHVW

PDUNHWHG LQ 0LDPL� )/� ,Q ����� LUUDGLDWHG +DZDLLDQ

SDSD\D ZHUH WHVWHG LQ $QDKHLP DQG ,UYLQH� &$� 7KHVH WHVW

PDUNHW VWXGLHV DV ZHOO DV RWKHUV LQ )UDQFH� $UJHQWLQD DQG

6RXWK $IULFD LQGLFDWHG JRRG FRQVXPHU DFFHSWDQFH DQG

ZLOOLQJQHVV WR EX\�

:RUOGZLGH� RYHU �� FRXQWULHV DSSURYH VRPH IRUP RI

LUUDGLDWLRQ DQG PDQ\ JURXSV RI FRQVXPHUV UHDGLO\ DFFHSW

WKHVH SURGXFWV� $V RI ����� -DSDQ LUUDGLDWHG RYHU ������

SRXQGV RI SRWDWRHV DQQXDOO\� 7KH 1HWKHUODQGV LUUDGLDWHG �

WRQV RI IRRG GDLO\� DQG %HOJLXP LUUDGLDWHG � WRQ GDLO\�

6RXWK $IULFD URXWLQHO\ LUUDGLDWHV PDQJRHV� SDSD\D� DQG

RWKHU YHJHWDEOHV� &DQDGD KDV D IDFLOLW\ GHGLFDWHG WR

LUUDGLDWLQJ SRWDWRHV�

Labeling of Irradiated Foods

%HFDXVH WKH EHQHILFLDO HIIHFWV RI LUUDGLDWLQJ IRRGV DUH

QRW GLVFHUQDEOH WR FRQVXPHUV� ODEHOLQJ KDV EHHQ

FRQVLGHUHG HVVHQWLDO LI FRQVXPHUV DUH WR EH DGHTXDWHO\

LQIRUPHG� $IWHU PXFK GHEDWH� WKH )'$ DSSURYHG LQLWLDO

ODEHOLQJ UHTXLUHPHQWV LQ $SULO� ����� 7KH UHJXODWLRQV

UHTXLUHG WKDW DOO SURGXFH EH ODEHOHG DW WKH

SDFNLQJ�ZKROHVDOH DQG UHWDLO OHYHOV� 6XJJHVWHG ZRUGLQJ

DQG DQ LQWHUQDWLRQDO V\PERO �ORJR� ZHUH SURYLGHG�

$W WKH UHWDLO OHYHO� WKH ODEHO PXVW EHDU WKH V\PERO SOXV

RQH RI WKHVH VWDWHPHQWV� �WUHDWHG ZLWK UDGLDWLRQ� RU �WUHDWHG

E\ LUUDGLDWLRQ�� ,Q DGGLWLRQ� WKH PDQXIDFWXUHU PD\ DGG D

SKUDVH ZKLFK WUXWKIXOO\ GHVFULEHV WKH SULPDU\ SXUSRVH RI

WKH WUHDWPHQW� VXFK DV �WUHDWHG ZLWK UDGLDWLRQ WR FRQWURO

VSRLODJH�� )RU XQSDFNDJHG IUXLWV DQG YHJHWDEOHV� ODEHOV

PD\ EH RQ HDFK SLHFH� RQ WKH VKLSSLQJ FRQWDLQHU SODFHG LQ

SURPLQHQW FRQVXPHU YLHZ� RU RQ D VLJQ QHDU WKH

FRPPRGLWLHV LGHQWLI\LQJ WKH XVH RI WKH WUHDWPHQW�

QHHG WR FDUU\ WKH ORJR LI WKH\ DUH LQ SDFNDJHG IRRGV ZKHUH

VSLFHV LQ VWRUHV DUH XVXDOO\ WUHDWHG E\ FKHPLFDO IXPLJDWLRQ�

QRW E\ LUUDGLDWLRQ�

Safety of Irradiated Foods

,UUDGLDWHG IRRG GRHV QRW EHFRPH UDGLRDFWLYH� $W WKH

UDGLDWLRQ HQHUJ\ OHYHOV XVHG LQ IRRG SURFHVVLQJ� RQO\

FKHPLFDO FKDQJHV DUH SRVVLEOH� QRW QXFOHDU FKDQJHV WKDW

ZRXOG PDNH WKH IRRG LWVHOI UDGLRDFWLYH� 2YHU �� \HDUV RI

UHVHDUFK VXJJHVW WKDW WKH FKHPLFDO E\�SURGXFWV RI UDGLDWLRQ

��UDGLRO\WLF SURGXFWV�� DUH PRVWO\ WKH VDPH DV E\�SURGXFWV

RI FRQYHQWLRQDO FRRNLQJ RU RWKHU SUHVHUYDWLRQ PHWKRGV�

$QLPDO IHHGLQJ VWXGLHV VKRZ QR WR[LF� WHUDWRJHQLF RU

PXWDJHQLF HIIHFWV IURP LUUDGLDWHG IRRGV� ,Q DGGLWLRQ�

LUUDGLDWLRQ OHDYHV QR FKHPLFDO UHVLGXHV LQ IRRG�

,Q ����� WKH )RRG DQG $JULFXOWXUDO 2UJDQL]DWLRQ

�)$2� RI WKH 8QLWHG 1DWLRQV� WKH ,QWHUQDWLRQDO $WRPLF

(QHUJ\ $JHQF\ �,$($�� DQG WKH :RUOG +HDOWK

2UJDQL]DWLRQ FRQFOXGHG WKDW �DQ\ IRRG LUUDGLDWHG XS WR DQ

DYHUDJH GRVH RI � 0UDG RU OHVV LV ZKROHVRPH IRU KXPDQV

DQG WKHUHIRUH VKRXOG EH DSSURYHG ZLWKRXW IXUWKHU WHVWLQJ�

�:+2� ���� LQ ,)7� ������ �$ 0UDG HTXDOV �� N*\��

$OVR LQ ����� WKH 8�6� )'$ FRQFOXGHG WKDW IRRG LUUDGLDWHG

ZLWK XS WR � N*\ LV �ZKROHVRPH DQG VDIH IRU KXPDQ

FRQVXPSWLRQ� HYHQ ZKHUH WKH IRRG WKDW LV LUUDGLDWHG PD\

FRQVWLWXWH D VXEVWDQWLDO SRUWLRQ RI WKH GLHW�� DQG WKDW IRRG

�FRPSURPLVLQJ QR PRUH WKDQ ����� RI WKH GDLO\ GLHW >H[��

VSLFHV@ DQG LUUDGLDWHG DW �� N*\ RU OHVV DOVR FDQ EH

FRQVLGHUHG VDIH IRU KXPDQ FRQVXPSWLRQ� �)'$� ������

%HIRUH DSSURYLQJ ORZ GRVH LUUDGLDWLRQ RI IRRGV� WKH

)'$ UHYLHZHG RYHU ��� WR[LFLW\ VWXGLHV� ZKLFK LQFOXGHG

DQLPDO IHHGLQJ VWXGLHV� 7KH 8�6� $UP\ 0HGLFDO

'HSDUWPHQW IHG LUUDGLDWHG IRRGV WR �� KXPDQ YROXQWHHUV LQ

���GD\ WHVWV LQ ������� DQG VKRZHG QR XQIDYRUDEOH

HIIHFWV� 0RUH UHFHQWO\� LQ ����� WKH 3HRSOH
V 5HSXEOLF RI

&KLQD UHSRUWHG RQ HLJKW H[SHULPHQWV ZLWK ��� KXPDQ

YROXQWHHUV� 7KHLU GLHWV LQFOXGHG ��� RI LQJUHGLHQWV

LUUDGLDWHG DW OHYHOV IURP ����� N*\� 'XULQJ DQG DIWHU WKHVH

WULDOV� WKHUH ZHUH QR VLJQLILFDQW GLIIHUHQFHV LQ WKH FOLQLFDO�

SK\VLRORJLFDO DQG ELRFKHPLFDO HYDOXDWLRQV EHWZHHQ WKH

VXEMHFWV UHFHLYLQJ WKH LUUDGLDWHG IRRGV DQG WKRVH UHFHLYLQJ

FRPSDUDEOH IRRG ZLWKRXW VXFK SURFHVVLQJ�
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Changes in Irradiated Food

