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PARTE I
Presentaciones y trabajos expuestos
en Congresos, Seminarios,
Reuniones, Simposios y Conferencias

Considerations on Potential Regulatory
Actions for Radiation Protection in
Radiotherapy: Monitoring Unwanted
Radiation Exposure
González, A.J.

Presentado en: 15th International Congress of the International Radiation Protection Association.
Seoul, Korea, 18 al 19 de enero de 2021

&RQVLGHUDWLRQVRQ3RWHQWLDO5HJXODWRU\$FWLRQVIRU5DGLDWLRQ3URWHFWLRQLQ
5DGLRWKHUDS\0RQLWRULQJ8QZDQWHG5DGLDWLRQ([SRVXUH




$EHO-XOLR*RQ]iOH] 

Autoridad Regulatoria Nuclear, Av. del Libertador 8250, Ciudad de Buenos Aires [1429], Argentina
&RUUHVSRQGLQJDXWKRU¶VHPDLODEHOBMBJRQ]DOH]#\DKRRFRP

$EVWUDFW 7KHREMHFWLYHRIWKLVSDSHULVWRSUHVHQWDGLVFXVVLRQGRFXPHQWRQSRWHQWLDOUHJXODWRU\DFWLRQVIRU
PRQLWRULQJDGYHQWLWLRXVXQZDQWHGUDGLDWLRQH[SRVXUHLQUDGLRWKHUDS\7KDWGRFXPHQWZDVMRLQWO\SUHSDUHGE\
WKH $UJHQWLQH 1XFOHDU 5HJXODWRU\ $XWKRULW\ $XWRULGDG 5HJXODWRULD 1XFOHDU $51  DQG WKH ,QWHUQDWLRQDO
$WRPLF(QHUJ\$JHQF\>,$($@7KHGRFXPHQWLQWURGXFHVGHVFULEHVDQGGLVFXVVHVWKHFRQFHSWVRIunwanted
radiation exposures in radiotherapy 85(5V unwanted doses in radiotherapy 8'5V  proxiesRI8'5VDQG
prospective increase of primary malignancies attributable to radiotherapy 3,30$5 ,WLVFRQFOXGHGWKDWLW
VHHPVWREHGHVLUDEOHWKDWUHJXODWRUVZLWKFRPSHWHQFHLQWKHUDGLDWLRQSURWHFWLRQRISDWLHQWVLQYHVWLJDWHIXUWKHU
WKH LVVXH RI 3,30$5V )RU WKH SXUSRVH RI FRQWUROOLQJ SURSHUO\ UDGLDWLRQ SURWHFWLRQ RI SDWLHQWV XQGHUJRLQJ
UDGLRWKHUDS\ SDUWLFXODUO\ WKH UHTXLUHPHQWV RI MXVWLILFDWLRQ RI LQGLYLGXDO UDGLRWKHUDS\ DQG RSWLPL]DWLRQ RI WKH
UDGLDWLRQSURWHFWLRQRIWKHLQGLYLGXDOSDWLHQWLWLVKLJKO\FRQYHQLHQWIRUUHJXODWRU\DXWKRULWLHVWKDW85(5VEH
DVVHVVHG DQG WKHLU 8'5V EH PRQLWRUHG DQG UHJLVWHUHG 7KHUHIRUH UHJXODWRU\ DXWKRULWLHV VKRXOG FRQVLGHU
H[SORULQJ UHJXODWRU\ DFWLRQV IRU UHTXLULQJ PRQLWRULQJ DQG UHJLVWHULQJ RI 85(5V DQG WKHLU 8'5V 6HYHUDO
WHFKQLTXHVDQGSUR[LHVDUHDYDLODEOHIRUWKLVSXUSRVH


KEYWORDS: Radiation Protection of Patients; Radiotherapy; Adventitious Radiation Exposure. 

 ,1752'8&7,21

7KH REMHFWLYH RI WKLV SDSHU LV SUHVHQWLQJ D GLVFXVVLRQ document KHUHLQDIWHU UHIHUUHG WR DV WKH
document  VXJJHVWLQJ SRWHQWLDO UHJXODWRU\ DFWLRQV IRU PRQLWRULQJ DGYHQWLWLRXV XQZDQWHG UDGLDWLRQ
H[SRVXUHLQUDGLRWKHUDS\

2Q  6HSWHPEHU  WKH $UJHQWLQH 1XFOHDU 5HJXODWRU\ $XWKRULW\ $XWRULGDG 5HJXODWRULD
1XFOHDU$51 DQGWKH6HFUHWDULDWRIWKH,QWHUQDWLRQDO$WRPLF(QHUJ\$JHQF\ ,$($ DJUHHGRQ
µPractical Arrangements¶ VHWWLQJ IRUWK WKH IUDPHZRUN IRU QRQH[FOXVLYH FRRSHUDWLRQ EHWZHHQ WKH
3DUWLHVLQWKHDUHDRIUDGLDWLRQVDIHW\DQGPRQLWRULQJ$UHOHYDQWDFWLYLW\DJUHHGWREHSXUVXHGXQGHU
WKH µ3UDFWLFDO $UUDQJHPHQWV¶ ZDV WKH µGHYHORSPHQW RI UHJXODWRU\ JXLGDQFH RQ UDGLRORJLFDO
SURWHFWLRQ LQ UDGLRWKHUDS\ DGGUHVVLQJ LQ SDUWLFXODU WKH SRWHQWLDO LQFUHDVH LQ WKH ULVN RI VHFRQG
FDQFHUV¶

2Q$XJXVW$51DQGWKH2,($ILQDOL]HGDQGSXEOLVKHGDMRLQWO\SUHSDUHGGRFXPHQWXQGHU
WKHWLWOH‘Considerations on potential regulatory actions for radiation protection in radiotherapy:
monitoring unwanted radiation exposure in radiotherapy’>@FOHDUO\LQGLFDWLQJWKDWLWZDVMXVWD
GLVFXVVLRQGRFXPHQW

 %$6,&&21&(376

)RXUPDLQFRQFHSWVDUHXVHGLQWKHGRFXPHQWDVIROORZV

 8QZDQWHGUDGLDWLRQH[SRVXUHVLQUDGLRWKHUDS\

Unwanted radiation exposures in radiotherapy 85(5V  DUH UDGLDWLRQ H[SRVXUHV RI D SDWLHQW
XQGHUJRLQJ UDGLRWKHUDS\ WKDW DUH DGYHQWLWLRXV H[SRVXUHV QDPHO\ 85(5V DUH QHLWKHU ZLVKHG QRU
GHVLUHGEXWDUHXQDYRLGDEO\DQGXQLQWHQWLRQDOO\LQFXUUHGGXULQJUDGLRWKHUDS\SURFHGXUHV
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 8QZDQWHGGRVHVLQUDGLRWKHUDS\

Unwanted doses in radiotherapy 8'5V  DUH WKH DGYHQWLWLRXV GRVHV GXH WR 85(5V LQFXUUHG E\
SDWLHQWVXQGHUJRLQJUDGLRWKHUDS\8'5VDUHDGGLWLRQDOWRWKHSUHVFULEHGUDGLRWKHUDS\GRVHVWRWKH
SUHVFULEHG YROXPH ZKLFK FDQ EH LQFXUUHG LQ DQ\ SDUW RI WKH ERG\  8'5V FDQ EH PRQLWRUHG DQG
UHFRUGHGHLWKHUE\PHDVXUHPHQWRUHVWLPDWLRQWKURXJKGRVLPHWULFTXDQWLWLHVRUVXLWDEOHproxies.

 3UR[LHVRI8'5V

7KH TXDQWLILFDWLRQ RI 8'5V RIWHQ PHDQV WKH PHDVXUHPHQW RI proxies LH VXEVWLWXWHV 3UR[LHV RI
8'5VDUHPHDVXUDEOHTXDQWLWLHVVXEVWLWXWLQJD8'5WKDWFDQQRWEHPHDVXUHGGLUHFWO\3UR[LHVFDQ
EHSK\VLFDOTXDQWLWLHVDQGDOVRELRORJLFDOTXDQWLWLHV

 3URVSHFWLYHLQFUHDVHRISULPDU\PDOLJQDQFLHVDWWULEXWDEOHWRUDGLRWKHUDS\

7KH GHILQLWLRQ RI prospective increase of primary malignancies attributable to radiotherapy
3,30$5V  LV VXEWO\ PRUH SUHFLVH WKDQ ZKDW XVXDOO\ LV LQGLVWLQFWO\ WHUPHG µVHFRQG FDQFHUV¶
µVHFRQGDU\FDQFHUV¶RUµVHFRQGSULPDU\FDQFHUVDQGLWLVLGHQWLILHGZLWKWKHDFURQ\P63&>@7KH
YDULRXV 63&¶V GHILQLWLRQV EHLQJ XVHG DUH DPELJXRXV DQG FRXOG EH FRQVWUXHG DV FRPSULVLQJ RQO\
FDQFHUV EHLQJ GHYHORSHG LQ WKH SULPDU\ WUHDWPHQW ILHOG 3,30$5V DUH GHILQHG DV FRPSULVLQJ DOO
XQZDQWHG DGYHQWLWLRXV PDOLJQDQW VHTXHODHV RI UDGLRWKHUDS\ ZKLFK DUH UHPDLQLQJ ODWHQW DQG
PDQLIHVWDIWHUWKHWUHDWPHQWV3,30$5VGRQRWRQO\LQFOXGHVROLGFDQFHUVEXWDOVROHXNDHPLDLH
LQFOXGH DOO PDOLJQDQFLHV 3,30$5V DUH QRW PHWDVWDVHV RI WKH RULJLQDO PDOLJQDQF\ EXW SULPDU\
PDOLJQDQFLHV3,30$5VDUHQRWOLPLWHGWRVHFRQGSULPDU\PDOLJQDQFLHVEXWWRWKHHQWLUHVHTXHQFH
RIPHWDVWDVHVWKDWFRXOGRULJLQDWHIURPWKHP

 3,30$5V$1'5$',$7,213527(&7,21

,QWKHIUDPHRIWKHLQWHUQDWLRQDOUDGLDWLRQSURWHFWLRQV\VWHP3,30$5VDUHFRUUHODWHGWRDUDGLDWLRQ
GHWULPHQW DWWULEXWDEOH WR UDGLRWKHUDS\ 3,30$5V WKHUHIRUH EHFRPH D FRQMHFWXUDO H[SHFWDWLRQ RI
UDGLDWLRQKDUPWKDWLVFRQFHSWXDOO\DQGUHWURVSHFWLYHO\DVVLJQDEOHWRUDGLRWKHUDS\

:KLOHWKH861DWLRQDO&RXQFLORQ5DGLDWLRQ3URWHFWLRQ 0HDVXUHPHQWVZDUQHGWKDWWKHUHZDVD
ZHDOWK RI NQRZOHGJH RQ WKH ULVN RI 63& IROORZLQJ UDGLDWLRQ WKHUDS\ LQGLFDWLQJ FOHDU LQFUHDVHV
IROORZLQJKLJKGRVHDQGVFDWWHUGRVHUDGLDWLRQRQHRIWKHILUVWLQWHUQDWLRQDOFDOORIDWWHQWLRQRQWKH
LVVXHRI3,30$5VRFFXUUHGDWWKH,QWHUQDWLRQDO&RQIHUHQFHRQ5DGLRORJLFDO3URWHFWLRQRI3DWLHQWV
LQ 'LDJQRVWLF DQG ,QWHUYHQWLRQDO 5DGLRORJ\ 1XFOHDU 0HGLFLQH DQG 5DGLRWKHUDS\ >@ ZKLFK WRRN
SODFHLQ0DODJD6SDLQLQZKHUHLWZDVGHFODUHGWKDWµUDGLDWLRQWRQRUPDOWLVVXHKDVDQXPEHU
RI SRVVLEOH QHJDWLYH VHTXHO  LQFOXGLQJ WKH SRVVLEOH LQGXFWLRQ RI VHFRQGDU\ FDQFHUV¶ 7KLV
&RQIHUHQFHWULJJHUHGDQLQWHUQDWLRQDOUHVSRQVHDLPHGDWWKHSURWHFWLRQRISDWLHQWV

7KH0DODJD &RQIHUHQFH ZDVIROORZHGE\WKH,QWHUQDWLRQDO&RQIHUHQFHRQ5DGLDWLRQ3URWHFWLRQLQ
0HGLFLQH6HWWLQJWKH6FHQHIRUWKH1H[W'HFDGH>@ZKLFKWRRNSODFHLQ%RQQ*HUPDQ\LQ
ZKHUH LW ZDV GHFODUHG WKDW µHYHQ ZLWK KLJK SUHFLVLRQ SKRWRQ UDGLRWKHUDS\ D ODUJH YROXPH RI
VXUURXQGLQJQRUPDOWLVVXHVPD\EHH[SRVHGWRORZOHYHOVRIGRVH¶

7KH JURZLQJ LQWHUHVW IRU WKH LVVXH RI 3,30$5V KDV UHFHQWO\ DUULYHG WR WKH KLJKHVW LQWHUQDWLRQDO
OHYHOWKH8QLWHG1DWLRQV*HQHUDO$VVHPEO\ 81*$ 2Q'HFHPEHU81*$DGRSWHGD
5HVROXWLRQ >@ LQ ZKLFK LW µ«VXSSRUWV WKH LQWHQWLRQV DQG SODQV RI >WKH 8QLWHG 1DWLRQV 6FLHQWLILF
&RPPLWWHHRQWKH(IIHFWVRI$WRPLF5DGLDWLRQ@816&($5IRUFRQGXFWLQJLWVSURJUDPPHRIZRUN
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RI VFLHQWLILF UHYLHZ DQG DVVHVVPHQW RQ EHKDOI RI WKH *HQHUDO $VVHPEO\ LQ SDUWLFXODU«its
assessments of second primary cancer after radiotherapy«¶

7KHLQWHUHVWRQWKHUDGLDWLRQSURWHFWLRQRISDWLHQWVXQGHUJRLQJUDGLRWKHUDS\LVHQKDQFHGE\WKHVL]H
RIWKHSRSXODWLRQRIFRQFHUQWREHDIIHFWHGE\3,30$57KHJHQHUDOLQFLGHQFHRIPDOLJQDQFLHVLV
NQRZQWREHKLJKLQWKHRUGHURITXDUWHURIWKHSRSXODWLRQPD\VXIIHUDPDOLJQDQF\7KHIUDFWLRQRI
SDWLHQWVVXIIHULQJPDOLJQDQFLHVWKDWDUHWUHDWHGZLWKUDGLRWKHUDS\KDYHLQFUHDVHHQRUPRXVO\,QWKH
GHYHORSHGZRUOGLWPD\UHDFKDURXQGKDOIRIVXIIHUHUV)LQDOO\WKHH[SHFWHGIUDFWLRQRIVXUYLYRUV
KDVDOVREHHQVWHDGLO\LQFUHDVLQJ:LWKWKHIUDFWLRQRIFXUHVLQFUHDVLQJ\HDUDIWHU\HDUWKHFRKRUW
VXEMHFWHGWR3,30$5VPD\FRPSUHKHQGPLOOLRQVRISHRSOH
2EYLRXVO\PDQ\FRQIRXQGLQJIDFWRUVPD\DIIHFWWKLVSURVSHFWLYHFRKRUWLQFOXGLQJOLIHVW\OHIDFWRUV
VXFK DV VPRNLQJ KDELWV DQG GLHW JHQHWLF VXVFHSWLELOLW\ DQG SURQHQHVV WR UDGLDWLRQLQGXFHG
PDOLJQDQFLHVRUUDGLRVXVFHSWLELOLW\%XWLQDQ\FDVHWKHVL]HRIDFRKRUWLVVXFKWKDWLWVUDGLDWLRQ
SURWHFWLRQFDQQRWEHLJQRUHG

 5(*8/$7,21

*LYHQ WKH H[LVWHQFH RI 3,30$5V DQG WKH VL]H RI WKH SURVSHFWLYH FRKRUW RI VXIIHUHUV UHJXODWRU\
DXWKRULWLHVZLWKUHVSRQVLELOLWLHVRIUDGLDWLRQSURWHFWLRQIDFHDQXPEHURIHWKLFDOGLOHPPDV6KRXOG
UHJXODWRU\DXWKRULWLHVEHFRQFHUQHGDERXW3,30$5V"6KRXOGUHJXODWRU\DXWKRULWLHVEHSDVVLYHYLV
jYLV 3,30$5V" 6KRXOG WKH\ HQJDJH LQ SURPRWLQJ UHJXODWRU\ SROLFLHV WKDW FRXOG EHQHILW WKH
DIIHFWHGSDWLHQWV":KDWDFWLRQVPLJKWWKH\WDNH"

$Q HWKLFDO RXWFRPH FRXOG EH VWUDLJKWIRUZDUG UHFRJQL]LQJ WKH H[LVWHQFH RI 85(5V DQG WKHLU
SRWHQWLDOLW\IRU3,30$5VXQGHUWDNHUHJXODWRU\DFWLRQVUHTXLULQJWKDW8'5VDWWULEXWDEOHWR85(5V
EH SURSHUO\PRQLWRUHG DQG UHFRUGHG HLWKHU GLUHFWO\RU WURXJK 8'5V¶SUR[LHV7KLVLVWKHHSLORJXH
VXJJHVWLRQRIWKLVGRFXPHQW

(YROXWLRQRIWKH,QWHUQDWLRQDO5HJXODWLRQ

5HFRPPHQGLQJ DQ LQWHUQDWLRQDO UDGLDWLRQ SURWHFWLRQ SDUDGLJP LV WKH UHPLW RI WKH ,QWHUQDWLRQDO
&RPPLVVLRQ RQ 5DGLRORJLFDO 3URWHFWLRQ ,&53  ZKLFK LQ LWV UHFRPPHQGDWLRQV LQGLFDWH WKDW µWKH
ZRUN RI ,&53 KHOSV WR SUHYHQW FDQFHU DQG RWKHU GLVHDVHV DQG HIIHFWV DVVRFLDWHG ZLWK H[SRVXUH WR
LRQLVLQJ UDGLDWLRQ¶ $ VSHFLILF ,&53 ERG\ ,&53 &RPPLWWHH  LV FRQFHUQHG ZLWK SURWHFWLRQ RI
SHUVRQVDQGXQERUQFKLOGUHQZKHQLRQLVLQJUDGLDWLRQLVXVHGIRUPHGLFDOGLDJQRVLVWKHUDS\RUIRU
ELRPHGLFDO UHVHDUFK 1RWZLWKVWDQGLQJ WKH UHVSRQVH RI ,&53 WR WKH LVVXH RI 3,30$5 KDV EHHQ
VRPHKRZOLPLWHG:KLOHWKHLVVXHLVLPSOLFLWO\PHQWLRQHGLQ,&53UHFRPPHQGDWLRQVIRULQVWDQFH
LQ UHFRPPHQGDWLRQV RQ UDGLRORJLFDO SURWHFWLRQ LQ LRQ EHDP UDGLRWKHUDS\ QR VSHFLILF ,&53
UHFRPPHQGDWLRQV KDYH EHHQ GHYHORSHG RQ KRZ WR GHDO ZLWK 3,30$5V HYHQ LQ WKH ,&53 ODWHVW
UHFRPPHQGDWLRQV>@

7KH,$($LVWKHRQO\LQWHUQDWLRQDOLQWHUJRYHUQPHQWDORUJDQL]DWLRQZLWKVSHFLILFVWDWXWRU\IXQFWLRQV
LQ UDGLDWLRQ SURWHFWLRQ ,Q UHVSRQVH WR WKLV PDQGDWH LW LVVXHG UDGLDWLRQ SURWHFWLRQ DQG VDIHW\
PHDVXUHVLQ0DUFK>@DQGVXEVHTXHQWO\DSSURYHGEDVLFVDIHW\VWDQGDUGV %66 IRUUDGLDWLRQ
SURWHFWLRQ LQ -XQH  >@ 7KHVH ZHUH WKH ILUVW LQWHUQDWLRQDO UDGLDWLRQ SURWHFWLRQ VWDQGDUGV $
UHYLVHG YHUVLRQ RI WKH %66 ZDV SXEOLVKHG LQ  >@ ,W LV WR EH QRWHG WKDW DOO WKHVH HDUOLHU
LQWHUQDWLRQDOVWDQGDUGVLJQRUHGWKHSURWHFWLRQRISDWLHQWV>@

7KHWKLUGUHYLVLRQRIWKH%66ZDVSXEOLVKHGE\WKH,$($DVWKH(GLWLRQRI6DIHW\6HULHV1R
>@ DQG ZDV MRLQWO\ VSRQVRUHG E\ inter alia WKH :+2 7KHVH VWDQGDUGV UHTXLUHG WKDW PHGLFDO
H[SRVXUH VKRXOG EH VXEMHFW WR WKH UDGLDWLRQ SURWHFWLRQ UHTXLUHPHQWV RI MXVWLILFDWLRQ >RI PHGLFDO
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SURFHGXUHV@ DQG RSWLPL]DWLRQ >RI SURWHFWLRQ GXULQJ WKH SURFHGXUHV@ >@ WKXV EHFRPLQJ WKH ILUVW
LQWHUQDWLRQDOVWDQGDUGVLQYROYLQJUHTXLUHPHQWVIRUWKHSURWHFWLRQRISDWLHQWV

$VXEVWDQWLDOUHYLVLRQRIWKH%66ZDVDSSURYHGLQ7KHµ,QWHUQDWLRQDO%DVLF6DIHW\6WDQGDUGV
IRU3URWHFWLRQ$JDLQVW,RQL]LQJ5DGLDWLRQDQGIRUWKH6DIHW\RI5DGLDWLRQ6RXUFHV¶ZHUHLVVXHGDV
,$($ 6DIHW\ 6WDQGDUGV  >@ ZLWK D ZLGH FRVSRQVRUVKLS RI LQWHUQDWLRQDO RUJDQL]DWLRQV
LQFOXGLQJ :+2 7KH\ LQFOXGHG IRU WKH ILUVW WLPH D VHW RI FRPSUHKHQVLYH LQWHUQDWLRQDO UDGLDWLRQ
SURWHFWLRQ UHTXLUHPHQWV IRU µPHGLFDO H[SRVXUHV¶ 7KH UHTXLUHPHQWV LQFOXGHG interalia
UHVSRQVLELOLWLHVMXVWLILFDWLRQRIPHGLFDOH[SRVXUHVRSWLPL]DWLRQRISURWHFWLRQIRUPHGLFDOH[SRVXUHV
DQGH[SOLFLWUHTXLUHPHQWVIRUWKHUDSHXWLFH[SRVXUH

7KH ODWHVW UHYLVLRQ RI WKH LQWHUQDWLRQDO VWDQGDUGV LV WKH µ5DGLDWLRQ 3URWHFWLRQ DQG 6DIHW\ RI
5DGLDWLRQ6RXUFHV,QWHUQDWLRQDO%DVLF6DIHW\6WDQGDUGV¶>@7KH\DUHVXSSRUWHGE\)XQGDPHQWDO
6DIHW\3ULQFLSOHV>@ZKLFKDUHFRVSRQVRUHGE\DOOUHOHYDQWLQWHUJRYHUQPHQWDORUJDQL]DWLRQVWKH
(XURSHDQ $WRPLF (QHUJ\ &RPPXQLW\ (XUDWRP  WKH )RRG DQG $JULFXOWXUH 2UJDQL]DWLRQ RI WKH
8QLWHG 1DWLRQV )$2  WKH ,QWHUQDWLRQDO /DERXU 2UJDQL]DWLRQ ,/2  WKH ,QWHUQDWLRQDO 0DULWLPH
2UJDQL]DWLRQ ,02 WKH2(&'1XFOHDU(QHUJ\$JHQF\ 2(&'1($ WKH3DQ$PHULFDQ+HDOWK
2UJDQL]DWLRQ 3$+2 WKH8QLWHG1DWLRQV(QYLURQPHQW3URJUDPPH 81(3 DQGWKH:RUOG+HDOWK
2UJDQL]DWLRQ :+2 7KH\HPSKDVL]HDQGH[SDQGWKHLQWHUQDWLRQDOUHTXLUHPHQWVIRUWKHSURWHFWLRQ
RISDWLHQWVLQFOXGLQJUHTXLUHPHQWIRUWKHSURWHFWLRQRISDWLHQWVXQGHUJRLQJUDGLRWKHUDS\

5HOHYDQW,QWHUQDWLRQDODQG,QWHUJRYHUQPHQWDO5DGLDWLRQ3URWHFWLRQ5HTXLUHPHQWV

,Q VKRUW WKH LQWHUQDWLRQDO DQG LQWHUJRYHUQPHQWDO UDGLDWLRQ SURWHFWLRQ UHTXLUHPHQWV UHTXLUHV WKDW
PHGLFDOH[SRVXUHVEHMXVWLILHGDQGWKDWUDGLDWLRQSURWHFWLRQRSWLRQVEHRSWLPL]HGDQGDQ\RIWKHVH
UHTXLUHPHQWVLQYROYHVPRQLWRULQJRIWKHVLWXDWLRQ

Justification of medical exposures in radiotherapy

,QUHODWLRQWRWKHSXUSRVHRIWKHVXJJHVWLRQVLQWKHGRFXPHQWWKHUHTXLUHPHQWRIMXVWLILFDWLRQFDQEH
GHILQHG DV IROORZV $Q\ GHFLVLRQ WR XQGHUWDNH UDGLRWKHUDS\ LQ D SDWLHQW ZKLFK ZRXOG DOWHU WKH
UDGLDWLRQ H[SRVXUH RI WKH SDWLHQW VKRXOG GR PRUH JRRG WKDQ KDUP 7KH ,&53 KDV VXJJHVWHG WKDW
PHGLFDO H[SRVXUHV ZRXOG FDOO IRU D GLIIHUHQW DQG PRUH GHWDLOHG DSSURDFK WR WKH SURFHVV RI
MXVWLILFDWLRQ 7KH SULQFLSDO DLP RI PHGLFDO H[SRVXUHV LQFOXGLQJ UDGLRWKHUDS\ LV WR GR PRUH JRRG
WKDQKDUPWRWKHSDWLHQW

7KHUHTXLUHPHQWRIMXVWLILFDWLRQDSSOLHVDWWKUHHOHYHOVLQUDGLRWKHUDS\$WWKHILUVWOHYHOWKHXVHRI
UDGLDWLRQ LQ PHGLFLQH KDV WR EH DFFHSWHG DV GRLQJ PRUH JRRG WKDQ KDUP $W WKH VHFRQG OHYHO D
VSHFLILHGUDGLRWKHUDS\SURFHGXUHZLWKDVSHFLILHGREMHFWLYHVKDOOEHGHILQHGDQGMXVWLILHGZLWKWKH
DLP RI MXGJLQJ ZKHWKHU WKH UDGLRWKHUDS\ SURFHGXUH ZLOO EULQJ PRUH JRRG WKDQ KDUP $W WKH WKLUG
OHYHOWKHDSSOLFDWLRQRIWKHSURFHGXUHWRDQLQGLYLGXDOSDWLHQWVKRXOGEHMXVWLILHGLHWKHSDUWLFXODU
DSSOLFDWLRQVKRXOGEHMXGJHGWRGRPRUHJRRGWKDQKDUPWRWKHLQGLYLGXDOSDWLHQW7KLVWKLUGOHYHOLV
WKHUHOHYDQWOHYHOIRUWKHSXUSRVHVRIWKHVXJJHVWLRQVLQWKHGRFXPHQW

,WIROORZVWKDWLWLVHVVHQWLDOIRUWKHUHJXODWRUWREHDEOHWRHVWLPDWH85(5VDQGWKHLU8'5VLQRUGHU
WRHQIRUFHFRPSOLDQFHZLWKWKHMXVWLILFDWLRQUHTXLUHPHQW

Optimization of radiation protection in radiotherapy

7KHRSWLPL]DWLRQRIUDGLDWLRQSURWHFWLRQDSSOLHGWRUDGLRWKHUDS\UHTXLUHVWKDWWKHSURWHFWLRQRIWKH
SDWLHQWVVKRXOGEHWKHEHVWXQGHUWKHSUHYDLOLQJFLUFXPVWDQFHVQDPHO\WKDW85(5VDQGWKHLU8'5V
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VKRXOG EH NHSW DV ORZ DV UHDVRQDEO\ DFKLHYDEOH DOO IDFWRUV EHLQJ WDNHQ LQWR DFFRXQW 7KHUHIRUH
RSWLPL]DWLRQLQYROYHVQRWRQO\GHOLYHULQJWKHSUHVFULEHGGRVHWRWKHWXPRXUEXWDOVRSODQQLQJWKH
SURWHFWLRQRIKHDOWK\WLVVXHVRXWVLGHWKHWDUJHWYROXPHDQGWKXVSURWHFWLRQDJDLQVW3,30$5

7KHLQWHUQDWLRQDOVWDQGDUGVHVWDEOLVKVSHFLILFGHVLJQDQGRSHUDWLRQDOUHTXLUHPHQWVIRURSWLPL]DWLRQ
DVIROORZV
x ,Q UHODWLRQ WR GHVLJQ FRQVLGHUDWLRQV WKH VWDQGDUGV UHTXLUH WKDW UHJLVWUDQWV DQG OLFHQVHHV LQ
FRRSHUDWLRQ ZLWK VXSSOLHUV VKDOO HQVXUH WKDW UDGLRWKHUDS\ HTXLSPHQW DQG VRIWZDUH WKDW
FRXOG LQIOXHQFH WKH GHOLYHU\ RI PHGLFDO H[SRVXUH LV XVHG RQO\ LI LW FRQIRUPV WR WKH
DSSOLFDEOHVWDQGDUGVRIWKH,QWHUQDWLRQDO(OHFWURWHFKQLFDO&RPPLVVLRQDQGWKH,QWHUQDWLRQDO
2UJDQL]DWLRQIRU6WDQGDUGL]DWLRQRUWRQDWLRQDOVWDQGDUGVDGRSWHGE\WKHUHJXODWRU\ERG\
x ,Q UHODWLRQ WR RSHUDWLRQDO FRQVLGHUDWLRQV WKH VWDQGDUGV HVWDEOLVK WKDW IRU WKHUDSHXWLF
UDGLRORJLFDO SURFHGXUHV WKH UDGLRORJLFDO PHGLFDO SUDFWLWLRQHU LQ FRRSHUDWLRQ ZLWK WKH
PHGLFDOSK\VLFLVWDQGWKHPHGLFDOUDGLDWLRQWHFKQRORJLVWVKDOOHQVXUHWKDWIRUHDFKSDWLHQW
WKHH[SRVXUHRIYROXPHVRWKHUWKDQWKHSODQQLQJWDUJHWYROXPHLVNHSWDVORZDVUHDVRQDEO\
DFKLHYDEOH FRQVLVWHQW ZLWK GHOLYHU\ RI WKH SUHVFULEHG GRVH WR WKH SODQQLQJ WDUJHW YROXPH
ZLWKLQWKHUHTXLUHGWROHUDQFHV

,WIROORZVWKDWLWLVHVVHQWLDOIRUWKHUHJXODWRUWREHDEOHWRHVWLPDWH85(5VDQGWKHLU8'5VLQRUGHU
WRHQIRUFHFRPSOLDQFHZLWKWKHRSWLPL]DWLRQSULQFLSOH

Monitoring

7KH UHJXODWRU\ QHHG WR EH DFTXDLQWHG ZLWK 85(5V DQG WKHLU 8'5V LPSOLFLWHO\ EULQJ WR WKH
UHJXODWRU\ QHHG RI UHTXLULQJ PRQLWRULQJ RI 85(5V QDPHO\ WKH PHDVXUHPHQW RI 8'5V RU WKHLU
SUR[LHVUHODWHGWRWKHDVVHVVPHQWRIH[SRVXUHWRUDGLDWLRQDQGWKHLQWHUSUHWDWLRQRIWKHUHVXOWV

7KH VXSHUVHGHG LQWHUQDWLRQDO UDGLDWLRQ SURWHFWLRQ VWDQGDUGV LVVXHG LQ  QRWDEO\ UHTXLUHG WKDW
µZKHQ FRPSHWHQW DXWKRULWLHV UHYLHZ H[LVWLQJ >PHGLFDO@ H[DPLQDWLRQV RU WUHDWPHQWV LQYROYLQJ
H[SRVXUHV WR UDGLDWLRQ WKH\ VKRXOG WDNH LQWR DFFRXQW WKH VRPDWLF DQG JHQHWLF GHWULPHQW RI VXFK
H[SRVXUHV¶ >@ Mutatis mutandi WKLV VWDWHPHQW FRXOG EH FRQVLGHUHG WKH ILUVW LQWHUQDWLRQDO
UHTXLUHPHQWIRUPRQLWRULQJH[SRVXUHLQUDGLRWKHUDS\5HPDUNDEO\WKRVHVXSHUVHGHGVWDQGDUGVDOVR
UHTXLUHGWKDWUHJLVWUDQWVDQGOLFHQVHHVVKDOOHQVXUHWKDWµWKHSDWLHQWEHLQIRUPHGRISRVVLEOHULVNV¶
>@

+RZHYHUWKHVHUHTXLUHPHQWVZHUHQRWUHSHDWHGLQWKHQHZLQWHUQDWLRQDOVWDQGDUGVSHUKDSVEHFDXVH
WKH\ZHUHFRQVLGHUHGREYLRXV1RWZLWKVWDQGLQJWKHQHZVWDQGDUGVUHTXLUHSURJUDPPHVRITXDOLW\
DVVXUDQFHLQUDGLRWKHUDS\LQFOXGLQJWKRVHIRUPRQLWRULQJHTXLSPHQW>@

7KH QHZ VWDQGDUGV UHTXLUH WKDW FDOLEUDWLRQV RI UDGLRWKHUDS\ XQLWV EH VXEMHFW WR LQGHSHQGHQW
YHULILFDWLRQ SULRU WR FOLQLFDO XVH >@ 7KH\ DOVR LQFOXGH VSHFLILF UHTXLUHPHQWV IRU WKH UHOHDVH RI
SDWLHQWVVXFKDVWKDWUHJLVWUDQWVDQGOLFHQVHHVVKDOOHQVXUHWKDWWKHUHDUHDUUDQJHPHQWVLQSODFHWR
HQVXUHDSSURSULDWHUDGLDWLRQSURWHFWLRQIRUPHPEHUVRIWKHSXEOLFDQGIRUIDPLO\PHPEHUVEHIRUHD
SDWLHQWLVUHOHDVHGIROORZLQJUDGLRQXFOLGHWKHUDS\>@

7KH\PRUHRYHULQFOXGHUHTXLUHPHQWVIRUUHFRUGLQJLQFOXGLQJWKHIROORZLQJµIRUUDGLDWLRQWKHUDS\
D GHVFULSWLRQ RI WKH SODQQLQJ WDUJHWYROXPH WKH GRVH WR WKH FHQWUH RI WKHSODQQLQJ WDUJHW YROXPH
DQG WKH PD[LPXP DQG PLQLPXP GRVHV GHOLYHUHG WR WKH SODQQLQJ WDUJHW YROXPH RU HTXLYDOHQW
DOWHUQDWLYH LQIRUPDWLRQ RQ GRVHV WR WKH SODQQLQJ WDUJHW YROXPH WKH GRVHV WR UHOHYDQW RUJDQV DV
VHOHFWHG E\ WKH UDGLRORJLFDO PHGLFDO SUDFWLWLRQHU WKH GRVH IUDFWLRQDWLRQ DQG WKH RYHUDOO WUHDWPHQW
WLPH¶>@
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1RWZLWKVWDQGLQJ WKHVH FXUUHQW LQWHUQDWLRQDO UDGLDWLRQ SURWHFWLRQ UHTXLUHPHQWV IRU UDGLRWKHUDS\ LW
VKRXOG EH XQGHUOLQHG WKDW WKHUH LV DQ DEVHQFH RI VSHFLILF DQG XQDPELJXRXV UHTXLUHPHQWV RQ WKH
PRQLWRULQJRUHYHQJURVVDVVHVVPHQWRI85(5VDQGWKHLU8'5VDQGWKHLUSUR[LHV

,QVXPPDU\LWDSSHDUVWREHHVVHQWLDOWKDWUHJXODWRUVEHDFTXDLQWHGZLWK85(5VDQGNQRZ
WKHDWWULEXWDEOH8'5VHLWKHUGLUHFWO\RUWKURZSUR[LHVLQRUGHUWRHQIRUFHFRPSOLDQFHZLWK
WKH LQWHUQDWLRQDO DQG LQWHUJRYHUQPHQWDO UHTXLUHPHQWV RI MXVWLILFDWLRQ RI UDGLRWKHUDS\ IRU
LQGLYLGXDOSDWLHQWVDQGRSWLPL]DWLRQRISURWHFWLRQRIWKHSDWLHQWLQRUGHUWRHQVXUHWKDWVXFK
SURWHFWLRQEHWKHEHVWXQGHUWKHSUHYDLOLQJFLUFXPVWDQFHV

 &21&/86,216

)URP WKH GRFXPHQW VXPPDUL]HG KHUH LW FDQ EH FRQFOXGHG WKDW LW VHHPV WR EH GHVLUDEOH WKDW
UHJXODWRUV ZLWK FRPSHWHQFH LQ WKH UDGLDWLRQ SURWHFWLRQ RI SDWLHQWV LQYHVWLJDWH IXUWKHU WKH LVVXH RI
3,30$5V

7KH FXUUHQW LQWHUQDWLRQDO VWDQGDUGV UHTXLUH WKDW UDGLRWKHUDS\ SURFHGXUHV EH JHQHULFDOO\ MXVWLILHG
:KLOH VXFK JHQHULF MXVWLILFDWLRQ DUH H[SHFWHG WR EH FDUULHG RXW LQ FRQMXQFWLRQ ZLWK DSSURSULDWH
SURIHVVLRQDO ERGLHV DQG WR EH UHYLHZHG IURP WLPH WR WLPH ZLWK DFFRXQW WDNHQ RI DGYDQFHV LQ
NQRZOHGJHDQGWHFKQRORJLFDOGHYHORSPHQWVWKHUHOHYDQWUHJXODWRU\DXWKRULW\LVHQWUXVWHGZLWKWKH
UHJXODWRU\FRQWURORIMXVWLILFDWLRQ,WVHHPVWKDWLQRUGHUWREHDEOHWRFRQWUROSURSHUO\VXFKJHQHULF
MXVWLILFDWLRQVRIVSHFLILFUDGLRWKHUDS\SURFHGXUHVWKHUHZRXOGEHFRQYHQLHQWIRUWKHDXWKRULWLHVWR
EHQHILWIURPDZLGHNQRZOHGJHRI85(5VDQGWKHLU8'5V6\VWHPDWLFPRQLWRULQJDQGUHJLVWHULQJ
RI85(5VDQGWKHLU8'5VZRXOGEHDKHOSIXOWRROIRUFRQWUROOLQJ WKH MXVWLILFDWLRQ RI SURVSHFWLYH
SURFHGXUHV

7KHFXUUHQWLQWHUQDWLRQDOVWDQGDUGVDOVRUHTXLUHWKDWWKHUDGLDWLRQSURWHFWLRQRISDWLHQWVXQGHUJRLQJ
UDGLRWKHUDS\ EH RSWLPL]HG :KLOH DSSURDFKHV WR RSWLPL]DWLRQ LQ UDGLRWKHUDS\ DUH H[SHFWHG WR EH
HYDOXDWHG LQ FRQMXQFWLRQ ZLWK DSSURSULDWH SURIHVVLRQDO ERGLHV WKH UHOHYDQW UHJXODWRU\ DXWKRULW\ LV
HQWUXVWHGZLWKWKHUHJXODWRU\FRQWURORIRSWLPL]DWLRQ2SWLPL]DWLRQFRXOGEHLQWHUSUHWHGDVUHGXFLQJ
85(5V DQG WKHLU 8'5V WR D OHYHO WKDW LV DV ORZ DV UHDVRQDEO\ DFKLHYDEOH XQGHU WKH SUHYDLOLQJ
FLUFXPVWDQFHV WDNLQJ DFFRXQW WKDW UDGLRWKHUDS\ SURFHGXUHV DUH H[SHFWHG WR GHOLYHU SUHVFULEHG
WKHUDSHXWLFGRVHV$JDLQV\VWHPDWLFPRQLWRULQJDQGUHJLVWHULQJRI85(5VDQGWKHLU8'5VZRXOG
EHDKHOSIXOWRROIRUFRQWUROOLQJWKHRSWLPL]DWLRQRISURWHFWLRQLQMXVWLILHGUDGLRWKHUDS\SURFHGXUHV