)RRG LUUDGLDWLRQ LV VRPHWLPHV FDOOHG D �FROG� SURFHVV�

LW DFKLHYHV LWV HIIHFW ZLWK OLWWOH ULVH LQ WKH WHPSHUDWXUH RI

WKH IRRG� 7KHUH LV OLWWOH LI DQ\ FKDQJH LQ WKH SK\VLFDO

DSSHDUDQFH RI LUUDGLDWHG IRRGV DV WKH\ GR QRW XQGHUJR WKH

FKDQJHV LQ WH[WXUH DQG�RU FRORU DV IRRGV SUHVHUYHG E\ KHDW

SDVWHXUL]DWLRQ� FDQQLQJ RU IUHH]LQJ� )RRG UHPDLQV FORVH WR

LWV RULJLQDO VWDWH� 3UREOHPV WKDW KDYH RFFXUUHG DUH VRPH

RII�IODYRUV LQ PHDW DQG H[FHVV WLVVXH VRIWHQLQJ WKDW KDV

EHHQ GRFXPHQWHG LQ IUHVK SHDFKHV DQG QHFWDULQHV�

$V ZLWK DOO SUHVHUYDWLRQ RU FRRNLQJ PHWKRGV� VRPH

FKHPLFDO FKDQJHV RFFXU LQ LUUDGLDWHG IRRG� :KHQ KLJK

HQHUJ\ SDUWLFOHV VWULNH PDWWHU� HOHFWURQV DUH ORVW IURP

DWRPV DQG LRQV DUH IRUPHG� 1HZO\ IRUPHG UDGLRO\WLF

SURGXFWV PD\ WKHQ LQWHUDFW WR FUHDWH QHZ FRPSRXQGV LQ WKH

IRRG WKDW ZHUH QRW SUHVHQW EHIRUH WUHDWPHQW� D IHZ RI ZKLFK

FRXOG SURGXFH RII�IODYRUV� �,Q PHDW� WKLV FDQ EH SDUWO\

FRQWUROOHG E\ PDLQWDLQLQJ ORZ SURGXFW WHPSHUDWXUHV GXULQJ

WKH LUUDGLDWLRQ SURFHVV�� 7KH PRVW FRPPRQ FKHPLFDO

UHDFWLRQ GXULQJ IRRG LUUDGLDWLRQ LV WKH FRQYHUVLRQ RI ZDWHU

WR K\GURJHQ SHUR[LGH� 5HDFWLRQV OLNH WKHVH RFFXU LQ DOO

W\SHV RI IRRG SUHVHUYDWLRQ� DQG WKRVH IHZ UHDFWLRQV XQLTXH

WR LUUDGLDWLRQ DUH QRW KDUPIXO�

7KH )'$ FRQFOXGHG WKDW �YHU\ IHZ RI WKHVH UDGLRO\WLF

SURGXFWV DUH XQLTXH WR LUUDGLDWHG IRRGV� DSSUR[LPDWHO\

��� RI WKH UDGLRO\WLF SURGXFWV���DUH NQRZQ WR EH QDWXUDO

FRPSRQHQWV RI IRRG� �)'$� ������ 6RPH RI WKHVH DUH

IDWW\ DFLGV MXVW OLNH WKRVH WKDW UHVXOW IURP WKH EUHDNGRZQ RI

WULJO\FHULGHV� DPLQR DFLGV WKDW PDNH XS SURWHLQV� DQG

FRPSRXQGV �K\GURFDUERQV� FRPPRQO\ IRXQG LQ WKH ZD[\

FRYHULQJV RI IUXLWV OLNH DSSOHV� SHDUV DQG EHUULHV� 2WKHUV

DUH IDWW\ FRPSRXQGV MXVW OLNH WKRVH IRXQG IURP FRRNLQJ

PHDW E\ FRPPRQ PHWKRGV VXFK DV JULOOLQJ� 7KH RWKHU ���

RI UDGLRO\WLF FRPSRXQGV DUH FKHPLFDOO\ YHU\ VLPLODU WR

QDWXUDO FRPSRQHQWV LQ IRRG� 7KH FKHPLVWU\ RI LUUDGLDWLRQ

LV YHU\ SUHGLFWDEOH DQG WKH SURGXFWV RI DQ LQGLYLGXDO

FRPSRQHQW VXFK DV SURWHLQV DUH QRW DIIHFWHG E\ WKH W\SH RI

IRRG RU RWKHU IRRG FRPSRQHQWV SUHVHQW� 5DGLRO\WLF

SURGXFWV KDYH EHHQ FULWLFDOO\ WHVWHG IRU WR[LFLW\ DQG QR

HYLGHQFH RI KD]DUG KDV EHHQ IRXQG�

5DGLDWLRQ GRHV QRW LPSDLU DFWLYLW\ RI FHUWDLQ QXWULHQWV�

EXW RYHUDOO QXWULHQW UHWHQWLRQ LQ LUUDGLDWHG IRRGV LV VLPLODU

WR UHWHQWLRQ ZLWK RWKHU SUHVHUYDWLRQ PHWKRGV� 9LWDPLQ &

�DVFRUELF DFLG� UHGXFWLRQ KDV EHHQ UHSRUWHG� EXW LW LV

DWWULEXWHG WR D VKLIW IURP DVFRUELF DFLG WR GHK\GURDVFRUELF

DFLG� D FKDQJH WKDW LV PRVWO\ LQVLJQLILFDQW IURP D

QXWULWLRQDO VWDQGSRLQW� 7RFRSKHURO� ZKLFK KDYH 9LWDPLQ (

DFWLYLW\� DSSHDU WR EH YHU\ VHQVLWLYH WR LUUDGLDWLRQ LQ WKH

SUHVHQFH RI R[\JHQ� 9LWDPLQ . VHHPV UHODWLYHO\ VWDEOH�

7KHVH DGYHUVH HIIHFWV RI LUUDGLDWLRQ RQ YLWDPLQV FDQ EH

UHGXFHG E\ H[FOXGLQJ R[\JHQ DQG OLJKW� NHHSLQJ WKH IRRG DW

D ORZ WHPSHUDWXUH� DQG XVLQJ WKH ORZHVW GRVH QHHG IRU

WUHDWLQJ �SURFHVVLQJ� IRRG�

Consumer Acceptance

6WXGLHV RQ FRQVXPHU DFFHSWDQFH KDYH EHHQ GRQH ZLWK

IHZ LUUDGLDWHG SURGXFWV� %UXKQ� 6FKXW] DQG 6RPPHU

������ H[DPLQHG FKDQJH LQ FRQVXPHU DWWLWXGHV WRZDUG

IRRG LUUDGLDWLRQ DV WKH UHVXOW RI RSSRUWXQLWLHV WR UHDG DERXW

DQG GLVFXVV WKH WHFKQRORJ\� 7KH\ IRXQG WKDW FRQVXPHUV LQ

JHQHUDO VKRZHG D KLJKHU OHYHO RI FRQFHUQ IRU SUHVHUYDWLYHV

DQG VSUD\V WKDQ IRU IRRG LUUDGLDWLRQ� �$OWHUQDWLYH�

FRQVXPHUV ZKR ZHUH D YRFDO VHJPHQW RI HFRORJLFDOO\

VHQVLWLYH FRQVXPHUV� ZHUH PRUH VNHSWLFDO DERXW WKH VDIHW\

DQG DGYDQWDJHV RI WKH SURFHVV� 7KH\ DOVR ZHUH LQLWLDOO\

PRUH DZDUH RI IRRG LUUDGLDWLRQ DQG WKHLU FRQFHUQ LQFUHDVHG

DIWHU HGXFDWLRQDO HIIRUWV� $IWHU HGXFDWLRQDO HIIRUWV�

FRQYHQWLRQDO FRQVXPHUV DGRSWHG D PLQRU FRQFHUQHG

DWWLWXGH WRZDUG LUUDGLDWLRQ� EXW D GLVFXVVLRQ OHDGHU

NQRZOHGJHDEOH LQ IRRG LUUDGLDWLRQ UHGXFHG FRQFHUQV RI

FRQYHQWLRQDO FRQVXPHUV FRPSDUHG ZLWK WKH LPSDFW RI D

QRQ�H[SHUW OHDGHU� 7KHVH UHVHDUFKHUV FRQFOXGHG WKDW WKH

DWWLWXGHV RI FRQYHQWLRQDO FRQVXPHUV FDQ EH SRVLWLYHO\

LQIOXHQFHG E\ DQ HGXFDWLRQDO HIIRUW DQG WKH LQIOXHQFH LV

PRVW HIIHFWLYH ZKHQ WKH FRQVXPHU FDQ LQWHUDFW ZLWK

VRPHRQH NQRZOHGJHDEOH DERXW LUUDGLDWLRQ�

:LHVH 5HVHDUFK $VVRFLDWHV ������ IRXQG WKDW OHVV

WKDQ ��� RI D QDWLRQDO WHOHSKRQH VDPSOH ZHUH DZDUH RI

IRRG LUUDGLDWLRQ WHFKQRORJLHV� $PRQJ WKRVH DZDUH� ���

ZHUH FRQFHUQHG� EXW LQ JHQHUDO� FRQVXPHUV ZHUH PRUH

FRQFHUQHG DERXW FKHPLFDO VSUD\V DQG SUHVHUYDWLYHV WKDQ

LUUDGLDWLRQ� 7KRVH ZLWK IHZHU FRQFHUQV KDG PRUH IRUPDO

HGXFDWLRQ DQG KLJKHU OHYHOV RI DZDUHQHVV�

$ PDUNHW VXUYH\ RI WKH HIIHFWV RI LUUDGLDWLRQ RQ

GHPDQG IRU SDSD\D LQ &DOLIRUQLD LQ WKH ����V VXJJHVWHG

WKDW GHPDQG ZRXOG EH UHGXFHG E\ ��� LI WKH IUXLW ZHUH

WUHDWHG ZLWK LUUDGLDWLRQ �+XDQJ� HW�DO�� ������ $FFHSWDQFH

RI LUUDGLDWHG SURGXFH LV TXLWH KLJK LQ 6RXWK $IULFD�

5HSRUWHGO\� ��� RI FRQVXPHUV UHDFWHG SRVLWLYHO\ WR LWV

LQWURGXFWLRQ LQ WKH ODWH ����V� +RZHYHU� WKH WHVW

PDUNHWLQJ ZDV DFFRPSDQLHG E\ DQ H[WHQVLYH HGXFDWLRQDO

FDPSDLJQ WKDW LQYROYHG PDVV PHGLD DQG VXSSRUWLYH

FRQVXPHU RUJDQL]DWLRQV �%UXKQ� HW�DO�� ������

(YHQ WKRXJK VRPH WHVW PDUNHWLQJ KDV VKRZQ VRPH

KRSH IRU FRQVXPHU DFFHSWDQFH� LUUDGLDWHG IRRGV KDYH

FDXVHG SLFNHWLQJ DQG YLROHQW SURWHVWV DW RWKHU DUHDV�

&RQVXPHU VWXGLHV VHHP WR VXJJHVW WKDW SHRSOH DUH PRUH
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LQWHUHVWHG LQ WKH VDIHW\ DQG ZKROHVRPHQHVV RI WKH IRRGV )'$� ����� ,UUDGLDWLRQ LQ WKH SURGXFWLRQ� SURFHVVLQJ� DQG

UDWKHU WKDQ EHQHILWV RI WKH SURFHVV IRU DQ\ VSHFLILF IRRGV� KDQGOLQJ RI IRRG� ILQDO UXOH� �� &)5 3DUW ����

7KHVH DQG RWKHU ILQGLQJV DOVR VHHP WR LQGLFDWH WKDW DV )HGHUDO 5HJLVWHU ������� ������������

NQRZOHGJH DQG DZDUHQHVV RI WKH WHFKQRORJLHV LQFUHDVH� VR

PLJKW LWV DFFHSWDQFH� +LVWRU\ LQGLFDWHV WKDW FRQVXPHU )'$� ����� ++6 1HZV 5HOHDVH 3������ 8�6� 'HSW� RI

DFFHSWDQFH ZLOO FRQWLQXH WR LQIOXHQFH WKH H[WHQW WR ZKLFK ++6� 5RFNYLOOH� 0'� 0D\ ��

LUUDGLDWLRQ JHWV DGRSWHG DV DQ DOWHUQDWLYH IRRG SURFHVVLQJ

WHFKQRORJ\� +XDQJ� &�/�� 5HVXUUHFFLRQ� $�9�$� )ORUNRZVNL� :�-�� DQG

WHFKQRORJ\ DW WKH FURVVURDGV� 8QLYHUVLW\ RI *HRUJLDSummary

7KHUH LV QR GRXEW WKDW IRRG LUUDGLDWLRQ LQYROYHV PDQ\

FRPSOH[ LVVXHV� ,I SURSHUO\ DSSOLHG� LUUDGLDWLRQ FDQ EH DQ

HIIHFWLYH PHWKRG RI UHGXFLQJ RUJDQLVPV ZKLFK FDXVH IRRG

VSRLODJH DQG KXPDQ LOOQHVV� 6RPH EHQHILWV RI IRRG

LUUDGLDWLRQ LQFOXGH�

D� 5HGXFWLRQ RI SRVWKDUYHVW ORVVHV �OHVV IRRG ZDVWH��

E� 5HGXFWLRQ RI FKHPLFDO UHVLGXHV LQ IRRGV �FRXOG

UHSODFH IXPLJDQWV DQG RWKHU SHVWLFLGHV�

F� 5HGXFWLRQ RI ULVNV RI IRRGERUQH LOOQHVV IURP

EDFWHULD �6DOPRQHOOD� &DPS\OREDFWHU DQG

6KLJHOOD�

G� 5HGXFWLRQ RI WKH ULVN RI WULFKLQRVLV IURP SRUN�

H� 0RUH DSSHDOLQJ �IUHVK� FKDUDFWHULVWLFV IRU IRRGV

EHFDXVH LW LV D UHODWLYHO\ �FROG� SURFHVV DQG IRRGV

FORVHO\ UHVHPEOH WKRVH LQ WKHLU IUHVK VWDWH�

7KH SRWHQWLDO EHQHILWV RI IRRG LUUDGLDWLRQ PD\ FRPH

FORVHU WR UHDOL]DWLRQ QRZ WKDW UHJXODWRU\ EDUULHUV DUH

EHJLQQLQJ WR EH UHPRYHG� LQWHUHVW LQ DOWHUQDWLYHV WR

SHVWLFLGHV LV KLJK DQG VRPH VWXGLHV DUH GHPRQVWUDWLQJ

FRQVXPHU DFFHSWDQFH RI SURGXFWV� 6HH 7DEOH � IRU

&OHDUDQFHV DV RI 0DUFK ��� ����� IRU XVH RI LRQL]LQJ

HQHUJ\ RQ IRRGV LQ WKH 8QLWHG 6WDWHV�

References

%UXKQ� &�0�� 6FKXW]� +�*� DQG 6RPPHU� 5� �����

$WWLWXGH FKDQJH WRZDUG IRRG LUUDGLDWLRQ DPRQJ

FRQYHQWLRQDO DQG DOWHUQDWLYH FRQVXPHUV� )RRG

7HFKQRORJ\ �������������

&$67� ����� ,RQL]LQJ HQHUJ\ LQ IRRG SURFHVVLQJ DQG

SHVW FRQWURO� ,,� $SSOLFDWLRQV� 7DVN )RUFH 5HSRUW 1R�

���� &RXQFLO IRU $JULFXOWXUDO 6FLHQFH DQG

7HFKQRORJ\� $PHV� ,$� �� SS�

&UDZIRUG� /�0� ����� 6WDWHPHQW� 1HZV 'LYLVLRQ� 86'$�

0D\ ��

+XQJ� <� ����� )RRG LUUDGLDWLRQ� $ UHYROXWLRQDU\

$(6 5HVHDUFK 5HSRUW ����

,)7� ����� 3HUVSHFWLYH RQ IRRG LUUDGLDWLRQ� )RRG

7HFKQRORJ\ ��������������

.HQGDOO� 3� ����� )RRG LUUDGLDWLRQ � SURPLVHV DQG

FRQWURYHUVLHV� &ULWLFDO ,VVXHV LQ )RRG 	 1XWULWLRQ

����� &RORUDGR 6WDWH 8QLY� &RRSHUDWLYH ([WHQVLRQ

6HUYLFH� )RUW &ROOLQV� &2� � SS�

/HFRV� &� ����� 7KH JURZLQJ XVH RI LUUDGLDWLRQ WR SUHVHUYH

IRRG� )'$ &RQVXPHU ������������

0DUFRWWH� 0� ����� &RQVXPHU DFFHSWDQFH RI LUUDGLDWLRQ WR

SUHVHUYH IRRG� )'$ &RQVXPHU ������������

0DWWKHZV� 5� ����� 3HUVRQDO FRQYHUVDWLRQV� 'HSDUWPHQW

RI )RRG 6FLHQFH DQG 1XWULWLRQ� ,)$6� 8QLYHUVLW\ RI

)ORULGD� *DLQHVYLOOH� )/� -XQH�

5RJDQ� $� DQG *ODURV� *� ����� )RRG LUUDGLDWLRQ� 7KH

SURFHVV DQG LPSOLFDWLRQV IRU GLHWLWLDQV� -$'$

��������������

8))9$� )RRG LUUDGLDWLRQ IRU WKH SURGXFH LQGXVWU\�

6SHFLDO 5HSRUW� �����

:HLVH 5HVHDUFK $VVRFLDWHV� ,QF� ����� &RQVXPHU

UHDFWLRQ WR WKH LUUDGLDWLRQ FRQFHSW� 8�6� 'HSDUWPHQW

RI (QHUJ\ %\SURGXFWV 8WLOL]DWLRQ 3URJUDP� 2PDKD�

1(�

Additional Related Resources

)DUTXKDU� -�:� $ 5HWDLO 2YHUYLHZ� 6WHSV 1HFHVVDU\ IRU

&RPPHUFLDO $SSOLFDWLRQ RI )RRG ,UUDGLDWLRQ� 3DSHU

IURP )$2�,$($ $GYLVRU\ *URXS 0HHWLQJ RQ

&RPPHUFLDO 8VH RI )RRG ,UUDGLDWLRQ� 9LHQQD� �����

)RRG 0DUNHWLQJ ,QVWLWXWH� :DVKLQJWRQ� '&�
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)'$� 0LFURZDYH 2YHQ 5DGLDWLRQ� 8�6� 'HSW� RI ++6� 5DGRV� %� 3ULPHU RQ 5DGLDWLRQ� )'$� 8�6� 'HSW� RI

5RFNYLOOH� 0'� ++6 3XEOLFDWLRQ 1R� �)'$��������� ++6� 5RFNYLOOH� 0'� ++6 3XEOLFDWLRQ 1R�

����� �)'$��������� 5HSULQWHG IURP )'$ &RQVXPHU�

0RUULVRQ� 5�0� $Q (FRQRPLFV $QDO\VLV RI (OHFWURQ

$FFHOHUDWRUV DQG &REDOW��� IRU ,UUDGLDWLQJ )RRG�

7HFKQLFDO %XOOHWLQ 1R� ����� &RPPRGLW\ (FRQRPLFV

'LYLVLRQ� (FRQRPLF 5HVHDUFK 6HUYLFH� 8�6�

'HSDUWPHQW RI $JULFXOWXUH� 5RFNYLOOH� 0'� -XQH

�����

-XO\�$XJXVW �����

Table 1.   Clearances as of March 22, 1988, for use of ionizing energy on foods in the United States (IAEA, 11988a)

Product Purpose of treatment Sort of clearance Dose permitted, Date of approval
kilograys

Wheat and wheat flour Insect disinfection Unconditional 0.2 - 0.5 21 August 1963

White potatoes Shelf-life extension Unconditional 0.05 - 0.1 30 June 1964

White potatoes Shelf-life extension Unconditional 0.05 - 0.15 1 November 1965

Spices and dry vegetables Decontamination/ Unconditional 30 maximum 5 July 1983
seasonings (38 insect disinfestation
commodities)

Dry or dehydrated Control of insects Unconditional 10 maximum 10 June 1985
enzyme preparations and/or microorganisms
(including immobilized
enzyme preparations)

Pork carcasses or fresh, Control of Trichinella Unconditional 0.3 maximum 22 July 1985
non-heat processed cuts 1.0 maximum
of pork carcasses

spiralis

Fresh foods Delay of maturation Unconditional 1 18 April 1986

Food Disinfestation Unconditional 1 18 April 1986

Dry or dehydrated Decontamination Unconditional 10 18 April 1986
enzyme preparations

Dry or dehydrated Decontamination Unconditional 30 18 April 1986
aromatic vegetable
substances

LQFOXGLQJ NLOOLQJ PLFURRUJDQLVPV WKDW FDXVH VSRLODJHPotential Questions and Answers

4� :KDW LV LUUDGLDWLRQ"

$� ,UUDGLDWLRQ LV D SURFHVV RI H[SRVLQJ VXEVWDQFHV WR

UDGLDQW HQHUJ\� $ PRUH VSHFLILF DQG SUDFWLFDO

GHVFULSWLRQ IRU IRRG LUUDGLDWLRQ LV D SURFHVV RI

H[SRVLQJ IRRG WR UDGLDQW �LRQL]LQJ� HQHUJ\ IRU D

VSHFLILHG OHQJWK RI WLPH� 7KH DPRXQW RI H[SRVXUH LV

FRQWUROOHG WR SURGXFH YDULRXV SUHVHUYDWLRQ HIIHFWV

RU GLVHDVH DV ZHOO DV NLOOLQJ LQVHFWV LQ IRRGV VXFK DV

JUDLQV RU VSLFHV�

7KH UDGLDQW HQHUJ\ XVHG LQ WKH SURFHVV LV YHU\ VKRUW

OLJKW ZDYHV ZLWK YHU\ KLJK HQHUJ\ �JDPPD UD\V� ;�

UD\V RU HOHFWURQ EHDPV�� 7KH HQHUJ\ LV HPLWWHG IURP

PDFKLQHV WKDW SURGXFH HOHFWURQ EHDPV RU ;�UD\V RU

IURP UDGLRDFWLYH PDWHULDOV OLNH FREDOW��� RU FHVLXP�

��� WKDW HPLW JDPPD UD\V� 7KH ZDYHV FDQ SDVV

WKURXJK SDFNDJLQJ DQG VRPH RI WKH HQHUJ\ LV
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DEVRUEHG E\ PROHFXOHV LQ WKH IRRG RU OLYLQJ FRQFHUQV DERXW IRRG VDIHW\ DV ZHOO DV FRQVXPHU

RUJDQLVPV� UHDFWLRQ KDV PDGH WKH LQGXVWU\ ZDU\ RI DSSOLFDWLRQV�

4� +RZ GRHV IRRG LUUDGLDWLRQ ZRUN" 4� :KDW NLQG RI IRRGV DUH LUUDGLDWHG"