,W DSSHDUV WKHUHIRUH WKDW IRU WKH SXUSRVH RI FRQWUROOLQJ SURSHUO\ UDGLDWLRQ SURWHFWLRQ RI SDWLHQWV
XQGHUJRLQJ UDGLRWKHUDS\ LW LV KLJKO\ FRQYHQLHQW IRU UHJXODWRU\ DXWKRULWLHV WKDW 85(5V DQG WKHLU
8'5VEHPRQLWRUHGDQGUHJLVWHUHGDQGWKDWUHJXODWRU\DFWLRQVEHH[SORUHGIRUUHTXLULQJPRQLWRULQJ
DQG UHJLVWHULQJ RI 85(5V DQG WKHLU 8'5V 6HYHUDO WHFKQLTXHV DQG SUR[LHV DUH DYDLODEOH IRU WKLV
SXUSRVH IURP SK\VLFDO PHDVXUHPHQWV IROORZHG E\ VRSKLVWLFDWHG FRPSXWHUL]HG DVVHVVPHQW
SURJUDPPHVWRWKHUHODWLYHO\LQH[SHQVLYHDQGZLGHO\DYDLODEOHELRORJLFDOGRVLPHWU\

,WLVFRQVHTXHQWO\VXJJHVWHGWKDWWKH,$($LQFRQVXOWDWLRQZLWKUHJXODWRU\DXWKRULWLHVRILWV0HPEHU
6WDWHVH[SORUHWKHSRVVLELOLW\WRHVWDEOLVKLQWHUQDWLRQDOJXLGDQFHIRUDVVLVWLQJQDWLRQDODXWKRULWLHVLQ
HVWDEOLVKLQJUHTXLUHPHQWVIRUPRQLWRULQJDQGUHFRUGLQJ85(5VDQGWKHLU8'5V

 &$9($7

7KHVROHLQWHQWLRQRIWKLVGRFXPHQWLVWRVXJJHVWH[SORULQJWKHIHDVLELOLW\RIUHJXODWRU\UHTXLUHPHQWV
IRU PRQLWRULQJ DQG UHJLVWHULQJ RI 85(5V DQG WKHLU 8'5V IRU inter alia IDFLOLWDWLQJ WKH
LPSOHPHQWDWLRQRIWKHDOUHDG\HVWDEOLVKHGUHJXODWRU\UHTXLUHPHQWVRIMXVWLILFDWLRQDQGRSWLPL]DWLRQ
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,Q SDUWLFXODU WKH VXJJHVWLRQV KHUHLQ VKRXOG QRW EH FRQVWUXHG DV UHFRPPHQGDWLRQV IRU RU
LPSOLFDWLRQVRQDQ\SRWHQWLDODFWLRQVWKDWKHDOWKDXWKRULWLHVPLJKWFRQVLGHULQUHODWLRQWR3,30$5V
RUDVWDNLQJDSRVLWLRQRQWKHLVVXHRILQGLYLGXDOKHDOWKDVVHVVPHQWRIDV\PSWRPDWLFSHUVRQV

 $&.12:/('*0(176

$FNQRZOHGJPHQWVDUHJLYHQWR
x
0LURVODY3LQDN+HDGRIWKH,$($5DGLDWLRQ6DIHW\ 0RQLWRULQJ6HFWLRQZKRZDVWKH
LQLWLDWRURIWKHµ3UDFWLFDO$UUDQJHPHQWV¶LQLWLDWLYH
x
0DULQD 'L *LRUJLR 'LUHFWRU RI $51 DQG 2OD +ROPEHUJ +HDG RI WKH ,$($ 5DGLDWLRQ
3URWHFWLRQ RI 3DWLHQWV 8QLW ZKR ZHUH WKH PDLQ FRDXWKRUV IURP $51 DQG ,$($
UHVSHFWLYHO\RIWKHGRFXPHQWSUHVHQWHGLQWKLVSDSHU

 5()(5(1&(6

>@ $8725,'$' 5(*8/$725,$ 18&/($5  ,17(51$7,21$/ $720,& (1(5*<
$*(1&<&RQVLGHUDWLRQVRQSRWHQWLDOUHJXODWRU\DFWLRQVIRUUDGLDWLRQSURWHFWLRQLQUDGLRWKHUDS\
PRQLWRULQJ XQZDQWHG UDGLDWLRQ H[SRVXUH LQ UDGLRWKHUDS\ $ GLVFXVVLRQ GRFXPHQW SUHSDUHG MRLQWO\
E\WKH$XWRULGDG5HJXODWRULD1XFOHDU>$51@RI$UJHQWLQDDQGWKH,QWHUQDWLRQDO$WRPLF(QHUJ\
$JHQF\ %XHQRV$LUHV9LHQQD
KWWSVZZZLDHDRUJUHVRXUFHVDUWLFOHFRQVLGHUDWLRQVRQSRWHQWLDOUHJXODWRU\DFWLRQVIRUUDGLDWLRQ
SURWHFWLRQLQUDGLRWKHUDS\

>@1$7,21$/&281&,/215$',$7,213527(&7,21 0($685(0(1761&53
5HSRUW1R6HFRQG3ULPDU\&DQFHUVDQG&DUGLRYDVFXODU'LVHDVH$IWHU5DGLDWLRQ7KHUDS\

>@,17(51$7,21$/$720,&(1(5*<$*(1&<,QWHUQDWLRQDO&RQIHUHQFHRQ5DGLRORJLFDO
3URWHFWLRQ RI 3DWLHQWV LQ 'LDJQRVWLF DQG ,QWHUYHQWLRQDO 5DGLRORJ\ 1XFOHDU 0HGLFLQH DQG
5DGLRWKHUDS\ > 0DODJD 6SDLQ@ 5DGLRORJLFDO SURWHFWLRQ RI SDWLHQWV LQ GLDJQRVWLF DQG
LQWHUYHQWLRQDO UDGLRORJ\ QXFOHDU PHGLFLQH DQG UDGLRWKHUDS\  SURFHHGLQJV RI DQ LQWHUQDWLRQDO
FRQIHUHQFH KHOG LQ 0DODJD 6SDLQ ± 0DUFK  RUJDQL]HG E\ WKH ,QWHUQDWLRQDO $WRPLF
(QHUJ\ $JHQF\>HW DO@ 3URFHHGLQJV VHULHV ,661 ± 67,38% ,6%1 ±±
±,QWHUQDWLRQDO$WRPLF(QHUJ\$JHQF\9LHQQD

>@,17(51$7,21$/$720,&(1(5*<$*(1&<5DGLDWLRQ3URWHFWLRQLQ0HGLFLQH6HWWLQJ
WKH6FHQHIRUWKH1H[W'HFDGH3URFHHGLQJVRIDQ,QWHUQDWLRQDO&RQIHUHQFH%RQQ'HFHPEHU
  ,$($ 3URFHHGLQJV VHULHV ,661  67,,38% ,6%1 
,QWHUQDWLRQDO$WRPLF(QHUJ\$JHQF\9LHQQD

>@81,7('1$7,216*(1(5$/$66(0%/<5HVROXWLRQRQ(IIHFWVRIDWRPLFUDGLDWLRQ
DGRSWHG E\ WKH *HQHUDO $VVHPEO\ RQ  'HFHPEHU  'RFXPHQW $
KWWSVZZZXQVFHDURUJGRFV*$UHSRUWV$B5(6BBB(SGI

>@ ,17(51$7,21$/ &200,66,21 21 5$',2/2*,&$/ 3527(&7,21 7KH 
5HFRPPHQGDWLRQV RI WKH ,QWHUQDWLRQDO &RPPLVVLRQ RQ 5DGLRORJLFDO 3URWHFWLRQ 3XEOLFDWLRQ 
(OVHYLHU

>@,17(51$7,21$/$720,&(1(5*<$*(1&<7KH$JHQF\ V+HDOWKDQG6DIHW\0HDVXUHV
,1)&,5& ,$($ 9LHQQD  DQG 7KH $JHQF\ V 6DIHW\ 6WDQGDUGV DQG 0HDVXUHV
,1)&,5&5HY,$($9LHQQD
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>@ ,17(51$7,21$/ $720,& (1(5*< $*(1&< %DVLF 6DIHW\ 6WDQGDUGV IRU 5DGLDWLRQ
3URWHFWLRQ6DIHW\VHULHV1R,$($9LHQQD

>@ ,17(51$7,21$/ $720,& (1(5*< $*(1&< %DVLF 6DIHW\ 6WDQGDUGV IRU 5DGLDWLRQ
3URWHFWLRQ>(GLWLRQ@6DIHW\6HULHV1R,$($9LHQQD

>@,E%66>D@

>@ ,17(51$7,21$/ $720,& (1(5*< $*(1&< %DVLF 6DIHW\ 6WDQGDUGV IRU 5DGLDWLRQ
3URWHFWLRQ>(GLWLRQ@6DIHW\6HULHV1R,$($9LHQQD

>@,E%66

>@,17(51$7,21$/$720,&(1(5*<$*(1&<,QWHUQDWLRQDO%DVLF6DIHW\6WDQGDUGVIRU
3URWHFWLRQ $JDLQVW ,RQL]LQJ 5DGLDWLRQ DQG IRU WKH 6DIHW\ RI 5DGLDWLRQ 6RXUFHV >%66@ ,$($
9LHQQD  6DIHW\ VHULHV ,661    6DIHW\ VWDQGDUGV 67,38% ,6%1 


>@ ,17(51$7,21$/ $720,& (1(5*< $*(1&< 5DGLDWLRQ 3URWHFWLRQ DQG 6DIHW\ RI
5DGLDWLRQ 6RXUFHV ,QWHUQDWLRQDO %DVLF 6DIHW\ 6WDQGDUGV *HQHUDO 6DIHW\ 5HTXLUHPHQWV ,$($
VDIHW\ VWDQGDUGV VHULHV ,661 ;  QR *56 3DUW  67,38% ,6%1 ±±±
±,QWHUQDWLRQDO$WRPLF(QHUJ\$JHQF\9LHQQD

>@ ,17(51$7,21$/ $720,& (1(5*< $*(1&< )XQGDPHQWDO VDIHW\ SULQFLSOHV VDIHW\
IXQGDPHQWDOV ,$($ VDIHW\ VWDQGDUGV VHULHV ,661 ;  1R 6) 67,38% ,6%1
±±±,QWHUQDWLRQDO$WRPLF(QHUJ\$JHQF\9LHQQD

>@,E%66

>@,E%66,,>H@

>@,E%66

>@,E%66>F@

>@,E%66HWVHT

>@,E%66>G@
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$EVWUDFW 7KLVSDSHUVXEPLWWVDGLDJQRVLVRISRWHQWLDOGLIILFXOWLHVZLWKWKHLQWHUQDWLRQDOV\VWHPRIUDGLDWLRQ
SURWHFWLRQ TXDQWLWLHV DQG XQLWV DQG GHVFULEH SRWHQWLDO VXFFHVVHV DQG FKDOOHQJHV IRU DGGUHVVLQJ SRVVLEOH
GLIILFXOWLHVZLWKWKHV\VWHP,WVXPPDUL]HVFULWLTXHVWRWKHV\VWHPLQFOXGLQJOHVVRQVFRPSLOHGLQWKHDIWHUPDWK
RIWKH)XNXVKLPDDFFLGHQWDQGUHIOHFWLRQVIURPSURIHVVLRQDOVLQPHWURORJ\,WDOVRDGGUHVVHVWKHUHDFWLRQRI
,&53 DQG  ,&58 IRU DGGUHVVLQJ WKRVH FKDOOHQJHV ,W VXJJHVWV WKDW WKHSURSRVHGUHYLVLRQV ZKLOHZHOFRPHG
FRXOGEHLQVXIILFLHQW7KHV\VWHPVHHPVWRSUHVHQWVRPHHSLVWHPRORJLFDOFKDOOHQJHVWKDWQHHGWREHDGGUHVVHG
7KH\LQFOXGHWKDWDFRPPRQTXDQWLW\DQGXQLWDUHXVHGIRUGLVWLQFWRXWFRPHVVXFKDVFOLQLFDOO\REVHUYDEOH
RU VWDWLVWLFDOO\ REVHUYDEOH RUELRORJLFDOO\ SODXVLEOH UDGLDWLRQ HIIHFWVGLIIHUHQW FRQFHSWV VXFK DV WKDW DW KLJK
GRVHVHIIHFWVDUHDWWULEXWHGDQGDWORZGRVHVULVNDUHLQIHUUHGGLYHUVHRXWSXWVVXFKDVGLDJQRVLVRILQGLYLGXDO
HIIHFW HVWLPDWHV RI FROOHFWLYH LQFLGHQFHV RU MXGJPHQW RI ULVN DWWHVWLQJ RQ KHDOWK RXWFRPHV WURXJK IRUPDO
HYLGHQFH E\ UDGLRSDWKRORJLVWV RU UDGLRHSLGHPLRORJLVWV RU UDGLRSURWHFWLRQLVWV DQG  IRU LPSXWLQJ LQGLYLGXDO
KDUP RU FROOHFWLYH KDUP FODVV DFWLRQV  RU SUHVXPSWLRQV RI ULVN 0RUHRYHU WKH VDPH IDPLO\ RI GRVLPHWULF
TXDQWLWLHV ZLWKRXW DQ\ SURYLVRV  DUH XVHG DV LQWHQVLYH TXDQWLWLHV DQG H[WHQVLYH TXDQWLWLHV 7KLV GRHV QRW
KDSSHQ LQ RWKHU DUHDV RI VFLHQFH UHTXLULQJ PHDVXUDELOLW\ )LQDOO\ DQ LPSRUWDQW VKRUWFRPLQJ RI WKH FXUUHQW
V\VWHP LV DGGUHVVHG WKH FXUUHQW TXDQWLWLHV DQG XQLWV VHHPV WR EH XQKHOSIXO IRU SXEOLF LQIRUPDWLRQ DQG
FRPPXQLFDWLRQ WKH\ VKRXOG IDLO WR FRQYH\ LQ D IXOO\ DQG HDVLO\ XQGHUVWDQGDEOH DQG FUHGLEOH PDQQHU
UDGLDWLRQHIIHFWVDQGULVNVWKHUHIRUHIDFLOLWDWLQJSV\FKRORJLFDODVVRFLDWHGWRWKHPLVXQGHUVWDQGLQJRIUDGLDWLRQ
,WLVFRQFOXGHGWKDWWKHUHOHYDQWLQWHUQDWLRQDODQGLQWHUJRYHUQPHQWDORUJDQL]DWLRQVVKRXOGFRQVLGHULPSURYLQJ
WKH FXUUHQW LQWHUQDWLRQDO V\VWHP RI TXDQWLWLHV DQG XQLWV QRW RQO\ LQ LWV REYLRXV VKRUWFRPLQJV EXW DOVR LQ LWV
HSLVWHPRORJLFDOGHILFLHQFLHVDQGLWVFRPPXQLFDWLRQDOZHDNQHVVHV



KEYWORDS: radiation quantities; radiation units; radiation safety standards; ICRP ; ICRU ;
UNSCEAR; IAEA.


,1752'8&7,21

7KH LQWHUQDWLRQDO V\VWHP RI TXDQWLWLHV XQLWV IRU UDGLDWLRQ SURWHFWLRQ LV RQH RI WKH PRVW VLJQLILFDQW
LQWHUQDWLRQDO DQG LQWHUJRYHUQPHQWDO VXFFHVVHV ,W LV XQLYHUVDO DQG FRQVHQVXDO IRXQGHG LQ
LQWHUQDWLRQDOO\DFFHSWHGVFLHQFHEDVHGRQDXQLYHUVDOSDUDGLJPUHFRPPHQGHGE\WKH,QWHUQDWLRQDO
&RPPLVVLRQ IRU 5DGLRORJLFDO 3URWHFWLRQ ,&53  DQG  WKH ,QWHUQDWLRQDO &RPPLVVLRQ IRU 5DGLDWLRQ
8QLWV DQG 0HDVXUHV ,&58  DGRSWHG %XUHDX ,QWHUQDWLRQDO GHV 3RLGV HW 0HVXUHV %,30  DQG
HVWDEOLVKHG LQ WKH LQWHUQDWLRQDO VDIHW\ VWDQGDUGV RI DOO UHOHYDQW LQWHUJRYHUQPHQWDO RUJDQL]DWLRQV
GHYHORSHGXQGHUWKHDHJLVRIWKH,QWHUQDWLRQDO$WRPLF(QHUJ\$JHQF\ ,$($ 1RWZLWKVWDQGLQJLWV
VXFFHVV DIWHU DOPRVW D FHQWXU\ RI JRRG VHUYLFH WKH V\VWHP PD\ QHHG VRPH UHYLHZ DQG HYHQWXDOO\
VRPHUHYLVLRQ

7KHREMHFWLYHVRIWKLVSDSHUDUHVXEPLWWLQJDGLDJQRVLVRISRWHQWLDOGLIILFXOWLHVZLWKWKHV\VWHPDQG
GHVFULELQJSRWHQWLDOVXFFHVVHVDQGFKDOOHQJHVIRUDGGUHVVLQJUHPDLQLQJSUREOHPV


&5,7,48(

/HVVRQVIURP)XNXVKLPD
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)ROORZLQJ WKH QXFOHDU UHDFWRU DFFLGHQW DW WKH )XNXVKLPD 'DLLFKL QXFOHDU SRZHU SODQW LQ -DSDQ WKH
,&53FRQYHQHGD7DVN*URXSWRFRPSLOHOHVVRQVOHDUQHGIURPZLWKUHVSHFWWRWKH,&53V\VWHPRI
UDGLRORJLFDO SURWHFWLRQ 7KHVH LQFOXGHG LVVXHV ZLWK WKH LQWHUQDWLRQDO V\VWHP RI TXDQWLWLHV DQG XQLWV
EHLQJXVHGE\,&53,QDPHPRUDQGXPWKHPHPEHUVRIWKHWDVNJURXSH[SUHVVWKHLUSHUVRQDOYLHZV
RQ LVVXHV DULVLQJ GXULQJ DQG DIWHU WKH DFFLGHQW :KLOH WKH DIIHFWHG SHRSOH ZHUH ODUJHO\ SURWHFWHG
DJDLQVWUDGLDWLRQH[SRVXUHDQGQRRQHLQFXUUHGDOHWKDOGRVHRIUDGLDWLRQ RUDGRVHVXIILFLHQWO\ODUJH
WRFDXVHUDGLDWLRQVLFNQHVV PDQ\UDGLRORJLFDOSURWHFWLRQTXHVWLRQVZHUHUDLVHG2QHLVVXHLGHQWLILHG
ZDV WKDW WKH V\VWHP RI UDGLDWLRQ SURWHFWLRQ TXDQWLWLHV DQG XQLWV FDXVHG FRQVLGHUDEOH FRQIXVLRQ DQG
FRPPXQLFDWLRQSUREOHPV>@

7KH GLIIHUHQFHV EHWZHHQ WKH TXDQWLWLHV ZHUH QRW ZHOO XQGHUVWRRG HYHQ E\ KLJK HGXFDWLRQDO OHYHO
DXGLHQFHV IRU H[DPSOH GLIIHUHQFHV DPRQJ DEVRUEHG GRVH HTXLYDOHQW GRVH DQG HIIHFWLYH GRVH 7KH
GLVWLQFWLRQEHWZHHQWKHUDGLDWLRQSURWHFWLRQTXDQWLWLHVDQGWKHRSHUDWLRQDOTXDQWLWLHVZDVHYHQPRUH
GLIILFXOW WR XQGHUVWDQG IRU H[DPSOH WKH HTXLYDOHQW GRVH vis-à-vis WKH GRVH HTXLYDOHQW ZKLFK LQ
DGGLWLRQSUHVHQWHGDJUDPPDWLFDOSUREOHPIRUWUDQVODWDELOLW\7KHSUDFWLFHRIXVLQJDXQLTXHXQLWIRU
GLIIHUHQW TXDQWLWLHV ZLWKRXW VSHFLI\LQJ WKH TXDQWLW\ LQFUHDVHG FRQIXVLRQ DQGPLVXQGHUVWDQGLQJ IRU
LQVWDQFHWKHXVHRIDFRPPRQXQLW VLHYHUWRUUHP IRUHTXLYDOHQWGRVHLQFXUUHGE\DQRUJDQIRUWKH
HIIHFWLYHGRVHLQFXUUHGE\WKHERG\DQGIRUGRVHHTXLYDOHQWRIDUDGLDWLRQILHOG

,W ZDV QRW FOHDU IRU PHPEHU RI WKH SXEOLF DQG IRU WKHLU UHSUHVHQWDWLYHV ZK\ VR PDQ\ GLIIHUHQW
TXDQWLWLHVDQGXQLWVZHUHQHHGHGWRSURWHFWSHRSOHDJDLQVWUDGLDWLRQ

7KH 7DVN *URXS FRQFOXGHG WKDW WKH UDGLDWLRQ SURWHFWLRQ FRPPXQLW\ KDV DQ HWKLFDO GXW\ WR OHDUQ
IURP )XNXVKLPD V OHVVRQV DQG WR UHVROYH WKH LGHQWLILHG FKDOOHQJHV RQH RI ZKLFK UHODWHG ZLWK WKH
LQWHUQDWLRQDO V\VWHP RI UDGLDWLRQ SURWHFWLRQ TXDQWLWLHV DQG XQLWV 7KH 7DVN *URXS DGYLVHG WKDW
EHIRUHDQRWKHUPDMRUDFFLGHQWRFFXUVFRQIXVLRQVRQWKHLQWHUQDWLRQDOV\VWHPRIUDGLDWLRQSURWHFWLRQ
TXDQWLWLHVDQGXQLWVPXVWEHUHVROYHG

$SSUDLVDOIURPPHWURORJ\

2Q  1RYHPEHU  WRRN SODFH LQ 5LR GH -DQHLUR %UD]LO WKH  )LUVW %UD]LOLDQ &RQJUHVV RQ
,RQL]LQJ5DGLDWLRQ0HWURORJ\ 3ULPHLUR&RQJUHVVR%UDVLOHLURGH0HWURORJLDGD5DGLDomR,RQL]DQWH
&%05, >@ 7KH PDLQ SXUSRVH ZDV WR UHYLHZ YDULRXV FRQFHSWV IXQGDPHQWDO WRSLFV DQG PHWKRGV
UHODWHG WR WKH SULPDU\ RU VHFRQGDU\ PHDVXUHPHQWV RI LRQL]LQJ UDGLDWLRQ )ROORZLQJ WKH DSSURDFK
SURSRVHGE\WKH%,30&RPLWp&RQVXOWDWLISRXUOHV(WDORQVGH0HVXUHVGHV5D\RQQHPHQWV,RQLVDQWV
WKH &%05, ZDV GHYRWHG WR WKUHH GLIIHUHQW DVSHFWV RI PHWURORJ\ QDPHO\ UDGLRQXFOLGHV DQG
UDGLRDFWLYLW\ ;UD\V JDPPD HOHFWURQ DQG FKDUJHG SDUWLFOHV DQG QHXWURQ PHWURORJ\ ,W DOVR
DGGUHVVHG DSSURDFKHV WR WUDFHDELOLW\ SULPDU\ VWDQGDUG DEVROXWH  DQG VHFRQGDU\ UHODWLYH 
DVVHVVPHQW RI XQFHUWDLQWLHV QXFOHDU LQVWUXPHQWDWLRQ DQG ODERUDWRU\ LQIUDVWUXFWXUH %XW RQH PDMRU
WRSLFZDVDFULWLFDOUHYLHZRIWKHLQWHUQDWLRQDOV\VWHPRITXDQWLWLHVDQGXQLWV

7KHUH DQ H[WHQVLYH GLVFXVVLRQ WRRN SODFH RQ WKH GHVLUDELOLW\ RI LPSURYHPHQWV LQ WKH V\VWHP RI
UDGLDWLRQSURWHFWLRQTXDQWLWLHVDQGXQLWV>@7KHJOREDOV\VWHPRITXDQWLWLHVDQGXQLWVZDVFULWLFDOO\
UHYLHZHG,WZDVUHFRJQL]HGWKDWWKHV\VWHPKDVSURYHGVXFFHVVIXOLQKHOSLQJUDGLDWLRQSURWHFWLRQWR
EHFRPHDJOREDOO\XQLIRUPFRQVLVWHQWDQGFRKHUHQWSURIHVVLRQDOGLVFLSOLQH+RZHYHUDVLWKDSSHQ
ZLWKDQ\RWKHUVXFFHVVIXOGHYHORSPHQWLWZDVIRXQGWKHH[SHULHQFHJDLQHGRYHUWLPHLVVKRZLQJ
WKDWWKHV\VWHPP\EHQHILWIURPVRPHLPSURYHPHQWV,WZDVVXJJHVWHGWKDWWKHWLPHVHHPVWREHULSH
IRU XQGHUWDNLQJ D GHHS UHYLHZ RI WKH FXUUHQW V\VWHP RI TXDQWLWLHV DQG XQLWV DQG VXJJHVW WKH
QHFHVVDU\UHYLVLRQVWRXSGDWHLWE\WDNLQJLQWRDFFRXQWDQXPEHURIOHVVRQVOHDUQHGSDUWLFXODUO\LQ
WKH DIWHUPDWK RI QXFOHDU DFFLGHQWV DQG LQ WKH SURWHFWLRQ RI SDWLHQWV LQ WKH SUDFWLFHV RI UDGLR
GLDJQRVLVLQWHUYHQWLRQDOUDGLRORJ\DQGUDGLRWKHUDS\
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'LIILFXOWLHVZLWKWKHV\VWHPZHUHDQDO\VHGDQGVRPHIHDVLEOHVROXWLRQVZHUHVXJJHVWHG 7KHV\VWHP
ZDVIRXQGWREHXVHGVXFFHVVIXOO\IRUPRUHWKDQ\HDUVLQFRQWUROOLQJRFFXSDWLRQDOH[SRVXUHDQG
SXEOLF H[SRVXUH LQ QRUPDO VLWXDWLRQV SURVSHFWLYHO\ LQ WKH GHVLJQ RI IDFLOLWLHV DQG SODQQLQJ RI
RSHUDWLRQV DQG UHWURVSHFWLYHO\ IRU GHPRQVWUDWLQJ FRPSOLDQFH ZLWK UHJXODWLRQV +RZHYHU LW ZDV
IRXQGWKHXVHKDVDOVRGHPRQVWUDWHGJUHDWGLIILFXOWLHVLQFRPPXQLFDWLQJUDGLRORJLFDOLQIRUPDWLRQWR
QRQVSHFLDOL]HG H[SHUWV DQG WR WKH SXEOLF 7KHVH GLIILFXOWLHV LQ XQGHUVWDQGLQJ WKH XQLWV DQG
TXDQWLWLHVDSSHDUHGWREHDFRQVHTXHQFHRIWKHFRPSOH[LW\RIWKHV\VWHPZKLFKXVHVPRUHWKDQRQH
TXDQWLW\DQGFRPELQHVSK\VLFDOH[SRVXUHGDWDZLWKVFLHQWLILFGDWDRQUDGLDWLRQULVNIRURUJDQVDQG
WLVVXHV

0RUHRYHU LW ZDV FRQVLGHUHG WKDW DOWKRXJK WKH V\VWHP DQG WKH TXDQWLWLHV KDYH VKRZQ WR EH ZHOO
VXLWHG IRU RFFXSDWLRQDO UDGLRORJLFDO SURWHFWLRQ WKHUH LV OHVV VXLWHG IRU XVH LQ WKH SXEOLF GRPDLQ
ZKHUHFRPPXQLFDWLRQZLWKQRQH[SHUWVLVUHTXLUHGSDUWLFXODUO\LQHPHUJHQF\VLWXDWLRQV

7KH QXPEHU RI GLIILFXOWLHV IRXQG LQFOXGHG WKH GLIIHUHQFHV EHWZHHQ WKH TXDQWLWLHV HJ HIIHFWLYH
GRVH DQG HTXLYDOHQW GRVH DQG DEVRUEHG GRVH  DUH QRW ZHOO H[SODLQHG DQG DUH QRW ZHOO XQGHUVWRRG
HYHQ E\ HGXFDWHG DXGLHQFHV WKH GLVWLQFWLRQ EHWZHHQ WKH TXDQWLWLHV XVHG LQ WKH UDGLRORJLFDO
SURWHFWLRQV\VWHP HJHTXLYDOHQWGRVHDQGHIIHFWLYHGRVH DQGWKHRSHUDWLRQDOTXDQWLWLHVXVHGIRU
UDGLDWLRQPHDVXUHPHQW WKHGRVHHTXLYDOHQWTXDQWLWLHVHJSHUVRQDOGRVHHTXLYDOHQW LVHYHQPRUH
GLIILFXOWWRXQGHUVWDQGWKHXVHRIWKHVDPHXQLW LH6LHYHUW IRUWKHTXDQWLWLHVHTXLYDOHQWGRVHRIDQ
RUJDQDQGWKHHIIHFWLYHGRVHRYHUWKHERG\ZLWKRXWVSHFLI\LQJWKHTXDQWLW\DQGIRUWKHRSHUDWLRQDO
TXDQWLW\GRVHHTXLYDOHQWHQKDQFHVFRQIXVLRQDQGPLVXQGHUVWDQGLQJDQGLQVXPLWZDVFRQILUPHG
WKDWPDQ\SHRSOHQRWXQGHUVWDQGZK\WKHUHDUHVRPDQ\GLIIHUHQWTXDQWLWLHV

,WZDVPRUHRYHUIRXQGSDUWLFXODUO\FRQIXVLQJWKDWWKHGLIIHUHQWUDGLDWLRQSURWHFWLRQTXDQWLWLHVKDYHD
FRPPRQXQLWWKH6LHYHUW7KHSUREOHPEHFRPHVSDUWLFXODUO\HYLGHQWZKHQUHSRUWLQJWK\URLGGRVHV
WR ZRUNHUV DQG WKH SXEOLF IURP LQWDNHV RI UDGLRDFWLYH LRGLQH 7KH HTXLYDOHQW GRVH LV WKH UHOHYDQW
TXDQWLW\IRUUHSRUWLQJRUJDQGRVHVEXWLIWKHGRVHLVUHSRUWHGLQGLFDWLQJRQO\WKHXQLWLWFDQHDVLO\
EHFRQIXVHGZLWKHIIHFWLYHGRVHV7KHHIIHFWLYHGRVHLVDULVNUHODWHGTXDQWLW\IRUWKHZKROHERG\
DQGFDQGLIIHUDSSUHFLDEO\IURPWKHHTXLYDOHQWGRVHWRDQRUJDQIRUWKHVDPHSHUVRQ

7KHGLVFXVVLRQFRQFOXGHGWKDWWKHUHZHUHDUHDQXPEHURISRVVLELOLWLHVIRULPSURYLQJWKHVLWXDWLRQLQ
WKHVKRUWWHUP)RULQVWDQFHDYRLGLQJWKHXVHRIHTXLYDOHQWGRVHZLWKRXWVSHFLILFDWLRQRIWKHRUJDQ
RUWLVVXHFRQFHUQHGHJDWK\URLGHTXLYDOHQWGRVHDQGXVLQJWKHVKRUWHUDQGVLPSOHUWHUPµRUJDQ
GRVH¶ IRU RUJDQ HTXLYDOHQW GRVH LQ FRPPXQLFDWLRQV HJ WK\URLG GRVH ZKLFK LV DOUHDG\ XVXDO LQ
PDQ\UDGLRORJLFDOSURWHFWLRQSUDFWLFHV$QRWKHUVROXWLRQWRPLQLPL]HFRQIXVLRQLVWRDOZD\VDGGWKH
TXDQWLW\ZKHQWKHXQLW6LHYHUWLVEHLQJXVHG$QRWKHUVROXWLRQZRXOGEHWRFRQVLGHUUHQDPLQJWKH
XQLWVEXWWKLVZRXOGUHTXLUHFDUHIXOGHOLEHUDWLRQ

2Q LPSRUWDQW VKRUWFRPLQJ FRQILUPHG ZDV WKDW WKH FXUUHQW V\VWHP GRHV QRW LQFOXGH VLPSOLI\LQJ
TXDQWLWLHVIRUWKHVROHSXUSRVHRISXEOLFLQIRUPDWLRQ3XULVWVZRUNLQJLQTXDQWLWLHVDQGXQLWVZRXOG
SUREDEO\ UHMHFW WKH LGHD 6LPSOLILFDWLRQ ZLOO DOZD\V LPSO\ D ORVV LQ WKH VFLHQWLILF ULJRU WKDW LV
HVVHQWLDO LQ TXDQWLILFDWLRQ %XW LV QRW ULJRU DOUHDG\ YLRODWHG LQ WKH FXUUHQW V\VWHP RI SURWHFWLRQ
TXDQWLWLHV" ,Q IDFW LW ZDV FRQFOXGHG WKH SURWHFWLRQ TXDQWLWLHV GR QRW FRPSO\ ZLWK WKH HVVHQWLDO
UHTXLUHPHQWVIRUTXDQWLWLHV$IXUWKHUVLPSOLILFDWLRQFRXOGEHZHOFRPHGLIWKLVZLOOPDNHHDVLHUWKH
VHULRXVSUREOHPRISXEOLFFRPPXQLFDWLRQ

,WZDVDOVRFRQFOXGHGWKDWDV\VWHPRISXEOLFLQIRUPDWLRQTXDQWLWLHVVKRXOGEHWDLORUHGWRFRQYH\LQ
D IXOO\ DQG HDVLO\ XQGHUVWDQGDEOH DQG FUHGLEOH PDQQHU UDGLDWLRQ HIIHFWV DQG ULVNV 7KLV ZRXOG DW
OHDVWDYRLGWKHVHULRXVSV\FKRORJLFDOHIIHFWVWKDWDUHDVVRFLDWHGWRWKHPLVXQGHUVWDQGLQJRIUDGLDWLRQ

17

DQGLWVTXDQWLILFDWLRQ,QIDFWSXEOLFGLVWUXVWLVJHQHUDWHGZKHQWKHDXWKRULWLHVWUDQVPLWLQIRUPDWLRQ
LQDTXDQWLWDWLYHPDQQHUWKDWLVQRWXQGHUVWDQGDEOHQRWRQO\E\WKHSXEOLFDWODUJHEXWDOVRWRPDQ\
H[SHUWV

3HUKDSV D V\VWHP OLNH WKLV LW ZDV VXJJHVWHG  FRXOG LQFOXGH VLPSOLILHG TXDQWLWLHV WR FRQYH\ IRU
LQVWDQFHWKHSUHVHQFHRIUDGLRDFWLYHVXEVWDQFHVLQWKHHQYLURQPHQWLQFOXGLQJLWVWHPSRUDOYDULDWLRQ
7KHLGHDOZRXOGEHWRKDYHIHZRUHYHQDQXQLTXHTXDQWLW\VXPPDUL]LQJLQDVLPSOLILHGPDQQHU
DOOWKHHOHPHQWVFXUUHQWO\FRYHUHGE\DFWLYLW\DEVRUEHGGRVHVZHLJKWLQJIDFWRUVWHPSRUDOYDULDWLRQ
HWF
,WZDVFRQFOXGHGWKDWLWZDVGLIILFXOWWRDQVZHULIWKLVSRVVLELOLW\LVUHDOO\IHDVLEOH+RZHYHULWLV
FOHDUWKDWLWLVIHDVLEOHDQGGHVLUDEOHWRVWXG\WKHSRVVLELOLW\ WRGHYHORS D V\VWHP RI TXDQWLWLHV IRU
SXEOLFFRPPXQLFDWLRQ

,Q VXP WKH GLVFXVVLRQ DW &%05, FRQFOXGHG WKDW WKH TXDQWLWLHV XVHG IRU UDGLDWLRQ SURWHFWLRQ
SXUSRVHVDQGIRUPHDVXUHPHQWSXUSRVHVDUHVRPHZKDWVRSKLVWLFDWHGDQGWKHLUDSSOLFDWLRQUHTXLUHV
SURIHVVLRQDO NQRZOHGJH +RZHYHU UDGLDWLRQ SURWHFWLRQ SUDFWLWLRQHUV DUH QRW DORQH LQ XVLQJ WKHVH
TXDQWLWLHVDVHPHUJHQF\GHFLVLRQPDNHUV²ZKRGRQRWQHFHVVDULO\NQRZWKHGHWDLOV²UHO\RQWKHP
IRU WKHLU FKRLFHV RI LQWHUYHQWLRQ DQG LQ WKH UHFHLYLQJ HQG WKH SXEOLF FODLP IRU VLPSOLFLW\ LQ
XQGHUVWDQGLQJ0LVXQGHUVWDQGLQJVDERXWWKHTXDQWLWLHVLQWKHDIWHUPDWKRIDQDFFLGHQWPD\OHDGWR
XQWRZDUG GLIILFXOWLHV LQFRUUHFW LQWHUSUHWDWLRQV RI SRWHQWLDO FRQVHTXHQFHV DQG LQFRUUHFW GHFLVLRQV
DQGDIWHUDOOVHULRXVSV\FKRORJLFDODQGVRFLDOGHWULPHQWIRUPHPEHURIWKHSXEOLF:D\VWRLPSURYH
DQGIRVWHULQIRUPDWLRQH[FKDQJHDQGHGXFDWLRQDQGWRGHYHORSµHDV\WRUHDG¶PDWHULDORQWKHV\VWHP
RIUDGLRORJLFDOSURWHFWLRQTXDQWLWLHVDQGXQLWVDUHVRUHO\QHHGHG

5HFHQWO\ RQ QRYHPEHU   WKH &%05,  WRRN SODFH YLUWXDOO\ 7KH VDPH SUREOHPV ZHUH
GLVFXVVHG DJDLQ >@ %XW WKLV WLPH WKH FULWLTXH H[SDQGHG WR LQFOXGH WKH HSLVWHPRORJLFDO SUREOHPV
ZLWKWKHFXUUHQWV\VWHPDQLVVXHWKDWZLOOEHGLVFXVVHGKHUHLQDIWHU


21*2,1*5(9,6,216

)ROORZLQJWKHYDULRXVFULWLTXHRQWKHV\VWHPWKH,&53&UDWHGDWDVNJURXS ,&537DVN*URXS 
XQGHU ,&53 &RPPLWWHH  RQ WKH XVH RI HIIHFWLYH GRVH DV D ULVN UHODWHG UDGLRORJLFDO SURWHFWLRQ
TXDQWLW\7KH7DVN*URXSRQ(IIHFWLYH'RVHLVSURYLGLQJJXLGDQFHRQZKHQWKHTXDQWLW\µHIIHFWLYH
GRVH¶FDQEHXVHGDQGZKHQLWVKRXOGQRW,&53LQGLFDWHGWKDWH[SHULHQFHKDVVKRZQWKDWµHIIHFWLYH
GRVH¶ZKLFKKDVEHHQGHILQHGDQGLQWURGXFHGE\,&53IRUULVNPDQDJHPHQWSXUSRVHVLHIRUULVN
OLPLWDWLRQDQGRSWLPL]DWLRQLVZLGHO\XVHGLQUDGLRORJLFDOSURWHFWLRQDQGUHODWHGILHOGVEH\RQGLWV
RULJLQDO SXUSRVH LQFRUUHFWO\ LQ VRPH FDVHV 8VHIXO JXLGDQFH RQ UHVWULFWLRQV RQ WKH XVH RI WKH
TXDQWLW\KDVSURYLGHGLQWKHPDLQ,&53UHFRPPHQGDWLRQV,&53FRQVLGHUWKDWWKLVJXLGDQFHQHHGV
WR EH IXUWKHU H[SDQGHG DQG SURSRVDOV PDGH IRU WKH FRQWURO RI H[SRVXUHV DQG ULVN PDQDJHPHQW LQ
VLWXDWLRQVZKHUHµHIIHFWLYHGRVH¶VKRXOGQRWEHXVHG7KH,&53UHFRPPHQGDWLRQVRQWKHXVHRI
HIIHFWLYHGRVHDVDUDGLRORJLFDOSURWHFWLRQTXDQWLW\DUHEHLQJSUHVHQWHG>@

0HDQZKLOH ,&58&RPPLWWHH  LV DOVR DGGUHVVLQJ D UHYLVLRQ RI RSHUDWLRQDO UDGLDWLRQ

SURWHFWLRQTXDQWLWLHVIRUH[WHUQDOUDGLDWLRQ&RQFHSWDQGSUDFWLFDOLPSOLFDWLRQVRIWKHQHZ
GHILQLWLRQV RI ,&58 DQG ,&53 RSHUDWLRQDO TXDQWLWLHV IRU H[WHUQDO UDGLDWLRQ DUH EHLQJ
SUHVHQWHG>@7KHFKDQJHVSURSRVHGE\WKH,&537*LQFOXGHLQWHUDOLDGLVFRQWLQXLQJWKHXVHRI
WKH organ equivalent dose +7LQ6LHYHUW DQGLQVWHDGXVHWKHorgan absorbed dose '7LQ *UD\ 
7KH FKDQJHV SURSRVHG E\ ,&58&RPPLWWHH  LQFOXGHV GLVFRQWLQXLQJ WKH XVH RI ambient dose
equivalent + G directional dose equivalent +¶ G DQGpersonal dose equivalent +S G 
DQGUHSODFLQJWKHPZLWKambient dose + LQ6LHYHUW personal dose +SLQ6LHYHUW personal
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absorbed dose 'S LQ *UD\  DQG directional absorbed dose '¶   LQ *UD\  7KHVH FKDQJHV DUH
ZHOFRPHG EXW ZLOO PLJKW QRW UHVROYH VRPH IXQGDPHQWDO HSLVWHPRORJLFDO DQG FRPPXQLFDWLRQDO
FKDOOHQJHV ZLWK UDGLDWLRQ SURWHFWLRQ TXDQWLWLHV DQG XQLWV DV LW ZLOO EH GLVFXVVHG KHUHLQDIWHU 7KH
LQGXVWU\LVUHDFWLQJZLWKVRPHVFHSWLFLVPWKH :RUOG1XFOHDU$VVRFLDWLRQLVSUHVHQWLQJVRPH
YLHZVIURPUDGLDWLRQSURWHFWLRQSUDFWLWLRQHUVLQWKHQXFOHDULQGXVWU\>@