$� 7KH SURFHVV RI LUUDGLDWLQJ IRRG LV TXLWH VLPSOH� $� $SSURYDOV KDYH EHHQ JUDQWHG E\ )'$ IRU VHYHUDO

/DUJH FDVHV RI IRRG RU IRRG SURGXFWV FDQ EH ORDGHG XVHV RI IRRG LUUDGLDWLRQ�

LQ SDOOHWV RQWR D FRQYH\RU V\VWHP ZKLFK ZLOO FDUU\

WKHP LQWR WKH LUUDGLDWLRQ FKDPEHU� SDVW WKH

LUUDGLDWLRQ VRXUFH� DQG EDFN RXW WR DQ XQORDGLQJ

VWDWLRQ� 7KH VSHHG DW ZKLFK WKH FRQYH\RU PRYHV

GHWHUPLQHV WKH GRVH WKH IRRG SURGXFW UHFHLYHV DQG LV

FRQWUROOHG E\ FRPSXWHUV� 7KH LUUDGLDWLRQ VRXUFH

�XVXDOO\ FREDOW���� LV FRQWDLQHG LQ D VOHQGHU SHQFLO�

OLNH VWDLQOHVV VWHHO FDVLQJV DERXW �� LQFKHV ORQJ E\

��� LQFK LQ GLDPHWHU� $W WKH KHDUW RI WKH IDFLOLW\� WKH

FDVLQJV DUH FRQWDLQHG LQ D OHDG�OLQHG FKDPEHU

VXUURXQGHG E\ ����� IHHW WKLFN FRQFUHWH ZDOOV�

%HFDXVH ZDYHV RI LUUDGLDWLRQ HQHUJ\ DUH VR YHU\

VKRUW� WKH\ SHQHWUDWH IRRGV RU IRRG SDFNDJLQJ HDVLO\�

7KH HQHUJ\ OHYHO LV VR KLJK� LW FDQ HYHQ SHQHWUDWH DQG

EUHDN XS PROHFXOHV� ([SRVXUH RI WKH IRRG WR

LUUDGLDWLRQ HQHUJ\ LV FRQWUROOHG VR WKDW WKH GRVH RQO\

FDXVHV SK\VLFDO DQG FKHPLFDO FKDQJHV LQ WDUJHWHG

FHOOXODU FRPSRQHQWV� QRW QXFOHDU FKDQJHV LQ WKH

DWRPV WKDW PDNH XS IRRG� /LYLQJ PLFURRUJDQLVPV

PD\ EH NLOOHG RU WKHLU JHQHWLF PDWHULDO PD\ EH

GDPDJHG WR SUHYHQW UHSURGXFWLRQ� EXW PROHFXOHV DUH

QRW FKDQJHG WR WKH H[WHQW WKDW WKH\ EHFRPH

UDGLRDFWLYH� *DPPD LUUDGLDWLRQ PD\ EH FRPSDUHG WR

WXUQLQJ RQ D OLJKW� LOOXPLQDWLQJ D URRP� DQG WXUQLQJ

LW RII DJDLQ� *DPPD UD\V SDVV LQWR IRRGV� DIIHFW WKH

IRRG RU WDUJHW RUJDQLVP� DQG OHDYH WKH IRRG� +RZ

WKH UD\V DIIHFW WKH IRRG GHSHQGV RQ WKH IRRG� WKH GRVH

DQG WKH RUJDQLVPV LQ WKH IRRG�

4� +RZ ORQJ KDV LUUDGLDWLRQ EHHQ XVHG"

$� $FWXDOO\� WKH ILUVW SDWHQW DSSOLFDWLRQ IRU IRRG

SUHVHUYDWLRQ E\ LUUDGLDWLRQ ZDV ILOHG LQ ����� %XW LW

KDV RQO\ EHHQ GXULQJ WKH ODVW �� \HDUV WKDW

LUUDGLDWLRQ KDV EHHQ LQ XVH� 6ROGLHUV LQ WKH 8�6�

$UP\� DVWURQDXWV LQ WKH VSDFH SURJUDP DQG VRPH IHZ

KRVSLWDO SDWLHQWV KDYH EHHQ HDWLQJ IRRG VWHULOL]HG E\

LUUDGLDWLRQ IRU DERXW WKDW ORQJ� 6LQFH :RUOG :DU ,,�

H[WHQVLYH UHVHDUFK RQ UDGLDWLRQ SURFHVVLQJ KDV EHHQ

VSRQVRUHG E\ WKH 8�6� $UP\ DQG VWXGLHG E\

VFLHQWLVWV� $OWKRXJK LV KDV EHHQ D SLRQHHU LQ

UHVHDUFK RQ IRRG LUUDGLDWLRQ� WKH 8�6� KDV QRW EHHQ

LQYROYHG LQ IRRG LUUDGLDWLRQ RQ D FRPPHUFLDO VFDOH

H[FHSW LQ WKH FDVH RI VSLFHV� 2QO\ D YHU\ VPDOO

SHUFHQWDJH RI VSLFHV DUH LUUDGLDWHG� KRZHYHU� 7KH

D� 7R FRQWURO LQVHFWV LQ ZKHDW DQG ZKHDW IORXU�

����

E� 7R LQKLELW VSURXW GHYHORSPHQW LQ ZKLWH

SRWDWRHV� ����

F� 7R NLOO LQVHFWV DQG FRQWURO PLFURRUJDQLVPV LQ

KHUEV� VSLFHV DQG YHJHWDEOH VHDVRQLQJV� ����

DQG ODWHU UHYLVLRQV�

G� 7R FRQWURO WULFKLQRVLV LQ IUHVK SRUN� �����

H� 7R FRQWURO LQVHFWV DQG PLFURRUJDQLVPV LQ GU\

HQ]\PH SUHSDUDWLRQV IRU IHUPHQWDWLRQ�W\SH IRRG

SURFHVVHV� �����

I� 7R FRQWURO LQVHFWV DQG FRQWURO JURZWK DQG

ULSHQLQJ LQ IUXLWV� YHJHWDEOHV DQG JUDLQV� �����

J� 7R FRQWURO PLFURRUJDQLVPV� LQFOXGLQJ SDWKRJHQV

VXFK DV 6DOPRQHOOD� LQ IUHVK RU IUR]HQ XQFRRNHG

SRXOWU\� �����

7KHVH SURFHVV VWLOO KDYH QRW EHHQ DGDSWHG E\ WKH

IRRG LQGXVWU\ LQ WKH 8�6�� ZLWK WKH H[FHSWLRQ RI D

VPDOO SHUFHQWDJH RI VSLFHV DGGHG WR RWKHU IRRGV

DQG SUHSDUDWLRQV RI WKH HQ]\PH UHQQHW IRU

FKHHVHPDNLQJ� ,UUDGLDWHG IORXU DQG SRUN DUH QRW

LQ WKH JURFHU\ VWRUHV EHFDXVH PDQXIDFWXUHUV KDYH

QRW IRXQG LW FRPPHUFLDOO\ SUDFWLFDO� 7KH RQO\

WLPHV LUUDGLDWHG IUXLW KDV EHHQ VROG LQ WKH 8�6�

KDYH EHHQ IRU FRQVXPHU UHVHDUFK VWXGLHV� DQG WKH

IUXLW FDUULHG WKH DSSURSULDWH ODEHOLQJ� 0RUH WKDQ

�� RWKHU FRXQWULHV DUH XVLQJ IRRG LUUDGLDWLRQ

WHFKQRORJLHV WR HQVXUH IRRG VDIHW\� KRZHYHU�

$SSHQGL[ % RI WKLV VHFWLRQ OLVWV IRRGV EHLQJ

LUUDGLDWHG RQ D SUDFWLFDO EDVLV DV RI �����

4� ,I VSLFHV DUH LUUDGLDWHG� ZK\ GRHVQ
W WKH ODEHO VD\ VR"

$� 7KH VSLFHV FXUUHQWO\ EHLQJ LUUDGLDWHG DUH XVHG LQ

SUHSDUHG IRRGV� 7KH ODZ GRHV QRW UHTXLUH WKDW

LUUDGLDWHG VSLFHV VROG LQ WKH 8�6� FDUU\ WKH ORJR�ODEHO

LI WKH\ DUH LQ SDFNDJHG IRRGV ZKHUH WKH\ FRQVWLWXWH

RQH VPDOO LQJUHGLHQW� 3DFNDJHG VSLFHV RQ RXU VWRUH

VKHOYHV DUH XVXDOO\ WUHDWHG E\ FKHPLFDO IXPLJDWLRQ

DQG QRW E\ LUUDGLDWLRQ�

4� :KDW DUH WKH EHQHILWV RI IRRG LUUDGLDWLRQ"
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$� )RRG LUUDGLDWLRQ RIIHUV D QXPEHU RI EHQHILWV�

D� )RRG LUUDGLDWLRQ FDQ H[WHQG WKH VKHOI OLIH RI

PDQ\ IUHVK IRRGV �NHHS WKHP IUHVKHU ORQJHU��

7KLV PD\ EH GRQH WKURXJK SUHYHQWLQJ VSURXWLQJ�

GHDFWLYDWLQJ PROG� DQG NLOOLQJ VSRLODJH EDFWHULD�

E� )RRG LUUDGLDWLRQ FDQ LPSURYH ZRUOG IRRG

VXSSOLHV� 7KHUH FRXOG EH OHVV IRRG ZDVWH

WKURXJK UHGXFWLRQ RI SRVWKDUYHVW ORVVHV� 7KH

8QLWHG 1DWLRQV HVWLPDWHV WKDW RYHU �� SHUFHQW RI

WKH ZRUOG
V KDUYHVW LV ORVW WR VSRLODJH DQG ZDVWH�

,UUDGLDWLRQ FRXOG DOORZ PDQ\ IRRG LWHPV WKDW

QRZ VSRLO TXLFNO\ WR EH VKLSSHG WR RWKHU

FRXQWULHV� RU WR EH JURZQ� LUUDGLDWHG DQG VWRUHG

LQ RWKHU FRXQWULHV�

F� )RRG LUUDGLDWLRQ FRXOG UHSODFH IXPLJDQWV DQG

RWKHU SHVWLFLGHV� UHVXOWLQJ LQ D UHGXFWLRQ RI

FKHPLFDO UHVLGXHV LQ IRRG�

G� )RRG LUUDGLDWLRQ FDQ LPSURYH IRRG VDIHW\ E\

GHVWUR\LQJ WKH PLFURRUJDQLVPV WKDW FDXVH

IRRGERUQH LOOQHVV DQG SDUDVLWHV WKDW FDXVH

GLVHDVHV�

H� )RRG LUUDGLDWLRQ FDXVHV OLWWOH FKDQJH LQ WKH

CIUHVK
 FKDUDFWHULVWLFV RI IRRGV EHFDXVH WKH

SURFHVV UDLVHV WKH WHPSHUDWXUH RI IRRGV YHU\

OLWWOH� LI DW DOO� DW WKH GRVHV XVHG�

4� :KDW DUH WKH SUREOHPV ZLWK LUUDGLDWLRQ"

$� ,W LV GLIILFXOW WR WKLQN RI DQ\ SUREOHPV ZLWK IRRG

LUUDGLDWLRQ WHFKQRORJLHV� DVLGH IURP WKH QHHG IRU

VSHFLDOL]HG SURFHVVLQJ IDFLOLWLHV� 7KH GHVLJQ DQG

PDQDJHPHQW RI IDFLOLWLHV KDV DOUHDG\ EHHQ ZHOO�

VWXGLHG� KRZHYHU�

&RQFHUQV KDYH EHHQ UDLVHG DERXW WKH QXWULWLRQDO

TXDOLW\ RI LUUDGLDWHG IRRGV DQG WKH FUHDWLRQ RI

KDUPIXO QHZ VXEVWDQFHV LQ IRRGV� ([WHQVLYH

UHVHDUFK KDV VKRZQ WKDW QHLWKHU FRQFHUQ LV ZHOO�

IRXQGHG� 0RVW RI WKH FKHPLFDO FRPSRXQGV IRXQG LQ

LUUDGLDWHG IRRGV DUH LGHQWLFDO WR WKRVH IRXQG LQ EDNHG

RU EURLOHG IRRG� 7KH QXWULWLRQDO TXDOLW\ RI LUUDGLDWHG

IRRG LV HVVHQWLDOO\ HTXLYDOHQW WR WKDW RI IUHVK IRRG

SURGXFWV� WKH UDQJH RI YDOXHV LV DIIHFWHG PRUH E\

VWRUDJH DQG KDQGOLQJ� IRU H[DPSOH�

4� +RZ ZLOO , NQRZ LI IRRG KDV EHHQ LUUDGLDWHG"

$� /DEHOLQJ KDV EHHQ FRQVLGHUHG HVVHQWLDO WR LQIRUP

FRQVXPHUV� ,QLWLDO ODEHOLQJ UHTXLUHPHQWV ZHUH

DSSURYHG LQ ����� 7KH UHJXODWLRQV UHTXLUH WKDW DOO

SURGXFH EH ODEHOHG DW WKH SDFNLQJ�ZKROHVDOH DQG

UHWDLO OHYHOV� $W WKH UHWDLO OHYHO� WKH ODEHO PXVW EHDU

DQ LQWHUQDWLRQDO V\PERO �ORJR� SOXV RQH RI WKHVH

VWDWHPHQWV� �WUHDWHG ZLWK UDGLDWLRQ� RU �WUHDWHG E\

LUUDGLDWLRQ�� 7KH PDQXIDFWXUHU PD\ DGG D SKUDVH

ZKLFK WUXWKIXOO\ GHVFULEHV WKH SULPDU\ SXUSRVH RI WKH

WUHDWPHQW� 8QSDFNDJHG IUXLWV DQG YHJHWDEOHV PD\ EH

ODEHOHG RQ HDFK SLHFH� RQ WKH VKLSSLQJ FRQWDLQHU LI

SURPLQHQWO\ GLVSOD\HG� RU RQ D VLJQ QHDU WKH

FRPPRGLWLHV�

4� 'RHV DQ\ JRYHUQPHQW DJHQF\ PRQLWRU WKH XVH RI

LUUDGLDWLRQ LQ IRRGV"

$� 7KH )RRG DQG 'UXJ $GPLQLVWUDWLRQ �)'$� KDV

DXWKRULW\ RYHU IRRG LUUDGLDWLRQ DV D IRRG DGGLWLYH� ,W

LV WKH DJHQF\ UHVSRQVLEOH IRU UHYLHZLQJ SHWLWLRQV IRU

DSSURYDO DQG LVVXLQJ UHJXODWLRQV�

*XLGHOLQHV IRU XVH PD\ EH LVVXHG E\ RWKHU DJHQFLHV

UHVSRQVLEOH IRU YDULRXV FRPPRGLWLHV� KRZHYHU� )RU

H[DPSOH� VXEVHTXHQW WR )'$ DSSURYDOV RI

LUUDGLDWLRQ IRU GLVLQIHFWLQJ IUXLWV DQG YHJHWDEOHV�

86'$
V $QLPDO DQG 3ODQW +HDOWK ,QVSHFWLRQ 6HUYLFH

�$3+,6� LVVXHG JXLGHOLQHV IRU LUUDGLDWLRQ DV D

TXDUDQWLQH WUHDWPHQW IRU SDSD\DV� $IWHU LUUDGLDWLRQ

RI IUHVK SRUN WR FRQWURO WULFKLQD ZDV DSSURYHG�

86'$
V )RRG 6DIHW\ DQG ,QVSHFWLRQ 6HUYLFH LVVXHG

UHJXODWLRQV IRU WKH XVH RI WKLV SURFHVVLQJ� /LNHZLVH�

EHFDXVH RI WKH MXULVGLFWLRQ RI )6,6 RYHU PHDW DQG

SRXOWU\ SURGXFWV� 86'$ ZLOO GHYHORS UXOHV RU

UHJXODWLRQV IRU LUUDGLDWLRQ SURFHVVLQJ RI SRXOWU\� ,W

ZDV 86'$ DQG 5DGLDWLRQ 7HFKQRORJ\ ,QF� RI 1HZ

-HUVH\ WKDW SHWLWLRQHG )'$ IRU DSSURYDO RI WKH

UDGLDWLRQ�SDVWHXUL]DWLRQ RI SRXOWU\�

4� :LOO , QHHG WR UHIULJHUDWH LUUDGLDWHG IRRGV"