5(0$,1,1*(3,67(02/2*,&$/,668(6

7KHUHDUHDWOHDVWWZRHSLVWHPRORJLFDODQRPDOLHVLQWKHFXUUHQWV\VWHP7KHILUVWUHIHUWRWKHXVHRI
WKH VDPH TXDQWLW\ DQG XQLW IRU DGGUHVVLQJ KHDOWK HIIHFWV DWWULEXWDEOH WR UDGLDWLRQ DQG LQIHUHQFH RI
UDGLDWLRQULVNV7KHVHFRQGUHODWHWRWKHFXUUHQWFRQIXVLRQEHWZHHQLQWHQVLYHDGH[WHQVLYHTXDQWLWLHV

&RPPRQTXDQWLW\DQGXQLWIRUDWWULEXWLQJHIIHFWVDQGIRULQIHUULQJULVNV

$ IXQGDPHQWDO HSLVWHPRORJLFDO SUREOHP ZLWK WKH FXUUHQW V\VWHP LV WKDW WKH VDPH TXDQWLW\ WKH
HIIHFWLYH GRVH DQG WH VDPH XQLW WKH VLHYHUW ZLWKRXW DQ\ SURYLVR DUH XVHG IRU DVVHVVLQJ KHDOWK
HIIHFWVWKDWDUHDWWULEXWDEOHWRUDGLDWLRQH[SRVXUHDQGDOVRIRULQIHUULQJFRQMHFWXUDOUDGLDWLRQULVNV
5HODWLYHO\ UHFHQWO\ DQ LQWHUQDWLRQDO LQWHUJRYHUQPHQWDO FRQVHQVXV RQ WKH DWWULEXWLRQ RI SURYDEOH
UDGLDWLRQ KHDOWK HIIHFWV YLVjYLV WKH LQIHUHQFH RI FRQMHFWXUHG ULVN KDV EHHQ DW DFKLHYHG E\ WKH
8QLWHG 1DWLRQV 6FLHQWLILF &RPPLWWHH RI WKH 8QLWHG 1DWLRQV RQ WKH (IIHFWV RI $WRPLF 5DGLDWLRQ
816&($5  >@ 816&($5 LV WKH LQWHUQDWLRQDO LQWHUJRYHUQPHQWDO RUJDQL]DWLRQ DVVLJQHG E\ WKH
8QLWHG1DWLRQV*HQHUDO$VVHPEO\WREHUHVSRQVLEOHIRUHVWLPDWLQJWKHJOREDOOHYHOVDQGHIIHFWVRI
UDGLDWLRQ,QWKHH[HUFLVHRIKLVIXQFWLRQV816&($5KDVHVWLPDWHGWKHDWWULEXWLRQRIWKHHIIHFWVRQ
KHDOWKDQGWKHLQIHUHQFHRIUDGLDWLRQULVNV7KH81*HQHUDO$VVHPEO\KDVXQDQLPRXVO\ZHOFRPHG
ZLWK DSSUHFLDWLRQ WKH VFLHQWLILF UHSRUW RI 816&($5 RQ WKLV LVVXH >@ 7KH 816&($5 HVWLPDWHV
KDYH EHHQ VXPPDUL]HG E\ WKH 8QLWHG 1DWLRQV (QYLURQPHQW 3URJUDP 81(3  >@7KH SDUDGLJP
FDQEHFRQGHQVHGLQWKHGRVHUHVSRQVHUHODWLRQVKLSSUHVHQWHGLQ)LJXUH





)LJXUH5HODWLRQVKLSRIUDGLDWLRQGRVHDQGSUREDELOLW\RIHIIHFWV
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7KHUHQHZHG816&($5SDUDGLJPLVVXEWO\SUHFLVHWKDQWKH816&($5¶VSUHYLRXVHVWLPDWHV>@
7KHILJXUHVXPPDUL]HVLW E\SUHVHQWLQJDVLPSOLILHG UHODWLRQVKLSEHWZHHQHIIHFWLYHGRVHVLQFXUUHG
E\SHRSOHDQG WKH SUREDELOLW\ RI RFFXUUHQFHRIKHDOWKHIIHFWV,W FOHDUO\ GLIIHUHQWLDWHV WKUHH ]RQHV
GRVHVDWZKLFKHIIHFWVDUHFOLQLFDOO\REVHUYDEOHLQLQGLYLGXDOVGRVHVDWZKLFKHIIHFWVDUHREVHUYDEOH
LQSRSXODWLRQVWKURXJKRXWHSLGHPLRORJLFDOVWXGLHVDQGGRVHVZKHUHWKHHIIHFWVDUHMXVWELRORJLFDOO\
SODXVLEOH 7KH DEVFLVVD LQGLFDWHV HIIHFWLYH GRVHV H[SUHVVHG DV KLJK GRVHV  DURXQG D WKRXVDQG RI
PLOOL6LHYHUW  PRGHUDWH GRVHV  DURXQG KXQGUHGV RI PLOOL6LHYHUW ORZ GRVHV  DERXW WHQV RI
PLOL6LHYHUW  DQG YHU\ ORZ GRVHV  DURXQG WKH PLOOL6LHYHUW  7KH RUGLQDWH H[SUHVVHV SUREDELOLWLHV
SUHVHQWHGLQSHUFHQWDJHVEHWZHHQDQGZKHUHFRUUHVSRQGVWRWKHFHUWDLQW\WKDWWKH
HIIHFW ZLOO RFFXU DQG  FRUUHVSRQGV WR WKH FHUWDLQW\ WKDW WKH HIIHFW ZLOO QRW RFFXU ,Q WKH
PRGHUDWH ORZ DQG YHU\ ORZ UHJLRQ WKH\ UHSUHVHQW ZKDW ,&53 WHUPHG GHWULPHQWDGMXVWHG QRPLQDO
ULVNGHILQHGDVWKHSUREDELOLW\RIWKHRFFXUUHQFHRIDVWRFKDVWLFHIIHFWPRGLILHGWRDOORZIRUWKH
GLIIHUHQWFRPSRQHQWVRIWKHGHWULPHQWLQRUGHUWRH[SUHVVWKHVHYHULW\RIWKHFRQVHTXHQFH V 

,WLVWREHQRWHGWKDWWKHSUREDELOLWLHVHVWLPDWHGE\816&($5DUHRIWZRGLVWLQJXLVKDEOHW\SHV
x
frequentist probabilitiesZKLFKDUHLQWKHPHGLXPDQGKLJKGRVHDUHDEDVHGRQWKHWUXWKIXO
DQG YHULILDEOH H[LVWHQFH RI UDGLDWLRQ KHDOWK HIIHFWV DQG FDQ EH GHVFULEHG DV WKH OLPLW RI WKH
UHODWLYHIUHTXHQF\RILQFLGHQFHRIWKHHIIHFWLQDVHULHVRIFHUWLILDEOHHSLGHPLRORJLFDOVWXGLHV
DQG
x
subjective probabilities DOVR FDOOHG %D\HVLDQ  ZKLFK DUH LQ WKH ORZ GRVH DUHD DUH
H[SUHVVHGDSRVVLEOHH[SHFWDWLRQWKDWUDGLDWLRQKHDOWKHIIHFWVPLJKWRFFXUDQGDUHTXDQWLILHG
E\ D SHUVRQDO EHOLHI RU H[SHUW¶V MXGJHPHQW WKDW LV QRW VXEVWDQWLDWHG E\ WKH IUHTXHQF\ RU
SURSHQVLW\WKDWWKHHIIHFWVDFWXDOO\RFFXU
%RWK IUHTXHQWLVW DQG VXEMHFWLYH SUREDELOLWLHV DUH PDWKHPDWLFDOO\ FRPSDWLEOH EXW HSLVWHPRORJLFDOO\
YHU\ GLIIHUHQW WKH ILUVW LV EDVHG RQ IDFWV WKH VHFRQG LV EDVHG RQ FRQMHFWXUHV 7KLV LV D FUXFLDOO\
LPSRUWDQWGLIIHUHQFHEHFDXVH816&($5KDVKLJKOLJKWHGWKHLPSRUWDQFHRIGLVWLQJXLVKLQJEHWZHHQ
YHULILHG REVHUYDWLRQV RI KHDOWK HIIHFWV LQ H[SRVHG LQGLYLGXDOV DQG SRSXODWLRQV ZKLFK DOORZ VXFK
HIIHFWV WR EH XQDPELJXRXVO\ DWWULEXWHG WR WKH H[SRVXUH VLWXDWLRQV WKDW JHQHUDWHG WKHP DQG
WKHRUHWLFDO SURMHFWLRQV RI KHDOWK HIIHFWV ZKLFK RFFXUUHQFH LV IHDVLEOH EXW QRW YHULILDEOH ±QDPHO\
WKRVHSURMHFWLRQVRQO\DOORZLQJVRPHLQIHUULQJRIULVNV

,QVLPSOHUWHUPVWKHVLWXDWLRQFDQEHGHVFULEHGDVIROORZVWKHGHWULPHQWDGMXVWHGQRPLQDOULVNIRUD
QRPLQDO SRSXODWLRQ LV HVWLPDWHG WR EH DURXQG  SHU 6LHYHUW RI HIIHFWLYH GRVH WKLV QXPEHU LV
PDWKHPDWLFDOO\ HTXLYDOHQW WR  SHU PLOOL6LHYHUW RI HIIHFWLYH GRVH KRZHYHU WKH
PDWKHPDWLFDOO\ HTXDO FRHIILFLHQWV RI  SHU 6LHYHUW DQG  SHU PLOOL6LHYHUW DUH
HSLVWHPRORJLFDOO\ YHU\ GLIIHUHQW EHFDXVH WKH\ GHVFULEH GLIIHUHQW VFLHQFHV IDFWXDO HSLGHPLRORJLFDO
HYLGHQFHYHUVXVFRQMHFWXUDOHVWLPDWHV

1RWZLWKVWDQGLQJ WKHVH IXQGDPHQWDO HSLVWHPRORJLFDO GLIIHUHQFHVD FRPPRQ TXDQWLW\ WKH HIIHFWLYH
GRVHDQGDFRPPRQXQLWWKH6LHYHUWDUHXVHGIRUERWKWKHDWWULEXWLRQRIHIIHFWVDQGWKHLQIHUHQFHRI
ULVN7KLVLPSOLHVXVLQJWKHVDPHTXDQWLILFDWLRQDSSURDFKIRUYHU\GLVSDUDWHVLWXDWLRQVVXFKDV
x
GLVWLQFW RXWFRPHV VXFK DV ZKDW LV FOLQLFDOO\ REVHUYDEOH  RU VWDWLVWLFDOO\ REVHUYDEOH RU
ELRORJLFDOO\SODXVLEOH
x
GLIIHUHQWFRQFHSWVVXFKDVWKDWDWKLJKGRVHVHIIHFWVDUHDWWULEXWHGDQGDWORZGRVHVULVNDUH
LQIHUUHG
x
GLYHUVHRXWSXWVVXFKDVGLDJQRVLVRILQGLYLGXDOHIIHFWHVWLPDWHVRIFROOHFWLYHLQFLGHQFHVRU
MXGJPHQWRIULVN
x
DWWHVWLQJ RQ KHDOWK RXWFRPHV E\ SURYLGLQJ IRUPDO HYLGHQFH E\ UDGLRSDWKRORJLVWV
UDGLRHSLGHPLRORJLVWVDQGUDGLRSURWHFWLRQLVWVDQGODVWEXWQRWOHDVW
x
IRULPSXWLQJLQGLYLGXDOKDUPRUFROOHFWLYHKDUP FODVVDFWLRQV RUULVNSUHVXPSWLRQV
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7KLVLVDQHSLVWHPRORJLFDODQRPDO\RIWKHV\VWHPWKDWZRXOGPHULWDGHHSGLVFXVVLRQ

7KLVLPSRUWDQWJOREDODJUHHPHQWUHDFKHGE\816&($5ZDVUHSRUWHGLQWKHOLWHUDWXUH>@>@EXW
LW LV VWLOO IDU IURP EHLQJ LPSOHPHQWHG LQ WKH UHJXODWRU\ SUDFWLFH ,W LV QRW FXUUHQWO\ XVHG LQ WKH
UDGLDWLRQSURWHFWLRQVWDQGDUGVRILQWHUQDWLRQDOLQWHUJRYHUQPHQWDOUHJXODWLRQV>@DQGFRQVHTXHQWO\
LQWKHYDVWFRUSXVRIQXFOHDUVDIHW\UHJXODWLRQVEHLQJHVWDEOLVKHGXQGHUWKHDHJLVRIWKH,$($ZLWK
WKH FRVSRQVRUVKLS RI DOO UHOHYDQW LQWHUJRYHUQPHQWDO RUJDQL]DWLRQV 7KH ,$($ &RPPLVVLRQ RQ
6DIHW\6WDQGDUGVKDVEHHQDGGUHVVLQJWKHLVVXHDQGDUHSRUWLVLQSUHSDUDWLRQ

7KXV WKH XVH RI WKH VDPH TXDQWLILFDWLRQ IRU WKH GLYHUVH HSLVWHPRORJLFDO VLWXDWLRQV RI IDFWXDO
DWWULEXWLRQ RI HIIHFWV YHUVXV WKH FRQMHFWXUDO LQIHUHQFH RI ULVN PHULWV D GHHS GLVFXVVLRQ DPRQJ WKH
H[SHUWVLQUDGLDWLRQSURWHFWLRQTXDQWLWLHVDQGXQLWV

&RPPRQTXDQWLW\DQGXQLWIRULQWHQVLYHDQGH[WHQVLYHTXDQWLWLHV

$Q DGGLWLRQDO HSLVWHPRORJLFDO SUREOHP LV WKDW WKH VDPH VDPH IDPLO\ RI GRVLPHWULF TXDQWLWLHV
ZLWKRXW DQ\SURYLVRV  DUH XVHG IRU H[SUHVVLQJ LQWHQVLYH TXDQWLWLHV DQG H[WHQVLYH TXDQWLWLHV 7KLV
GRHVQRWKDSSHQLQRWKHUDUHDVRIVFLHQFHUHTXLULQJTXDQWLILFDWLRQ7KHGRVHLVDQLQWHQVLYHTXDQWLW\
QDPHO\ D SK\VLFDO TXDQWLW\ ZKRVH YDOXH GRHV QRW GHSHQG RQ WKHDPRXQW RI PDWWHU IRU ZKLFK LW LV
PHDVXUHG VLPLODUO\ WR WKH TXDQWLW\ WHPSHUDWXUH &RQYHUVHO\ WKH FROOHFWLYH GRVH LV DQ H[WHQVLYH
TXDQWLW\ QDPHO\ D SK\VLFDO TXDQWLW\ ZKRVH YDOXH LV SURSRUWLRQDO WR WKH VL]H RI WKH V\VWHP LW
GHVFULEHVRUWKHDPRXQWLQWKHV\VWHPVLPLODUO\WRWKHTXDQWLW\HQHUJ\+RZHYHUWKHVDPHXQLWWKH
6LHYHUWLVXVHGE\VXFKGLYHUVHTXDQWLWLHVDOWKRXJKTXDOLILHGE\WKHQDPHµPDQ¶RUµSHUVRQ¶IRUWKH
FROOHFWLYH GRVH 7KLV KDV FDXVH VHULRXV SUREOHPV RI LQWHUSUHWDWLRQ DPRQJ H[SHUWV DQG
FRPPXQLFDWLRQDPRQJWKHDPDWHXUV


48$17,7,(681,76$1'&20081,&$7,21

$Q LPSRUWDQW VKRUWFRPLQJ RI WKH FXUUHQW V\VWHP LV WKDW WKH FXUUHQW TXDQWLWLHV DQG XQLWV DUH QRW
KHOSIXOIRUSXEOLFLQIRUPDWLRQDQGFRPPXQLFDWLRQ7KHTXDQWLWLHVDQGXQLWVVKRXOGEHWDLORUHG

WRFRQYH\LQDIXOO\DQGHDVLO\XQGHUVWDQGDEOHDQGFUHGLEOHPDQQHUUDGLDWLRQHIIHFWVDQG
ULVNV 7KH\ VKRXOG SUHYHQW WKH VHULRXV SV\FKRORJLFDO HIIHFWV WKDW DUH DVVRFLDWHG WR WKH
PLVXQGHUVWDQGLQJ RI UDGLDWLRQ  3XEOLF GLVWUXVW LV JHQHUDWHG ZKHQ WKH DXWKRULWLHV WUDQVPLW
TXDQWLWLHVWKDWDUHQRWXQGHUVWDQGDEOHQRWRQO\E\WKHSXEOLFEXWDOVRWRPDQ\H[SHUWV $
UHYLVLRQVKRXOGIDFLOLWDWHWRVROYHWKHSUREOHPRIFRPPXQLFDWLRQ


&21&/86,216


7KHRQJRLQJUHYLVLRQRIWKHFXUUHQWLQWHUQDWLRQDOV\VWHPRIUDGLDWLRQSURWHFWLRQTXDQWLWLHV
DQGXQLWVLVQHHGHGDQGZHOFRPHG+RZHYHULWPLJKWQRWEHVXIILFLHQW$GHHSHUUHYLVLRQ
FRXOG SURYLGH DQ RSSRUWXQLW\ IRU PDNLQJ D GLVWLQFWLRQ EHWZHHQ WKH TXDQWLILFDWLRQ RI
DWWULEXWDEOHUDGLDWLRQHIIHFWVDQGWKHTXDQWLILFDWLRQRIFRQMHFWXUDOLQIHUUHGULVNDQGDOVRIRU
FOHDUO\GLIIHUHQWLDWLQJLQWHQVLYHGRVLPHWULFTXDQWLWLHVIURPH[WHQVLYHGRVLPHWULFTXDQWLWLHV
$ VXEVWDQWLYH UHYLVLRQ FRXOG DOVR EH DQ RSSRUWXQLW\ IRU LPSURYLQJ ODQJXDJH DQG HQKDQFLQJ
FRPPXQLFDWLRQ ,WLVVXJJHVWHGWKDWWKHUHOHYDQWLQWHUQDWLRQDODQGLQWHUJRYHUQPHQWDORUJDQL]DWLRQV
PD\XVHWKLVRSSRUWXQLW\WRLPSURYHWKHFXUUHQWV\VWHPRIQRWRQO\LQLWVREYLRXVVKRUWFRPLQJVEXW
DOVRLQLWVHSLVWHPRORJLFDOGHILFLHQFLHVDQGLWVFRPPXQLFDWLRQDOZHDNQHVVHV


$.12:/('*(01(176
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,WLVGXO\DFNQRZOHGJHWKHFRZRUNRI)UDQFLVFR6SDQRDQG&DUORV(GXDUGR9HORVRGH$OPHLGDLQ
H[SORULQJGHVLUDEOHLPSURYHPHQWVRQWKHLQWHUQDWLRQDOV\VWHPRIUDGLDWLRQSURWHFWLRQTXDQWLWLHVDQG
XQLWV
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7RZDUGVDQ,QWHUQDWLRQDOO\+DUPRQL]HG5HJXODWRU\)UDPHZRUN




$EHO-XOLR*RQ]iOH] 


Autoridad Regulatoria Nuclear, Av. del Libertador 8250, Ciudad de Buenos Aires (1429), Argentina
&RUUHVSRQGLQJDXWKRU¶VHPDLODEHOBMBJRQ]DOH]#\DKRRFRP

$EVWUDFW 7KH REMHFWLYH RI WKLVSDSHU LV WR SUHVHQW D GLVFXVVLRQ GRFXPHQWMRLQWO\ SUHSDUHGE\ WKH$UJHQWLQH
1XFOHDU 5HJXODWRU\ $XWKRULW\ DQG WKH ,QWHUQDWLRQDO $WRPLF (QHUJ\ $JHQF\ ZKLFK SURYLGHV VXJJHVWLRQV IRU
PRYLQJ WRZDUGV DQ LQWHUQDWLRQDOO\ KDUPRQL]HG UHJXODWRU\ IUDPHZRUN IRU FRQWUROOLQJ UDGLRDFWLYLW\ LQ JRRGV
VXSSOLHG IRU SXEOLF FRQVXPSWLRQ RU XVH ,WV FRQFOXGLQJ UHFRPPHQGDWLRQV DUH   WKH WHUPV commodities DQG
consumer productsVKRXOGEHUHSODFHGE\consumer goodsLHSURGXFWVVXSSOLHGIRUSXEOLFFRQVXPSWLRQRUXVH
  WKH WHUP contamination VKRXOG EH DYRLGHG ZKHQ UHIHUULQJ WR FRQVXPHU JRRGV   WKH TXDQWLW\ IRU
UHJXODWLQJFRQVXPHUJRRGVVKRXOGEHWKHDFWLYLW\DQGLWVGHULYDWLYHV  FRQVXPHUJRRGVVKRXOGEHUHJXODWHG
UHJDUGOHVV RI WKH RULJLQ RI WKH UDGLRQXFOLGHV   WKH DPRXQW RI QDWXUDO UDGLRQXFOLGHV LQ ZLGHO\ DYDLODEOH
FRQVXPHUJRRGVFRXOGVHUYHDVLQGLFDWRURIDFFHSWDEOHOHYHOVRIUDGLRDFWLYLW\  QDWLRQDOIUDPHZRUNVVKRXOG
EH FRKHUHQW DQG FRQVLVWHQW ZLWK FRQVHQVXDO LQWHUQDWLRQDO JXLGDQFH HVWDEOLVKHG E\ WKH JRYHUQLQJ ERGLHV RI
UHOHYDQWLQWHUQDWLRQDOLQWHUJRYHUQPHQWDORUJDQL]DWLRQV   WKHUHJXODWLRQRIFRQVXPHUJRRGVVKRXOGQHLWKHUEH
EDVHGRQWKHH[SRVXUHVLWXDWLRQIURPZKLFKWKH\DUHGHULYHGQRURQWKHW\SHRIH[SRVXUHEHLQJLQFXUUHG  WKH
FRQWURO FULWHULD VKRXOG WDNH LQWR DFFRXQW FRQIOLFWLQJ YLHZV RQ edibility   DFWLYLW\ OHYHOV LQ FRQVXPHU JRRGV
WKDWDUHFRQVLGHUHGVDIHIRUZRPHQDQGFKLOGUHQVKRXOGEHXVHGDVWKHPDLQFULWHULDEDVHGRQFRQVLGHUDWLRQRID
QRWLRQDO µSHUVRQ¶ UHSUHVHQWDWLYH RI WKRVH DW KLJKHU ULVN DQG   QDWLRQDO V\VWHPV IRU FRQWUROOLQJ FRQVXPHU
JRRGV FRXOG EH IUDPHG RQ WKH IROORZLQJ FULWHULD L  6WDWHV VKRXOG HVWDEOLVK WKH OHYHOV RI UDGLRDFWLYLW\ XQGHU
ZKLFK FRQVXPHU JRRGV FDQ EH H[FOXGHG IURP UHJXODWRU\ FRQWURO EHFDXVH VXFK FRQWURO LV DQG LL  5HJXODWRUV
VKRXOG HVWDEOLVK WKH OHYHOV RI UDGLRDFWLYLW\ XQGHU ZKLFK FRQVXPHU JRRGV FDQ EH H[HPSWHG IURP VRPH RU DOO
UHJXODWRU\FRQWUROUHTXLUHPHQWVEHFDXVHVXFKUHJXODWRU\UHTXLUHPHQWVDUHXQZDUUDQWHG


KEYWORDS: radiation protection; consumer goods; consumer products; commodities;
international regulations; IAEA; WHO; FAO; Codex Alimentarious; Drink Water Guidelines. 

 ,1752'8&7,21

7KH REMHFWLYH RI WKLV SDSHU LV WR SUHVHQW D GLVFXVVLRQ document KHUHLQDIWHU UHIHUUHG WR DV WKH
GRFXPHQW  ZKLFK VXJJHVWV PRYLQJ WRZDUGV DQ LQWHUQDWLRQDOO\ KDUPRQL]HG UHJXODWRU\ IUDPHZRUN
IRUFRQWUROOLQJUDGLRDFWLYLW\LQJRRGVVXSSOLHGIRUSXEOLFFRQVXPSWLRQRUXVH

2Q  6HSWHPEHU  $UJHQWLQH 1XFOHDU 5HJXODWRU\ $XWKRULW\ $51   >$XWRULGDG 5HJXODWRULD
1XFOHDU@DQGWKH6HFUHWDULDWRI,QWHUQDWLRQDO$WRPLF(QHUJ\$JHQF\ ,$($ DJUHHGRQµ3UDFWLFDO
$UUDQJHPHQWV¶VHWWLQJIRUWKWKHIUDPHZRUNIRUQRQH[FOXVLYHFRRSHUDWLRQEHWZHHQWKH3DUWLHVLQWKH
DUHDRIUDGLDWLRQVDIHW\DQGPRQLWRULQJ$UHOHYDQWDFWLYLW\DJUHHGWREHSXUVXHGXQGHUWKHµ3UDFWLFDO
$UUDQJHPHQWV¶ ZDV WKH ³development and publication of a harmonized approach for managing
radionuclide activity concentrations in food, drinking water and non-food commodities´

2Q-DQXDU\$51DQGWKH2,($ILQDOL]HGDQGSXEOLVKHGDMRLQWO\SUHSDUHGGRFXPHQWXQGHU
WKH WLWOH ‘Radioactivity in Goods Supplied for Public Consumption or Use: Towards an
Internationally Harmonized Regulatory Framework >@ FOHDUO\ LQGLFDWLQJ WKDW LW ZDV MXVW D
GLVFXVVLRQGRFXPHQW
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7KHUHLVDQLQWHUQDWLRQDOQHHGIRUVLPSOHDQGFRQVHQVXDODSSURDFKHVIRUUHJXODWLQJUDGLRDFWLYLW\LQ
JRRGVVXSSOLHGIRUSXEOLFFRQVXPSWLRQDQGXVHRIXQLYHUVDOGLVWULEXWLRQ7KHFXUUHQWDSSURDFKHVDUH
FRPSOH[DQGFRQWDLQLQFRQVLVWHQFLHVDQGLQFRKHUHQFLHV

2QH UHJXODWRU\GLIILFXOW\UHODWHV WR SUREOHPV RI VHPDQWLFV DQGWHUPLQRORJ\ ZKLFK UHVXOWHG LQ WKH
DEVHQFHRIHQFRPSDVVLQJXQGHUVWDQGLQJVIRUVXFKJRRGV$QDGGLWLRQDOFKDOOHQJHKDVEHHQWKHXVH
RI GRVLPHWULF TXDQWLWLHV IRU WKH EDVLF SDUDGLJP RI FRQWURO 6XFK GRVLPHWULF TXDQWLWLHV DUH QRW
GLUHFWO\PHDVXUDEOHDQGFRQWUROVKRXOGEHEDVHGLQUDGLRDFWLYLW\TXDQWLWLHV7KHVHTXDQWLWLHVKDYHWR
EHUHODWHGWURXJKPRGHOVWKDWDUHXQUHOLDEOH

0RUHRYHUWKHUHDUHDQXPEHURIEDVLFTXHVWLRQVWKDWKDYHQRWEHHQIXOO\DGGUHVVHGDQGQHHGDFOHDU
DQVZHU)RULQVWDQFHZKHWKHUWRGLIIHUHQWLDWHEHWZHHQJRRGVWKDWFRQWDLQUDGLRQXFOLGHVDUWLILFLDOO\
DGGHGDQGWKRVHSUHVHQWLQJQDWXUDOO\RFFXUULQJDQGRUDUWLILFLDOUDGLRQXFOLGHVDGGHGGXHWRQDWXUDO
HQYLURQPHQWDO SURFHVVHV RU EHWZHHQ JRRG WKDW DUH FRQVXPHG DQG WKRVH WKDW DUH RQO\ XVHG RU
EHWZHHQ WKRVH WKDW DUH FRQVLGHUHG HGLEOH DQG WKRVH ZKLFK DUH QRW RU EHWZHHQ WKRVH WKDW DUH
FRQVXPHG RU XVHG SUHIHUHQWO\ E\ D JLYHQ VH[ RU D JLYHQ DJH JURXS DQG WKRVH FRQVXPHG RU XVHG
LQGLVWLQFWO\RIVH[RUDJHRUEHWZHHQWKRVHWKDWKDYHLQFRUSRUDWHGUDGLRQXFOLGHVIURPJLYHQLQLWLDO
H[SRVXUHVLWXDWLRQ H[WDQWSODQQHGRUHPHUJHQF\VLWXDWLRQ DQGWKRVHIRUZKLFKWKHLQLWLDOVLWXDWLRQ
LV XQNQRZQ :LWK UHIHUHQFH WR WKH ODVW TXHVWLRQ LV FRQYHQLHQW WR UHFDOO WKDW UDGLRQXFOLGHV LQ
FRQVXPHUJRRGVFRXOGDOUHDG\EHSUHVHQWLQWKHHQYLURQPHQWDQGIURPWKHUHUHDFKWKHJRRGV LH
IURP DQ H[LVWLQJ RU H[WDQW VLWXDWLRQ  RU EH WKHUH GXH WR DQ DXWKRUL]HG GLVFKDUJH IURP D UHJXODWHG
DFWLYLW\ LH IURP D SODQHG VLWXDWLRQ  RU EH WKH UHVXOW RI D QRQDQWLFLSDWHG VLWXDWLRQ LH DQ
HPHUJHQF\VLWXDWLRQ LQWKHFXUUHQWLQWHUQDWLRQDOVWDQGDUGVWKHVHVLWXDWLRQVDUHVXEMHFWWRGLIIHUHQW
UHJXODWRU\DSSURDFKHV

 6(0$17,&6$1'7(50,12/2*<

$ QXPEHU RI WHUPV KDYH EHHQ XVHG IRU UHJXODWLQJ FRQVXPHU JRRGV WKDW KDYH FDXVHG VRPH
XQFHUWDLQW\ 3DUWLFXODUO\ FRQIXVLQJ KDYH EHHQ WKH WHUPV commodity DQG consumer product DQG
consumer good DQG DOVR WKHLU PDLQ FRPSRQHQWV IRU SXEOLF FRQVXPSWLRQ IRRGVWXII DQG ZDWHU
$QRWKHUFRQIXVLRQWHUPWKDWKDVEHHQFDXVHRIVHULRXVKDUPLVWKHWHUPcontaminationLQSDUWLFXODU
ZKHQLWLVDSSOLHGWRIRRGRUZDWHU.

 &RPPRGLW\DQGFRQVXPHUSURGXFWvis-à-visFRQVXPHUJRRG

7KH (QJOLVK WHUP commodity KDV EHHQ ZLGHO\ XVHG LQ WKH UHFRPPHQGDWLRQV RI WKH ,QWHUQDWLRQDO
&RPPLVVLRQRQ5DGLRORJLFDO3URWHFWLRQ ,&53 >@LQWKHLQWHUQDWLRQDOVWDQGDUGVEHHQHVWDEOLVKHG
XQGHUWKHDHJLVRIWKH,$($>@DQGHYHQLQUHVROXWLRQVRIWKH,$($*HQHUDO&RQIHUHQFH>@,W
KDVEHHQJHQHUDOO\GHILQHGDVSURGXFWVJHQHUDOO\XVHGRUFRQVXPHGE\WKHSXEOLFWKDWFDQFRQWDLQ
UDGLRDFWLYH VXEVWDQFHV +RZHYHU LQ LWV FRQYHQWLRQDO XVH FRPPRGLW\ UHIHUV WR UDZ PDWHULDO RU
SULPDU\DJULFXOWXUDOSURGXFWWKDWFDQEHERXJKWDQGVROG0RUHRYHULWLVDWHUPWKDWGRHVQRWDFFHSW
DGLUHFWWUDQVODWLRQLQIDFWLWKDVEHHQWUDQVODWHGDVµEDVLFSURGXFW¶)RUDOOWKHVHUHDVRQVWKHXVHRI
WKLVWHUPFRPPRGLW\VKRXOGEHGLVFRXUDJHG

,QSULQFLSOHWKHWHUPVconsumer productDQGconsumer goodGRQRWSUHVHQWVLJQLILFDQWGLIIHUHQFHV
WKH\ FRXOG EH XVHG DV TXDVLV\QRQ\PV LQ FRPPRQ SDUODQFH ERWK RI WKHP UHIHU WR DOO HYHU\GD\
JRRGV VXSSOLHG IRU SXEOLF FRQVXPSWLRQ RU XVH +RZHYHU WKH JORVVDU\ RI WKH FXUUHQW LQWHUQDWLRQDO
VWDQGDUGVGHILQHFRQVXPHUJRRGDV³DGHYLFHRUPDQXIDFWXUHGLWHPLQWRZKLFKUDGLRQXFOLGHVKDYH
GHOLEHUDWHO\ EHHQ LQFRUSRUDWHG RU SURGXFHG E\ DFWLYDWLRQ RU ZKLFK JHQHUDWHV LRQL]LQJ UDGLDWLRQ
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DQGZKLFKFDQEHVROGRUPDGHDYDLODEOHWRPHPEHUVRIWKHSXEOLFZLWKRXWVSHFLDOVXUYHLOODQFHRU
UHJXODWRU\FRQWURODIWHUVDOH´>@7KLVGHILQLWLRQRQO\HQFRPSDVVHVLWHPVVXFKDVVPRNHGHWHFWRUV
DQG OXPLQRXV GLDOV LQWR ZKLFK UDGLRQXFOLGHV KDYH GHOLEHUDWHO\ EHHQ LQFRUSRUDWHG DV ZHOO DV LRQ
JHQHUDWLQJ WXEHV ,W GRHV QRW LQFOXGH JRRGV VXFK DV EXLOGLQJ PDWHULDOV FHUDPLF WLOHV VSD ZDWHUV
PLQHUDOVDQGIRRGVWXIIVDQGLWH[FOXGHVSURGXFWVDQGDSSOLDQFHVLQVWDOOHGLQSXEOLFSODFHV>HJH[LW
VLJQV@ 7KLV JORVVDU\ GHILQLWLRQ SUHFOXGHV WKH XVH RI WKH WHUP FRQVXPHU SURGXFW DV D V\QRQ\P RI
FRQVXPHUJRRGIRUWKHSXUSRVHRIWKHGRFXPHQW

,Q VXP LQ RUGHU WR DYRLG FRQIXVLRQ WKH GRFXPHQW VXJJHVW WR LQWHUQDWLRQDOL]H WKH XVH RI WKH WHUP
consumer goods IRU UHIHUULQJ WR DOO LWHPV VXSSOLHG IRU SXEOLF FRQVXPSWLRQ RU XVH LQFOXGLQJ
PHUFKDQGLVHHGLEOHDQGQRQHGLEOHSURGXFWVPDWHULDOVJRRGVDQGDUWLFOHV

 )RRGVWXII

)RRGLVWKHTXLQWHVVHQWLDOFRQVXPHUJRRGDQGDPDLQFKDOOHQJHLVWRVKDUHDFRPPRQXQGHUVWDQGLQJ
RIWKHFRQFHSWRIIRRG,QPRGHUQ(QJOLVKIRRGUHSODFHVWKHDUFKDLFWHUPalimentZKLFKLVGHULYHG
IURP alere PHDQLQJ WR QRXULVK 7KH &RGH[ $OLPHQWDULRXV WKH FROOHFWLRQ RI LQWHUQDWLRQDOO\
UHFRJQL]HG VWDQGDUGV FRGHV RI SUDFWLFH JXLGHOLQHV DQG RWKHU UHFRPPHQGDWLRQV UHODWLQJ WR IRRGV
IRRGSURGXFWLRQDQGIRRGVDIHW\LVDQDSSURSULDWHUHIHUHQFHWRXQGHUVWDQGWKHPHDQLQJRIIRRG)RU
WKH SXUSRVH RI WKH &RGH[ IRRG PHDQV DQ\ VXEVWDQFH ZKHWKHU SURFHVVHG VHPLSURFHVVHG RU UDZ
ZKLFK LV LQWHQGHG IRU KXPDQ FRQVXPSWLRQ DQG LQFOXGHV GULQN FKHZLQJ JXP DQG DQ\ VXEVWDQFH
ZKLFK KDV EHHQ XVHG LQ WKH PDQXIDFWXUH SUHSDUDWLRQ RU WUHDWPHQW RI ³IRRG´ EXW GRHV QRW LQFOXGH
FRVPHWLFVRUWREDFFRRUVXEVWDQFHVXVHGRQO\DVGUXJV>@1DPHO\IRRGFRPSUHKHQGVDQ\µHGLEOH¶
QXWULWLRXVVXEVWDQFHWKDWSHRSOHLQJHVWLQRUGHUWRPDLQWDLQOLIHDQGJURZWK

+RZHYHU WKLV VWUDLJKWIRUZDUG XQGHUVWDQGLQJ VWLOO SUHVHQWV VRPH EDVLF TXHVWLRQV 6LQFH ZDWHU LV D
GULQN«6KRXOGLWEHFRQVLGHUHGIRRGDFFRUGLQJWRWKHGHILQLWLRQ"DQGLIWKLVLVWKHFDVH«:K\
IRRG DQG ZDWHU DUH UHJXODWHG VHSDUDWHO\" 'UXJV DUH QRW WKH VROH VXEVWDQFH WKDW SHRSOHLQJHVW $UH
RWKHU HGLEOH VXEVWDQFHV WKDW SHRSOH HDW IRU SOHDVXUH RU YLFH >QRU IRU QXWULWLRQ@ EH DOVR WR EH
FRQVLGHUHG DV IRRG" 0RUHRYHU WKH PHDQLQJ RI µHGLEOH¶ LV VRPHKRZ DPELJXRXV DQG KDV FXOWXUDO
FRQQRWDWLRQV VXEVWDQFHV WKDW DUH HGLEOH LQ VRPH FXOWXUHV DUH FRQVLGHUHG LQHGLEOH LQ RWKHUV )RU
LQVWDQFH DQLPDO LQWHUQDOV DUH D JRXUPHW GLVK LQ VRPH FRXQWULHV EXW DUH MXVW XVHG IRU LQVWUXPHQWV
FRUGV LQ RWKHUV FRXQWULHV 0RUHRYHU FKLOGUHQ DQG DGXOWV ZRPHQ DQG PHQ KDYH GLIIHUHQW IRRG
SUHIHUHQFHV6RPHIRRGLVFRQVXPHGSULPDULO\E\LQIDQWVDQGFKLOGUHQZKLOHRWKHUVDUHFRQVXPHG
RQO\E\DGXOWVVRPHDUHSUHIHUUHGE\ZRPDQDQGRWKHUVE\PHQ+RZWKHVHGLIIHUHQFHVVKRXOGEH
DFFRXQWHGIRUZKHQGHFLGLQJZKDWFRQFHQWUDWLRQVRIUDGLRQXFOLGHVLQIRRGPD\UHTXLUHUHJXODWRU\
FRQWURO"

7KH )RRG DQG $JULFXOWXUH 2UJDQL]DWLRQ RI WKH 8QLWHG 1DWLRQV WKH VSHFLDOL]HG DJHQF\ WKDW OHDGV
LQWHUQDWLRQDOHIIRUWVWRGHIHDWKXQJHUDQGLPSURYHQXWULWLRQDQGIRRGVHFXULW\KDVDWHUPSRUWDOWR
VWRUH PDQDJH DQG XSGDWH FRQFHSWV WHUPV DQG GHILQLWLRQV >@ EXW WKHVH EDVLF TXHVWLRQV DUH QRW
DGGUHVVHG

,W VHHPV WKHUHIRUH WKDW D EDVLF LVVXH WR EH DGGUHVVHG IRU WKH UHJXODWLRQ RI FRQVXPHU JRRG LV WKH
SUHFLVHGHILQLWLRQRIIRRG

 :DWHU

,WVHHPVWKDWLWVKRXOGQRWEHDQ\WKLQJVLPSOHUWKDQWKHGHILQLWLRQRIZDWHU+RZHYHUZKHQZDWHULV
FRQVLGHUHG D FRQVXPHU JRRG VRPH LVVXHV DULVH :DWHU DV D FRQVXPHU JRRG LV UHJXODWHG XQGHU WKH
WHUP‘drinking’ water%XWWKHWHUPLVQRWDEVROXWHO\FOHDU,WKDVEHHQWUDQVODWHGDVµSRWDEOH¶ZDWHU
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JLYHQ WKH LPSUHVVLRQ WKDW WKH LQWHQWLRQ ZDV WR UHIHU WR ZKDW LV XVXDOO\ WHUPHG µWDS¶ ZDWHU LH
VXSSOLHGZDWHU%XWZKDWDUHWHUPHGpackaged watersDUHUHJXODWHGVHSDUDWHO\WKDQµGULQNLQJ¶ZDWHU
WKHVH DUH SDFNHG ZDWHUV RWKHU WKDQ QDWXUDO PLQHUDO ZDWHUV ZKLFK PD\ FRQWDLQ PLQHUDOV QDWXUDOO\
RFFXUULQJRULQWHQWLRQDOO\DGGHGDQGFDUERQGLR[LGHQDWXUDOO\RFFXUULQJRULQWHQWLRQDOO\DGGHGEXW
VKDOO QRW FRQWDLQ VXJDUV VZHHWHQHUV IODYRXULQJV RU RWKHU IRRGVWXIIV 0RUHRYHU ZKDW DUH WHUPHG
natural mineral waters DUH DOVR UHJXODWHG VHSDUDWHO\ LQ VSLWH WKDW WKH\ DUH WKH PRUH FRPPRQ
GULQNLQJZDWHULQPDQ\FRXQWULHV>LQIDFWWKH\DUHXQUHJXODWHGEHFDXVHWKHUHDUHQRWOLPLWIRUWKHLU
UDGLRDFWLYLW\ FRQWHQW WKHVH LQFOXGH QDWXUDOO\ FDUERQDWHG QDWXUDO PLQHUDO ZDWHU QRQFDUERQDWHG
QDWXUDO PLQHUDO ZDWHU GHFDUERQDWHG QDWXUDO PLQHUDO ZDWHU QDWXUDO PLQHUDO ZDWHU IRUWLILHG ZLWK
FDUERQGLR[LGHIURPWKHVRXUFHRUFDUERQDWHGQDWXUDOPLQHUDOZDWHU,WVHHPVWKDWWKLVVHSDUDWLRQ
LQWRYDULRXVµZDWHUV¶GRHVQRWKHOSWKHUHJXODWLRQRIFRQVXPHUJRRGV

 &RQWDPLQDWLRQ

%XWSHUKDSVWKHPRUHFUXFLDOFRQFHSWIRUUHJXODWLQJFRQVXPHUJRRGVLVWKDWGLVWLQFWHGZLWKWKHWHUP
contamination,WKDVEHHQIRUPDOO\GHILQHGDVWKHpresenceRIUDGLRDFWLYHVXEVWDQFHVRQVXUIDFHV
RUZLWKLQVROLGVOLTXLGVRUJDVHV>LQFOXGLQJWKHKXPDQERG\@ZKHUHLWLVXQLQWHQGHGRUXQGHVLUDEOH
RUDVWKHprocessJLYLQJULVHWRVXFKSUHVHQFH>@,QVSLWHWKDWWKHIRUPDOGHILQLWLRQFOHDUO\LQGLFDWH
WKDWWKHWHUPJLYHVQRLQGLFDWLRQRIWKHPDJQLWXGHRIWKHKD]DUGLQYROYHGLQSUDFWLFHWKHWHUPKDV
DFTXLUHGDFRQQRWDWLRQWKDWLVQRWLQWHQGHGEHFRPLQJDTXDVLV\QRQ\PRIDGDQJHURXVVLWXDWLRQ

,QUHODWLRQWRFRQVXPHUJRRGVFRQWDPLQDWLRQLQYROYHVDSDUWLFXODUFRQQRWDWLRQ6LQFHLWFRQYH\VWKH
LGHDRIGDQJHUWKHXVHRIWKHWHUPµFRQWDPLQDWHGFRQVXPHUJRRG¶FDXVHVSXEOLFFRQFHUQDVSHRSOH
SHUFHLYHLWDVDELQDU\VLWXDWLRQQDPHO\HLWKHUWKHUHLVFRQWDPLQDWLRQDQGVRPHGDQJHURUWKHUHLV
QRW0RUHRYHUDSSOLHGWRIRRGLWKDVDUHOLJLRXVGHQRWDWLRQVLQFHLWVSULPLWLYHPHDQLQJ IURP/DWLQ
contaminat-, contaminare LVPDNLQJDIRRGUHOLJLRXVO\LPSXUH HJµQRQNRVKHU¶ 

$V D UHVXOW WKH FRQFHSW RI µORZ OHYHOV RI FRQWDPLQDWLRQ LQ D FRQVXPH JRRGV¶ KDV EHFRPH
LQFRPSUHKHQVLEOH IRU PDQ\ SHRSOH QDPHO\ RU WKHUH DUH FRQWDPLQDWLRQ DQG GDQJHU RU LPSXULW\ RU
WKHUH DUH QR FRQWDPLQDWLRQ 7KHVH XQGHUWRQHV KDYH FDXVHG DQ[LHW\ WR SHRSOH SDUWLFXODUO\ DIWHU
DFFLGHQWV >@ DQG FRQIXVLRQ WR WKH DXWKRULWLHV ZKHQ GHDOLQJ ZLWK RU GLVFXVVLQJ UDGLRDFWLYLW\ LQ
FRQVXPHU JRRGV 7KH XVH RI WKH WHUP LV SDUWLFXODUO\ XQKHOSIXO IRU FRQVXPHU JRRGV LQ ZKLFK LQ
JHQHUDOWKHFRQWHQWRIUDGLRDFWLYHVXEVWDQFHVLVORZ

 5(*8/$725<6,78$7,21

7KH UHJXODWRU\ FRQWURO RI FRQVXPHU JRRGV SUHVHQWLQJ OHYHOV RI UDGLRDFWLYLW\ ZDV QRW KLVWRULFDOO\
VWUDLJKWIRUZDUG DQG FRQWLQXHV WR EH DPELJXRXV 6RPH VHSDUDWH LQWHUQDWLRQDO LQWHUJRYHUQPHQWDO
DJUHHPHQWV H[LVW LQFOXGLQJ EDVLF VDIHW\ VWDQGDUGV DQG VSHFLILF VWDQGDUGV IRU IRRGVWXII µGULQNLQJ¶
ZDWHURWKHUZDWHUVDQGRWKHUJRRGVEXWWKH\ZHUHDQGFRQWLQXHWREHLQFRKHUHQWDQGLQFRQVLVWHQW

+LVWRULFDOO\ WKH UHJXODWLRQ RI UDGLRDFWLYLW\ LQ FRQVXPHU JRRGV ZDV JRYHUQHG E\ WKH LQWHUQDWLRQDO
%DVLF 6DIHW\ 6WDQGDUGV %66  >@ 7KH  HGLWLRQ RI WKH %66 HVWDEOLVKHG WKDW UHTXLUHPHQWV RI
QRWLILFDWLRQUHJLVWUDWLRQDQGOLFHQVLQJFRXOGEHZDLYHGLIRSHUDWLRQVLQYROYHGWKHXVHRIUDGLRDFWLYH
VXEVWDQFHVDWDFRQFHQWUDWLRQWKDWGLGQRWH[FHHGVSHFLILHGYDOXHVH[FHSWWRWKHLQWHQWLRQDODGGLWLRQ
RIUDGLRQXFOLGHV³LQWKHPDQXIDFWXUHRIFRQVXPHUJRRGVVXFKDVIRRGVWXIIVSKDUPDFHXWLFDOJRRGV
FRVPHWLFVDQG WR\V´ ZLWK WKH DGGLWLRQWKDW LQ RUGHU WR OLPLWUDGLDWLRQH[SRVXUHWKURXJKLQJHVWLRQ
DQGLQKDODWLRQPD[LPXPSHUPLVVLEOHFRQFHQWUDWLRQVRIVLQJOHUDGLRQXFOLGHVLQDLUDQGZDWHUZHUH
HVWDEOLVKHG>@(VVHQWLDOO\WKHVDPHDSSURDFKZDVPDLQWDLQHGLQWKH>@DQGHGLWLRQV
RIWKH%66>@
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%\WKHHQGRIWKHVDQLQWHUQDWLRQDOFRQVHQVXVRQSULQFLSOHVIRUWKHVFRSHRIUHJXODWRU\FRQWURO
ZDVEHLQJUHDFKHG>@DQGLQDFRQVHQVXVZDVDFKLHYHGRQWKHFULWHULDIRUGHWHUPLQLQJZKLFK
VRXUFHV DQG SUDFWLFHV PD\ LQ D JHQHUDO VHQVH EH H[HPSWHG IURP UHJXODWRU\ FRQWURO EHFDXVH WKH\
SUHVHQWWULYLDOUDGLDWLRQULVNVDQGGHWULPHQWV>@7KXVLQWKHHGLWLRQRIWKH%66H[HPSWLRQ
YDOXHV ZHUH GHYHORSHG XVLQJ GRVH FULWHULD >@ 8VLQJ D GRVLPHWULF FULWHULRQ RI  ȝ6Y LQ D \HDU
FRQVHUYDWLYHDQGXQFHUWDLQPRGHOVZHUHHPSOR\HGWRFDOFXODWHYDOXHVRIDFWLYLW\FRQFHQWUDWLRQDQG
RIWRWDODFWLYLW\EHORZZKLFKFRPSOLDQFHZLWKWKHGRVHFULWHULRQZDVFRQMHFWXUHGWREHDVVXUHG

,Q  WKH ,$($ *HQHUDO &RQIHUHQFH DGRSWHG D UHVROXWLRQ  UHTXHVWLQJ WKH GHYHORSPHQW RI
UDGLRORJLFDOFULWHULDIRUORQJOLYHGUDGLRQXFOLGHVLQµFRPPRGLWLHV¶>@EXWDQDJUHHPHQWFRXOGQRW
EH DFKLHYHG DQG LQVWHDG JXLGDQFH RQ DSSOLFDWLRQ RI WKH FRQFHSWV RI H[FOXVLRQ H[HPSWLRQ DQG
FOHDUDQFHZDVGHYHORSHGDQGSXEOLVKHGLQ>@,Q,&53LVVXHGUHFRPPHQGDWLRQVDLPHG
DWGHILQLQJWKHVFRSHRIUHJXODWRU\FRQWURO>@ZKLFKVXJJHVWHGDSSURDFKHVWRQDWLRQDODXWKRULWLHV
IRU WKHLU GHILQLWLRQ WKURXJK UHJXODWLRQV RI WKH H[WHQW RI UDGLRORJLFDO SURWHFWLRQ FRQWURO PHDVXUHV
LQFOXGLQJWKRVHIRUFRQVXPHUJRRGV

0HDQZKLOH WKH FRQWURO RI IRRGVWXII EHFRPH UHJXODWHG E\ WKH &RGH[ $OLPHQWDULRXV &RPPLVVLRQ
HVWDEOLVKHG E\ WKH 7KH )RRG DQG $JULFXOWXUH 2UJDQL]DWLRQ RI WKH 8QLWHG 1DWLRQV )$2  DQG WKH
:RUOG +HDOWK 2UJDQL]DWLRQ :+2  >@ 7KH VRFDOOHG µGULQNLQJ ZDWHU¶ EHFRPH LPSOLFLWO\
UHJXODWHGIROORZLQJ:+2¶VGULQNLQJZDWHUJXLGHOLQHV>@>@DOWKRXJKSDFNDJHGZDWHU>@DQG
PLQHUDOZDWHU>@DUHUHJXODWHGVHSDUDWHO\E\)$27KXVWKH(GLWLRQRIWKH%66VXPPDUL]H
WKH VWDWXVTXR RI WKH VLWXDWLRQ E\ DVVHPEOLQJ DOO WKH FULWHULD UHFRPPHQGHG EXW ZLWKRXW
KRPRJHQLVLQJWKHPLQWRDVLQJOHDSSURDFKIRUWKHUHJXODWRU\FRQWURORIFRQVXPHUJRRGV>@

,QVXPWKHUHOHYDQWGRFXPHQWVSURGXFHGE\WKH,$($WKH&RGH[$OLPHQWDULXV&RPPLVVLRQ)$2
DQG :+2 ZHUH FRQVLGHUHG LQFRQVLVWHQW LQ UHODWLRQ WR VFRSH UDGLDWLRQ SURWHFWLRQ FULWHULD DQG
WHUPLQRORJ\>@8QVXUSULVLQJO\LQWKHODVW\HDUVVLQFHWKH,$($,$($*HQHUDO&RQIHUHQFH
KDVEHHQPDQGDWLQJWKH,$($6HFUHWDULDWWRFRRSHUDWHZLWKUHOHYDQWLQWHUQDWLRQDORUJDQL]DWLRQVLQ
GHYHORSLQJDKDUPRQL]HGIUDPHZRUNIRUWKHFRQWURORIUDGLRDFWLYLW\LQFRQVXPHUJRRGV

 9,(:6)52067$7(6

,Q0DUFKWKH,$($DQG$51RUJDQL]HGLQ%XHQRV$LUHV$UJHQWLQDD:RUNVKRSRI6WDWHV¶
UHSUHVHQWDWLYHV WR GLVFXVV WKH DSSOLFDWLRQ RI FXUUHQW LQWHUQDWLRQDO VWDQGDUGV IRU PDQDJLQJ
UDGLRDFWLYLW\ LQ FRQVXPHU JRRGV ,Q 1RYHPEHU  WKH ,$($ RUJDQL]HG D VLPLODU ZRUNVKRS LQ
;L¶DQ &KLQD )URP WKHVH PHHWLQJV DQG RWKHU FRQVXOWDWLRQV UHOHYDQW YLHZV IURP 6WDWHV
UHSUHVHQWDWLYHVZHUHH[WUDFWHG

7KHLU YLHZV LQFOXGHG WKH IROORZLQJ LQWHUQDWLRQDO VWDQGDUGV RXJKW WR EH KDUPRQL]HG JRRG IURP
GLIIHUHQWH[SRVXUHVLWXDWLRQVVKDOOQRWEHGLIIHUHQWLDWHGQDWXUDOYDOXHVRIUDGLRDFWLYLW\LQWKHKDELWDW
IRU IRRG GULQNLQJ ZDWHU DQG QRQHGLEOH JRRGV VKRXOG EH XVHG IRU UHIHUHQFH WKH &RGH[
$OLPHQWDULXVVKDOOLQFOXGHOHYHOVIRUQDWXUDOUDGLRQXFOLGHVLQIRRGWKH:+2WRWDOLQGLFDWLYHGRVH
RI  P6Y\ FDXVH FRQIXVLRQ YLVjYLV WKH UHIHUHQFH OHYHO RI  P6Y\ LQ LQWHUQDWLRQDO VDIHW\
VWDQGDUGV >FRXQWULHV FDQQRW FRPSO\ ZLWK WKLV YDOXH DV WKH\ KDYH KLJKHU YDOXHV LQ WKHLU QDWXUDO
HQYLURQPHQW@ VDPH FULWHULD VKRXOG DSSO\ WR µGULQNLQJ¶ ZDWHU SDFNHG ZDWHU DQG QDWXUDO PLQHUDO
ZDWHU EDQGV RI YDOXHV IRU WKH UHJXODWLRQ RI DFWLYLW\ LQ FRQVXPHU JRRGV VKDOO QRW EH XVHG VLQFH
SHRSOHDQGDXWKRULWLHVXVXDOO\EHOLHYHWKDWWKHPLQLPXPYDOXHVDUHWKHVDIHRQHVLWVKRXOGEHDQ
LQWHUQDWLRQDO DJUHHPHQW RQ WKH VWDWXV RI DQ\ QXPEHUV WKDW EH ILQDOO\ HVWDEOLVKHG QDPHO\ LH DUH
WKH\ DGYLVRU\ OLPLWV XSSHU ERXQGV ORZHU ERXQGV DFWLRQ OHYHOV WULJJHU OHYHOV HWF VLWXDWLRQV
VKRXOGEHDYRLGHGZKHUHJRRGVWKDWDUHQRWUHJXODWHGFDQQRWEHIUHHO\WUDQVSRUWHGDQGvice versa
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DQGWKHUHJXODWRU\FRQWURORIFRQVXPHUJRRGVVKRXOGEHEDVHGRQDFWLYLW\YDOXHVGXHWRWKHIDFW
WKDWPDNLQJGRVHHVWLPDWHVFDQKDYHDJUHDWGHDORIXQFHUWDLQW\GXHWRSDUDPHWHUV¶YDULDELOLW\

 &21&/8',1*5(&200(1'$7,216

7KHGRFXPHQWFRQFOXGHVZLWKD'HFDORJXHRIUHFRPPHQGDWLRQVDVIROORZV

 7HUPV EHLQJ XVHG VXFK DV µFRPPRGLWLHV¶ DQG µFRQVXPHU SURGXFWV¶ VKRXOG EH
UHSODFHGE\WKHWHUPFRQVXPHUJRRGVGHILQHGDVIROORZVConsumer goods are those
products supplied for public consumption or use, including merchandise, edible and
non-edible commodities, and other materials, goods or articles7KLVQHZGHILQLWLRQGRHV
QRWLQFOXGHLWHPVWRZKLFKUDGLRDFWLYHVXEVWDQFHVDUHLQWHQWLRQDOO\DGGHGIRUZKLFKWKH
H[LVWLQJWHUPUDGLRDFWLYHFRQVXPHUSURGXFWVVKRXOGEHXVHG
 7KH XVH RI WKH WHUP FRQWDPLQDWLRQ VKRXOG EH DYRLGHG ZKHQ UHIHUULQJ WR FRQVXPHU
JRRGV5DWKHUWKDQUHIHUULQJWRFRQWDPLQDWHGFRQVXPHUJRRGVUHIHUHQFHVKRXOGEHPDGH
WRthe presence of radionuclides in consumer goods
 7KHTXDQWLW\WREHXVHGIRUUHJXODWLQJFRQVXPHUJRRGVLVWKH>UDGLR@DFWLYLW\DQGLWV
GHULYDWLYHVHJDFWLYLW\SHUXQLWYROXPHRUSHUXQLWZHLJKWRUSHUXQLWVXUIDFHDUHD
RIWKHUHOHYDQWJRRG,WLVXQUHDVRQDEOHIRUSUDFWLFDODQGHSLVWHPRORJLFDOUHDVRQVWRXVH
GRVLPHWULFTXDQWLWLHVDVWKHSULPDU\EDVLVIRUFRQWUROOLQJWKHSUHVHQFHRIUDGLRDFWLYLW\LQ
FRQVXPHU JRRGV 7KHVH TXDQWLWLHV DUH JHQHUDOO\ QRW PHDVXUDEOH LQ UHODWLRQ WR WKH
FRQVXPSWLRQRUXVHRIFRQVXPHUJRRGVDQGWKHLUHVWLPDWLRQUHTXLUHVVXEMHFWLYHPRGHOOLQJ
RIWHQZLWKVXEVWDQWLDOXQFHUWDLQWLHV
 7KHSUHVHQFHRIUDGLRQXFOLGHVLQFRQVXPHUJRRGVVKRXOGEHUHJXODWHGUHJDUGOHVVRI
WKHRULJLQRIWKHUDGLRQXFOLGHVEHFDXVHUDGLDWLRQULVNVDUHLQGHSHQGHQWRIWKHRULJLQ
RI WKH DFWLYLW\ ,H VSHFLILFDOO\ FRQVXPHU JRRGV FRQWDLQLQJ QDWXUDOO\ RFFXUULQJ
UDGLRQXFOLGHVDQGWKRVHFRQWDLQLQJDUWLILFLDOUDGLRQXFOLGHVVKRXOGEHUHJXODWHGXVLQJWKH
VDPH FULWHULD DQG UHJXODWLRQV 1RWZLWKVWDQGLQJ WKH DERYH UHJXODWLRQV PD\ DOVR WDNH
DFFRXQWRIWKHDPHQDELOLW\RIFRQWURODQGSRVVLEO\DOVRWKHVRFLDOH[SHFWDWLRQVRIWKRVH
DIIHFWHG
 7KH DPRXQW RI QDWXUDO UDGLRQXFOLGHV SUHVHQW LQ ZLGHO\ DYDLODEOH FRQVXPHU JRRGV
FRXOGVHUYHDVDJRRGLQGLFDWRURIDFFHSWDEOHOHYHOVRIUDGLRDFWLYLW\RIDQ\RULJLQLQ
FRQVXPHU JRRGV ,W LV LPSRUWDQW WR HVWDEOLVK WKH YDULDELOLW\ WKDW H[LVWV LQ WKH
FRQFHQWUDWLRQV RI YDULRXV UDGLRQXFOLGHV LQ FRQVXPHU JRRGV >LQFOXGLQJ IRRG DQG ZDWHU
FXUUHQWO\IUHHO\DYDLODEOHRQWKHPDUNHW
 1DWLRQDO IUDPHZRUNV VKRXOG EH FRKHUHQW DQG FRQVLVWHQW ZLWK FRQVHQVXDO
LQWHUQDWLRQDOJXLGDQFHHVWDEOLVKHGE\WKHJRYHUQLQJERGLHVRIUHOHYDQWLQWHUQDWLRQDO
LQWHUJRYHUQPHQWDO RUJDQL]DWLRQV 7KLV LV HVVHQWLDO GXH WR WKH XELTXLW\ DQG JHQHUDO
JOREDOGLVWULEXWLRQRIFRQVXPHUJRRGV
 7KHUHJXODWLRQRIFRQVXPHUJRRGVVKRXOGQHLWKHUEHEDVHGRQWKHH[SRVXUHVLWXDWLRQ
IURPZKLFKWKH\DUHGHULYHG HJSODQQHGHPHUJHQF\RUH[LVWLQJ QRURQWKHW\SHRI
H[SRVXUHEHLQJLQFXUUHG HJRFFXSDWLRQDORUSXEOLF QDPHO\all those affected by
consumer goods should be considered members of the public undergoing an exposure
situation without qualification 7KH UHDVRQ LV WKDW LW LV QRW DOZD\V SRVVLEOH WR LGHQWLI\
H[DFWO\ HLWKHU WKH UDGLDWLRQ H[SRVXUH VLWXDWLRQ WKDW KDV JHQHUDWHG WKH SUHVHQFH RI
UDGLRDFWLYLW\LQFRQVXPHUJRRGV)RUWKHFRQVXPHULWLVLUUHOHYDQWZKLFKW\SHRIH[SRVXUH
VLWXDWLRQKDVJLYHQULVHWRWKHSUHVHQFHRIUDGLRDFWLYLW\LQFRQVXPHUJRRGV
 7KHFRQWUROFULWHULDIRUFRQVXPHUJRRGVVKRXOGWDNHLQWRDFFRXQWFRQIOLFWLQJYLHZV
RQ edibility 7KHVHSDUDWLRQRIFRQVXPHUJRRGVEHWZHHQWKRVHWKDWDUHHGLEOH DQGWKRVH
WKDW DUH FRQVLGHUHG LQHGLEOH LV QRW XQLYHUVDO EHFDXVH WKH GHILQLWLRQ RI HGLELOLW\ LQYROYHV
FXOWXUDODWWLWXGHV+RZHYHUVLQFHFRQVXPHUJRRGVJHQHUDOO\UHFRJQL]HGDVHGLEOHPLJKW
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EH RI SDUWLFXODU FRQFHUQ WR SHRSOH LQ VXFK FDVHV DQ ad hoc DSSURDFK IRU GHDOLQJ
VHSDUDWHO\ZLWKHGLEOHDQGQRQHGLEOHFRQVXPHUJRRGVQHHGWREHFRQVLGHUHG
 $FWLYLW\OHYHOVLQFRQVXPHUJRRGVWKDWDUHFRQVLGHUHGVDIHIRUZRPHQDQGFKLOGUHQ
VKRXOG EH XVHG DV WKH PDLQ FULWHULD ZKLFK VKRXOG EH HVWDEOLVKHG EDVHG RQ
FRQVLGHUDWLRQRIDQRWLRQDOµSHUVRQ¶UHSUHVHQWDWLYHRIWKRVHDWKLJKHUULVN&ULWHULDIRU
FRQWUROOLQJFRQVXPHUJRRGVWKDWLQWURGXFHGLIIHUHQFHVDPRQJJHQGHURUDJHDUHGLIILFXOW
WR LPSOHPHQW LQ SUDFWLFH DQG ZRPHQ DQG FKLOGUHQ DUH JHQHUDOO\ PRUH VHQVLWLYH WR
UDGLDWLRQWKDQDGXOWPHQ
 1DWLRQDOV\VWHPVIRUFRQWUROOLQJFRQVXPHUJRRGVFRXOGEHIUDPHGRQWKHIROORZLQJ
FULWHULD>L@6WDWHVVKRXOGHVWDEOLVKWKHOHYHOVRIUDGLRDFWLYLW\XQGHUZKLFKFRQVXPHU
JRRGVFDQEHexcludedIURPUHJXODWRU\FRQWUROEHFDXVHVXFKFRQWUROLVXQDPHQDEOH
)RU H[DPSOH WKH GRVHV UHFHLYHG IURP . LQ WKH GLHW LV QRUPDOO\ H[FOXGHG IURP
UHJXODWRU\ FRQWURO EHFDXVH RI WKH IDFW WKDW LW LV KRPHRVWDWLFDOO\ FRQWUROOHG LQ WKH
ERG\ ÜDQG >LL@ 5HJXODWRUV VKRXOG HVWDEOLVK WKH OHYHOV RI UDGLRDFWLYLW\ XQGHU ZKLFK
FRQVXPHUJRRGVFDQEHexempted IURPVRPHRUDOOUHJXODWRU\FRQWUROUHTXLUHPHQWV
EHFDXVHVXFKUHJXODWRU\UHTXLUHPHQWVDUHXQZDUUDQWHG

 (3,/2*8(

,WLVH[SHFWHGWKDWWKHVXJJHVWLRQVLQWKHGRFXPHQWZLOOEHKHOSIXOIRUFODULI\LQJDQXPEHURILVVXHV
UHODWHG WR WKH FRQWURO RI UDGLRDFWLYLW\ LQ FRQVXPHU JRRGV 8QWLO QRZ WKHVH LVVXHV KDYH QRW EHHQ
SURSHUO\UHVROYHGDQGKDYHEHHQWKHVXEMHFWRIGLIIHULQJLQWHUSUHWDWLRQVDQGFRQIXVLRQ,WVHHPVWR
EHFUXFLDOWKDWWKHUHOHYDQWLQWHUJRYHUQPHQWDOLQWHUQDWLRQDOERGLHVWRDGGUHVVDQGUHVROYHWKHPDQ\
LVVXHVUHIHUUHGWRLQWKHGRFXPHQW

 $&.12:/('*0(176

$FNQRZOHGJPHQWVDUHJLYHQWR
x
0LURVODY 3LQDN +HDG RI WKH ,$($ 5DGLDWLRQ 6DIHW\  0RQLWRULQJ 6HFWLRQ ZKR ZDV WKH
LQLWLDWRURIWKHµ3UDFWLFDO$UUDQJHPHQWV¶LQLWLDWLYH
x
$QDOLD&DQRED'LUHFWRURIWKH$51¶V/DERUDWRULHVDQG7RQ\&ROJDQ+HDGRIWKH,$($
5DGLDWLRQ 3URWHFWLRQ 8QLW ZKR ZHUH WKH PDLQ FRDXWKRUV IURP $51 DQG ,$($
UHVSHFWLYHO\RIWKHGRFXPHQWSUHVHQWHGLQWKLVSDSHU

 5()(5(1&(6

>@ $8725,'$' 5(*8/$725,$ 18&/($5  ,17(51$7,21$/ $720,& (1(5*<
$*(1&< 5DGLRDFWLYLW\ LQ *RRGV 6XSSOLHG IRU 3XEOLF &RQVXPSWLRQ RU 8VH 7RZDUGV DQ
,QWHUQDWLRQDOO\+DUPRQL]HG5HJXODWRU\)UDPHZRUN>$GLVFXVVLRQGRFXPHQWSUHSDUHGMRLQWO\E\
WKH $XWRULGDG 5HJXODWRULD 1XFOHDU RI $UJHQWLQD DQG WKH ,QWHUQDWLRQDO $WRPLF (QHUJ\
$JHQF\@KWWSVZZZLDHDRUJVLWHVGHIDXOWILOHVLDHD
DUQBGRFXPHQWBRQBFRQVXPHUBJRRGVSGI
>@ ,17(51$7,21$/ &200,66,21 21 5$',2/2*,&$/ 3527(&7,21 6FRSH RI
5DGLRORJLFDO3URWHFWLRQ&RQWURO0HDVXUHV$QQDOVRI,&533XEOLFDWLRQ(OVHYLHU
>@ ,17(51$7,21$/ $720,& (1(5*< $*(1&< 5DGLDWLRQ 3URWHFWLRQ DQG 6DIHW\ RI
5DGLDWLRQ 6RXUFHV ,QWHUQDWLRQDO %DVLF 6DIHW\ 6WDQGDUGV *HQHUDO 6DIHW\ 5HTXLUHPHQWV ,$($
VDIHW\ VWDQGDUGV VHULHV ,661 ;  QR *56 3DUW  67,38% ,6%1 ±±±
±,QWHUQDWLRQDO$WRPLF(QHUJ\$JHQF\9LHQQD
>@ ,17(51$7,21$/ $720,& (1(5*< $*(1&< 5HVROXWLRQ RI WKH ,$($ *HQHUDO
&RQIHUHQFH*&>@5(6XQGHU$SW5DGLRORJLFDO&ULWHULDIRU5DGLRQXFOLGHVLQ
&RPPRGLWLHV,QWHUQDWLRQDO$WRPLF(QHUJ\$JHQF\9LHQQD
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5DGLDWLRQ6RXUFHVDQG3UDFWLFHVIURP5HJXODWRU\&RQWURO661R,$($9LHQQD>@
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INTRODUCTION

OBJECTIVE

During the inflammatory response, there is a process of leukocyte extravasation that
involves the migration of these cells from the bloodstream towards target tissues.
Cell adhesion molecules (CAMs) mediate interactions between blood cells and
endothelial cells as a response to inflammation under certain conditions such as
overexposure to ionizing radiation. On the other hand, the beta integrin family of proteins
interacts with the associated ligand (intercellular adhesion molecules) in the vascular
endothelium. This transient binding results in further leukocyte activation and
subsequent firm adhesion and transendothelial migration into sites of inflammation.

The present study examines the expression of two adhesion molecules: Beta 1
integrin and ICAM-1, using flow cytometry and immunohistochemical techniques,
in blood samples and biopsies from patients overexposed to ionizing radiation
and the possible role of this interaction between these molecules in the initial
phases of infiltration into the tissue affected by radiation exposure as a useful
tool for its application in an emergency.

MATERIALS AND METHODS
¾ Patients: Patients referred to the Radiopathology Committee of Hospital de
Quemados del Gobierno de la Ciudad de Buenos Aires (Burn Hospital) for the
diagnosis and therapy of Cutaneous Radiation Syndrome. The follow up of 3
patients showing cutaneous reactions score 4 according to the RTOG / EORTC
is reported in this study.
¾ Flow cytometry: The assessment of B1 integrin (CD29) was performed by
staining 50 ȝl of whole blood with Ab anti CD29 labelled FITC.
¾ Histological analysis: Histological examination of 0.3 cm tissue sections of skin
was performed after fixation and staining with hematoxylin-eosin (H&E).
¾ Immunohistochemical techniques:Tissue sections from biopsies were stained
using a FITC-conjugated monoclonal antibody mouse anti-human ICAM1(CD54).

RESULTS
PATIENT 1
69-year-old male patient treated with radiotherapy at his 36 years due to a right
leg angioma. According to the equipment and protocol applied at the time of
treatment, it can be inferred that the dose delivered to the leg angioma was
around 50–60 Gy (2.0 Gy/day given 5 days/week). Initially, ulcers appeared
approximately every 10 years. Over time, the latency period shortened. In
addition, the severity and frequency of the ulcers increased. Blood sample and
biopsy were obtained during a crisis, observing a high ȕ1 integrin value.

Sample

Patient MFI value for ȕ1
integrin

Normal value for ȕ1
integrin

Patient 1

18.7

8.75± 3.77

PATIENT 2
66-year-old male patient with paroxysmal refractory atrial flutter, had a
fluoroscopy procedure 23 years ago and presented an ulcer on his back. The
lesion was treated as a conventional burn, the skin was removed and the
patient received an autologous graft that did not succeed. As a consequence of
this treatment the ulcer intensified. In this crisis, it was obtained a high ȕ1
Integrin value evaluated by flow cytometry.

Sample

MFI value for ȕ1
integrin

Normal value for ȕ1
integrin

Patient 2

19.5

8.75± 3.77

PATIENT 3
61-year-old male patient who had undergone a fluoroscopy procedure,
developing a necrotic ulcer grade 4 RTOG/EORTC four months after exposure
in the dorsal area in 2003. The follow up was performed until 2010, the patient
discontinued the treatment and returned in 2018 showing a radiation induced
malignancy with bleeding and severe pain. ȕ1 Integrin value for the year 2018
was considerable which correlates with the clinical symptoms (inflammatory
response).

Sample

MFI value for ȕ1
integrin

Normal value for ȕ1
integrin

Patient 3

18.3

8.75± 3.77

CONCLUSIONS
This study contributes to understanding the role of this adhesion molecules on irradiated tissue. The analysis of these markers is useful to physicians to predict inflammatory
waves and improve the treatment. ȕ1 integrin values in patients were significantly greater than control values. In addition, ICAM-1 on endothelial cells from the vessels of these
patients was positive. The same ICAM-1 staining was not observed in healthy tissue. This shows an association between high levels of ȕ1 integrin on blood cells and the
expression of ICAM-1 on endothelial cells of grade 4 RTOG / EORTC patients. Flow cytometry techniques are of great importance during an emergency due to the high speed of
the results. They can be used together with other techniques to guide personalized treatments of victims. This work adds new evidence that supports the use of ȕ1 integrin, in
combination with other inflammatory indicators, as a follow-up marker of chronic radio-induced inflammation process just as its response to therapeutic treatments.

Being There and Not Being There.
Pandemic’s Challenges on
Teaching-Learning Process
Molinari, A.J. and Margetic, A.I.

Presentado en: NESTet Conference 2021.
Bruselas, Bélgica, 15 al 17 de noviembre de 2021

BEING THERE AND NOT BEING THERE.
PANDEMIC’S CHALLENGES ON TEACHING-LEARNING PROCESS
Molinari, A.J. and Margetic, A.I.
Education and Training Unit, Nuclear Regulatory Authority

ABSTRACT
Beyond the health effects over individuals, the COVID-19 pandemic generated
important alterations in the way that we interact. But even more, these disruptions
have also raised the need to reflect about the ideas that we have over the ways of
our ties.
The educational phenomenon is, among other things, also a way in which
individuals bond. There are typical ways of ties between the different actors in this
social fact. These relationships take place, undoubtedly, in specific spaces (e.g.
classrooms, laboratories) and are mediated by a pool of varied technologies
(blackboards, screens, slides, detectors, programs, assay tubes, microscopes, an
infinity of elements that participate in teaching-learning process).
Now, what happen when the pandemic imposes restrictions for people mobility,
affecting the possibility of that particular meeting between professors, students,
classrooms and learning tools? There is no way to bypass that question.
The abandonment – intermittent or protracted – of the classroom, modify the way
of the characteristic bonds between all the educational activities’ players. Thus is
necessary to reflect about what “be there” means. But also, if the educational
activities do not want to be interrupted, its reverse form, “not be there”, should be
taken into account. More specifically, this “separation” of bodies, spaces and tools
made clear that there would be an impact on the educational process: in the
communication modalities, in the knowledge transfer, in the ways of evaluation, in
the practice activities. There was no aspect that was not modify by this distancing.
In this article we pose a set of questions to be debated about the, by the way, not
so novel situation of the “virtualized education”. As the authors are part of a group
dedicated specifically to the management of education in radiation protection, this
work is based on the experience acquired in this field over the last 5 years and,
particularly, about the challenges that the pandemic has imposed us for the
development of careers and courses.
1. Introduction
Beyond the health effects over individuals, the COVID-19 pandemic generated important alterations in
the way that we interact. But even more, these disruptions have also raised the need to reflect about
the ideas that we have over the ways of our ties.
The educational phenomenon is, among other things, also a way in which individuals bond. There are
typical ways of ties between the different actors in this social fact. These relationships take place,
undoubtedly, in specific spaces (e.g. classrooms, laboratories) and are mediated by a pool of varied
technologies (blackboards, screens, slides, detectors, programs, assay tubes, microscopes, an infinity
of elements that participate in teaching-learning process).
Now, what happens when the pandemic imposes restrictions on people's mobility, affecting the
possibility of that particular meeting between professors, students, classrooms and learning tools?
There is no way to bypass that question.
The abandonment – intermittent or protracted – of the classroom, modifies the way of the
characteristic bonds between all the educational activities’ players. Thus it is necessary to reflect
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about what “be there” means. But also, if the educational activities do not want to be interrupted, its
reverse form, “not be there”, should be taken into account. More specifically, this “separation” of
bodies, spaces and tools made clear that there would be an impact on the educational process: the
communication modalities, the knowledge transfer, the ways of evaluation, the practice activities.
There was no aspect that was not modified by this distancing.
In this paper, we propose to raise some reflections - some as questions - based on the experience we
have gained as part of a team that develops a variety of educational activities in the Radiation
Protection field. In particular, about the situation that we have had faced since March 2020 as
consequence of the effects of the coronavirus pandemic. We will focus especially on the responses to
a series of practical and theoretical dilemmas that we had to sort out in order to continue the
Specialization in Radiation Protection and the Safety of Radiation Sources and the Basic Course in
Radiation Protection.
2. The “new” not “so new”
This terrible illness that left millions of deaths all around the world and that hit much harder to the most
vulnerable social sectors due to its effects -not only on health but also economics, psychological and
social ties-, could not fail to also affect all levels of the educational system. The deep impact that it has
caused in all the levels of life marked in our opinion the attitude, desperate and urgent in some cases,
to give answers. Uncomfortable, rushed, often unreflective, contradictory replies to provide a possible
exit to the crisis. A crisis that in an evident manner clearly exposed some weaknesses and problems
that societies and their institutions already had before the pandemic.
We must therefore recognize that, although this global and multifaceted crisis has suddenly and
abruptly placed us in an undesirable situation, some of the problems that were posed to the
educational system in general were not new. It just updated them. In fact, it could be said that the
pandemic adds a further degree of critical complexity to a higher education that, practically all around
the world but particularly in our region, was already facing unresolved challenges1. It will be necessary
to evaluate to what extent the answers that have been given were correct, if they were suitable to this
particular context, if they pose a transformation for the near future. We have time to do that evaluation,
but it is necessary.
Therefore, allow us to start this article pointing out some elements arranged here for a joint reflection
about these problems – new and not so new – that the pandemic updated. From here, we will do a
brief description of the characteristics of our educational activities to then show what answers we have
given to the problems that we had to face. We hope that in a short time we could present another
paper with a solid evaluation of our activity during the pandemic.
As it is clear, the first problem posed by the pandemic and its restrictions is the possibility of continuing
educational activities. At least, as they were developing. The UNESCO-IESALC estimations, show that
the temporary closure affects approximately 23.4 million of higher education students and 1.4 million
of professors in Latin America and the Caribbean2.
In particular, because physical reunion was no longer possible in the classroom space. With the
exception of those programs developed and carried out under “distance learning” methodologies- due
to their particular way of organizing resources and interactions between students and professors- the
development of face-to-face programs was confronted with the following dilemma: “stopping and
transforming”, or only “stop” for undetermined time.
Let's set aside the multiple differences between the policies that countries took to face this health
crisis in relation to mobility restrictions, access to public spaces, and specific policies for educational
activities. As was shown in a variety of official reports, “stop” for an uncertain period was not the
privileged option for most of the educational institutions in the world3. At the same time, public
organizations and private companies arranged a home-office modality for the continuity of the work.
Universities and other educational entities started to organize their administrative functions in the
same way, for instance, remote attention of the students. In this way, the decision to transform in order
to move forward was followed by an immediate series of questions: What to transform?, how to do it?,

1

Instituto Internacional para la Educación Superior en América Latina y el Caribe (IESALC‐UNESCO), Covid‐19 y
Educación Superior: de los efectos inmediatos al día después, 6 de abril de 2020, pág. 11
2
IESALC, op. cit pág. 9.
3
Ídem IESALC, pág. 11.
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how to change and at the same time not substantively modify the purposes of the programs and the
educational quality?
Obviously the long experience of the so-called distance education meant a perspective and a tangible
possibility. Looking into its characteristics and shapes, its scopes and potentialities, its necessary
resources, but also its weaknesses and problems became a primary task.
Based on this possibility, two interconnected issues are placed in the center of the specific education
reflection: the physical split of the main actors (teachers and students) and the use of applied
technology to education.
Pandemic has demonstrated the need and the urgency to think about transforming the classroom into
new and creative spaces that could cause productive experiences during the teaching and learning
process. Because of that the use of technologies and active methodologies become the key
characters.
However, these changes were already happening in educational contexts before the pandemic. The
Organization of Ibero-American States (OEI) reported the growth in the participation of students in the
distance modality in higher education since the year 2000. In a seven years period (2010-2017) the
enrollment of “distance” university students raised 72.9% in the region, while the “face to face”
modality grew 27.3% in the same period. In this sense, the proportion of “distance students” varied
from 11.7% to 15.3% in the whole region and in the mentioned period, which adds up to a total of 4.3
million people4. It is true that the penetration of this modality is still budding and heterogeneous among
the countries of the region. This disparity is based on the economic and social inequalities that impact
on the access and permanency in higher education, as well as the so-called “digital divide”, that is, the
unequal access to information and communication technologies (ICTs). Anyway, the growth is
constant and it has not waited for the pandemic to make it a trend.
Specialized literature on the subject has been expressing it systematically: it is necessary to reflect
about the education outside the classroom, the education mediated by specialized technologies and
adequate methodologies. Predictable as it is, these formats redefine the educational space. For the
most optimistic people, they are better suited for a daily reality characterized by the massive use of
social networks, communication technologies, and the internet. A reality that has substantially
modified the ties between individuals. In other words, according to this analysis, it would have
produced a “distance phenomenon” between the new forms of socialization among young people and
what is traditionally offered by the educational system.
González-Sanmamed expresses it as,
Tanto desde el punto de vista cuantitativo como cualitativo, los estudiantes que llegan a las instituciones de
educación superior son totalmente diferentes a los que estaban en las aulas universitarias hace solo unas
décadas (…) la universidad se enfrenta a un problema de masificación que hace difícil mantener los deseados
niveles de calidad y de atención personalizada que se requieren. Los jóvenes, que han nacido y crecido en un
entorno muy distinto al de generaciones anteriores, reflejan formatos culturales totalmente diferentes en sus
comportamientos, relaciones y expectativas, lo que sin duda revierte de manera directa en su manera de estar,
participar y aprender en la universidad5
The expansion of the use of ICTs, caused an enormous circulation of information. This information can
also be created and shared autonomously and openly, generating a strong capacity for manoeuvre.
Some authors consider the idea of “students-prosumers”6 to characterize the students as protagonists
of the teaching and learning process.
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In summary, as stated above, the urgency to respond to the problems posed by the pandemic
suddenly renewed a deep debate about the current modalities in all levels of education, in particular
the higher level.
3- Technology and separation
During the pandemic, most university educational institutions have chosen to continue offering
ordinary courses through virtual platforms, maintaining (in spite of the changes in the modality) the
official certification and guaranteeing the same credits system. In this way, they tried to follow the
fundamental principle of national policies in education: to do everything possible to assure the
continuity of the teaching activity.
As is predictable, replicating face-to-face lectures through ICTs that allow remote contact poses new
problems. The first and most obvious is analysed by Kohls-Santos,
(…) solo hacer uso de las TDIC y estar físicamente distante no configura la Educación a Distancia (EaD), lo que se
está realizando es una Atención Remota de Emergencia (ARE) que no tiene la misma planificación y
organización que la EaD. Pues, la EaD implica una planificación previa, considerar el perfil del alumno y
docente, además desarrollar estrategias de enseñanza y aprendizaje a mediano y largo plazo7
Through the “strategies of continuity”, the universities made an enormous effort of “no stopping”.
However, the immediate translation of the usual forms of education to a format based on virtual
platforms does not magically convert it into what is known as distance learning, since it implies its own
characteristics that are not exhausted in the use of technologies and in the distance of the bodies. It is
necessary, at least, to have contents planned and designed specifically for that purpose. Given the
suddenness of the crisis, an attempt was made to alleviate the absence of face to face classes with
remote classes, an emergency model under the pressure of the situation.
The necessity of “transforming'' is still latent. And technological progress tempts us to turn towards
formats that do not oblige a constant face to face modality in the classrooms. In this sense, resizing
the use of technologies in the educational context involves an analysis of “pros and cons” because
both factors (non presence & technology) are closely linked. Although this situation does not
necessarily imply a complete turnaround to Distance Education modalities, the vast experience in that
format, its lessons learned, the debates developed in this field deserve serious consideration.
Therefore, we point out two axes to debate collectively:
a. Use of technological media in the educational experience. (transforming space and time).
b. The distance of the bodies.
A – For what reasons are we concerned about “technologizing” the educational experience?
At this point, a minimal sociological consideration seems relevant to us: we start from the belief that
face to face education is the “normal” and any deviation appears to us as an aberration. It is not only
the idea of a “resistance to change”, but rather, a similar but not identical idea: associating “normal” to
“good”. A noun does not intrinsically deserve a specific adjective. It means, to associate a situation
with a value judgement, an evaluation is necessary. However, often when we face a deviation from
normality, the excuse of the “good” comes in order to try to avoid it.
It is conceivable that in the educational context an immediate attitude has emerged: a negative
reaction. A reaction that could be translated as follows: leaving the face to face modality will affect
the quality of education. While in general we are amazed by technological novelties, we
nevertheless put en garde when it comes to education. Of course, if normality is not intrinsically
“good”, neither is the “change” itself. The paradox is that “the technological” is often also related with a
positive appreciation: technology modernizes, solves problems, “technology is good”. This concern is
not only on the professors’ side or in educational institutions. During the pandemic, concern was also
manifested by students’ sectors. In the context of the British higher education, for example, more than
260,000 students signed a petition for a part of their tuition to be returned, under the assumption that
“Enseñanza virtual en tiempos de emergencias: continuidades y transformaciones”. Revista Iberoamericana de
Educación, 86(2), 141‐186
7
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superior”. Revista Iberoamericana de Educación, 86(2), 31‐44. https://doi.org/10.35362/ rie8624344
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online teaching does not have the same value8. In Argentina, particularly in the elementary level,
parents defied sanitary restrictions during the highest peak of COVID-19 cases by asking that their
children return to classrooms9.
As long as we do not pose a critical reflection about our –good- educational normality and its meeting
with –good- technology, we will not be able to seriously consider its consequences. We should,
therefore, strongly consider critical and reflexive attitudes about the future of education.
Because of length reasons, this is not the place to extend a depth study about the future. However, we
consider it appropriate to set out which are the “threats” to normality that poses the use of new
technologies in the educational context.
We could think that technologies applied to a particular field brings an improvement in some practical
and concrete issues. It is true that it is also necessary to evaluate if these technologies actually
resolve those problems, to what extent they do that, if they pose new problematic situations, to
evaluate its pros and cons.
What are the potential transformations that these technologies present to us? Here, we listed some
summarized features that have been relieved from specialized literature.
●

●

●

●

Student autonomy: the use of educational technologies makes the time more flexible to the
reality of the students, allowing them to decide in what moment and place they prefer to work
on their study. This encourages them to work outside the class time and thus it results in an
active learning. Some authors, emphasizes the idea that this constitute a sort of
empowerment of the student since their decisions assume a central role in the learning
process10.
A new dynamic in teaching methods: the introduction of audiovisual formats makes it possible
to increase new languages based on the mixture of oral language, images and sound. That
is, the communicative ways between teachers and students are expanded. This poses the
possibility of using more adequate formats for each topic, practice or activity. And also a visual
stimulation11.
Accessibility to educational platforms: educational platforms, (e.g. MOODLE) make it possible
to centralize information from students’ and teachers’ profiles, activities, exams, bibliographic
and audiovisual material for classes, marks, just to mention some of the possibilities that these
technologies grant. It also implies full accessibility to the information available anytime for all
participants. Using the materials as decided, or systematically repeating the visualization of
the classes is a novel contribution. This technological solution facilitates the autonomy of the
student. The more students engage with their work it encourages discussions during classes.
An added value: it also minimizes the use of paper.
Communication between actors: technologies make it possible to be “connected”
permanently. It allows a degree of interaction between equals that has never been
experienced before. In relation to the interaction between teachers and students,
communication can be more effective, fast and adequate, through forums or private
messages.

8

Certainly this situation occurred in a pandemic context in which the proposed teaching methods, as noted,
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quality was affected. In any case, there is a question to be analyzed.
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B- The question of the non-physical presence of students in classrooms.
Classroom seems to have a particular aura. A sacred space in which believers converge to receive
“the word”. And in a certain manner it is. As Ximenes Martins describes,
A Concepção Pedagógica Tradicional pressupõe centralidade no professor e nos conteúdos disciplinares, que
são transmitidos aos alunos, tendo como principal foco a memorização desses conteúdos12
The comparison can be excessive. Maybe… let’s take it at least with a heuristic criterion to reflect on
it. The truth is that it is a model deeply rooted in our idiosyncrasy and tradition about how education
should be.
New educational formats based on the use of technologies poses the end of the classroom as the
unique space, to consider it as one more among others in the teaching-learning process. “Being there”
would no longer constitute the organizing principle of the educational fact. Or better, “not being there”
to be in another way, in another space, in the so-called “virtual space”.
It seems evident that this changing in space supposes different interaction modes, different abilities,
different sensations. But here it is important to reflect about how the distance of the bodies impact.
And, of course, to assess its benefits; if there are any...
Revising specialized literature, we found arguments that intend to show if this distance constitutes a
commitment with the educational process and its quality. In general terms, the distance does not
appear as a positive value in itself, but is inevitably associated with the use of technologies applied to
education. Finally, what is discussed is whether the impact is negative or if there is not such impact.
We will refer to “problems” related exclusively to the “separation of bodies” that are expressed in
professional manuscripts dedicated to this topic:
●
●
●
●
●
●
●

The autonomy of the student presents an opposite side: the need for more discipline and
compromise on their part.
Validation through learning exams is problematized.
Communication between students and teachers is altered.
Difficulty or impossibility of carrying out some practices (laboratory work, technical visits,
among others).
Interactions between students are affected.
The importance of monitoring student performance is reinforced, that could be of irregular
compliance in different institutions and/or professors.
Difficulty in the perception of non-verbal elements that permit identifying the comprehension of
certain topics by the student.

As it was pointed out before, this list of problems represents a summarized detail of issues that are put
into debate due to the distance assumed between the actors in the teaching-learning process.
Likewise, what is discussed is to what extent it has an impact on educational quality, or whether the
educational technologies make it possible to avoid the supposed negative impact. Of course, the
balances are varied and emphasise on different points, such as whether it is an elementary or higher
level students, if it is a pre-established distance education program, or if the “contract” changed
modifying the face to face modality, among other factors.
However, the idea of distance can be perceived in a different way, not only focusing on the physical
separation of bodies.
In the 1970s Michael G. Moore presented pioneering work on the consequences of distance
education. In this work, the author conceptualizes the idea of “transactional distance” to refer to the
communicative and psychological gap that is established between teaching behaviours – and those of
the “teachers” – and the learning behaviours – and of the students.
With separation there is a psychological and communications space to be crossed, a space of potential
misunderstanding between the inputs of the instructor and those of the learner. It is this psychological and
communications space that is the transactional distance13
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Although Moore develops these ideas in a context in which a very particular form of distance
education – correspondence education – still was alive, and not the current forms, the focus of his
attention is not placed on the physical separation of students with respect to their peers, teachers and
educational spaces. Attention is focused on the assessment of three concrete variables:
The extent of transactional distance in an educational programme is a function of these three sets of variables.
These are not technological or communications variables, but variables in teaching and in learning and in the
interaction of teaching and learning. These clusters of variables are named Dialogue (the interaction between
learners and teachers), Structure (the structure of instructional programmes) and Learner Autonomy (the
nature and degree of self‐directedness of the learner)14
Of course, there is no need to agree with Moore’s theoretical proposal. However, this idea of
“distance” as a situation that can still be seen in face to face forms, allows us to focus on practical
problems that run through the entire educational process and that the use of technologies in this field
updates.
4- Hybrid forms
a. Synchronous and asynchronous interaction
So far we tried to capture some general considerations about the scope and problems of the use of
the technologies applied to education and its associated “separation of bodies”. But we have not
addressed the possibility of establishing hybrid (combining face to face-distance learning)
mechanisms.
Such is the case of the synchronous and asynchronous modalities of lectures and activities. Some
specialists prefer to talk about the synchronous and asynchronous interaction or communication,
since what is be at stake is the interaction between educative process actors15.
Defined as a sort of communication based on the use of e-mail – or similar forms – and with the
teacher playing the role of facilitator in front of students, the asynchronous communication has the
merit to promote an anytime-anywhere e-learning. In this modality can be included all kinds of
audiovisual materials that allow the students to study at their own rhythm. It can be considered as the
form that historically has adopted the distance learning modality. However, it is no longer the only way
to relate students in on-line lectures.
Synchronous interactions have won a lot of space – particularly during pandemic – and it is converting
into an integral part of the communication between educational process actors. Due to its
characteristics, broadcasted live classes that allow an immediate feedback between students and
between teachers and students, participants can feel more commitment with the on-line experience.
Lynette Watts work16, that revises the specialized literature about the comparison of these two
modalities, shows some relevant aspects:
●
●
●

Several researchers argued asynchronous interactions should be used for group work,
especially when content is difficult and requires reflection before posting
using synchronous interactions (is better) for group projects, because they found the media
richness of synchronous tools assisted in the deeper learning process
Other researchers posited synchronous interactions should be used for socializing, planning of
activities, and discussing less complex tasks

As conclusions, we highlight:
●

instructors must examine course content, learner motivation and needs, and learning
outcomes before deciding on the types of interaction to be woven into course work
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●
●
●

just as important as instructor-student support is university support to address issues arising
with the technology because of the frustration technical issues can cause
not to make the assumption all students are proficient, or even familiar, with online learning
platforms
instructors should provide technical support to teach students to use the technology for
interacting in their courses. If students become frustrated in trying to use the technology, they
may not learn the content17

Independently of the methods, it is emphasised that the motivation of the student is a key element for
the success of the educational strategy. In this way, it is postulated that when the student is
compromised with the study, the levels of satisfaction with distance learning and the learning results
are raised. Therefore, a key factor is that all strategies consider this topic at the moment of designing
the educational activities.
b. Blended learning
At the international level, a modality that has win space in the universities is the so-called blended
learning18. The proposal of this model is the combination of the elements that characterize a face to
face class with an education mediated by the use of technology. Clearly, it is a format that constitutes
a way out of the division between face to face and distance education.
Just as it is important to consider the adaptation of the educational formats to the new social realities,
it will be also relevant to understand that the use of technology cannot be thought of as an end itself.
This idea of combining modalities generates a frame that increases the possibility of imagining
strategies that do not trust in just one technology, nor in just one methodology. Its purpose is to
guarantee a better reach to more students or to avoid that the technological solutions do not damage
those who are in a disadvantageous situation because of the technological gap. The general approach
to this modality is to find the most appropriate combination of methodologies and resources to improve
the pedagogic impact. In other words, combining the best of the face to face modality with the
potential of the technologies as the foundation of the renewal and the improvement of the educational
quality.
5- Transforming?
The experience that we have won during the pandemic and the evaluation of the debates about
educational modalities allow us to deploy some considerations that could turn into pillars of the
discussion about the potential paths for future strategies.
In this way, we think it is convenient to finalize this section proposing a set of problematic issues – that
are no more than questions – that arise when we consider the possibility of “stopping and
transforming”.
a.

b.

c.

17
18

At the moment of imagining educational technologies, what are the most adequate digital
resources for helping students to succeed during the teaching-learning process? Related to that,
we should consider not to start from abstract principles, as for example supposing that the
students – or the applicants – have a similar level of access to the technology. The digital divide
exists. The disparity is not the result of a pandemic, it is an actual reality that institutions have to
face, and that indicates not only big differences in the access to technological resources, or in the
quality of the connectivity. But also in the different prior skills of the citizens in the use of software.
This could let outside the most vulnerable sectors of society or, that they receive a less quality
education due to having not considered the strategies in a clever manner.
Do we learn better from people or from software and applications? Studies reveal similar results
from both. However, there is a selection of variables that should be consider to get an answer to
this question: the educational level of the activity, the previous experience of the students, the
connectivity, the sort of the language used, the capability for motivating students, the quality of
the design of the activities, the skills and competences are necessaries in students and teachers,
just to mention some relevant factors.
How to organize contents in order to boost them in a new virtualized environment? Understanding
the different languages that make possible new technologies, the ways in which they are received

Cfr. Watts, op. cit. p. 30
It can also be read as "bimodal", "combined", "hybrid teaching", to cite a few examples.
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d.

e.

f.

g.

h.

i.

by students, it supposes leaving the univocal logic of “the word” to dive into the culture of the
image. It is probable that students have already been immersed into these cultural forms, but it is
also probable that teachers who design educational programs should process this cultural
change. It is not only a question of knowing how to handle software, but also that the image
communicates in another way.
How to strengthen students’ autonomy, without leaving them to their fate? Although we recognize
the importance of strengthening the autonomy of the student, which also means strengthening
the independence of judgement and their critical thinking, it does not mean that the teaching and
institutional activity should not be compromised with the learning process of the student. The
monitoring of students’ formative progress is still a responsibility of the teaching side.
How to incorporate the ICTs to the teaching learning process? Are all the contents and activities
capable of “leaving the classroom” and navigating correctly in the virtual environment? We
understand that there are no natural laws that determine a unique sort of strategy. Professors and
managers should evaluate each case.
There are two elements that do not appear clearly in the literature, but should be visualised:
reader capacity and the concentration of the students. Designing syllabi is also considering the
study material. With this criteria, we will have to evaluate not only the best materials by its quality
and its communicative capability, but also how clever we are to accompany these materials to
strengthen the reading and comprehension skills and the attention of the student.
Are teachers the only ones who have the responsibility to deal with the students? It is true that
teachers have greater contact with students. But institutions are an inescapable part of the
educational process. The new virtual environment promises new forms of institutional
participation and support.
Physical distance does not suppose social distance. As stated before, it is possible to inhabit the
same classroom but “to be kilometres away” (communicative distance). On the other hand, the
effective physical distance, commits to reflect on the way to strengthen the commitment and the
attention of the students.
And finally, how to implement modifications without altering the quality of the educational
process? Even better, in what way can the technological leap mean a quality leap in the teaching
and learning process?

6- PGEC in Argentina
In 1979, Argentina began its long and recognized trajectory in radiation & nuclear safety education.
Since then, he has continuously developed a course (without a bachelor's degree) designed especially
for technicians from regulatory bodies, staff from radioactive and nuclear facilities, or those from
security forces. Over the years, it evolved under different names, currently adopting the name of Basic
Course in Radiation Protection (CBPR). It is a theoretical and practical training that focuses on
ensuring that participants reach an adequate level of understanding of the physical phenomena of
ionizing radiation and the application of the fundamental principles of radiation protection. It has a
workload of 280 hours and is delivered regularly in face-to-face mode during 10 weeks. Within the
country, it is recognized as complementary training for personnel who will serve as radiation protection
officer in relevant facilities.
Parallel to the first training efforts, agreements were established with the Faculty of Engineering of the
University of Buenos Aires (FIUBA) to open, in 1980, the first Postgraduate Course in Radiological
Protection and Nuclear Safety. Given its impact both nationally and internationally, the following year it
was sponsored by the IAEA, thus becoming the first edition of the training program called PGEC.
Building on the success of the model, the IAEA promoted its replication in different regions Coinciding
with the publication of the first IAEA Standard Syllabus (IAEASYL-01), the Argentine postgraduate
course was divided into the Postgraduate Course in Radiation Protection and Safety of Radiation
Sources and the Postgraduate Course in Nuclear Safety. Taking into account the recommendations of
IAEA Safety Series No. 115 (1996) and the experiences gained in the courses of Argentina, South
Africa, Syria, Malaysia and Belarus, the first revision of the Standard Syllabus (IAEA- TCS-18) was
edited (2002). Once again, in 2019, this document was revised and updated to reflect the changes in
the IAEA Safety Standards and the conclusions and recommendations of the relevant international
organizations and committees in the field of radiological protection and the effects of ionizing radiation.
[IAEA-TCS-18 (Rev. 1)]. Always aligned with the IAEA standards, Argentina was adopting the various
syllabus published by the IAEA.
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After 26 years of experience in education and training, Argentina received the first EduTA mission,
aimed at evaluating national capacities for education and training in radiation protection. The
satisfactory results obtained from this service led to the sign the Long-Term Agreement (LTA)
established between the Argentine Republic and the IAEA, to provide support on a sustained basis, to
the Argentine Nuclear Regulatory Authority (ARN) as a Regional Training Center in Latin America and
the Caribbean for Nuclear, Radiological, Transportation and Waste Safety (RTC). Currently, there are
9 RTCs in the world, Argentina being the only Spanish-speaking one
In 2013, the Postgraduate Course in Radiation Protection and Safety of Radiation Sources reached
the status of a Specialization Career, becoming a postgraduate degree from the University of Buenos
Aires. The justification for the introduction of radiological protection in the university environment was
based on the need to create qualified and specialized human resources to maintain the level of
excellence necessary to effectively develop the extensive nuclear activity that Argentina maintains.
These considerations can be extended to countries in the region, even those that decide to undertake
new projects.
The Specialization Course in Radiation Protection and Safety of Radiation Sources (CEPRySFR) has
the official accreditation of the Argentine organization dedicated to the evaluation of educational
quality for the higher level, the National Commission for University Evaluation and Accreditation
(CONEAU). During 2020, pandemic in between, the career was presented again before the CONEAU
to officialize the mandatory re-accreditation for all postgraduate careers in the country.
This postgraduate educational activity is taught jointly by NRA and FIUBA and is aimed at young
professionals who, over time, aspire to become regulators, decision makers, qualified experts in
radiation protection or trainers. The degree course has an intensive face-to-face modality, with a
duration of 568 hours distributed over 26 weeks. The career consists of 13 subjects designed to
provide theoretical and practical training, 6 theoretical seminars and the completion of an integrative
final project (TFI). The workload does not include the time devoted to the development and
presentation of the TFI required for graduation.
In these 41 years, Argentina trained 1,254 professionals in radiological and nuclear safety (580
Argentines, 655 from Latin America and the Caribbean and 19 from other regions), and a similar
number of participants attended the technical training course.
The intensive modality of the course presented by both the CBPR and the CEPRySFR, requires
pedagogical strategies to encourage the attentive and active participation of students in face-to-face
classes. On average, students receive 6 hours of class per day, 5 days a week, for the duration of the
course (11 weeks) or the degree (26 weeks). This modality not only requires the exclusive dedication
of the participant, but also multiple tactics so that the student can mature, in such short times, the
concepts that will be required in the successive units.
7- Blended-Learning strategies
The pandemic was a surprise event, at least for those of us who did not listen carefully to the warning
signs that different social and environmental critics gave in a timely manner. However, as mentioned
in another passage, the problems that the pandemic posed to education were not new, but in some
way, it updated them.
A wise decisión on our part was to start working very consciously and without any kind of selfcompassion, on the weaknesses of our educational program. In this way, under the principle of not
relying exclusively on our perception, we elaborated a systematic evaluation mechanism to assess the
performance of the degree in all its aspects: from the incorporation of postulants to administrative
management, from the design of the study plan, practical activities to the Final Work, among other
topics. The intention was to identify with precision the aspects to improve.
The element that ties together a series of drawbacks is the relationship between the contents of the
race and its extension over time. This makes it necessary to organize intensive 6-hour classes 5 days
a week for 26 weeks. With the intention of improving, at least in part19, this problem, the RTC began
19

It is a difficult issue to solve. 50% of the students come from Latin America, awarded by IAEA. To
attend this graduate program, students obtain special permission from their companies or agencies. At
the same time, the scholarship has a duration of 6 months. With what, despite the multiple updates
and modifications that this race adopted, the option of lengthening the total length of the race was
never a certain possibility.
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working 5 years ago on the implementation of new technologies and educational tools. The strategy
consisted in combining distance education methods with face-to-face classes, giving rise to a blendedlearning type modality, in order to reduce the amount of daily hours in front of class.
The first step was to put into operation a learning management platform (LMS) -Moodle in our case-,
which opened the possibility of incorporating new educational resources. At the same time, we work
boldly in the training of the teaching and administrative staff of the RTC, particularly on the use of new
technologies. In this way, we promoted three special courses with the collaboration of the IAEA:
·

E-learning Development Workshop - 7-11 May 2018

·

National Train the Trainers Course for Senior Lecturers in the (PGEC) - 3-7 Sept 2018

·

Implementation of the new PGEC Syllabus. Introduction of Learning objectives and
innovative tools (2-6 March 2020)

At the same time, it was decided that a member of the career staff should become professional in this
field. The purpose of this idea has multiple applications:
·
·
·
·

Have suitable personnel to handle the new tools properly.
Have advice for the incorporation of new technological tools
Manage possible technical failures that may occur
Replicate systematic courses for teachers and for the rest of the management staff.

This policy had an immediate impact. Over the course of a year, or little more, all the teachers were
able to independently handle the available tools, or, with the collaboration of our professional, project
the creation of new audiovisual materials.
That was precisely the second step: the conversion of study materials to digital formats. On the one
hand, including audiovisual units permanently available to students, provided the possibility of having
materials that can replace - along with other complementary asynchronous activities - hours of face-toface classes. In other words, this idea collaborated directly with our main objective of reducing the
daily face-to-face workload -and thus strengthening the educational quality- with the meeting between
teachers and students promoting their active participation. But it also contributed to updating the
traditional class format: the teacher's presentation, supplemented with the PPTs, is a very static
format, at least for a 6-hour daily class schedule.
This process of converting materials to carry out asynchronous classes, a typical form of distance
education, was carried out using highly flexible programs and applications. Some of the most used
resources were the production of videos and audiovisual material with Powtoon, Genially, Videoscribe
or live recordings (not live) uploaded to YouTube, creation of infographics (using Visme and Canva
among others) and production of SCORM packages with Articulate 360. Some teachers also opted for
the inclusion of audios in the ppts. It is important to highlight that in order for students to have access
to all the material, it was necessary to create virtual classrooms that we carried out through the PLMS
LANENT.
The use of this platform was a significant advance. It allowed the centralization of all the information
(the didactic material, class attendance, student qualification, etc…) and the full and permanent
access by the students. This process clearly strengthens the autonomy of the students, a vital element
to be able to develop asynchronous classes.
The joint implementation of these ideas made it possible to build a modest but adequate base for
future developments and expansion of the blended-learning modality. And obviously it was what
allowed us to continue educational activities during the pandemic.
8 -PGEC during pandemic
The 2020 version of the PGEC was abruptly discontinued. When the pandemic began in our country20,
the PGEC was less than a month away from its start. On Wednesday, March 11, in the morning we

20

The Argentine government made the start of the pandemic official on March 20, 2020.
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received an official communication from the IAEA stating that we should take the necessary measures
so that on Friday, March 13, all foreign students - half of the enrollment - are ready to board the planes
with destination to their country. In two days we managed to get most of them to achieve that goal. Of
course, with a great collaboration from the IAEA.
At the same time, we put on hold the continuity of the career for Argentine students. The suspension
was extended for up to two more weeks, at which point a decision was made to cancel the program for
that year.
At the same time, all the personnel of our organization immediately began to carry out their functions
on home-office modality. The impact immobilized us, but only for two weeks. In an agile and
determined way, we set ourselves two objectives:
· Culminate with the presentation of the degree before the CONEAU for its mandatory reaccreditation.
·

Evaluate the possibility of opening the Basic Course on Radiological Protection

While we finished with our obligations with the CONEAU, and with the immense collaboration of all our
staff and, particularly, of the professors, we saw that it was possible to launch the first online version of
the CBPR. On October 5, having previously passed the participant selection process, our first fully
virtualized course was opened, with a duration of 10 weeks. With the precautions that the case allows
us, we evaluate that this experience was successful. With the impetus of this first attempt, we
immediately set out to evaluate the possibilities of also organizing the PGEC under this modality, if the
pandemic continued with its firm step.
After an intense debate carried out by the staff of the E&T Unit, directors of our institution, the
professors, the university, and the IAEA, it was decided to open the degree for the month of July 2021.
But previously, we reopened the CBPR on May 31. In this version, and for the first time, the course
was sponsored by the IAEA at the regional level, awarding scholarships for students.
To achieve our goal of launching the opening of PGEC we had an intense task on multiple fronts. We
will summarize the central points to account for this work:
·

Our program is formally approved by the University of Buenos Aires under the face-toface modality. So, the necessary modifications were made to present a program adapted
to the new situation. The University, at the same time, had a policy open to proposals in
times of pandemic.

·

We acquire the minimally essential technologies to be able to offer the PGEC in such a
way that it is possible to dictate all the contents of the degree.

·

Modification of the career schedule: it was proposed to carry out synchronous and
asynchronous theoretical classes for 24 weeks of two hours in the morning and two hours
in the afternoon during the year 2021 (from July to December). The possibility that
technology grants to adapt study materials and classes, allowed us to reduce the online
“face-to-face” hours to 4 a day, lengthening the number of weeks a bit. For 2022 it is
planned to carry out practical activities, laboratory practicals and technical visits for 5 or 6
weeks. Since the practices are separated from the theoretical classes, we proposed to do
refreshing lectures immediately before each scheduled practice.

·

Modificating the format of the classes: from face-to-face to a synchronous and
asynchronous interaction. On the one hand, virtualization accelerated the incorporation of
asynchronous classes. Most of them have been designed for the student to complete
independently, prior to a synchronous class in which these topics will be discussed. In this
way, the student reaches the meeting with the teacher having familiarized himself, and
even gone through some self-evaluation mechanism, with the subject that he will delve
into in the synchronic class. Also, asynchronous classes are primarily based on the
material described above (videos, SCORMs, etc.). On the other hand, simulating the
classroom space, the synchronous classes are dictated through video conferencing
services (via Zoom). In this type of classes, the typical classroom format is usually
maintained, in which the teacher's dissertation is complemented with the use of the
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blackboard (now virtual), the projection of a ppt and also the organization of groups by
means of Zoom.
·

At the same time, we have had to adapt countless study materials, prepare
asynchronous classes through videos, audios, and other complementary activities, in
order to meet the requirements of the curriculum.

·

An important element was to record all the synchronous classes. On the same day of
class, all students have access to the classes uploaded to our YouTube channel.

·

Every day a member of our staff accompanies teachers and students during each
synchronous class. With this support, we are able to detect connectivity problems,
technology failures, take assistance from students, attend to administrative inquiries from
students, among other relevant tasks.

·

The adaptation of practical work: obviously it is not possible to adapt to the virtual
environment all the practical activities and technical visits included in the curriculum.
However, it has been possible to carry out some virtual visits to relevant facilities, with the
collaboration of personnel from different organizations and companies. Some of these
visits were carried out entirely in asynchronous format, and others synchronously
(supported by videos or images). Unfortunately, there are technical difficulties in most of
the facilities to carry out visits by streaming. Online simulators have been used to replace
labs, and demo videos have been included to replace some others.

·

Evaluation of the knowledge incorporated by the students: the online modality raises a
key problem that keeps us attentive particularly to guarantee educational quality. We have
implemented several exam formats, changing the modality by subject: calculation of real
times to carry out the exams with questions appropriate to this requirement, randomly
ordered questions, exams via PLMS + ZOOM with open camera, as examples.

To finish this long article, it is important to consider some problems that we have detected. However,
we will be able to have a more precise evaluation of the performance of thePGEC when we culminate
with the analysis of the self-evaluation process that we usually carry out, and that was adapted in this
version due to its particularities.
So far we were able to perceive three central problems:
·

Despite having informed during the participants selection process that our educational
program requires exclusive dedication, the students were unable to meet this requirement
and continued with attending their job. Probably, their job requirements did not allow them
to achieve this objective, which we understand will negatively affect the educational
performance of the students, and consequently on the quality of the teaching-learning
process. We need a greater commitment from the institutions that send their staff to our
program.

·

The implementation of certain technological tools (in particular Zoom) prevented the
incorporation of students from some countries since the applications of this company are
not used there

·

Just as virtualization can increase the number of people interested in courses and
careers, there are various technological problems that can cause a decrease in the
number of participants: the lack of stability in Internet connections, or the lack of access to
certain software resources.

We are fully aware that in the course of the degree and with the help of the analysis of data from the
implemented survey, other multiple problems will arise on which we will have to work particularly. We
have the intuition that the monitoring of the formative evolution of the students will be one of them. It is
also likely that some discomfort is expressed with the mode of interaction between the participants.
However, the updating of old educational problems that the pandemic brought us also presents an
opportunity to re-signify the use of new technologies in order to improve the teaching-learning
process.
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Abstract. Since its creation in 1965, the Argentine Radiation Protection Society (SAR) is working to fulfil the
foundational objective of promoting knowledge on radiation protection through training, dissemination of
information and knowledge management. This is why SAR carries out the regular dictation of courses recognized
by the competent authorities and also special courses.
In recent times, it has become clear that the young generation has a different way of communication and learning.
It is a real challenge to adapt the education and training in radiation protection to the modern world, a
technological world, where information is extremely wide and where there are many ways to share knowledge and
experiences. Thinking on the needs of the Radiation Protection Young Generation, SAR decided to launch the
Argentine Radiation Protection Young Professionals Network (Red SAR Joven). This network was created with
the purpose of promoting the participation and inclusion of young professionals working in radiation protection in
all its applications, improving the resources of the human capital and its competences and promoting the culture
for safety in the new generation.
Red SAR Joven was launched at the IYNC-WIN 2018 Congress (International Youth Nuclear Congress - WIN
Global Annual Conference) in March 2018, in Bariloche (Argentina) at the Panel “Youth in Nuclear Energy - A
Nuclear Movement”, where the perspective of young professionals working in nuclear energy and radiation
protection were presented by leading professionals from international organizations. One of the main objectives of
Red SAR Joven is to create a space for the exchange of ideas and joint work among the young professionals
working in radiation protection and also to encourage young professionals who start in this area, giving them
information about the different opportunities. To fulfil this objective, and taking advantage of the extensive
experience of elder members of SAR, Red SAR Joven is planning to launch a Mentoring Program for knowledge
transfer, exchange of experiences and fundamentally to guide young professionals in their radiation protection
career development.
During the 2018-2020 period, Red SAR Joven has organized different activities for young professionals, as a
"Workshop on Radiation Measurement" and a “Workshop on Optimization Applied to Medical and Industrial
Practices”. Representatives of the network had participated in national, regional and international events, such as
the XI Latin American Regional Congress in Havana – Cuba, with the aim of sharing the experience in the region
and encouraging the creation of national networks in other countries.
Red SAR Joven is in line with IRPA's goals that promote the participation of young professionals, as well as being
part of the global youth movement in all areas, from nuclear energy to medical applications, from industry to
education, research and communication.

KEYWORDS: Communication, Young Professionals Network, New Generation.
1

INTRODUCTION

Argentina has developed experience in the nuclear field since 1950 to obtain the benefits from the
peaceful uses of nuclear technology. This long experience is the reason why Argentina has a strong
position in the world today, with the development of new technology and new projects, from nuclear
power plants, production of radioisotopes and all the applications of nuclear technology like nuclear
medicine.
From the beginning, the country has worked on radiation safety along with nuclear developments;
taking into account the safety of the workers, the public, the patients and the environment. There are
highly qualified human resources and experience, and in this sense, the country has the challenge to
transfer knowledge to the young professionals and motivate the new generations to work in this
scientific field.
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The Argentine Radiation Protection Society (SAR) since its creation, in 1965, has been working to fulfil
the foundational objectives: to promote the execution of works and exchange of expertise in radiation
protection and related issues, to promote awareness of radiation protection principles in regard to the
existence and use of radioactive material and sources of radiation and to promote radiation protection as
a professional expertise and to contribute to its progress.
One of the main objectives of SAR is to support the active participation of young professionals in
radiation protection events. Since its creation in 2013, our Argentine colleagues participated of the
Young Professionals Awards in Latin America and the Caribbean, in every IRPA Regional Congress
(Brasil, 2013; Argentina, 2015; Cuba, 2018). SAR also supports the participation of young professionals
in the Young Scientists and Professionals Awards in International IRPA Congresses (South Africa,
2016; Korea, 2021). In the last national congress, in 2019, SAR organized a special session of young
professionals with the presentation of works in different areas.
The participation in IRPA Congresses and these important awards have motivated and contributed with
the new generation professional development in radiation protection. The events are a great opportunity
to establish networking between young colleagues at regional and international level.

2

CREATION OF THE YOUNG PROFESSIONALS NETWORK

In 2018, SAR decided to create a network for young professionals in Argentina (Red SAR Joven) [1], in
line with IRPA initiative, as well as being part of the global youth movement in all areas, from nuclear
energy to medical applications, from industry to education, research and communication.
At this moment the network has more than 50 members who participate in different activities and
exchange information and receive news by e-mail.
This network was created with the purpose of:
 encouraging the participation and inclusion of young professionals working in radiation protection
in all its applications,
 improving the resources of the human capital and its competences and
 promoting the culture for safety in the new generation.
The goal is to have a common space to: exchange ideas and work together, make questions and receive
answers, show the work of the members and share news (like congresses, courses, scholarships,
publications, and of course all kind of information of interest for the young generation).
Red SAR Joven was launched at the IYNC-WIN 2018 Congress (International Youth Nuclear Congress
- WIN Global Annual Conference) in March 2018, in San Carlos de Bariloche (Argentina) at the Panel
“Youth in Nuclear Energy - A Nuclear Movement”, where the perspective of young professionals
working in nuclear energy and radiation protection were presented by leading professionals from
international organizations.
In the same year, in April 2018, the Network was presented in the last IRPA Regional Congress that
was held in Havana, Cuba, with the aim of sharing the Argentine experience and encouraging societies
of all Latin America to take this initiative and to launch their own Young Professional Network.
3

SOCIAL MEDIA

In recent times, it has become clear that the young generation has a different way of communication and
learning. It is a real challenge to adapt the education and training in radiation protection to the modern
world, a technological world, where information is extremely vast and there are many ways to share
knowledge and experiences.
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The page in Facebook @RedSARJoven was created at the same time as the Network creation in January
2018. On the page, updated news can be found like activities, publications, congresses, workshops,
fellowships and other information of interest for the young generation in radiation protection. Currently,
the page has 530 followers.
More recently, the use of Instagram has risen a lot particularly among young people. Last November,
the account @RedSARJoven was created and launched in the “Virtual workshop on radiation protection
in radiology”. In only one month, the account reached over 100 followers.
As a result of the first virtual workshop organized by the Network, a You Tube Channel “Red SAR
Joven” was opened to share some videos of the Network Activities and make the information available,
in particular for those who couldn’t participate in the activities in real time.

4

WORKSHOPS

Among the activities that have been organized and carried out by Red SAR Joven during 2019-2020, it
can be mentioned three workshops. It is important to highlight that all the proposals were suggested by
the members. The registration was free of charge with the aim of increasing the participation of young
professionals.
4.1

Workshop on Radiation Measurement – March 2019

The Workshop on Radiation Measurement was carried out from 20 to 25 March, 2019, with 32
participants. The goals were to provide training and updating in the use of detectors and measurement
techniques with dose rate and surface contamination detectors. The participants were young
professionals coming from different areas and it was required to have previous basic knowledge on
radiation protection. The participants work in a variety of applications and institutions, for example:
universities, investigation laboratories, regulatory authority, research reactors, hospitals, waste
management facilities and fire brigades.
During four days, theoretical and practical sessions were held, including the use of different types of
detectors and sources of low activity. The last day, a practical exercise was carried out visiting a
relevant facility where the participants had the opportunity to interact with the staff. At the end of the
workshop, the participants continued working in groups for data analysis and conclusions of the
measurements collected.
4.2

Workshop on Optimization Applied to Medical and Industrial Practices – August 2019

The Workshop on Optimization Applied to Medical and Industrial Practices was carried out from 28
to 30 August, 2019, with 22 participants. The goals were to provide training and updating to young
professionals who work in radiation protection in industrial and medical areas for the implementation
of optimization.
During three days, the optimization basis, ALARA approach and procedures were presented based on
the Safety Report No.21 Optimization of Radiation Protection in the Control of Occupational
Exposure – International Atomic Energy Agency. Each day, practical cases were presented that
reflected situations in different areas: nuclear medicine, radiodiagnostic, interventionism, industrial
radiography, research reactors and PWR.
The last day, a method to help decision making was presented. At the end of the workshop, the
participants created a WhatsApp group to ask questions and interchange information and news. The
group is currently active and contributes to the aims of the Network.
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4.3

Virtual Workshop on Radiation Protection in Radiology – November 2020

The Workshop on Radiation Protection in Radiology was carried out on November 7, 2020, with more
than 150 participants from Argentina, different countries of Latin America and also Portugal. The
proposal was made to celebrate the International Day of Radiology (November 8). This workshop had
the additional challenge that the lectures were all given by young professionals that work with
radiation in different areas.
At the end of the workshop, a panel was organized to discuss: How to enhance radiation protection
and How to strengthen and motivate the young generation. Some conclusions: keep working and give
opportunities to young students and professionals; strengthen the use of social networks as the main
way of communication today; and plan strategies to encourage the next young generation or
generation Z.
The workshop recording was recorded and uploaded in the new You Tube Channel of the Network [3].

5

PUBLICATION IN NUCLEAR JOURNAL

In 2018, after the launched, Red SAR Joven published an article in the nuclear journal “EN
hoy” [3] of national distribution with the aim of promoting the Network and also the activities
regarding radiation protection.

6

WOMEN IN RADIATION PROTECTION

The Network has an active participation and a strong commitment by young women who work in
radiation protection in different fields: such as research, dosimetry, waste management, research
reactors, nuclear medicine, etc.
Red SAR Joven widely disseminated information about the IAEA Marie Sklodowska-Curie
Fellowship Program and encouraged young women to participate as an opportunity to improve their
education and training.
Red SAR Joven hopes to encourage women to work in radiation protection and inspire the younger
generations.
7

PARTICIPATION IN IRPA YGN

From the beginning, Red SAR Joven is a member of the IRPA Young Generation Network (YGN) [4].
Since 2020, the chair of Red SAR Joven has the honor and pleasure of being a member of the
Leadership Commitee.
In 2020, as being part of the IRPA YGN, Red SAR Joven collaborated in the collections of
testimonies on the impacts of the Covid-19 on the continuity of RP. Argentina participated in the
collection of them and in the translation into Spanish of the synthesis. Currently, the synthesis is
available in English, Spanish, Japanese and German [4].
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8

BOOK: HISTORY OF SAR

In 2019, SAR edited the book of the “History of Argentine Radiation Protection Society, 1965-2018”
[6]. The book was made with the contribution of testimonies and documents given by many members
and with the hard work as compiler by the Member N° 1 of SAR.
Red SAR Joven is very grateful to be included in the Chapter 14. It´s like a symbolic bridge and hope
to continue with the activities and write the next edition.

9

CONCLUSION

The creation of Red SAR Joven provides a common space for young students and professionals in
radiation protection. The activities carried out contribute to the development of the professional career
considering technical skills as well as soft skills (communication, teamwork, leadership).
Red SAR Joven hopes to be a reference and guide for the young generation, who have the legacy and
challenge to continue with the goals of Argentine Radiation Protection Society (SAR), to improve and
to strengthen the radiation protection in all its applications.
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ABSTRACT
The confidence-building process between Argentina and Brazil during the 1980s led to
the signature of a unique safeguards’ agreement in July 1991: The Agreement between the
Republic of Argentina and the Federative Republic of Brazil for the Exclusively Peaceful Use of
Nuclear Energy. This “Bilateral Agreement” incorporated all the nuclear commitments already
made by both countries and established the Brazilian-Argentine Agency for Accounting and
Control of Nuclear Materials (ABACC), a binational organization aimed at the management and
implementation of the Common System of Accounting and Control of Nuclear Materials
(SCCC). Particularly, the “Bilateral Agreement” establishes that Argentina and Brazil “shall
make their technical capabilities available to the ABACC in support of its activities”. In this
regard, the role of the State Authorities responsible for safeguards implementation in Argentina
and Brazil is crucial. In the year of ABACC’s 30th anniversary, the paper summarizes the
experience of the Nuclear Regulatory Authority (ARN) of Argentina and the National Nuclear
Energy Commission (CNEN) of Brazil in supporting ABACC activities during the past decade
(2011-2021).
1. Introduction
This paper does not intend to address the historical process that led to the creation of the
Brazilian-Argentine Agency for Accounting and Control of Nuclear Materials (ABACC), a
subject thoroughly analyzed by academics and key actors [1], nor details about its link with the
Agreement between the Republic of Argentina, the Federative Republic of Brazil, the BrazilianArgentine Agency for Accounting and Control of Nuclear Materials and the International
Atomic Energy Agency for the Application of Safeguards [2] (“Quadripartite Agreement”).
Rather, it focuses on the framework of the Agreement between the Republic of Argentina and
the Federative Republic of Brazil for the Exclusively Peaceful Use of Nuclear Energy [3]
(“Bilateral Agreement”) and in particular on the role that national safeguards authorities play
within it.
It is important to emphasize the high-level political will behind the negotiations on the
establishment of the ABACC, considering that the initial intention was the establishment of a
cross control system. Argentina and Brazil developed the Common System of Accounting and
Control of Nuclear Materials (SCCC), exchanged declarations of their respective States’ initial
inventories and even did one inspection in the other State’s facilities. Nevertheless, with the aim
of achieving transparency in the nuclear activities developed by both countries there was the
decision to create an external body to implement this control. Therefore, following the
construction of their bilateral relations, and after a series of relevant nuclear commitments
during the 1980s Argentina and Brazil signed a unique safeguards´ agreement in July 1991.
Ratified only 5 months later, this “Bilateral Agreement” established the ABACC, with the
mission of managing and implementing the SCCC.
Particularly, the “Bilateral Agreement” stated that Argentina and Brazil “shall make their
technical capabilities available to the ABACC in support of its activities”. In this regard, the
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role of the State Authorities responsible for safeguards implementation in Argentina and Brazil
is crucial.
In the year of ABACC’s 30th anniversary, the paper summarizes the experience of the Nuclear
Regulatory Authority (ARN) of Argentina and the National Nuclear Energy Commission
(CNEN) of Brazil in supporting ABACC activities during the past decade (2011-2021).
2. The SCCC and the ABACC
In order to guarantee Argentina, Brazil and the international community that all existing nuclear
material and facilities under their jurisdiction or control are used exclusively for peaceful
purposes, this being the basic commitment that the countries assume, the "Bilateral Agreement”
establishes the SCCC.
The SCCC is “a set of procedures established by the Parties to detect, with a reasonable degree
of certainty, that the nuclear materials present in all their nuclear activities are not diverted to
nuclear weapons or other nuclear explosive devices, in accordance with the terms” 1 of the
present Agreement. For its administration and application, the Agreement creates the ABACC
and institutes for it two bodies: the Commission and the Secretariat.
The Commission, the governing body, consists of four members, two of them appointed by each
Government. Currently the Commission is composed of the presidents of the national
safeguards' authorities (the Nuclear Regulatory Authority of Argentina and the National Nuclear
Energy Commission of Brazil) and representatives of the foreign ministries (Director of the
Department of Defense and Security Affairs for Brazil and the Director of the Directorate of
International Security, Nuclear and Space Affairs for Argentina).
The Commission is responsible for supervising the functioning of the Secretariat, appointing its
professional staff, preparing the list of inspectors from among those proposed by the Parties to
carry out the inspection tasks entrusted to them by the Secretariat, and requiring the constitution
of ad-hoc advisory groups, as needed. In addition, before the governments of Argentina and
Brazil, it must report annually on the application of the SCCC and inform the Parties of the noncompliance by one of the Parties of the commitments made under the Agreement..
For its part, the Secretariat is the executive body that develops the activities necessary for the
application of the SCCC and represents the ABACC before the national authorities of both
countries and before third parties. The Secretariat is made up of professionals appointed by the
Commission and auxiliary staff. The senior officers are the secretaries, one of each nationality,
who rotate annually in the performance of their duties as Secretary and Deputy Secretary.
In structural terms, besides the administrative auxiliary personnel, it is organized into six
sectors: Planning and Evaluation, Operations, Nuclear Materials Accounting, Technical Support
(all made up of two officers, one of each nationality), and Institutional Relations and the
Administrative-Financial sectors that are occupied by a single officer.
It is important to note that, in the fulfillment of their duties, the professional officers of the
ABACC do not represent or are part of the governmental structures of either of the two
countries and cannot request or accept instructions from any government or from any authority
outside the ABACC. In other words, their responsibilities are exclusively international.
In the same way, in the fulfillment of their missions, the inspectors are also international
officers, and they undertake to regulate their conduct taking into account only the interests of
the ABACC.
3. Support from national authorities to ABACC activities
1

Art 1., Annex of Agreement Between the Republic of Argentina and the Federative Republic of Brazil
for the Exclusively Peaceful Use of Nuclear Energy, INFCIRC No. 395, IAEA, Vienna (1991).
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The Nuclear Regulatory Authority (“Autoridad Regulatoria Nuclear”) –ARN- and the National
Nuclear Energy Commission (CNEN) are the State Authorities responsible for safeguards
implementation (SRA) in Argentina and Brazil respectively.
In 1997 the National Nuclear Activity Act [4], established ARN as an autonomous and
independent body within the jurisdiction of the Argentine Presidency, empowered to regulate
and control all nuclear activities in the country, with competence on four branches: radiological
and nuclear safety, physical protection, safeguards and nuclear non-proliferation.
The Nuclear Regulatory Authority, as SRA, has the goal of ensuring that nuclear activities are
carried out exclusively for peaceful purposes. Particularly, it established the guidelines of the
State System of Accounting for and Control of Nuclear Material (SSAC) in Argentina [5] and
the relevant safeguards requirements and procedures, in line with the international agreements
on safeguards and non-proliferation. To verify the compliance of licensees, the ARN performs
regulatory controls through its own body of inspectors and analysts and to enforce their
compliance it has the power of applying sanctions.
Within this legal framework, the ARN has the appropriate authority to exercise safeguards
oversight and control over all nuclear material and activities in Argentina.
Particularly, safeguards-related activities are coordinated and performed by two areas within the
ARN: the Non-Proliferation Policies Division and the Control of Safeguards and Physical
Protection Division.
The Brazilian Nuclear Energy Commission ("Comissão Nacional de Energia Nuclear") CNEN- is an independent federal organization created in 1962 by Law 4.118 [6], complemented
with law 6.189 [7], with the main objectives and obligations of participating in the definition of
the national nuclear energy policies, carry out the research, development, promotion and
services in the area of nuclear technology and its application for peaceful purposes and
regulating, licensing, authorizing and controlling nuclear and radioactive materials and
installations in Brazil. According to Article 21, XXIII(a) of the Brazilian Federative Republic
Constitution, enacted on 5 October 1988, all nuclear activity in national territory will only be
admitted for peaceful purposes and upon approval of the National Congress.
In the context of the above CNEN as a regulatory body is the responsible for controlling all
nuclear material and nuclear installations and represents Brazil in the implementation of
international safeguards agreements signed by Brazilian Government. Since May 2021, the
process of separation between regulatory and research and promotion functions in the nuclear
area is underway. The regulatory agency was created by a decree of the Brazilian Presidency [8]
and is now under approval by the Brazilian Congress.
The regulatory basis for nuclear material control and safeguards was established in 1982 by the
Regulation CNEN-NN-2.02 of April 1982, revised in September 1999 [9] and complemented by
the on line e-Gamma System [10], approved and published in Brazilian Federal Register in
2013, for use by the facility operators in real time, to request CNEN the authorization for
nuclear material transfers and for other inventory changes, for records keeping and CNEN
approval and authorization, as well as for auditing by ABACC and IAEA.
As pursuant to Article XVI of the Bilateral Agreement, ARN and CNEN make their technical
capabilities available to the ABACC in support of its activities. They also play an important role
with respect to the joint implementation of safeguards by the IAEA and ABACC.
3.1. Human capital
Throughout the 30 years of its existence, the national authorities have contributed to the
ABACC with their human capital, not only because of the commitment assumed by the
governments and thus manifested in the Bilateral Agreement, but also because of their
conviction.
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Both organizations, based on the profiles and areas of knowledge of their personnel, contribute
with experts to participate in specialized ad hoc groups of the ABACC; places at ABACC’s
disposal agents with training in safeguards and with experience in nuclear verification at the
national level to integrate the body of inspectors that, during the exercise of their functions,
depends exclusively on the ABACC. Historically, the ARN and the CNEN have been the areas
in which an immense majority of the officers of the Secretariat have developed their careers, as
is the case of the current secretaries of the ABACC.
Differently from the professional officers and administrative staff, the inspectors are not
permanent ABACC personnel, but rather a group of professionals, designated as inspectors by
the Parties, and selected by the Secretariat to work for the ABACC on a temporary basis to
carry out verification activities.
It should be noted that one of the strengths of the inspection system lies in its highly specialized
body of inspectors with a deep knowledge of the idiosyncrasies and socio-economic and
political conditions of the region [11]. This body contemplates a wide variety of profiles, both in
terms of academic training and specialization in the nuclear field, as well as in the tasks that
they carry out on a daily basis in their institutions of origin.
On the one hand, the list is made up of technicians and professionals from the area of research,
development and promotion of nuclear energy from both countries, including state agencies,
universities and companies that operate laboratories, nuclear fuel cycle facilities and nuclear
power plants. From this role, beyond being specialists in the different types of nuclear facilities,
they are usually familiar with and/or receiving inspections from the ABACC and the IAEA,
which represents “the opportunity to better understand both sides of the system, to be constantly
informed of advances in both areas and, especially, understand the importance of implementing
adequate control of nuclear materials and apply these concepts more efficiently in their routine
work [12]”.
On the other hand, the ABACC has inspectors, whose institution of origin are the national
safeguards authorities of Argentina and Brazil, with experience in accounting and control of
nuclear materials and specific training and practice in the field in the development of national
inspections in their countries. For these national inspectors, the possibility of acting as regional
inspectors represents an important step in their professional career paths and for the national
authorities a more experienced staff with a broader level of understanding of the nuclear
facilities in the region.
This list is completed by retired personnel, without a current formal link with national
institutions or organizations. In addition to the fact that ABACC can take advantage of all their
years of experience in the field, they have the benefit of having immediate availability to carry
out inspections. Also, some of them are consulted as advisers for certain issues.
It should be noted that ABACC officials can also carry out inspections, but for this they must be
part of the list of inspectors of the ABACC.
The other strengthening element of the system, thus recognized internationally, is the scheme of
cross inspections known as “neighbors watching neighbors” [13], through which inspectors of
Brazilian nationality inspect facilities under the jurisdiction of Argentina and vice versa.
Currently, the Secretariat has a list of 97 inspectors, 46 of Argentine nationality, 51 of Brazilian
nationality, of which 26% are women and 31% come from the CNEN and the ARN, which
shows the importance that the national safeguards authorities assign to this work and to the
maintenance of the inspectorate of the bilateral system.
3.2. Coordination
During the past ten years, the plans in the nuclear field in ABACC area have expanded and
materialized through the execution of different projects of considerable magnitude. In the area
of reactors it is worth mentioning the construction of the CAREM 25 Modular Reactor, near
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Buenos Aires, the first SMR under construction in Latin America and of the LABGENE
Reactor, in São Paulo area, the prototype of the future Brazilian naval propulsion nuclear
reactor, and the development of the projects in Buenos Aires, of the RA10 Research Reactor
and, in São Paulo, of the Multipurpose Reactor, both setting a standard for scientific
development in the region, in addition to its capabilities for the production of radioisotopes for
industrial and medicinal purposes. In addition, a dry storage for irradiated fuel assemblies
entered into operation in the site of the Angra Nuclear Power Plants and the 8th Cascade of
Module 3 start operation in the Resende Enrichment plant of Brazil. Aa new uranium dioxide
conversion plant in the province of Formosa, dry storage projects for irradiated fuel elements
and new nuclear power projects are in advanced feasibility study in Argentina.
As Argentina and Brazil deepen and increase their nuclear development, new facilities are
included under ABACC's safeguards. This implies new challenges in terms of how to interpret
the principles for the application of safeguards and the coordination of their efforts for their
effective control, such as the carrying out of inspections.
Currently in ABACC area there are 75 facilities and LOfs under safeguards in Argentina and
Brazil and 220 annual inspections are carried out, on average, between national and
international inspections. All of them are coordinated well in advance according to the
operational schedule provided by the operators.
The regulatory authorities of Argentina and Brazil coordinates, respectively, the international
inspections with ABACC and IAEA and the facility operators, participate in the pre-inspection
meetings and in all the inspection activities in the field.
3.3. Cooperation
This section refers to the cooperation of the national authorities, directly and indirectly, with the
ABACC.
Argentina and Brazil regulatory authorities have, respectively, a Cooperation Protocol in force
since the 1990s [14], revised in case of CNEN in 2013 [15], with the objective of promoting
collaboration, for example, in safeguards techniques, laboratories, equipment and other services
of mutual interest.
One of the most traditional cooperative activity under this framework consists of the joint
provision of training on non-destructive assay (NDA) for safeguards applications to ABACC
inspectors. The training, carried out in ARN’s [16] and CNEN’s safeguards laboratories, covers
subjects such as NDA techniques and equipment, operational procedures for equipment,
software and measurements, ABACC/IAEA joint use procedures for common use of equipment,
good practices and measurement acceptance criteria, and a regular training for ABACC and
IAEA inspectors in procedures for unannounced inspections, in which part of the training is
held at the Brazilian enrichment facility.
It is worth mentioning that this cooperation has always benefited both sides. Regarding
education and training, for example, since most ARN and CNEN inspectors also serve as
regional inspectors, they benefit from the ongoing training carried out for ABACC inspectors
and the knowledge and skills that they experience as ABACC temporary staff during these
trainings also improve their capacities as national inspectors. This ultimately strengthens the
national safeguards systems of both countries, and these solid national systems have a positive
impact on the tasks carried out by ABACC in compliance with its mission.
In addition, both ARN and CNEN maintain a strong connection with relevant foreign
institutions to foster collaboration on safeguards matters. These have represented an opportunity
of cooperation with the ABACC and the promotion of the regional safeguards implementation.
of the ABACC. In this sense, and as part of the activities developed under the Agreement
between, respectively, ARN and CNEN and the Department of Energy of the United States, the
regulatory authorities encourage the participation and involvement of the ABACC which, in
turn, also has a cooperation agreement with the DOE.
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For example, it is worth highlighting ABACC’s role in the five-day training course on statistical
methodologies for safeguards applications that was held in Buenos Aires in August 2018,
covering measurement models, variance propagation techniques, statistical concepts in
enrichment measurements, destructive analysis, sampling variability, neutron measurements,
holdup and waste measurements, material balance evaluation, measurement errors, MUF,
shipper/receiver difference and nuclear material measurements at the ABACC [17].
Also, ABACC contributed with its experience and delivered a presentation on “ABACC
Safeguards Regional System: Experience and Cooperation” at a workshop on domestic
safeguards inspections for countries in the Americas, attended by participants from eight
countries and IAEA officers.
3.4. Technical activities
Argentina and Brazil have developed, with the support of ABACC, technical solutions to
challenges in the implementation of safeguards that, in some cases, have had an impact beyond
the regional scope.
A concrete example of these developments, which represents a relevant contribution to the
international community for the more efficient application of safeguards, is the uranium
hexafluoride (UF6) sampling method for the determination of enrichment, called "ABACCCristallini" [18].
This method for safeguards purposes promoted by ABACC presents benefits compared to the
traditional method, including the reduction of the amount of nuclear material collected, thus
minimizing costs, and facilitating the transport of samples [19].
From the beginning and during the validation process, ABACC had the constant support of the
States, in terms of their technical and human capacities, and the commitment of the national
authorities through their national support programs to IAEA safeguards.
It should be noted that the ABACC-Cristallini method achieved in 2019 the certification of the
American Society for Testing and Materials (ASTM) for its use in nuclear facilities around the
world and, within the framework of the Member State Support Programme (MSSP), the IAEA
is testing the method in enrichment facilities of other countries that have expressed their interest
in applying it. An important development was implemented by CNEN this year 2021, by
providing ABACC and IAEA with the opportunity to collect samples from the process lines of
the Enrichment Plant of Industrias Nucleares do Brasil (INB), using the ABACC-Cristallini
Method, for further chemical and isotopic analysis and confirmation of the method reliability.
It is also worth mentioning the adoption of devices such as the Laser Curtain for Containment
(LCCT), in the Dry Storage of Irradiated Fuel Elements of the Atucha I Nuclear Power Plant in
Argentina, developed with the support of ABACC, based on the need to have a dual
containment system for this new Building. For this, Argentina put its technical capacity and
facilities at the service of ABACC for the technical validation of the LCCT [20] [21].
4. Conclusions
In the year of ABACC’s thirtieth anniversary, there is no doubt about the degree of maturity that
it has reached, together with international recognition as an agency with technical solvency and
equipped with duly qualified an experienced staff. It should also be recognized that the State
Authorities responsible for safeguards implementation in Argentina and Brazil have played an
important role in supporting ABACC activities along the way.
The regional safeguards system between Argentina, Brazil and ABACC has reached
considerable technical maturity both in the use and development of new methodologies as well
as in the training of its human resources.
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However, due to the development of the nuclear plans of Argentina and Brazil, new challenges
are envisaged that will demand creativity and innovation in the definition of the control criteria
to be applied.
During the next few years, challenges in the application of regional safeguards must be
addressed, such as the multipurpose reactors in both countries, CAREM 25 Reactor and the
LABGENE Reactor.
Other aspects that should be considered are the decommissioning of facilities, the incorporation
of new safeguards technologies, generational change and knowledge transfer.
In this sense, the constant support of the national authorities, as part of the sustained
commitment of both States over time, will continue to be a central element of the success of
ABACC in its function of guaranteeing the peaceful use of nuclear materials in the region.
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Abstract. Following an unexpected exposure to high concentration of noble gases in which a reactor’s
worker was immersed during some minutes, internal dose assessment was required although the readings of
the personal dosimeter were not significant. This requirement arose as a result of having obtained positive
values of Xe-133 and Xe-135 in the thorax monitoring performed on the worker from a few hours to
several days after the event. As the dose estimation methodology for these noble gases considers only
external exposure, the requirement of internal dose evaluation was a challenge since no biokinetic models
or dose coefficients of reference for occupational intake of these isotopes were available, in addition to the
need for a rapid result of the dose estimation.
The intakes of the xenon isotopes were estimated from the reconstructed concentration of gases at the time
of the event. Using the thorax measurements and the estimated intakes, it was observed that the
measurements of internally deposited xenon were reasonably consistent with the behaviour of retained
xenon in systemic tissues mainly in fat, observed in subjects and in model predictions found in literature.
The Xe-133 dose factors recommended by ICRP 128 for patients treated with this radionuclide by reinhalation of the gas for 10 minutes were considered for this scenario. For taking into account the dose
contribution for Xe-135 inhalation, MIRD methodology was implemented. Additionally, positive results of
HTO and I-131 in urine bioassays were evaluated using the biokinetic models recommended for the
worker, under the assumption of acute inhalation and no contribution from previous intakes of these
radionuclides. It was estimated a value of the committed effective dose for inhalation of Xe-133 and Xe135 of 0.2 mSv, and considering the contribution of HTO and I-131, it was obtained a total committed
effective dose of 0.3 mSv.
KEYWORDS: committed effective dose, xenon, unexpected exposure
1

INTRODUCTION

The xenon isotopes can be produced as fission products during reactors operations and are
considered in the group of the least radiotoxic nuclides in internal exposure scenarios [1]. The
international recommendations and national standards [2, 3, 4] point out that the external
radiation dominates their occupational exposure and provide cloud immersion dose coefficients
(SvBq-1 per Bq.m-3) that mainly arise from external irradiation and assume that the doses from
the absorbed inert gases are negligible.
Because the dose estimation methodology for these noble gases considers only external
exposure [2, 3, 4], the need of an internal dose estimation following an unexpected exposure to
high concentration of noble gases implies a challenge to internal dosimetry services to perform
it without biokinetic models or dose coefficients of reference for occupational intake of these
isotopes.
This work describes the actions and the methodology implemented to estimate the total
committed effective dose in a reactor’s worker who was immersed for some minutes in a cloud
of high concentration of gases, despite the worker’s personal dosimeter-readings had not been
significant. The chronological order of actions to reconstruct the airborne concentration, the
intake and the committed effective dose are presented. This work also describes the
methodologies implemented to estimate the contribution to the total effective dose from the
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internal exposure to Xe-133, Xe-135, HTO and I-131, due to positive results of total body and
urine monitoring of these radionuclides in the worker.

2

DESCRIPTION OF THE ACTIONS

During the early morning hours of 17 July 2019 a radiation protection officer of an argentine
reactor decided to send a worker to perform a maintenance task with the suitable protective
equipment for aerosols. Although a gas and aerosol leak was not expected, high concentrations
of them were recorded in other area that night, so the officer decides to send the worker with
adequate protective equipment to prevent aerosol inhalation. It was considered that the
inhalation of noble gases was not going to be significant, and if it was the case, the internal dose
would be negligible based in the safety standards [2, 4].
At 12:30 a.m. the worker entered the controlled area. One hour later, performing a specific task
that lasted 7 minutes, his EPD dosimeter alarm activated with a dosimeter peak reading of 5000
µSv.h-1 for beta irradiation. Simultaneously, a system (KLK 90) located one floor above
measured a peak of 6 DAC of HTO in the environment during the time that the task last.
After decontamination, the worker was unable to exit through the portals; therefore, his total
body measurement was programmed. Xe-133 and Xe-135 were detected in his thorax by
measuring him with an Accuscan detector around 10 hours later. The internal dosimetry service
of the facility established a special monitoring comprised of successive in vivo and in vitro
measurements in the following days. The results of the measurements are presented in Table 1.

Table 1: Results of in vivo and in vitro measurements made to the worker
Date

Time

Measurement of
total body
retention of
Xe-133 ± 1(a)
(Bq)

09:11 a.m.
July 17 09:57 a.m.
12:10 p.m. 3.47×104± 2.0×103
10:31 a.m. 3.68×103±2.5×102
11:00 a.m.
02:13 p.m. 1.91×103±1.7×102
July 18 03:28 p.m. 1.83×103±1.6×102

Measurement of
total body
retention of
Xe-135 ± 1(a)
(Bq)

Measurement of
urine excretion
of
I-131 ± 1(a)
(Bq. l-1)
6.0×101±1.2×100

Measurement of
urine excretion of
HTO ± 1(a)
(Bq. l-1)
8.88×104±1.8×103

3

2

2.05×10 ±2.8×10
3.2×101±1.8×101

1×101±0.2×100
(b)

<LOD
<LOD

<LOD
03:37 p.m. 1.91×103±1.6×102
04:11 p.m.
8.88×104±1.8×103
2
2
July 19 12:55 p.m. 5.33×10 ±1.6×10
<LOD
July 20 04:36 p.m.
<LOD(b)
<LOD
July 24 11:57 a.m.
<LOD
<LOD
<LOD(b)
5.85×104±1.2×103
(a)
Activity uncertainty quoted at 1 sigma
(b)
LOD: Limit of Detection, for Xe-133= 10 Bq, for Xe-135=20 Bq, I-131=0.1 Bq.l-1

At 9 a.m. of July 17 an open valve was discovered and gases concentrations were measured in
the place where the worker was exposed. In Table 2 are presented the results of gases
concentrations measured around 8 hours later the peak of the gases released was detected.
Due to the fact that the concentration of gases at the moment of the event was unknown and
there were not biokinetic models for the radionuclides detected in the worker, neither in GSR
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part 3 nor in the ICRP reports [4, 5, 6] that explains the retention of Xenon in the thorax, the
radiation protection area of the facility did not have enough information to assign an internal
dose to the worker. For this reason, a formal request for assistance was sent to the Argentine
Nuclear Regulatory Authority (ARN) on 19 July, where independent bioassays and dose
assessments were asked. A venous blood sample from the worker was taken for biological
dosimetry analysis in ARN Biodosimetry Laboratory, reporting on 26 July an average dose
received in the whole body <0.1Gy

Table 2: Results of gases concentrations registered around 8 hours after the peak of the gases
released was detected. Dose coefficients and the physical half-life of each radionuclide detected
are also presented [4].

Concentration
[Bq.m-3] eight
Radionuclide
hours after
the event
Xe-133
Xe-135
Xe-138
Xe-135m
Kr-87
I-131
I-133
Co-60

3

2.96×108
1.23×107
2.00×107
6.88×105
5.37×105
2.73×105
2.90×105
9.88×106

Physical
half life

e(50)inh
[Sv.Bq-1]

Effective dose rate
per unit integrated
air concentration
[Sv.d-1 per Bq.m-3]

5.24 d
9.1 h
0.237 h
0.255 d
1.27 h
8.04 d
20.8 h
5.27 y

-------------------------1.10×10-8
2.10×10-9
1.70×10-8

1.20×10-10
9.60×10-10
4.70×10-10
1.60×10-9
3.40×10-9
----------------

METHODOLOGY FOR INTERNAL DOSE ASSESSMENT

It was established that the worker's measurement data reported by the internal dosimetry
laboratory detected in his thorax would correspond to retention data of the xenon mainly in fatty
tissue, since no biokinetic model predicts that a person exposed to Xenon retains during several
hours or days this gas in the lungs, but evidence that it is long retained in fatty tissue was found
[6, 7, 8]. Additionally, it was observed that the measurements of internally deposited xenon
were reasonably consistent with the behaviour of retained xenon in systemic tissues mainly in
fat, observed in subjects and in model predictions found in literature [6, 7, 8]. Under these
circumstances, it was considered that using the Xe-133 dose factors recommended by ICRP 128
for patients treated with this radionuclide by re-inhalation of the gas for 10 minutes [8] could be
used for estimating Xe-133 internal dose in this scenario. Nevertheless, for applying that dose
factor the intake was needed, in addition, no Xe-135 dose factor was available in that report.
While the direct dose assessment method arose as an alternative to assess the internal dose due
Xe-133 and Xe-135 using the available measurement data, these measurements were not
enough, since there were no data of initial lung deposition and systemic tissue uptake, which
were decisive. Once again, the estimation of the intake of these radionuclides was critical, for
which it was necessary to reconstruct the concentration of the gases released at the time of the
event.
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Consequently, ARN personnel of Radiological Protection and Physical Dosimetry areas
reconstructed the exposure conditions through a concentration of 9.3×108 Bq.m-3 of Xe-133 and
7.3×107 Bq.m-3 of Xe-135. The values of the Hp(10) and Hp(0.07) of the EPD personal
dosimeter of the worker were also used taking as reference the skin dose coefficients by
immersion in the cloud from the Federal Guidance Report No.12 [9]. Knowing these
concentrations, it was possible to estimate the intakes of 130.2 MBq of Xe-133 and 10.22 MBq
of Xe-135, assuming a standard worker's respiration rate of 0.02 m3.min-1 and an exposure time
of 7 minutes.
Next, two methods were proposed to assess xenon radioisotopes effective dose. The first one,
applying the Xe-133 dose coefficient recommended by ICRP 128 for patients treated with this
radionuclide by re-inhalation of the gas for 10 minutes [8]. The second one, implementing the
direct dose assessment method. Direct dose assessment method requires calculating the area
under the retention activity data, in order to determine the number of nuclear transformations in
a specific organ or tissue identified as source. The committed equivalent dose deposited in the
target organ is calculated as the product of the number of nuclear transformations and the dose
factor in the target organ per disintegration in the source [10]. Following the biokinetic models
found in literature, two main source organs were identified: lungs and fatty tissues; therefore,
with the purpose of a proxy absorbed dose estimation, it was assumed that xenon not present in
the lungs was distributed uniformly throughout the rest of the body. The number of nuclear
transformations of rest of the body compartment was estimated using the trapezoidal method
and taken into account the measured worker data. For lungs, the value of the cumulated activity
for this organ recommended in ICRP 128 for the patient was assumed [8].
The direct dose assessment was implemented through the OLINDA code version 1.1 [11],
which has in its database the dose factors per disintegration for various types of
anthropomorphic phantoms (based on the Oak Ridge models) and radionuclides, including Xe133 and Xe-135. In order to calculate the dose, this program requires the selection of the human
model, the radionuclide of interest, and to enter the values of the time-integrated activity of the
different source organs. In this way it was possible to have a proxy estimation of the doses in
the different organs for both isotopes, Xe-133 and Xe-135, using an adult male phantom.
The positive results of HTO and I-131 in urine bioassays were evaluated using the biokinetic
models recommended for the worker [12], under the assumption of acute inhalation and no
contribution from previous intakes of these radionuclides, using the IMBA code [13].

4

RESULTS

Table 3 presents an estimation of the effective dose and the absorbed dose in different tissues. It
was assumed a Xe-133 intake of 130.2 MBq (based on the modeled concentration of Xe-133 in
air) and using the Xe-133 retention model recommended for patients treated with this
radionuclide by rebreathing the gas for 10 minutes, and considering the dose factors
recommended by ICRP 128 for this scenario [8]. ×10-1
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Table 3: Committed absorbed dose in different tissues and committed effective dose by
inhalation of 130.2 MBq of Xe-133 using the biokinetic model of the patient recommended in
ICRP 128 [8].

Tissues

Committed absorbed
dose (mGy)

Tissues

Committed
absorbed dose
(mGy)

Adrenals
Bone surfaces
Brain
Breast
Gallbladder wall
Stomach wall
Small intestine
Colon wall

1.4×10-1
1.8×10-1
1.4×10-1
1.4×10-1
1.6×10-1
1.4×10-1
1.6×10-1
1.4×10-1

Muscles
Oesophagus
Ovaries
Pancreas
Red marrow
Skin
Spleen
Testes

1.4×10-1
1.4×10-1
1.6×10-1
1.6×10-1
1.4×10-1
1.3×10-1
1.4×10-1
1.4×10-1

(Upper Large
Intestine wall)

1.4×10-1

Thymus

1.4×10-1

(Lower Large
Intestine wall)
Heart wall
Kidneys
Liver
Lungs

1.6×10-1

Thyroid

1.4×10-1

1.4×10-1
1.4×10-1
1.4×10-1
1.6×10-1

Urinary Bladder wall
Uterus
Remaining organs
Effective dose (mSv)

1.4×10-1
1.6×10-1
1.4×10-1
1.4×10-1

Tables 4 and 5 present the results of the committed equivalent doses in different tissues and the
effective doses for Xe-133 and Xe-135 respectively, implementing the direct dose assessment,
using the in vivo measurement data of the worker.
Table 4: Committed equivalent doses in different tissues and committed effective dose due to
the intake of Xe-133 implementing the direct dose assessment, using the in vivo measurement
data of the worker.

Tissues
Adrenals
Brain
Breasts
Gallbladder Wall
LLI Wall
Small Intestine
Stomach Wall
ULI Wall
Heart Wall
Kidneys
Liver
Lungs

Committed
Equivalent
Dose (mSv)
2.08×10-1
2.02×10-1
1.91×10-1
2.11×10-1
2.11×10-1
2.11×10-1
2.07×10-1
2.10×10-1
2.07×10-1
2.04×10-1
2.07×10-1
1.68×10-1

Tissues
Muscle
Ovaries
Pancreas
Red Marrow
Skin
Spleen
Testes
Thymus
Thyroid
Urinary Bladder Wall
Uterus
Effective dose (mSv)
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Committed
Equivalent Dose
(mSv)
1.99×10-1
2.12×10-1
2.12×10-1
1.63×10-1
1.87×10-1
2.07×10-1
1.98×10-1
2.03×10-1
2.06×10-1
2.08×10-1
2.12×10-1
1.95×10-1

Table 5: Committed equivalent doses in different tissues and committed effective dose due to
the intake of Xe-135 implementing the direct dose assessment, using the in vivo measurement
data of the worker.

Tissues
Adrenals
Brain
Breasts

Committed
Equivalent
Dose
(mSv)
3.94×10-2
3.57×10-2
3.44×10-2

Committed
Equivalent Dose
(mSv)

Tissues
Muscle
Ovaries
Pancreas

3.67×10-2
4.05×10-2
4.03×10-2

Gallbladder Wall

4.02×10-2

Red Marrow

2.96×10-2

LLI Wall
Small Intestine
Stomach Wall
ULI Wall
Heart Wall
Kidneys
Liver
Lungs

3.99×10-2
4.02×10-2
3.88×10-2
3.99×10-2
3.88×10-2
3.85×10-2
3.85×10-2
3.24×10-2

Skin
Spleen
Testes
Thymus
Thyroid
Urinary Bladder Wall
Uterus
Effective dose (mSv)

3.37×10-2
3.85×10-2
3.67×10-2
3.76×10-2
3.77×10-2
3.96×10-2
4.07×10-2
3.55×10-2

The effective doses by internal exposure to HTO and I-131 were estimated using the urinary
excretion data showed in Table 1 fitted to their corresponding intake retention fractions and the
dose coefficients for workers. The estimated committed effective doses by exposure to HTO and
I-131 are equal to 7.57×10-2 mSv and 1.52×10-3 mSv respectively, under the assumption that an
acute inhalation occurred and that there is no contribution from previous intakes of these
radionuclides.
Table 6 presents the contribution of each radionuclide to the committed effective dose and the
total committed effective dose for the two methods implemented to estimate the dose due to the
intake of xenon isotopes.
Table 6: Contribution of each radionuclide to the committed effective dose and the total
committed effective dose for the two implemented methods.

Radionuclide
Xe-133
Xe-135
H-3
I-131
Total Committed
Effective Dose (mSv)

Contribution to
Committed Effective
Dose (mSv)
Method 1
1.43×10-1
7.57×10-2
1.52×10-3

Contribution to
Committed Effective
Dose (mSv)
Method 2
1.95×10-1
3.55×10-2
7.57×10-2
1.52×10-3

2.20×10-1

3.01×10-1
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5

CONCLUSIONS

In this work, the chronological actions to reconstruct the worker´s intake and to estimate the
committed effective dose, due to unexpected exposure to high concentration of gases during a
maintenance task were presented. The description of the methodologies implemented to
estimate the contribution to the total effective dose from the internal exposure to Xe-133, Xe135, HTO and I-131 were also included. The assessment of internal dose by xenon isotopes was
performed without biokinetic models or dose coefficients of reference for occupational intake of
these isotopes.
The committed effective doses for internal exposure to Xe-133 was estimated following two
methods: the first one using the dose factors recommended by ICRP for patients treated with
Xe-133 (for 10 min), and the second one using the MIRD methodology and data from in vivo
worker's Xe-133 measurement reported by the internal dosimetry laboratory. The estimated
effective dose for exposure to Xe-133 using method 2 was very similar to that estimated using
method 1, therefore it could be concluded that the results of positive chest measurements,
reported by the internal dosimetry laboratory, were consistent with retention of xenon in fatty
tissue.
Since the contribution to the dose from exposure to Xe-135 cannot be obtained by applying
method 1, it was recommended that the total committed effective dose value assigned to this
event, taking into account all the measured radionuclides, be considered 0.3 mSv.
Finally, although the dose estimated was much lower than the dose limits and dose restrictions
for workers, the causes that gave rise to the event are being analyzed.
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INTRODUCTION
As a result of the global COVID pandemic, SIERYN
had to create new ways to conduct its training virtually,
establishing strategies and methodolo-gies related to
educational training programs for radiological and
nuclear emergency scenarios.

The first step was to train the ARN staff involved in the task. Later, all the material used in the face-to-face
presentations was adapted to the virtual format. For this, more dynamic, attractive and modern tools were used
to strengthen knowledges in response to emergencies through software such as Genially, Powtoon, ArticulateRise into LANENT Educative Platform (https://www.lanentweb.org/es).

Platform LANENT allowed all the information to be
concentrated in a single site, acting as a virtual
classroom. It let improve that participants gain
new skills having access all time classes that
included activities like practical activities and
videos. Synchronous classes were carried out
through a virtual platform with working groups,
using polls; practical and dynamic activities (card
game, desk exercise, videos with discussions).
During 2020 and 2021, several workshops were held
based on the IAEA First Responders Manual in virtual
format for first responders in radiological emergencies.
With topics such as: concept of operations, risks and
effects of ionizing radiation on health, risk assessment and
establishment of safety perimeter, safety work guidelines
for emergency personnel. The workshops were aimed at
personnel from response organizations such as: Police,
Civil Defense, Firefighters from all over the country.
Also, Protection measures for a nuclear emergency were also disseminated at the educational community of the towns located to 10 km around Embalse Nuclear
Power Plant - Cordoba Province, Argentina - training more than 300 teachers of all educational level.

POSSITIVE POINTS
 The first aid workshop has been offered to first responders across the country; being more equitable because
resources or distance to Buenos Aires (where ARN is
located) were not an obstacle.
 A face-to-face course has a maximum capacity of 40
people; while the virtual one was carried out with 100
attendees, offering the opportunity to reach a large
number of participants.

Geographical location of the participants of the Radiological
Emergency Response First Responders Course
(during COVID) – done by ArcGis Survey.

More than 400 first responders and
more than 300 teachers were trained.

 We identify those virtual methods don´t have the same impact as a face-to-face course, because
there were fewer moments for consultation and discussion. In addition, the quality of sound and/or
image is depending of different problems of local connection via internet.

CONCLUSIONS

 This virtual adaptation for training people has allowed comply the institutional commitment training to
first responders in case of radiological emergencies and school community around 10 km from the
Embalse Nuclear Power Plant in case of a nuclear emergency.
 The result obtained after the used of virtual methodology was very satisfactory, offering a sustainable
virtual infrastructure and capabilities for training.
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2
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&RUUHVSRQGLQJDXWKRUV¶HPDLOURGROIRWRX]HW#JPDLOFRPDEHOBMBJRQ]DOH]#\DKRRFRP


$EVWUDFW 7KH SXUSRVH RI WKLV SDSHU LV WR H[SORUH DQ DSSDUHQW GLFKRWRP\ EHWZHHQ WKH SURWHFWLRQ DJDLQVW
LRQL]LQJ UDGLDWLRQ ,5  DQG WKH SURWHFWLRQ DJDLQVW QR LRQL]LQJ UDGLDWLRQ 1,5  7KH LQWHUQDWLRQDO DQG
LQWHUJRYHUQPHQWDO UDGLDWLRQ VDIHW\ V\VWHP IRU ,5 LV XQLYHUVDO DQG FRQVHQVXDO IRXQGHG RQ LQWHUQDWLRQDOO\
DFFHSWHG VFLHQFH DFFRUGHG DW WKH 8QLWHG 1DWLRQV 6FLHQWLILF &RPPLWWHH RQ WKH (IIHFWV RI $WRPLF 5DGLDWLRQ
816&($5  EDVHG RQ D XQLYHUVDOO\ DFFHSWHG SDUDGLJP GHYHORSHG RYHU WKH \HDUV E\ WKH ,QWHUQDWLRQDO
&RPPLVVLRQ RQ 5DGLRORJLFDO 3URWHFWLRQ ,&53   UHVXOWHG LQ DQ LQWHUJRYHUQPHQWDO UHJLPH RI VWDQGDUGV FR
VSRQVRUHG E\ DOO UHOHYDQW LQWHUQDWLRQDO DJHQFLHV XQGHU WKH DHJLV RI WKH ,QWHUQDWLRQDO $WRPLF (QHUJ\ $JHQF\
,$($  HQIRUFHG E\ REOLJDWLRQV XQGHUWDNHQ E\ 6WDWHV DQG  LQFOXGLQJ SURYLVLRQV IRU SUDFWLFDO DSSOLFDWLRQV
VXSSRUWHGE\DOOUHOHYDQWLQWHUQDWLRQDODJHQFLHV)RUWKHSURWHFWLRQDJDLQVW1,5WKHproxyLVWKH,QWHUQDWLRQDO
&RPPLVVLRQ RQ 1RQ,RQL]LQJ 5DGLDWLRQ 3URWHFWLRQ ,&1,53  FUHDWHG E\ ,53$ RQ  $IWHU  \HDUV LWV
ZRUN LV QRW UHSODFLQJ WKH FRPELQHG HIIRUW RI 816&($5 ,&53 DQG WKH LQWHUJRYHUQPHQWDO DJHQFLHV 6XFK
GLIIHUHQFHV LQ SURWHFWLRQ DSSURDFKHV EHWZHHQ ,5 DQG 1,5 DUH DJDLQVW WKH IXQGDPHQWDO EDVHV RI ,53$ 7KH
LQWHUHVWRI,53$LWVFRQVWLWXWLQJVRFLHWLHVDQGWKHLUWKRXVDQGSURIHVVLRQDOPHPEHUVLVWRUHVROYHWKHJDS7KH\
QHHGFOHDUDQVZHUVWRVXFKEDVLFTXHVWLRQVDV:KDWLVWKHLQWHUQDWLRQDOO\HQGRUVHGFRQVHQVXDOVFLHQFHRQ1,5"
:KDWLVWKHHWKLFDOEDVLVRIWKHSURWHFWLRQSDUDGLJPDQGWKHIDFWXDOSURWHFWLRQSULQFLSOHVEHLQJXVHGIRU1,5"
:KDWLVWKHLQWHUJRYHUQPHQWDOUHJLPHRIVDIHW\VWDQGDUGVDQGREOLJDWLRQVIRU1,5":KDWDUHWKHSURYLVLRQVIRU
WKH JOREDO DSSOLFDWLRQ RI VXFK VWDQGDUGV" 7KH SDSHU FRQFOXGHV WKDW WKH WLPH VHHPV WR EH ULSH IRU FORVLQJ WKH
JDSHEHWZHHQSURWHFWLRQDJDLQVW,5DQGSURWHFWLRQDJDLQVW1,5
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 ,1752'8&7,21

0RVW UDGLDWLRQ SURWHFWLRQ SURIHVVLRQDOV JURXSHG LQ QDWLRQDO UDGLRSURWHFWLRQ VRFLHWLHV DQG WKHVH
VRFLHWLHV ZKLFK ± GXO\ DVVRFLDWHG ± KDYH FRQVWLWXWHG WKH ,QWHUQDWLRQDO 5DGLDWLRQ 3URWHFWLRQ
$VVRFLDWLRQ ,53$ VHHPVWREHFRQYLQFHGRQWKHEHQHILWRIDQLQWHUQDWLRQDODQGLQWHUJRYHUQPHQWDO
UDGLDWLRQ VDIHW\ V\VWHP 6XFK D V\VWHP VKRXOG EH XQLYHUVDO DQG FRQVHQVXDO EH IRXQGHG RQ
LQWHUQDWLRQDO VFLHQFH EH EDVHG RQ D XQLYHUVDOO\ UHVSHFWHG SDUDGLJP UHVXOW LQ DQ LQWHUJRYHUQPHQWDO
UHJLPH RI VWDQGDUGV DQG ELQGLQJ REOLJDWLRQV DQG LQFOXGH SURYLVLRQV IRU SUDFWLFDO DSSOLFDWLRQV
VXSSRUWHGE\ LQWHUQDWLRQDO SURIHVVLRQDO VRFLHWLHV 7KH SURWHFWLRQDJDLQVW LRQL]LQJ UDGLDWLRQ ,5  FDQ
SURXGO\VKRZVXFKDV\VWHP8QIRUWXQDWHO\WKLVLVQRWWKHFDVHIRUWKHSURWHFWLRQDJDLQVWQRLRQL]LQJ
UDGLDWLRQ 1,5 

7KH SXUSRVH RI WKLV SDSHU LV WR H[SORUH VXFK GLFKRWRP\ )RU UHDVRQV GLVFXVVHG LQ WKH SDSHU WKH
GLIIHUHQFHVLQSURWHFWLRQDSSURDFKHVEHWZHHQ,5DQG1,5DUHDJDLQVWWKHIXQGDPHQWDOURRWVRI,53$
,WLVLQWKHLQWHUHVWRI,53$LWVFRQVWLWXWLQJVRFLHWLHVDQGWKHWKRXVDQGSURIHVVLRQDOVIRUPLQJ,53$WR
UHVROYHWKHJDS

 7+(,53527(&7,216<67(0

7KH,5SURWHFWLRQV\VWHPKDVDORQJWUDGLWLRQ$IWHUPRUHWKDQDFHQWXU\RISURIHVVLRQDODFWLYLWLHVD
JOREDOVDIHW\V\VWHPIRU,5KDVEHHQFRQVROLGDWHGEHFRPLQJRQHRIWKHPRUHVLJQLILFDQWLQWHUQDWLRQDO
DQGLQWHUJRYHUQPHQWDOVXFFHVVHV
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7KH LQWHUQDWLRQDO DQG LQWHUJRYHUQPHQWDO UDGLDWLRQ VDIHW\ V\VWHP IRU ,5 LV XQLYHUVDO DQG FRQVHQVXDO
DQGIRXQGHGRQDQH[WHQGHGLQWHUQDWLRQDODQGLQWHUJRYHUQPHQWDODFFRUGDVIROORZV
x
LW LV IRXQGHG RQ LQWHUQDWLRQDOO\ DFFHSWHG VFLHQFH DFFRUGHG DW WKH 8QLWHG 1DWLRQV 6FLHQWLILF
&RPPLWWHH RQ WKH (IIHFWV RI $WRPLF 5DGLDWLRQ 816&($5  DQG HQGRUVHG E\ WKH KLJKHVW
LQWHUQDWLRQDOLQWHUJRYHUQPHQWDOERG\WKH8QLWHG1DWLRQV*HQHUDODVVHPEO\ 81*$ 
x
LWLVEDVHGRQWKHXQLYHUVDOO\DFFHSWHGSDUDGLJPGHYHORSHGRYHUWKH\HDUVE\WKH,QWHUQDWLRQDO
&RPPLVVLRQRQ5DGLRORJLFDO3URWHFWLRQ ,&53 
x
LW KDV UHVXOWHG LQ DQ LQWHUJRYHUQPHQWDO UHJLPH RI VWDQGDUGV ZKLFK XQGHU WKH DHJLV RI WKH
,QWHUQDWLRQDO $WRPLF (QHUJ\ $JHQF\ ,$($  LV FRVSRQVRUHG E\ DOO UHOHYDQW LQWHUQDWLRQDO
DJHQFLHV WKH (XURSHDQ $WRPLF (QHUJ\ &RPPXQLW\ (XUDWRP  WKH )RRG DQG $JULFXOWXUH
2UJDQL]DWLRQ RI WKH 8QLWHG 1DWLRQV )$2  WKH ,QWHUQDWLRQDO /DERXU 2UJDQL]DWLRQ ,/2  WKH
,QWHUQDWLRQDO0DULWLPH2UJDQL]DWLRQ ,02 WKH2(&'1XFOHDU(QHUJ\$JHQF\ 2(&'1($ 
WKH3DQ$PHULFDQ+HDOWK2UJDQL]DWLRQ 3$+2 WKH8QLWHG1DWLRQV(QYLURQPHQW3URJUDPPH
81(3 DQGWKH:RUOG+HDOWK2UJDQL]DWLRQ :+2 
x
LWVLVJHQHUDOO\HQIRUFHGE\REOLJDWLRQVXQGHUWDNHQE\6WDWHVVXFKDVWKH,/2 5DGLDWLRQ
3URWHFWLRQ&RQYHQWLRQ1RDQGWKHPDQ\&RQYHQWLRQVDQG&RGHVRI&RQGXFWDJUHHGXQGHU
WKHDHJLVRIWKH,$($DQG
x
LW LQFOXGHV SURYLVLRQV IRU SUDFWLFDO DSSOLFDWLRQV VXSSRUWHG E\ DOO UHOHYDQW LQWHUQDWLRQDO
RUJDQL]DWLRQVLQFOXGLQJ,53$

 7+(1,53527(&7,216<67(0

)RU1,5DFRPSDUDEOHV\VWHPWRWKH,5V\VWHPGRHVQRWH[LVW

7KH proxy LV WKH ,QWHUQDWLRQDO &RPPLVVLRQ RQ 1RQ,RQL]LQJ 5DGLDWLRQ 3URWHFWLRQ ,&1,53  DQG
VRPHDFWLYLWLHVFDUULHGRXUE\WKH:+2

7KH ,&1,53 ZDV FUHDWHG E\ ,53$ RQ 0D\  LQ 0RQWUHDO WR FRQWLQXH WKH ZRUN SUHYLRXVO\
FRQGXFWHG E\ WKH ,53$¶V ,QWHUQDWLRQDO 1RQ,RQL]LQJ 5DGLDWLRQ &RPPLWWHH ,WV leitmotiv ZDV
µDGYDQFLQJ1,5SURWHFWLRQIRUWKHEHQHILWRISHRSOHDQGWKHHQYLURQPHQW¶

,Q WKHRU\ DWOHDVW ,53$ DQG ,&1,53 VKRXOG KDYH KDG D VWURQJ UHODWLRQVKLS HJ PXFK SRZHUIXO
WKDWWKHOLDLVRQEHWZHHQ,53$DQGWKHUHOHYDQW,5RUJDQL]DWLRQVVXFKDV816&($5,&53RUWKH
,$($ %\ VWDWXWRU\ PDQGDWH ,&1,53 VKDOO VXEPLW LWV IRUPDO UHFRPPHQGDWLRQV RQ SURWHFWLRQ
DJDLQVW1,5IRUFRPPHQWE\WKH,53$([HFXWLYH&RXQFLODQGWKH,53$$VVRFLDWH6RFLHWLHVSULRU
WRSXEOLFDWLRQ0RUHRYHU,53$VKDOOFRQWULEXWHDQDQQXDOJUDQWIRU,&1,537KXVZKLOH,&1,53
ZDVFUHDWHGDVDQLQGHSHQGHQWERG\IURPDVFLHQWLILFSRLQWRIYLHZLWVVWDWXWRU\PDQGDWHFDOOLWIRU
DQVWURQJDVVRFLDWLRQWR,53$

 ',))(5(17$3352$&+(6

&RQVHQVXDO6FLHQFH

IR

7KHFRQVHQVXDOVFLHQWLILFEDVHVIRUSURWHFWLRQDJDLQVW,5DUHSURYLGHGE\816&($57KLVXQLTXH
RUJDQL]DWLRQ ZDV HVWDEOLVKHG E\ 81*$ LQ  :KLOH LWV QDPH UHIHU WR µDWRPLF UDGLDWLRQ¶ LH
JLYHQWKHLPSUHVVLRQWKDWLWFRXOGGHDOZLWKERWK,5DQG1,5LWVPDQGDWHKRZHYHUZDVOLPLWHGWR
DVVHVV DQG UHSRUW OHYHOV DQG HIIHFWV RI H[SRVXUH WR ,5 >@ *RYHUQPHQWV DQG RUJDQL]DWLRQV
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WKURXJKRXW WKH ZRUOG UHO\ RQ WKH 816&($5 V HVWLPDWHV DV WKH VFLHQWLILF EDVLV IRU HVWDEOLVKLQJ
SURWHFWLYHPHDVXUHVDJDLQVW,5

816&($5KDVUHODWLYHO\UHFHQWO\SURYLGHGHVWLPDWHVRQWKHDWWULEXWLRQWR,5RIHIIHFWVRQKHDOWK
vis-à-vis WKH LQIHUHQFH RI ,5 ULVNV >@ 81*$ KDV XQDQLPRXVO\ ZHOFRPHG ZLWK DSSUHFLDWLRQ WKH
VFLHQWLILFUHSRUWRI816&($5RQWKLVLVVXH>@7KH816&($5HVWLPDWHVKDYHEHHQVXPPDUL]HG
E\ 81(3 >@ DQG FRQGHQVHG LQ D VLPSOLILHG ,5¶V H[SRVXUHUHVSRQVH UHODWLRQVKLS ZKLFK LV
SUHVHQWHGLQ)LJXUH





n
3527(&7,21
35,1&,3/(6
%(,1*$33/,('
+(5(

)LJXUH6LPSOLILHG,5¶VH[SRVXUHUHVSRQVHUHODWLRQVKLS

7KH 6LPSOLILHG ,5¶V H[SRVXUHUHVSRQVH UHODWLRQVKLS LQ )LJXUH  SUHVHQW WKUHH ]RQHV FOHDUO\
GLIIHUHQWLDWHGDVIROORZV
x
OHYHOVRIH[SRVXUHDWZKLFKHIIHFWVDUHclinically observable in individuals
x
OHYHOVRIH[SRVXUHDWZKLFKHIIHFWVDUHepidemiologically observable in populationsDQG
x
OHYHOV RI H[SRVXUH ZKHUH WKH HIIHFWV DUH MXVW biologically plausible PDUNHG DQ RYDOV LQ WKH
ILJXUH 

,WLVLPSRUWDQWWRXQGHUOLQHWKLVGLIIHUHQWLDWLRQ$VLQGLFDWHGLQ)LJXUHWKHSURWHFWLRQSROLF\DJDLQVW
,5 ZRXOG EH EDVHG RQ SURWHFWLQJ SHRSOH EHLQJ H[SRVHG WR LQFXU HIIHFWV WKDW DUH FRQVLGHUHG
ELRORJLFDOO\SODXVLEOHEXWQRWREVHUYDEOH





89

NIR

7KHUHLVQRWDVLPLODUSURFHVVIRUDFKLHYLQJLQWHUQDWLRQDOVFLHQWLILFFRQVHQVXVRQWKHHIIHFWVRI1,5
7KHUHLVQRDVLPLODULQWHUQDWLRQDOLQWHUJRYHUQPHQWDORUJDQL]DWLRQOLNH816&($5DFKLHYLQJVXFKD
QHHGHGFRQVHQVXVDWWKHKLJKHVWJRYHUQPHQWDOOHYHO7KH,&1,53DSSHDUVWREHDFWLQJDVDproxy
IRUWKLVSURFHVV

7KHDFKLHYHPHQWRILQWHUQDWLRQDOO\UHFRJQL]HGFRQVHQVXDOVFLHQFHVHHPVWREHGLIILFXOWWRDFKLHYH
-XVWDVDQH[DPSOHWKHUHKDYHEHHQGLYHUJHQFHVEHWZHHQ,&153DQGRWKHUUHOHYDQWLQVWLWXWLRQVRQ
WKHFUXFLDOLVVXHRIWKHELRORJLFDOSODXVLELOLW\RIFDUFLQRJHQLFHIIHFWVIROORZLQJ1,5H[SRVXUH

)RU LQVWDQFH WKH 86 1DWLRQDO 7R[LFRORJ\ 3URJUDP 173  FRQFOXGHG WKDW ORQJWHUP H[SRVXUH WR
UDGLRIUHTXHQF\ 5) HOHFWURPDJQHWLFILHOGV (0)V DVVRFLDWHGZLWKPRELOH RUFHOO SKRQHVRUEDVH
VWDWLRQV DSSHDUV WR EH FDUFLQRJHQLF 7KH 137 SURYLGHV WKH VFLHQWLILF EDVLV IRU 86$ SURJUDPV
DFWLYLWLHVDQGSROLFLHVWKDWSURPRWHKHDOWKRUOHDGWRWKHSUHYHQWLRQ RI GLVHDVH )RXQGHGLQ
173 SOD\V D FULWLFDO UROH LQ JHQHUDWLQJ LQWHUSUHWLQJ DQG VKDULQJ LQIRUPDWLRQ DERXW SRWHQWLDOO\
KD]DUGRXV HOHPHQWV DQG VWULYHV WR UHPDLQ DW WKH FXWWLQJ HGJH RI VFLHQWLILF UHVHDUFK DQG WKH
GHYHORSPHQW DQG DSSOLFDWLRQ RI QHZ WHFKQRORJLHV 137 KDV EHLQJ LQYROYHG LQ D ODUJH QXPEHU RI
VWXGLHVRI1,5FDUFLQRJHQHVLV

6LPLODU FRQFOXVLRQV RQ 1,5 FDUFLQRJHQLF ZHUH UHSRUWHG E\ WKH SUHVWLJLRXV 5DPD]]LQL ,QVWLWXWH LQ
,WDO\7KH5DPD]]LQLLQVWLWXWHLVDSUHVWLJLRXVQRQSURILWVRFLDOFRRSHUDWLYHWKDWKDVGHGLFDWHGPRUH
WKDQWZRGHFDGHVWRILJKWLQJFDQFHU,WVDFWLYLWLHVIRFXVRQWKUHHDUHDVRIDFWLRQVFLHQWLILFUHVHDUFK
HDUO\ GLDJQRVLV DQG VSUHDGLQJ LQIRUPDWLRQ 7KH ,QVWLWXWH FROODERUDWHV ZLWK WKH &ROOHJLXP
5DPD]]LQLDQLQWHUQDWLRQDODFDGHP\ZLWKDERXWIHOORZVLQFRXQWULHV

+RZHYHU WKH ,&1,53 FRQFOXGHG WKDW VXEVWDQWLDO OLPLWDWLRQV LQ WKHLU VWXGLHV SUHFOXGH FRQFOXVLRQV
EHLQJGUDZQFRQFHUQLQJ5)DQG(0)VDQGFDUFLQRJHQHVLV>@

0DQ\RWKHUSURPLQHQWLQVWLWXWLRQVKDYHEHHQLQYHVWLJDWLQJWKHFDUFLQRJHQLFSODXVLELOLW\RI,57KH\
LQFOXGHWKHSUHVWLJLRXV,QWHUQDWLRQDO$JHQF\IRU5HVHDUFKRQ&DQFHU ,$5& DQLQWHUJRYHUQPHQWDO
DJHQF\IRUPLQJSDUWRI:+2ZKRVHUROHLVWRFRQGXFWDQGFRRUGLQDWHUHVHDUFKLQWRWKHFDXVHVRI
FDQFHU>@

7KHELEOLRJUDSK\RQSODXVLELOLW\RIFDUFLQRJHQLFHIIHFWVRI1,5LVYDVW)RULQVWDQFHDVXEVWDQWLYH
FRPSLODWLRQ FDQ EH IRXQG DW WKH :+2¶V (QYLURQPHQWDO +HDOWK &ULWHULD GRFXPHQWV WKDW SURYLGH
LQWHUQDWLRQDOFULWLFDOUHYLHZVRQWKHHIIHFWVRIinter alia1,5RQKXPDQKHDOWKDQGWKHHQYLURQPHQW

1RWZLWKVWDQGLQJWKHYDVWDYDLODELOLW\RILQIRUPDWLRQGLVFXVVLQJWKHELRORJLFDOSODXVLELOLW\IRU1,5
H[SRVXUH WR EH FDUFLQRJHQLF LW VHHPV WKDW WKHUH LV QRW \HW IXOO FRQVHQVXV IRU DWWULEXWLQJ
XQHTXLYRFDOO\GHWULPHQWDOKHDOWKHIIHFWVWR1,5H[SRVXUH7KLVZLOOUHTXLUHODUJHUDQGZHOOGHVLJQHG
HSLGHPLRORJLFDO VWXGLHV RI KXPDQ SRSXODWLRQV LQ DGGLWLRQ WR WKRVH DYDLODEOH  %XW WKH HYLGHQFH
VHHPVWREHRYHUZKHOPLQJWRZDUGVDFRQVHQVXVRQWKHbiologically plausibilityWKDW1,5H[SRVXUH
PLJKW EH FDUFLQRJHQLF 6XFK D FRQVHQVXV KRZHYHU LV QRW DYDLODEOH 7KHUH LV QRW DQ LQWHUQDWLRQDO
LQVWLWXWLRQVLPLODUWR816&($5EXLOGLQJXSVXFKDFRQVHQVXV

,QVXPLWVHHPVWKDWWKHUHLVQRWDQLQWHUQDWLRQDOPHFKDQLVPDYDLODEOHWRUHDFKDXQLYHUVDOVFLHQWLILF
FRQVHQVXV RQ WKH GHWULPHQWDO KHDOWK HIIHFWV RI 1,5 H[SRVXUH $ EDVLF TXHVWLRQ UHPDLQV ZLWKRXW
DQVZHU+RZ WR EXLOG D XQLYHUVDOO\ DFFHSWHG SURWHFWLRQ SDUDGLJP IRU 1,5 LI WKHUH LV QRW DQ
LQWHUQDWLRQDOFRQVHQVXDOVFLHQFHWRVXSSRUWLW"
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 8QLYHUVDOSDUDGLJP

IR

7KH XQLYHUVDO SDUDGLJP JRYHUQLQJ WKH SURWHFWLRQ DJDLQVW ,5 KDV EHHQ UHFRPPHQGHG E\ WKH ,&53
DQGXVHGZRUOGZLGH7KH,&53LVDFKDULW\ QRWIRUSURILWRUJDQLVDWLRQ UHJLVWHUHGZLWKWKH&KDULW\
&RPPLVVLRQ RI (QJODQG DQG :DOHV ZKLFK ZDV HVWDEOLVKHG LQ  DW WKH VHFRQG ,QWHUQDWLRQDO
&RQJUHVVRI5DGLRORJ\WRUHVSRQGWRJURZLQJFRQFHUQVDERXWWKHHIIHFWVRI,5EHLQJREVHUYHGLQWKH
PHGLFDO FRPPXQLW\ 7KH ,&53 SUHVHQWV LWVHOI DV µDQ LQGHSHQGHQW LQWHUQDWLRQDO RUJDQLVDWLRQ WKDW
DGYDQFHV IRU WKH SXEOLF EHQHILW WKH VFLHQFH RI UDGLRORJLFDO SURWHFWLRQ LQ SDUWLFXODU E\ SURYLGLQJ
UHFRPPHQGDWLRQV DQG JXLGDQFH RQ DOO DVSHFWV RI SURWHFWLRQ DJDLQVW LRQLVLQJ UDGLDWLRQ¶ 7KH ,&53
SDUDGLJPKDVEHHQEXLOWRYHUWKH\HDUVRQWKHEDVLVDVROLGHWKLFGRFWULQHVDQGFRQVHTXHQWLDOFRUH
YDOXHVUHVXOWLQJLQWKHODWHVW,&53UHFRPPHQGDWLRQV>@

7KHEDVLFHWKLFDOGRFWULQHVJLYLQJEDVLVWRWKH,&53SDUDGLJPKDYHEHHQGLVFXVVHGHOVHZKHUH>@
7KH\FRPSUHKHQGLQGLYLGXDORULHQWHGHWKLFDOGRFWULQHVDQGVRFLHWDORULHQWHGHWKLFDOGRFWULQHV7KH
LQGLYLGXDO RULHQWHG HWKLFV LQFOXGH WKH GHRQWRORJLFDO HWKLFV EDVHG RQ GXW\ UHVSRQVLELOLW\ DQG
REOLJDWLRQ not do unto others what they should not do unto you DQGWKHDUHWখ ਕȡİĲȒ HWKLFVEDVHG
RQYLUWXHDQGDVVHW do good to others even if it will not be returned 7KHVRFLHWDORULHQWHGHWKLFV
LQFOXGH WKH WHOHRORJLFDO HWKLFV EDVHG RQ FRQVHTXHQFH UHVXOW DQG RXWFRPH mind the ends, which
justify the means DQGWKHXWLOLWDULDQHWKLFVEDVHGRQXWLOLW\KHOSIXOQHVVDQGHIIHFWLYHQHVV do the
greatest good for the greatest number of people  $ SURSHU EDODQFH RI WKHVH VRPHKRZ GLVSDUDWH
HWKLFDOGRFWULQHVKDVEHHQXVHGWRIRUPXODWHWKHSULQFLSOHVRIWKH,5SURWHFWLRQSDUDGLJP

7KH HWKLFDO IRXQGDWLRQV RI WKH ,5 SDUDGLJP KDV UHVXOWHG LQ WKH FRUH YDOXHV RI WKH ,5 SURWHFWLRQ
V\VWHP7KHVHKDYHEHHQUHSRUWHGE\,&53>@DQGLQFOXGHWKHIROORZLQJ
x
EHQHILFHQFH DQG QRQPDOHILFHQFH ZKLFK SUHYHQWV KDUPIXO HIIHFWV IRU KXPDQV DQG WKH
HQYLURQPHQW
x
SUXGHQFHZKLFKDOORZVXQFHUWDLQWLHVWREHWDNHQLQWRDFFRXQW
x
MXVWLFHZKLFKHQVXUHVRFLDOHTXLW\DQGIDLUQHVVLQGHFLVLRQVDQG
x
GLJQLW\ZKLFKFRQVLGHUWKHUHVSHFWWKDWRQHPXVWKDYHIRUSHRSOH

2QWKHVHEDVHVWKHEDVLFSULQFLSOHVRIWKHSDUDGLJPIRUWKHSURWHFWLRQDJDLQVW,5KDVEHHQEXLOW>@
7KH\ FRPSUHKHQG DV LW LV ZHOO NQRZ E\ WKH UDGLDWLRQ SURWHFWLRQ FRPPXQLW\ WKH justification RI
GHFLVLRQV LQYROYLQJ FKDQJHV LQ WKH H[SRVXUH WR ,5 WKH optimization RI RSWLRQV RI WKH SURWHFWLRQ
DJDLQVW,5DQGWKHlimitations RUUHVWULFWLRQV RILQGLYLGXDOH[SRVXUHV$QHPEHGGHGSULQFLSOHLQ
WKH ,&53 SULQFLSOHV LV WKH SURWHFWLRQ RI IXWXUH JHQHUDWLRQV DQG WKH HQYLURQPHQW QRWZLWKVWDQGLQJ
WKH VDIHW\ IXQGDPHQWDOV RI WKH LQWHUQDWLRQDO LQWHUJRYHUQPHQWDO RUJDQL]DWLRQV UHFRJQL]H LW DV D
VHSDUDWHSULQFLSOH$IXUWKHUFODVVLILFDWLRQRIWKH,&53SDUDGLJPLQFOXGHVWKHVLWXDWLRQVJLYHQULVH
WR,5H[SRVXUHH[WDQWSODQQHGDQGHPHUJHQF\DQGWKHW\SHRIH[SRVXUHVRFFXSDWLRQDOSXEOLFDQG
PHGLFDO

NIR

7KHPDLQIXQFWLRQLQWHQGHGE\,53$IRU,&1,53VHHPVWRKDYHEHHQWRUHFRPPHQGDSURWHFWLRQ
SDUDGLJPIRUWKHSURWHFWLRQDJDLQVW1,5IROORZLQJmutatis mutandiWKDWSDUDGLJPEXLOGRYHUWKH
\HDUVE\,&53IRUWKHSURWHFWLRQDJDLQVW,5,WKDVQRWEHHQFOHDUKRZHYHURQZKDWHWKLFDOEDVLV
WKH1,5SURWHFWLRQSDUDGLJPZRXOGEHEXLOW$VDUHVXOWLWLVQRWFOHDUZKDWWKHUDGLDWLRQSURWHFWLRQ
SULQFLSOHVRIWKLVSDUDGLJPVKRXOGEH
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$IWHUDORWRITXHVWLRQLQJLQWKLVUHJDUGMXVWUHFHQWO\QHDUO\VL[OXVWUXPDIWHULWVFRQVWLWXWLRQWKH
,&1,53 LVVXHG DQ µ,&153 VWDWHPHQW RQ SULQFLSOHV IRU QRQLRL]LQJ UDGLDWLRQ SURWHFWLRQ¶>@ ,Q
WKHVHSULQFLSOHVLVVWDWHGGHFODUHGWKDWWKHJHQHUDOSULQFLSOHVIRU1,5SURWHFWLRQDUHEDVHG«XSRQ
WKH ZHOOHVWDEOLVKHG SULQFLSOHV LQ ,&53  DQG WKH XQGHUSLQQLQJ HWKLFDO YDOXHV SXEOLVKHG E\
,&53 7KLV GHFODUDWLRQ LV YHU\ PXFK ZHOFRPHG EHFDXVH IRU WKH ILUVW WLPH LQ PDQ\ \HDUV D FOHDU
IUDPHZRUNRISULQFLSOHVZDVGHFODUHGIRUWKHSURWHFWLRQDJDLQVW1,5

1RWZLWKVWDQGLQJWKLVZHOFRPHGGHFODUDWLRQLWLVQRWFOHDUKRZLWZLOOEHSURSHUO\LPSOHPHQWHGLQ
SUDFWLFH)RULQVWDQFH
x
)RU WKH MXVWLILFDWLRQ SULQFLSOH ERWK ,&53  ,&1,53 VWDWHV WKDW DQ\ GHFLVLRQ WKDW DOWHUV WKH
UDGLDWLRQ H[SRVXUH VLWXDWLRQ VKRXOG GR PRUH JRRG WKDQ KDUP¶ +RZHYHU WKHUH LV DQ ,&1,53
SURYLVR ,&1,53 LQGLFDWHV WKDW LW GRHV QRW H[SOLFLWO\ DGGUHVV VRFLDO DQG HFRQRPLF LVVXHV DV
WKHVH DUH GHHPHG WR EH WKH UHPLW RI JRYHUQPHQWV DQG UHOHYDQW DXWKRULWLHV "  ,W LV QRW FOHDU
KRZ WKH MXVWLILFDWLRQ SULQFLSOH FRXOG EH DGGUHVVHG ZLWKRXW DGGUHVVLQJ VRFLDO DQG HFRQRPLFDO
LVVXHV
x
)RU WKH RSWLPL]DWLRQ SULQFLSOH ZKLOH WKH ,&53 DLPV DW WKH EHVW SURWHFWLRQ XQGHU SUHYDLOLQJ
FLUFXPVWDQFHV WKH ,&1,53 GHFODUHV WKDW ZKHQ WKH H[SRVXUH UHVWULFWLRQV VHW E\ ,&1,53 DUH
ZHOOEHORZWKUHVKROGOHYHOVIRUDGYHUVHKHDOWKHIIHFWV>"@IXUWKHUUHGXFWLRQLQWKHOLPLWYDOXHV
GRHVQRWUHVXOWLQDGGLWLRQDOKHDOWKEHQHILWVDQGWKHUHIRUH«RSWLPL]DWLRQLVQRWQHFHVVDU\>@.
x
)RU WKH OLPLWDWLRQ SULQFLSOH ZKLOH WKH ,&53 UHFRPPHQGV OLPLWV RI LQGLYLGXDO H[SRVXUH IRU
UHVWULFWLQJLQIHUUHGULVNVIRUVWRFKDVWLFHIIHFWVQDPHO\HIIHFWVWKDWDUHELRORJLFDOO\SODXVLEOHEXW
QRWQHFHVVDULO\DWWULEXWDEOHDQGZKLFKDUHZHOOEHORZWKHWKUHVKROGV IRUGHWHUPLQLVWLF HIIHFWV
DQGWKHHSLGHPLRORJLFDOOLPLWVIRUGHWHFWLQJLQFUHDVHVLQWKHLQFLGHQFHRIVWRFKDVWLFHIIHFWVWKH
,&1,53 GHFODUHV WKDW H[SRVXUH LV OLPLWHG WR HLWKHU EHORZ WKH OHYHO ZLWK DQ DFFHSWHG ULVN IRU
DGYHUVHHIIHFWVRUEHORZWKHWKUHVKROGOHYHOIRUDGYHUVHKHDOWKHIIHFWVZKHUHLWLVIHDVLEOHWR
UHGXFHWKHH[SRVXUHWREHORZWKHVHWKUHVKROGV
x
)RU WKH SULQFLSOH RI IXWXUH DQG WKH HQYLURQPHQW ZKLFK LV LPSOLFLWO\ UHFRJQL]HG E\ ,&53 DQG
HVWDEOLVKHGLQLQWHUQDWLRQDOVDIHW\IXQGDPHQWDOV VHHKHUHLQDIWHU ZKLOH,&53UHFRPPHQGVWR
OLPLW WKH H[SRVXUH FRPPLWWHG UDWKHU WKDQ WKH H[SRVXUH LQFXUUHG DQG WKDW WKH HQYLURQPHQW EH
SURWHFWHG IRU PDLQWDLQLQJ ELRORJLFDO GLYHUVLW\ HQVXULQJ WKH FRQVHUYDWLRQ RI VSHFLHV DQG
SURWHFWLQJ WKH KHDOWK DQG VWDWXV RI QDWXUDO KDELWDWV FRPPXQLWLHV DQG HFRV\VWHPV LW LV
DEVROXWHO\XQFOHDUZKDWWKHSRVLWLRQRI,&1,53LVRQWKLVFUXFLDOLVVXHV

,W VHHPV WKDW WKHUH LV D PLVPDWFK EHWZHHQ WKH ,&53 SDUDGLJP LQWHQWLRQV DQG WKH ,&1,53
XQGHUVWDQGLQJ

,QWHUJRYHUQPHQWDOUHJLPH

IR

$ YHU\ FRPSUHKHQVLYH LQWHUJRYHUQPHQWDO VDIHW\ UHJLPH RQ WKH VDIHW\ RI DFWLYLWLHV LQYROYLQJ WKH
H[SRVXUHWR,5KDVEHHQEXLOWE\WKHV\VWHPRILQWHUJRYHUQPHQWDOLQWHUQDWLRQDORUJDQL]DWLRQVRYHUD
SHULRGRIPRUHWKDQKDOIDFHQWXU\,WZDVWULJJHUHGE\UHVROXWLRQVRIWKHSROLF\PDNLQJRUJDQVRI
WKH,$($>@

,WLVVXVWDLQHGRQ)XQGDPHQWDOV6DIHW\3ULQFLSOHV>@LQFOXGLQJUHVSRQVLELOLW\IRUVDIHW\UROHRI
JRYHUQPHQW OHDGHUVKLS DQG PDQDJHPHQW IRU VDIHW\ MXVWLILFDWLRQ RI DFWLRQV RSWLPL]DWLRQ RI
SURWHFWLRQOLPLWDWLRQRIULVNVWRLQGLYLGXDOVSURWHFWLRQRISUHVHQWDQGIXWXUHJHQHUDWLRQVSUHYHQWLRQ
RI DFFLGHQWV HPHUJHQF\ SUHSDUHGQHVV DQG UHVSRQVH DQG SURWHFWLYH DFWLRQV WR UHGXFH H[LVWLQJ RU
XQUHJXODWHGUDGLDWLRQULVNV
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,Q DGGLWLRQ WR WKH 6DIHW\ )XQGDPHQWDOV ZKLFK SUHVHQW WKH IXQGDPHQWDO VDIHW\ REMHFWLYH DQG
SULQFLSOHV RI SURWHFWLRQ DQG VDIHW\ LQ UHODWLRQ WR ,5 WKH V\VWHP LQFOXGHV D SOHWKRUD RIQ6DIHW\
5HTXLUHPHQWVDQG6DIHW\*XLGHV

7KH6DIHW\5HTXLUHPHQWVDUHDQLQWHJUDWHGDQGFRQVLVWHQWVHWRIUHJXODWRU\GRFXPHQWVWKDWHVWDEOLVK
ZKDWPXVWEHPHWWRHQVXUHWKHSURWHFWLRQRISHRSOHDQGWKHHQYLURQPHQWDJDLQVW,5ERWKQRZDQG
LQ WKH IXWXUH 7KH SULPXV LQWHU SDUHV UHTXLUHPHQW IRU SURWHFWLRQ DJDLQVW 5 LV WKH VRFDOOHG %DVLF
6DIHW\6WDQGDUGV>@,IWKHUHTXLUHPHQWVDUHQRWPHWPHDVXUHVPXVWEHWDNHQWRUHDFKRUUHVWRUH
WKHUHTXLUHGOHYHORIVDIHW\7KHIRUPDWDQGVW\OHRIWKHVHLQWHUQDWLRQDOUHTXLUHPHQWVIDFLOLWDWHWKHLU
XVH IRU WKH HVWDEOLVKPHQW LQ D KDUPRQL]HG PDQQHU RI D QDWLRQDO UHJXODWRU\ IUDPHZRUN
5HTXLUHPHQWVLQFOXGLQJQXPEHUHGµRYHUDUFKLQJ¶UHTXLUHPHQWVDUHH[SUHVVHGDVµVKDOO¶VWDWHPHQWV

7KH 6DIHW\ *XLGHV SURYLGH UHFRPPHQGDWLRQV DQG JXLGDQFH RQ KRZ WR FRPSO\ ZLWK WKH VDIHW\
UHTXLUHPHQWV LQGLFDWLQJ DQ LQWHUQDWLRQDO FRQVHQVXV WKDW LW LV QHFHVVDU\ WR WDNH WKH PHDVXUHV
UHFRPPHQGHG RU HTXLYDOHQW DOWHUQDWLYH PHDVXUHV  7KH 6DIHW\ *XLGHV SUHVHQW LQWHUQDWLRQDO JRRG
SUDFWLFHVDQGLQFUHDVLQJO\WKH\UHIOHFWEHVWSUDFWLFHVWRKHOSXVHUVVWULYLQJWRDFKLHYHKLJKOHYHOVRI
VDIHW\7KHJXLGDQFHSURYLGHGLQ6DIHW\*XLGHVDUHH[SUHVVHGDVµVKRXOG¶VWDWHPHQWV

7KHFRUSXVRIVDIHW\IXQGDPHQWDOVUHTXLUHPHQWVDQGJXLGHVFRPSUHKHQGKXQGUHGWKVRIGRFXPHQWV
HVWDEOLVKLQJSUHFLVHVDIHW\VWDQGDUGVIRUWKHSURWHFWLRQDJDLQVW,5

NIR

1RWKLQJHTXLYDOHQWRUHYHQVLPLODUWRWKHLQWHUQDWLRQDOLQWHUJRYHUQPHQWDOVDIHW\UHJLPHIRU,5H[LVW
IRU 1,5 7KH HVWDEOLVKPHQW RI DQ LQWHUQDWLRQDO DQG LQWHUJRYHUQPHQWDO VDIHW\ UHJLPH RI VWDQGDUGV
DQGREOLJDWLRQVIRUWKHSURWHFWLRQDJDLQVW1,5LVEH\RQGWKHVWDWXWRU\FRPSHWHQFHRI,&1,53

 3URYLVLRQVIRUSUDFWLFDODSSOLFDWLRQV

IR

$ V\VWHP H[LVWV IRU SURYLGLQJ IRU WKH DSSOLFDWLRQ RI WKH VWDQGDUGV DQG JXLGHV HVWDEOLVKHG E\ WKH
LQWHUQDWLRQDOLQWHUJRYHUQPHQWDOVDIHW\UHJLPHLWLQFOXGHinteralia
x
SURYLGLQJWHFKQLFDODVVLVWDQFHWRUHTXHVWLQJ6WDWHV
x
IRVWHULQJLQIRUPDWLRQH[FKDQJHDPRQJVSHFLDOLVWV
x
SURPRWLQJHGXFDWLRQ WUDLQLQJIRUWKHQHZSURIHVVLRQDOV
x
FRRUGLQDWLQJUHVHDUFK GHYHORSPHQWDPRQJVSHFLDOLVHGFHQWUHVDQGODERUDWRULHVDQGODVWEXW
QRWOHDVW
x
UHQGHULQJDSSUDLVDOVHUYLFHVIRUFKHFNLQJFRPSOLDQFHZLWKVWDQGDUGV

NIR

)RU1,5WKHUHLVQRWKLQJHTXLYDOHQWRUHYHQVLPLODUWKDQWKHV\VWHPRISURYLVLRQVIRUWKHDSSOLFDWLRQ
RI WKH VWDQGDUGV IRU ,5 +RZHYHU ,&1,53 KDV KDG VRPH LQLWLDWLYHV LQ WKLV UHJDUG :RUNVKRSV
RUJDQL]HG E\ WKH ,&1,53 VXFKV DV WKH ,QWHUQDWLRQDO 1,5 :RUNVKRS WKDW ZDV SODQQHG LQ WKH
IUDPHZRUN RI ,53$ DQG KDG WR EH FDQFHOOHG DUH H[DPSOHV RI DWWHPSWV WR IRVWHU LQIRUPDWLRQ
H[FKDQJH

 &21&/86,216
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,5 DQG 1,5 DUH ZLWKLQ WKH UHPLW RI ,53$ 7KH V\VWHP RI SURWHFWLRQ DJDLQVW ,5 SUHFHGHV ,53$
%HLQJ FRQVFLRXV RI WKH FKDOOHQJHV RI 1,5 ,53$ GXO\ FUHDWHG DQ ,QWHUQDWLRQDO 1RQ,RQL]LQJ
5DGLDWLRQ&RPPLWWHHDQGWKHQLQ,&1,53,53$LWVHOIDQGLWVFRQVWLWXHQFLHVZHUHVXSRVVHG
WREHGXO\LQIRUPHGE\,&1,53RQWKHHYROXWLRQRIWKHSURWHFWLRQV\VWHPIRU1,5

1RWZLWKVWDQGLQJWKHVHJRRGLQWHQWLRQV\HDUVDIWHUDQXPEHU RIIXQGDPHQWDOTXHVWLRQVUHPDLQ
DQG PHULW XQDPELJXRXV DQVZHUV :KDW LV WKH LQWHUQDWLRQDO FRQVHQVXDO VFLHQFH RQ WKH GHWULPHQWDO
KHDOWKHIIHFWVRIH[SRVXUHWR1,5":KDWLVWKHUDWLRQDOHWKLFVRIWKHSDUDGLJPRISURWHFWLRQDJDLQVW
1,5DQGZKDWDUHLWVUHDOSURWHFWLRQSULQFLSOHVEHLQJXVHGIRU1,5":KDWLVWKHLQWHUJRYHUQPHQWDO
V\VWHP RI VWDQGDUGV DQG REOLJDWLRQV WKDW DUH SODQQHG LQ RUGHU WR IRUPDOL]H LQWHUQDWLRQDOO\ WKH
SURWHFWLRQ DJDLQVW 1,5" :KDW SURYLVLRQV DUH VHWWOHG IRU WKH SUDFWLFDO DSSOLFDWLRQV RI SURWHFWLRQ
VWDQGDUGVDJDLQVW1,5"

7KH\HDUVDUHSDVVLQJDQGPDQ\FROOHDJXHVPLJKWEHTXHVWLRQLQJZKHWKHUZHDUHWUHDWLQJWKH
SURWHFWLRQ DJDLQVW 1,5 ZLWK WKH VDPH HWKLFDO FRQVLGHUDWLRQV WKDW ZH KDYH WUHDWHG WKH
SURWHFWLRQ RI ,5 ,W VHHPV WR EH HVVHQWLDO IRU WKH QDWLRQDO UDGLDWLRQ SURWHFWLRQ VRFLHWLHV
FRQVWLWXWLQJ,53$DQGWKHLUSOHWKRUDRIUDGLDWLRQSURWHFWLRQSURIHVVLRQDOVDVZHOOIRU,53$
LWVHOIWRVHDUFKIRUXQHTXLYRFDODQGXQDPELJXRXVDQVZHUVWRWKHTXHVWLRQVUDLVHGKHUHWRIRUH
7KHWLPHVHHPVWREHULSHIRUFORVLQJWKHJDSHEHWZHHQSURWHFWLRQDJDLQVW,5DQGSURWHFWLRQ
DJDLQVW1,5

 5()(5(1&(6

>@ 81*$5HVROXWLRQ ; >WKH816&($5IRXQGLQJUHVROXWLRQ@'HFHPEHU
>@ 816&($55HSRUWRIWKH816&($5ILIW\QLQWKVHVVLRQ81*$$QQH[$$WWULEXWLQJKHDOWK
HIIHFWVWRLRQL]LQJUDGLDWLRQH[SRVXUHDQGLQIHUULQJULVNV1HZ<RUN81
>@ 81*$5HVROXWLRQ(IIHFWVRIDWRPLFUDGLDWLRQDGRSWHGRQ'HFHPEHU
>@ 81(35DGLDWLRQHIIHFWVDQGVRXUFHV81(31DLUREL
>@ ,&1,53 ,&1,53 1RWH &ULWLFDO (YDOXDWLRQ RI 7ZR 5DGLRIUHTXHQF\ (OHFWURPDJQHWLF

)LHOG $QLPDO  0DJQHWLF )LHOGV  +] ±  N+] ´  +HDOWK 3K\V   

>@ ,$5& 1RQLRQL]LQJ UDGLDWLRQ 5DGLRIUHTXHQF\ HOHFWURPDJQHWLF ILHOGV ,$5& /\RQ )UDQFH
,6%1 1/0&ODVVLILFDWLRQ: ,661
>@ ,&537KH5HFRPPHQGDWLRQVRIWKH,&533XEOLFDWLRQ(OVHYLHU
>@ *RQ]iOH]$-/DVEDVHV pWLFDVGHORV SULQFLSLRVLQWHUQDFLRQDOHV GHODSURWHFFLyQUDGLROyJLFD
5DGLRSURWHFFLyQ1R9ROXPHQ;,;
>@ ,&53(WKLFDO)RXQGDWLRQVRIWKH6\VWHPRI5DGLRORJLFDO3URWHFWLRQ,&533XE
>@ ,&1,53,&1,536WDWHPHQW3ULQFLSOHVIRU1RQ,RQL]LQJ5DGLDWLRQ3URWHFWLRQ +HDOWK3K\V
  ±
>@ ,$($7KH$JHQF\ V+HDOWKDQG6DIHW\0HDVXUHV,1)&,5&,$($9LHQQD>@DQG
,1)&,5&5HY,$($9LHQQD>@
>@ (XUDWRP)$2,$($,/2,022(&'1($3$+281(3:+2)XQGDPHQWDO6DIHW\
3ULQFLSOHV6DIHW\IXQGDPHQWDOV,$($9LHQQD
>@ ,$($ 5DGLDWLRQ 3URWHFWLRQ DQG 6DIHW\ RI 5DGLDWLRQ 6RXUFHV ,QWHUQDWLRQDO %DVLF 6DIHW\
6WDQGDUGV*HQHUDO6DIHW\5HTXLUHPHQWV,$($VDIHW\VWDQGDUGVVHULHV,661;QR
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INTRODUCTION
The International Nuclear and Radiological Event Scale (INES), was created in 1990 as a communication tool with the aim to facilitate the
understanding of the safety significance and the associated risk of nuclear and radiological events among the general public. The technical
information considered in ,1(6¶V rating methodology can facilitate the inclusion of new approaches, developing and implementing different
mechanisms and strategies to strengthen capacity building in regulatory bodies to avoid the occurrence of radiological and nuclear events, acting
in the public interest, in order to promote confidence and trust. Nevertheless, the evaluation of international information concerning the
occurrence of radiological and nuclear events, informed voluntarily by Member States (MS) applying INES, show that similar radiological events
keep occurring, up to now. This is the reason why the safety significance must be evaluated to change of vision of regulatory bodies, including the
impact of this information in different aspects such as: regulatory infrastructure, new and more deep regulations, evaluation of some repetitive
events in order to establish procedures to prevent similar situations, etc.
Other aspect is the impact of this information in members of the public about risk and the role of regulatory body. The inclusion of this initiative will
offer a change in the concept regarding the use of lessons learned and experience gained.

METHODOLOGY
One of the relevant issues of this evaluation is that, despite
the development of more and better tools for regulatory
control and supervision during the use of radioactive
material, radiological incidents continue to be reported by
Member States. INES, as a communication tool, is an
element that provide information about the radiological
events that have occurred but, what other mechanisms can
be initiated with this information?. This is a brief description
of some elements that should be analyzed within the
regulatory structure every time that an event is reported
voluntarily by a Member State.

THE MEMORY EFFECT
 There are many examples that will remain in our memory
when we evaluate the radiological accidents of the past.
 We will continue to talk about lessons learned and
improvements, but there is certainly still work to be done.

Examples of radiological accidents with overexposure to
radiation in industrial radiography.
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FINAL REMARKS

This information on radiological incidents and accidents proposes an evaluation of the event, in order to avoid similar situations of radiological risk as well as for
opportunities for improvement both in the regulatory area and in the tasks of authorized users of radioactive material
9Not to compare countries
9Not to compare results or consequences of events
9Not to compare regulators or regulations
9Not to compare users of radioactive and nuclear materials
9Not to compare standards or laws
9Not to FRPSDUH«

CONCLUSIONS

 An opportunity for improvement would be the use of the information provided regarding
events notified by MS that apply the INES, as a tool that allows the evolution of the regulatory
system.
 In this sense, the mechanisms and methodologies used for regulatory control should be
increased, introducing the experience gathered from these events as an opportunity for
improvement.
 This would allow the detection of errors and weaknesses in the regulatory system, in order to
provide the means to lessen the probability of new radiological or nuclear incidents, while
increasing capacity building and its commitment to safety.
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ABSTRACT
Probabilistic safety assessment is currently a widely used tool for nuclear safety analysis. However,
one of its main obstacles is the difficulty, due to the recognized uncertainties, to set specific
quantitative criteria for safety. Whereas many licensing authorities have adopted criteria in the form
of targets, goals or reference values, Argentine Nuclear Regulatory Authority (ARN) has a clear
acceptability criterion for potential exposure risks based on the probabilistic concept of individual
radiological risk, which is compatible with ICRP’s dose limitation system philosophy used for radiation
protection purposes.
The aim is to limit the individual risk related to potential exposures to values analogous to the
individual risk associated with exposures arising from normal operation.
The safety level of a certain facility is assessed by ARN through the regulatory tool called “Acceptability
Criterion Curve” (Figure 1), which is an iso-risk curve of 10-7 for doses higher than 0,2 mSv.

Figure 1. Acceptability Criterion Curve

This licensing criterion is focused on the design, so the fulfillment of the Acceptability Criterion Curve
must be assessed before the facility construction stage or if any major design changes are to be made
on an operating facility.
The Acceptability Criterion Curve is not only a licensing tool, but also a way to identify design
improvements to effectively reduce the overall risk of a certain design and to compare, from the risk
point of view, different designs and concepts.
The commissioning of the Atucha II NPP was the first project in which this regulatory tool was fully
requested, and it was fulfilled by means of a Level 3 PSA. As for the PSA Level 2, representative severe
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accident sequences were analyzed by MELCOR code whilst accident progression event trees have
been evaluated by EVNTREE code. A Severe Accident Management Program was elaborated on this
basis, which also provided insights for developing the SAMP for the Atucha I NPP.
In the case of the SMR CAREM-25, a design-stage PSA was performed to assess fulfillment of the
Acceptability Criterion Curve, which demonstrated a very low risk associated with this design.
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Probabilistic approach for nuclear
safety regulation in Argentina
Juan Martín CAMPOS – Víctor IBARRA
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Probabilistic approach for nuclear safety regulation in Argentina
Outline

•
•
•
•
•

Acceptable Risk Limit
Acceptability Criterion Curve
Licensing Requirements
Licensing Criterion
Cases

Probabilistic approach for nuclear safety regulation in Argentina
Acceptable Risk Limit (1/2)
Argentine Nuclear Regulatory Authority (ARN) acceptability criterion for potential
exposure risks is based on the probabilistic concept of individual radiological risk.
This concept is compatible with ICRP’s dose limitation system philosophy used for
radiation protection purposes.
In this context, the individual risk is defined as the probability that an individual is
exposed to ionizing radiation as a result of an accident and then dies due to that
exposure:
[Eq. 1]

The total individual risk is obtained by summing the risks associated with
exposures from all credible accidental sequences (or group of sequences):
[Eq. 2]
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Probabilistic approach for nuclear safety regulation in Argentina
Acceptable Risk Limit (2/2)
The aim is to limit the individual risk related to potential exposures to values
analogous to the individual risk associated with exposures arising from normal
operation.
The value of this limit is obtained by affecting ARN’s dose constraint to exposures
from a single source with ICRP’s risk coefficient for stochastic effects:

Additionally, to account for uncertainties inherent to probabilistic techniques, such
as PSA, the acceptable risk limit is decreased by a factor of 15:
Acceptable Risk Limit (RT) < 10-6
This means that the total risk of death from all potential exposure scenarios for
any individual of the public must be lower than 10-6.

Probabilistic approach for nuclear safety regulation in Argentina
Acceptability Criterion Curve (1/3)
The safety level of a certain facility is assessed by ARN through the regulatory tool
called “Acceptability Criterion Curve”.
Considering the annual probability of any accidental sequence (or group of
sequences) (Pexp) and the effective dose resulting from that accidental sequence (or
group of sequences) (E) as variables, this curve is obtained by plotting Pexp = f(E).
The treatment of the full set of accident sequences, and their corresponding source
terms, is simplified by grouping them into release categories (RC). For each RC a
representative accidental sequence is selected, taking the one with the worst
radiological consequences. Besides, the annual probability assigned to a given RC
is the sum of the annual probabilities of the accident sequences that constitute
that RC.
If it is assumed that with N=10 Release Categories all the accidents can be
included, the contribution to the risk of each of those RC must be < 10-7.
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Probabilistic approach for nuclear safety regulation in Argentina
Acceptability Criterion Curve (2/3)
Taking into account that the probability of dying due to a certain exposure is a
function of the effective dose (E) incurred, different sections can be identified in the
Acceptability Criterion Curve:

•
•
•

•

The stochastic effects section, for doses
lower than 1 Sv (Slope = 0,05 Sv-1).
The hypothesis of certainty of death for
doses higher than 6 Sv.
The section between 1 and 6 Sv is a linear
interpolation between the two previous
sections (conservative approximation of the
sigmoid section of the dose-response curve
characteristic of this dose range).
The section for doses lower than 0,2 mSv
depicts the ARN criterion of considering nonacceptable any RC with a high probability of
occurrence.

Probabilistic approach for nuclear safety regulation in Argentina
Acceptability Criterion Curve (3/3)
The Acceptability Criterion Curve is an
iso-risk curve of 10-7 for doses higher
than 0,2 mSv.
The curve defines two zones:

•
•

The Acceptable Zone, where each
point has a risk value lower than 10-7.
The Non-acceptable Zone, where
each point has a risk value higher
than 10-7.

For the full set of accidental sequences
with radiological consequences for the
public the annual probability
occurrence for each one of them shall be
that, when represented according to the
corresponding effective dose, results in
a point located in the acceptable area.
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Probabilistic approach for nuclear safety regulation in Argentina
Licensing Requirements
For Nuclear Power Plants, Standard AR 3.1.3 (first version published in 1979) states
that:

•
•
•

All the accidental sequences with radiological consequences for the public must
be identified.
Annual probability of occurrence of each sequence must be calculated by
means of failure trees and event trees (e.g. Level 1 and Level 2 PSA).
Effective dose to the representative person must be calculated, taking into
account meteorological conditions and their probabilities of occurrence This
implies:

•
•
•

For each sequence, a fully characterized source term and its frequency
must be obtained (e.g. Level 2 PSA).
An atmospheric dispersion model and a dosimetric model must be
employed over each source term (e.g. Level 3 PSA)

Application of countermeasures shall not be accounted

Probabilistic approach for nuclear safety regulation in Argentina
Licensing Criterion
This licensing criterion is focused on the design, so the fulfillment of the
Acceptability Criterion Curve must be assessed before the facility construction
stage or if any major design changes are to be made on an operating facility.
If any accidental sequence fall into the “Non Acceptable” region, the design must
be adjusted by introducing modifications that may either reduce the likelihood of
the sequence (e.g. improving safety system features), or reduce its consequences
(e.g. adding or improving mitigation systems).
Even if all the accidental sequences fall into the “Acceptable” region, this
methodology allows to rank, from the risk point of view, the full set of accidental
sequences, which can become an important decision-making tool to improve the
overall safety of the facility.
The Acceptability Criterion Curve is not only a licensing tool, but also a way to
identify design improvements to effectively reduce the overall risk of a certain
design and to compare, from the risk point of view, different designs and concepts.
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Probabilistic approach for nuclear safety regulation in Argentina
Cases (1/6)
Atucha II NPP

•
•

The original project started in 1982. The construction was suspended in 1994. In
2006 the project was restarted. Commercial operation started in 2016.
Acceptability Criterion Curve was fulfilled by means of a Level 3 PSA.
Level 2 PSA
Representative severe accident sequences analyzed by MELCOR integral code
and accident progression event trees evaluated by EVNTREE code.

•
•
•

No credit given to severe accident management measures.
Key results:

•
•
•
•

Analysis of RPV failure after core melt down.
Analysis of corium behavior after reaching the cavity.
Containment failure modes
Evaluation of dominant RC.

Probabilistic approach for nuclear safety regulation in Argentina
Cases (2/6)

•
•

•
•

On the basis of the Level 2 PSA, a Severe Accident Management Program was
developed.
In the light of the Fukushima Daiichi Accident, a stress test, similar in content to
the one that WENRA implemented, yielded as a result that there were no
relevant weaknesses that require urgent actions, but, for the purposes of
increasing the capacity to respond to extreme situations, an assessment of
feasibility for an external RPV cooling strategy was required.
The study, which finished in 2019, concluded that an external RPV cooling
strategy was neither feasible, nor effective.
Splitting the corresponding RC into its constituent accidental sequences, early
release sequences were identified.
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Probabilistic approach for nuclear safety regulation in Argentina
Cases (3/6)
Atucha I NPP

•
•
•
•
•

Started operating in 1974, so fulfillment of the Acceptability Criterion Curve
assessment was not applicable.
Level 1 ½ PSA (Source term assessment not included)
Severe Accident Management Program developed by extrapolating insights
from Atucha II Level 2 PSA.
Safety analysis is performed as part of a Periodic Safety Review (SSG-25).
The possibility of a Long Term Operation is being evaluated.

Probabilistic approach for nuclear safety regulation in Argentina
Cases (4/6)
Embalse NPP

•
•
•

Started operating in 1983, so fulfillment of the Acceptability Criterion Curve
assessment was no applicable.
Refurbishment Project started in 2007 an completed in 2018. Second operating
cycle started in 2019.
Level 2 PSA
Representative severe accident sequences analyzed by MAAP4-CANDU
integral code and accident progression event trees evaluated by
RiskSpectrum code.

•
•
•

Acceptance criterion was taken from document INSAG-12 “Basic Safety
Principles for Nuclear Power Plants”: The objective for large off-site releases
requiring short term off-site response shall be 10-5 events per reactor-year.
Characterization of the source terms was out of the scope of this study.

109

Probabilistic approach for nuclear safety regulation in Argentina
Cases (5/6)
Embalse NPP

•

Design improvements to deal with Severe Accidents taking into account Level 2
PSA insights:

•
•
•
•

Addition of line to add water in the Calandria Vault from outside the reactor
building.
Addition of a rupture disk to the Calandria Vault in order to increase release
capacity, in case the moderator is lost as a heat sink.
Addition of autocatalytic hydrogen recombiners in the Reactor Building.

Severe Accident Management Program

•
•

Based on the Generic Guidelines elaborated by CANDU Owner’s Group
After the Specific Guidelines were developed, some revisions were carried
based on the insights of Level 2 PSA:

•
•

SAG-3 “Control Calandria Vault Conditions”
SAG-6 “Control Containment Conditions”

Probabilistic approach for nuclear safety regulation in Argentina
Cases (6/6)
CAREM-25

•
•
•
•

A design-stage PSA was performed to assess fulfillment of the Acceptability
Criterion Curve.
A very low risk associated with the design was demonstrated.
Final design is expected to have risk values even lower.
CNEA (designer and constructor) will give a presentation on this topic.
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ABSTRACT
The NaIGEM code (Nuclear Instruments and Methods A 458 (2001) 196) has been initially
developed to non-destructively determine uranium enrichment by analyzing low energy
resolution gamma-ray spectra collected with sodium iodine (NaI) detectors based on a fitting
procedure that is capable of obtaining the intensity of the 186 keV gamma-ray from 235U with
better accuracy and precision than the original “enrichment meter principle” (Progress report
LA-4605-MS, Los Alamos National Laboratory, NNM, 1970, p. 19), which uses two regions
of interest, one for the referred peak and another for the background. With the advent and
commercial availability of lanthanum bromide (LaBr3) detectors, a type of scintillation
crystal that provides better energy resolution, relative efficiency and temperature stability
than the NaI crystal, upgraded versions of the NaIGEM code have been developed to include
the capability of analyzing gamma-ray spectra collected with LaBr3 detectors. Since then, the
Brazilian-Argentine Agency for Accounting and Control of Nuclear Materials (ABACC)
extensively uses this medium resolution NDA system to perform uranium enrichment
measurements in the field during safeguards inspections conducted in Argentine and
Brazilian nuclear facilities. At the domestic level, representatives of the State Authorities of
Brazil and Argentina also use the system as a tool to verify operator’s declared data. The
experience on using the NaIGEM code and LaBr3 detectors to perform uranium enrichment
measurements in Argentina and Brazil over the last years is discussed and performance
values are presented. The main types of measured items include natural and low enriched UF6
cylinders and UO2 drums. The performance of typical NDA systems used in safeguards
applications is periodically published by the International Atomic Energy Agency (IAEA) as
part of a document usually referred to as “International Target Values” (ITV). Historically,
several international institutions and laboratories, including ABACC, have contributed with
the IAEA in sharing measurement data and discussing performance values. Since the latest
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version of the ITV was issued in 2010 and does not include uncertainty estimates for medium
energy resolution gamma spectrometers, this paper aims to contribute with useful data for
establishing reliable uncertainty estimates that could be included in the next edition of the
ITV.
1. INTRODUCTION
Measurements of 235U enrichment by non-destructive assay (NDA) methods based on
gamma-ray spectrometry are routinely performed by nuclear safeguards inspectorates for
verification of the declared value in “infinitely” thick uranium samples during on-site
inspections at fuel fabrication, conversion and enrichment plants. Among several advantages,
the methods allow for prompt obtention of the results. The most frequently used options are
based on high- and low-resolution systems using high-purity germanium (HPGe)
semiconductor and sodium iodide (NaI) scintillation detectors, respectively. More recently,
Cerium-doped Lanthanum Bromide (LaBr3(Ce)) scintillation detectors have been tested and
approved for regular use by the Brazilian-Argentine Agency for Accounting and Control of
Nuclear Materials (ABACC) and the International Atomic Energy Agency (IAEA) as a
medium-resolution option of similar usability, i.e., detector size and operation at room
temperature, and efficiency, but with better stability and energy resolution than NaI. For
spectra evaluation and calculation of the enrichment results, the NaIGEM code [1, 2] has
been used. It employs fitting procedures to determine the intensity of gamma-rays emitted by
235
U in the region 120 – 300 keV, as well as interferences caused by high-energy gamma-rays
from 238U decay and low-angle Compton scattering in the same energy region. If a significant
amount of 238Th is also present in the sample (commonly observed in reprocessed uranium or
natural Th), the intensity of the corresponding 239 keV decay peak may be relevant and then
the code is capable of computing. At the end, the intensity of the most prominent 186 keV
peak from 235U decay is determined and used to derive the enrichment of the measured
sample based on previous calibration of the measurement system with well-known reference
samples. The code was originally developed for analyzing only NaI spectra, but the latest
versions are capable of interpreting spectra collected with LaBr3 detectors as well. Some
studies [3] have already been conducted in order to assess the performance of such detector
for enrichment determinations in a laboratory environment. In this paper we discuss
performance results obtained under conditions found in actual field safeguards inspections
where additional limitations and difficulties are commonly faced.
2. MEASUREMENT SYSTEMS
The standard LaBr3 detector currently used by ABACC is a Brillance 380 model, which has a
38 mm diameter by 38 mm length cylindric crystal produced by Saint Gobain [4]. In order to
minimize background interference and establish a well-defined measurement geometry, 10
mm lead lateral shielding and frontal collimation (25 mm dia.) are used. The selected digital
multichannel analyzer (MCA) is the model Base-527 by GBS Elektronik GmbH [5], a
compact unit designed to compose a single cylindrical piece when it is connected to
preamplifier pins on the back of the detector piece. The MCA may be controlled by means of
a dedicated cost-free software named WinSPEC, also provided by GBS. For all
measurements, the MCA is adjusted for collecting gamma spectra with 512 channels and
energy calibrated with slope of 0.62 keV/Ch. Enrichment calibration requires a single
measurement. A set of certified reference materials composed by five aluminum cans
containing about 200 grams of U3O8 in each with enrichment ranging from depleted to 4.46
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U wt% is used [6]. Depending on the samples to be measured in the field, additional
stainless steel or monel alloy attenuators may be placed between the bottom of the reference
material and the collimator opening in order to better simulate actual measurement geometry.
This is of particular importance when dense and thick-walled containers like large UF6
cylinders are measured, otherwise the results may be affected by significant biases that arise
from improper correction of the gamma-ray attenuation in the container wall in comparison
with the reference material. In case of fuel rods, working standards of similar geometry are
used for calibration. Typical calibration measurements, in a laboratory, are collected with 30or 60-min counting times. The NaIGEM code version 2.1.4 [2] is used for data analysis. A
digital ultrasonic thickness gauge capable of providing readings with resolution of 0.1 mm or
better (ABACC currently uses the model DM4 DL by Krautkramer) is used to determine the
wall thickness of the measured item, which is essential for the code to properly correct
gamma-ray intensities for wall attenuation. The material type must also be known.
The IAEA uses a slightly different MRGS system, but also based on the NaIGEM code for
data analysis. The field experience has demonstrated that both ABACC and IAEA systems
provide similar performances.
3. FIELD RESULTS
Drums containing about 220 kg of natural UO2 are routinely handled at some conversion and
the fuel fabrication plants. During safeguards inspections, the drums are verified by weighing
using an electronic balance and enrichment measurements using a portable MRGS system as
described in session 2. Measurement live time is set at 300 seconds. The uncertainty
associated with the declared value is assumed to be negligible.
Table 1 presents the summary results obtained during five consecutive years, including some
statistical evaluation. The analysis of variance (ANOVA) method [7] was used to estimate
two uncertainty components: between different years and within a single year. The total
uncertainty is given by the square root of the sum of squares of these two components. For
comparison purposes, the typical uncertainty value for LRGS systems (NaI) is 5.8%
according to international target values obtained from historical evaluation of actual
measurement data collected during inspections and published by the IAEA [8]. The observed
total uncertainty was 2.9%, indicating that MRGS provided improved performance (50%
better) in comparison with LRGS for this application.
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Table 1: Summary Results - Declared to Measured (O-I) % Deviation for Enrichment
Measurements of Natural UO2 Drums by MRGS.
Year
#1
#2
#3
#4
#5
Statistical
Parameters
Uncertainty
Estimates
(ANOVA)

O-I Difference (% rel.)
O-I Difference (% rel.)
(average per year)
(Std deviation per year)
-0.37
2.81
1.64
3.71
0.89
2.18
-0.38
2.85
0.51
1.42
Total Number of Measurements = 117
Overall O-I Difference (% rel.) = 0.35
Overall Standard Deviation = 2.9%
ubetween = 0.7%
uwithin = 2.8%
utotal = 2.9%

Enrichment of drums containing LEU clean scrap are also measured using MRGS. However,
the total number of measurements available is smaller than in the previous case. In addition,
the uncertainty associated with the declared value cannot be considered negligible due to
important sources of errors such as the use of nominal values and heterogeneity in the
physical form of the material in the drum.
Table 2 presents the summary results obtained during three consecutive years, including
some statistical evaluation. For comparison purposes, the typical uncertainty value for LRGS
systems (NaI) is 3.6 [8]. The observed total uncertainty for enrichment measurements with
MRGS was 4.4%. However, it includes contributions from both the operator and the
inspectorate measurements. Assuming these contributions are of similar magnitude, one can
conclude that MRGS provided performance results similar to LRGS.
Table 2: Summary Results - Declared to Measured (O-I) % Deviation for Enrichment
Measurements of Low Enriched Scrap in Drums by MRGS.
Year
#1
#2
#3
Statistical
Parameters
Uncertainty
Estimates
(ANOVA)

O-I Difference (% rel.)
O-I Difference (% rel.)
(average per year)
(Std deviation per year)
-0.31
2.78
-1.31
5.97
0.87
2.14
Total Number of Measurements = 14
Overall O-I Difference (% rel.) = 0.34
Overall Standard Deviation = 4.0%
ubetween = 0.6%
uwithin = 4.4%
utotal = 4.4%

LEU fuel rods enriched from 0.85 to 4.25 235U wt% are another type of item commonly
measured in fuel fabrication plants. Table 3 presents the summary results obtained during
three consecutive years, including some statistical evaluation. For comparison purposes, the
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typical uncertainty value for LRGS systems (NaI) is 3.2 [8]. The observed total uncertainty
for enrichment measurements with MRGS was also 3.2%.
Table 3: Summary Results - Declared to Measured (O-I) % Deviation for Enrichment
Measurements of Low Enriched Fuel Rods by MRGS.
Year
#1
#2
#3
Statistical
Parameters
Uncertainty
Estimates
(ANOVA)

O-I Difference (% rel.)
O-I Difference (% rel.)
(average per year)
(Std deviation per year)
-2.04
2.87
-0.20
3.59
-2.23
1.80
Total Number of Measurements = 14
Overall O-I Difference (% rel.) = -1.31
Overall Standard Deviation = 2.9%
ubetween = 1.1%
uwithin = 3.0%
utotal = 3.2%
4. CONCLUSIONS

The performance of non-destructive enrichment measurements based on gamma-ray
spectrometry using medium resolution LaBr3 detectors and spectra analysis by a code that
uses peak fitting algorithm (NaIGEM) during actual safeguards inspections in conversion and
fuel fabrication plants has been evaluated by ABACC. Typical items are drums containing
uranium oxide powders, scraps, as well fuel rods. The MRGS method has demonstrated to
offer better performance in comparison the obsolete LRGS based on NaI detectors for
measurements under good measurement conditions. Measurements of drums containing pure
natural UO2 were able to provide results with 50% better uncertainties than LRGS. On the
other hand, for items subject to additional uncertainties in the declared values, i.e., scrap, the
observed performances were similar. Future investigations aiming at quantifying itemspecific sources of uncertainties for separation from the contributions associated exclusively
with the measurement method are planned. This is a common practice is the area of
destructive analysis and should be more explored also in NDA applications.
ABACC has successful completed the migration from the low to the medium resolution
gamma spectrometry method for enrichment measurements using LaBr3 detectors and the
NaIGEM code. The establishment of typical measurement uncertainties for the MRGS
method in different applications is currently being discussed by experts and users worldwide, including ABACC, under the coordination of the IAEA.
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Abstract
Here we present a self-consistent relativistic screened-hydrogenic model (SHM) based on the
average-atom model (AAM) for effective calculation of the energy levels of many-electron atoms
immersed in plasmas. In addition, we use diverse atomic codes using the configuration
interaction method, to calculate the influence of electron density and temperature on the spectra
of the diverse ionic states present in a plasma focus device, as well as in other dense plasma
systems. The parameters of the AAM are introduced in a coupled system of Saha equations to
find the densities and abundances of the different ions to obtain the effective charges and
eigenenergies of hydrogenic bound states within the framework of a self-consistent Ion Sphere
Model. The results of our calculations are compared with experimental data obtained by
different authors and some discrepancies between theoretical and experimental spectra are
explained.
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Abstract
In this work we show that the simplest results of the time independent perturbation theory
(TIPT) can be used for the systematization of many experimental data from Atomic Physics. In
particular, we will see applications to alkaline metals and different types of isoelectronic
sequences, comparing the experimental data stored in the databases with simple
parametrizations arising from the TIPT.
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FULL-ENERGY PEAK DETERMINATION FROM TOTAL EFFICIENCY AND
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Abstract
The aim of this work is to examine, from a theoretical point of view, the full-energy peak
determination by starting from total efficiency and peak-to-total calculations, which are widely
used in gamma-ray spectrometry. The detectors here examined include five different sodium
iodide NaI(Tl) detectors and three high purity germanium HPGe detectors. The full-energy peak
efficiency was determined both analytically and numerically. In some cases, the discrepancy
between the experimental values was less than 6%. Some differences between semi-empirical
calculations, analytical calculations, and Monte Carlo methods are shown. In addition, some of
these results were compared with available experimental data.
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MONTE CARLO CALCULATION OF ORGAN DOSE COEFFICIENTS FOR
INTERNAL DOSIMETRY: RESULTS OF AN INTERNATIONAL
INTERCOMPARISON EXERCISE *
Reichelt, U.; Akar, D.K.; Borbinha, J.; Desorgher, L.; Di Maria, S.; EL Bakkali, J.;
Fantinova, K.; Ferrari, P.; Gossio, S.1; et al.
1
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Abstract
EURADOS Working Group 6 has organized an intercomparison exercise on the use of the
ICRP Reference Computational Phantoms with radiation transport codes. This paper
summarizes the results of a specific task from the intercomparison exercise modelling internal
radiation sources. The quantities to be calculated were absorbed fractions and specific
absorbed fractions for monoenergetic photon and electron sources as well as S-values for two
radionuclides in four source organs. Twelve participants from eleven countries participated in
this specific task using the Monte Carlo radiation transport codes FLUKA, Geant4, the MCNP
code family, PenEasy, TRIPOLI-4 and VMC. Although some participants provided initial
solutions in good agreement with the master solution evaluated by the organizers, differences of
factors or even orders of magnitude were also found. Following feedback from the organizer,
most participants submitted revised solutions that were mostly in better agreement with the
master solution, although this was not always the case. Some initial and revised results are
discussed in detail in this paper, and the reasons of mistakes are described as far as they were
revealed by the participants. A full account of all results is presented in specific annexes as
supplemental material.
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DETAILED DOSIMETRY CALCULATION FOR IN-VITRO EXPERIMENTS
AND ITS IMPACT ON CLINICAL BNCT *
Viegas, A.M.D.; Postuma, I.; Bortolussi, S.; Guidi, C.; Riback, J.S.; Provenzano, L.;
Marcaccio, B.; Rossini, A.E.1; et al.
1
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Abstract
Purpose: Boron Neutron Capture Therapy (BNCT) is a form of hadrontherapy based on the
selective damage caused by the products of neutron capture in 10B to tumour cells. BNCT
dosimetry strongly depends on the parameters of the dose calculation models derived from
radiobiological experiments. This works aims at determining an adequate dosimetry for in-vitro
experiments involving irradiation of monolayer-cultured cells with photons and BNCT and
assessing its impact on clinical settings.
M&M: Dose calculations for rat osteosarcoma UMR-106 and human metastatic melanoma Mel-J
cell survival experiments were performed using MCNP, transporting uncharged particles for
KERMA determinations, and secondary particles (electrons, protons, 14C, 4He and 7Li) to
compute absorbed dose in cultures. Dose-survival curves were modified according to the dose
correction factors determined from computational studies. New radiobiological parameters of
the photon isoeffective dose models for osteosarcoma and metastatic melanoma tumours were
obtained. Dosimetry implications considering cutaneous melanoma patients treated in Argentina
with BNCT were assessed and discussed.
Results: KERMA values for the monolayer-cultured cells overestimate absorbed doses of
radiation components of interest in BNCT. Detailed dose calculations for the osteosarcoma
irradiation increased the relative biological effectiveness factor RBE1% of the neutron
component in more than 30%. The analysis based on melanoma cases reveals that the use of
survival curves based on KERMA leads to an underestimation of the tumour doses delivered to
patients.
Conclusions: Considering detailed dose calculation for in-vitro experiments significantly impact
on the prediction of the tumor control in patients. Therefore, proposed methods are clinically
relevant.
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Publicado en: Physica Medica; v.89. p. 282-292, 2021.
https://doi.org/10.1016/j.ejmp.2021.08.010
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DOSIS A MIEMBROS DEL PÚBLICO DEBIDO A LAS DESCARGAS DE
MATERIAL RADIACTIVO DE LAS INSTALACIONES ARGENTINAS
PERÍODO 2016-2018
Amado, V.A. y Maizel, P.V.
Autoridad Regulatoria Nuclear

RESUMEN
En este trabajo se presentan las dosis a miembros del público debido a las descargas de
material radiactivo al ambiente informadas durante el período 2016 a 2018. Las mismas
corresponden a la operación de instalaciones argentinas que tienen valores autorizados de
descargas.
1. INSTALACIONES
Se consideraron las instalaciones argentinas de la Tabla 1, que actualmente cuentan con
valores autorizados de descargas al ambiente. Las mismas poseen licencia de operación
vigente a 2019.
Instalaciones Clase I

Ubicación

Entidad
Responsable

Central Nuclear Atucha Unidad I (CNA U-I)

Sitio Atucha, Lima,
Bs. As.

Nucleoeléctrica
Argentina S.A.
(NA-SA)

Central Nuclear Atucha Unidad II (CNA U-II)

Sitio Atucha, Lima,
Bs. As.

NA-SA

Central Nuclear Embalse (CNE)

Embalse de Río Tercero,
Córdoba

NA-SA

Reactor de Investigación RA-3

Centro Atómico Ezeiza
(CAE), Bs. As.

Comisión
Nacional de
Energía Atómica
(CNEA)

Reactor de Investigación RA-6

Centro Atómico Bariloche
(CAB), Río Negro

CNEA

Ciclotrón de Producción de Radioisótopos
(CPR)

CAE, Bs. As.

CNEA

Planta de Producción de Radioisótopos por
Fisión (PPRF)

CAE, Bs. As.

CNEA

Planta de Producción de Radioisótopos (PPR)

CAE, Bs. As.

CNEA

Fábrica de Elementos Combustibles
Nucleares (FECN)

CAE, Bs. As.

Combustibles
Nucleares
Argentinos S.A.
(CONUAR)

Córdoba

Dioxitek S.A.

Instalaciones Clase II
Planta de Producción de Dióxido de Uranio
(PPUO2)

Tabla 1. Instalaciones argentinas consideradas.
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2. DESCARGAS RADIACTIVAS AL AMBIENTE
A continuación se muestran los valores correspondientes a las descargas radiactivas al
ambiente de las instalaciones argentinas de la Tabla 1. Se discriminaron en líquidas y
gaseosas; y por grupos de radionucleidos. Las mismas fueron realizadas en los años 2016,
2017 y 2018 (Tabla 2, Tabla 3 y Tabla 4; respectivamente).
Las Figuras 1, 2 y 3 muestran la composición de las descargas de efluentes radiactivos al
ambiente del período 2016-2018 para la Central Nuclear Atucha Unidad I (CNA U-I), la Central
Nuclear Atucha Unidad II (CNA U-II) y la Central Nuclear Embalse (CNE), respectivamente. En
las mismas se observa la importante contribución del tritio a las descargas totales, en
concordancia con las características de las centrales nucleares. Para el período 2016-2018 la
misma fue, en promedio, de 97,4% para la CNA U-I, de 93,2% para la CNA U-II y de 99,9%
para la CNE. La mayor fracción del valor autorizado de descarga que la CNA U-I liberó al
ambiente en el período 2016-2018 fue de 9,1% (año 2017). Para CNA U-II, el mayor valor fue
de 9,2% (año 2018). En el primer caso se debió a la descarga líquida de tritio, mientras que en
el segundo caso correspondió a la descarga gaseosa de tritio. En el caso de CNE, la mayor
fracción del valor autorizado de descarga liberado al ambiente fue de 6,3%, debido a la
descarga líquida de tritio (año 2016). Cabe destacar que esta central se encontró en parada
debido al proyecto de extensión de su vida útil, durante todo el período analizado.
Instalación

Descargas 2016 (Bq)
Líquidas
3

CNA U-I
CNA U-II

H

Emisores


U
natural

Gases
Nobles

1,3 1015

7,9 1010

2,8 108

-

9,2 1013

4,3 1014

3,4 109

14

10

7

-

13

14

9

2,0 10

2,3 1014

CNE

Gaseosas
3

Emisores
/

6,2 10

3,7 109

-

6

-

RA-3
RA-6

5,3 10

8,1 10
1,1 106

4,7 10

-

-

1,9 10

Yodos

1,8 1014

13

-

H

Otros

5,1 1011

-

3,2 107

10

-

3,