$� $W WKH DSSURYHG GRVHV� LUUDGLDWLRQ GRHV QRW HOLPLQDWH

WKH QHHG IRU FDUHIXO KDQGOLQJ� VWRUDJH DQG FRRNLQJ RI

SHULVKDEOH IRRGV� 7KH OHYHOV RI LUUDGLDWLRQ WKDW KDYH

EHHQ UHFHQWO\ DSSURYHG IRU SRXOWU\ FDQ UHGXFH

QXPEHUV RI SDWKRJHQLF DQG VSRLODJH EDFWHULD� EXW GR

QRW VWHULOL]H WKH SURGXFW� 7KXV� SRXOWU\ SURGXFWV ZLOO

FRQWLQXH WR UHTXLUH SURSHU UHIULJHUDWLRQ DQG KDQGOLQJ

E\ UHWDLOHUV DQG FRQVXPHUV WR SUHYHQW VXUYLYLQJ

RUJDQLVPV IURP PXOWLSO\LQJ�

7KH ORZ GRVH RI LUUDGLDWLRQ DSSURYHG IRU IUHVK SRUN

LQ ���� DIIHFWV RQO\ WKH PLFURVFRSLF WULFKLQD

SDUDVLWHV� VWHULOL]LQJ WKHP VR WKH\ FDQ
W UHSURGXFH

LQVLGH WKH KXPDQ ERG\ WR FDXVH WULFKLQRVLV� 7KH

GRVH LV WRR ORZ WR NLOO RWKHU FRPPRQ EDFWHULDO

SDWKRJHQV VWLOO RQ WKH SRUN� ,UUDGLDWHG IUHVK SRUN
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XQGHU WKHVH JXLGHOLQHV ZRXOG VWLOO KDYH WR EH $YHUDJH FRVWV SHU SRXQG IRU WKH LUUDGLDWLRQ SURFHVV

UHIULJHUDWHG DQG WKRURXJKO\ FRRNHG EHIRUH XVH� ZHUH VLPLODU IRU WKH WZR W\SHV RI LUUDGLDWRUV� EXW

5HIULJHUDWHG VKHOI OLIH� ��� GD\V LQ WKH KRPH LQLWLDO LQYHVWPHQW FRVWV YDULHG XS WR �� PLOOLRQ

UHIULJHUDWRU� ZRXOG QRW EH H[WHQGHG E\ WKH EHWZHHQ WKH WZR W\SHV� ,UUDGLDWLRQ WUHDWPHQW FRVWV

LUUDGLDWLRQ� UDQJHG IURP ��� WR � FHQWV SHU SRXQG
� ZLWK WKH

7KH RWKHU ORZ�GRVH LUUDGLDWLRQ SURFHVVHV DSSURYHG IRRG LQFUHDVHG� +RXUV RI DQQXDO RSHUDWLRQ DOVR ZLOO

LQ WKLV FRXQWU\ FDQ H[WHQG VKHOI OLIH� EXW VKHOI OLIH LV LQIOXHQFH LUUDGLDWLRQ FRVWV� 8QGHU�XWLOL]DWLRQ RI

VWLOO PHDVXUHG DW WKH VDPH VWRUDJH WHPSHUDWXUHV DV IDFLOLWLHV UDLVHV FRVW SHU XQLW DQG WKHUH DUH KLJK IL[HG

RWKHUZLVH UHFRPPHQGHG� FRVWV WR RSHUDWLQJ DQ LUUDGLDWRU� 3ULFH ZLOO DOVR EH

4� ,V LUUDGLDWLRQ WHFKQRORJ\ XVHG IRU RWKHU SXUSRVHV LQ

WKH 8�6�"

$� ,UUDGLDWLRQ WHFKQRORJLHV DUH QRZ EHLQJ XWLOL]HG LQ

PHGLFLQH� PDNLQJ QRQVWLFN FRRNZDUH FRDWLQJ� LQ

PDQXIDFWXUH RI VRPH SODVWLF IRRG ZUDSV DQG IRU

PDNLQJ WLUHV PRUH GXUDEOH� 6RPH RI WKH PHGLFDO

QHHGV IRU LUUDGLDWLRQ LQFOXGH VWHULOL]LQJ VXUJLFDO

VXSSOLHV� PHGLFDO DQG GHQWDO ;�UD\V IRU GLDJQRVLV RI

GLVHDVH� WUHDWPHQW RI VRPH GLVHDVHV� VWHULOL]LQJ

SKDUPDFHXWLFDO SURGXFWV DQG SURGXFLQJ VWHULOL]HG

IRRG IRU VSHFLDO KRVSLWDO GLHWV� ;�UD\V DUH XVHG WR

LQVSHFW IRRG DQG OXJJDJH DW DLUSRUWV� ,UUDGLDWLRQ LV

DOVR XVHG WR LQFUHDVH EULOOLDQFH RI SUHFLRXV VWRQHV

VXFK DV GLDPRQGV� RU WR FKDQJH WKH DSSHDUDQFH RI

RWKHU VWRQHV VXFK DV WRSD]�

4� :LOO LUUDGLDWHG IRRG FRVW PRUH"

$� 1R HVWLPDWHV RI H[SHFWHG SULFH FKDQJHV IRU VSHFLILF

IRRGV ZHUH ORFDWHG� +RZHYHU� D VWXG\ RI WKH

HFRQRPLFV RI IRRG LUUDGLDWLRQ E\ 5RVDQQD 0HQW]HU

0RUULVRQ RI WKH (FRQRPLF 5HVHDUFK 6HUYLFH� 86'$�

HVWLPDWHG WKH FRVWV RI XVLQJ DQ HOHFWURQ DFFHOHUDWRU

DQG D FREDOW��� LUUDGLDWRU IRU LUUDGLDWLQJ VHOHFWHG

IRRGV �ILVK ILOOHWV� SDSD\DV� FKLFNHQ DQG

VWUDZEHUULHV� LQ IDFLOLWLHV RI YDULRXV VL]HV�

$VVXPSWLRQV DERXW LQSXWV� RSHUDWLQJ SURFHGXUHV�

XWLOLW\ FRVWV DQG PDQ\ RWKHU IDFWRUV KDG WR EH PDGH

LQ WKLV DQDO\VLV�

FRVWV SHU SRXQG GHFOLQLQJ DV WKH YROXPH RI WUHDWHG

LQIOXHQFHG E\ WUDQVSRUWDWLRQ FRVWV WR JHW WKH IRRG WR

DQ LUUDGLDWLRQ IDFLOLW\�


&RVWV YDULHG IURP ��� FHQW SHU SRXQG IRU DQ

HOHFWURQ DFFHOHUDWRU LUUDGLDWRU WUHDWLQJ ��� PLOOLRQ

SRXQG RI FKLFNHQ SHU \HDU WR � FHQWV SHU SRXQG IRU

DQ HOHFWURQ DFFHOHUDWRU IDFLOLW\ LUUDGLDWLQJ � PLOOLRQ

SRXQG RI ILVK ILOOHWV SHU \HDU�

�6RXUFH FLWHG� 0RUULVRQ� 5�0� $Q (FRQRPLF

$QDO\VLV RI (OHFWURQ $FFHOHUDWRUV DQG &REDOW��� IRU

,UUDGLDWLQJ )RRG� 7HFKQLFDO %XOOHWLQ 1R� �����

(FRQRPLF 5HVHDUFK 6HUYLFH� 8�6� 'HSW� RI

$JULFXOWXUH� 5RFNYLOOH� 0'� -XQH ������
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HQHUJ\ WKH IRRG DEVRUEV LV FRQWUROOHG VR WKH FKDQJHV KDYHMedia

6XJJHVWHG &RQVXPHU &ROXPQ�1HZVOHWWHU

,WHP IRU $JHQWV

7KH &RQWURYHUV\� )RRG ,UUDGLDWLRQ

�6HQG [�UD\V WKURXJK P\ IRRG" :DLW D 0LQXWH��

,I WKDW
V \RXU UHDFWLRQ WR UHFHQW GLVFXVVLRQV DERXW

IRRG LUUDGLDWLRQ� \RX PD\ EH DQ[LRXV WR KHDU WKH IDFWV

DERXW WKLV QRW�VR�QHZ PHWKRG RI IRRG SUHVHUYDWLRQ�

,UUDGLDWLRQ FDQ EH DQ HIIHFWLYH ZD\ WR WUHDW PDQ\

SUREOHPV LQ RXU IRRG VXSSO\� VXFK DV LQVHFWV LQ JUDLQ�

VSURXWLQJ RI SRWDWRHV� UDSLG ULSHQLQJ RI IUXLWV DQG

EDFWHULDO JURZWK�

%XW \RX DUH SUREDEO\ PRUH IDPLOLDU ZLWK D GLIIHUHQW

IRUP RI UDGLDWLRQ LQ WKH PHGLFDO ILHOG� 5DGLRDFWLYH

VXEVWDQFHV DQG [�UD\V KDYH EHHQ XVHG IRU PRUH WKDQ ���

\HDUV IRU PHGLFDO DQG GHQWDO [�UD\V� GHWHFWLRQ DQG

WUHDWPHQW RI GLVHDVHV� VWHULOL]DWLRQ RI PHGLFDO HTXLSPHQW

DQG GHYLFHV DQG SKDUPDFHXWLFDO SURGXFWV� DQG SURGXFWLRQ

RI VWHULOL]HG IRRG IRU VSHFLDO KRVSLWDO GLHWV� ,W
V DOVR EHHQ

XVHG WR LQFUHDVH WKH EULOOLDQFH RI SUHFLRXV VWRQHV�

%XW LUUDGLDWLQJ IRRGV" $FWXDOO\� PRUH WKDQ ��

FRXQWULHV KDYH DSSURYHG IRRG LUUDGLDWLRQ WHFKQRORJLHV WR

HQVXUH IRRG TXDOLW\ DQG VDIHW\� ,Q WKLV FRXQWU\� DOWKRXJK

WKH SURFHVV KDV EHHQ DSSURYHG E\ WKH )RRG DQG 'UXJ

$GPLQLVWUDWLRQ� WKH SXEOLF KDV EHHQ VORZ WR DFFHSW WKH

XVH RI WKLV WHFKQRORJ\�

)RRG LUUDGLDWLRQ LV� PRVW VLPSO\� D PHDQV RI IRRG

SUHVHUYDWLRQ WR H[WHQG WKH VKHOI OLIH� ,W LV D SURFHVV RI

H[SRVLQJ IRRG� HLWKHU SUHSDFNDJHG RU LQ EXON� WR YHU\

KLJK HQHUJ\� LQYLVLEOH OLJKWZDYHV �UDGLDWLRQ��

7KH UDGLDQW HQHUJ\ LV DEVRUEHG E\ IRRG DQG FDXVHV D

YDULHW\ RI FKHPLFDO DQG SK\VLFDO UHDFWLRQV� VXFK DV

VWRSSLQJ VSURXWLQJ RU NLOOLQJ LQVHFWV� 7KH DPRXQW RI

GHVLUDEOH IRRG SUHVHUYDWLRQ HIIHFWV ZKLOH PDLQWDLQLQJ WKH

VDIHW\ DQG ZKROHVRPHQHVV RI WKH IRRG� 7KH IRRG LWVHOI

GRHV QRW EHFRPH UDGLRDFWLYH�

(YHQ WKRXJK IRRG KDV EHHQ LUUDGLDWHG WR H[WHQG LWV

VKHOI OLIH� \RX VWLOO PXVW UHIULJHUDWH SHULVKDEOH IRRGV�

)DFLOLWLHV XVHG WR LUUDGLDWH IRRGV PXVW FRPSO\ ZLWK

WKH SODQW DQG ZRUNHU VDIHW\ UHTXLUHPHQWV RI WKH 1XFOHDU

5HJXODWRU\ &RPPLVVLRQ DQG WKH 2FFXSDWLRQDO 6DIHW\ DQG

+HDOWK $GPLQLVWUDWLRQ� 7KHUH DUH QR H[SORVLYHV RU

PDWHULDOV WKDW FRXOG FDXVH ZLGHVSUHDG GLVVHPLQDWLRQ RI

UDGLRDFWLYH PDWHULDOV DW WKHVH SODQWV�

$OWKRXJK VRPH UDGLDWLRQ WUHDWPHQWV RI IRRG KDYH

EHHQ DSSURYHG LQ WKH 8�6� VLQFH ����� RQO\ LUUDGLDWHG

VSLFHV KDYH EHHQ RQ WKH PDUNHW� 7KH IRRG LQGXVWU\ KDV

EHHQ VORZ WR LQYHVW LQ WKLV WHFKQRORJ\ EHFDXVH LW LV

XQFHUWDLQ KRZ WKH SXEOLF ZLOO DFFHSW LUUDGLDWHG IRRGV�

,Q SUHSDUDWLRQ IRU XVH RI WKH WHFKQRORJ\� WKH )'$

KDV DSSURYHG ODEHO UHTXLUHPHQWV WR OHW WKH SXEOLF NQRZ

ZKHQ D IRRG KDV XQGHUJRQH LUUDGLDWLRQ� 7KH LQWHUQDWLRQDO

V\PERO IHDWXUHV D VW\OL]HG SODQW LQVLGH D EURNHQ FLUFOH�

7KH V\PERO LV WR EH DFFRPSDQLHG E\ WKH VWDWHPHQW

�WUHDWHG ZLWK UDGLDWLRQ� RU �WUHDWHG E\ LUUDGLDWLRQ��

7KH SRWHQWLDO EHQHILWV RI IRRG LUUDGLDWLRQ DUH

LPSUHVVLYH� ,W FRXOG� UHGXFH SRVWKDUYHVW ORVVHV ZKLFK

PHDQV OHVV IRRG ZDVWH� UHGXFH FKHPLFDO UHVLGXHV LQ IRRGV

E\ UHSODFLQJ IXPLJDQWV DQG RWKHU SHVWLFLGHV� UHGXFH WKH

ULVNV RI IRRGERUQH LOOQHVV IURP EDFWHULD� DQG UHGXFH WKH

ULVN RI WULFKLQRVLV LQ SRUN�

6WXGLHV VHHP WR LQGLFDWH WKDW DV NQRZOHGJH DQG

DZDUHQHVV RI WKH WHFKQRORJLHV LQFUHDVH� VR PLJKW LWV

DFFHSWDQFH DPRQJ FRQVXPHUV� 7KH IRRG LQGXVWU\ ZLOO

FRQWLQXH WR UHVSRQG WR WKH ZLVKHV RI WKH SXEOLF� EXW DOVR

ZDQWV WKH SXEOLF WR NQRZ WKH EHQHILWV RI WKLV WHFKQRORJ\�


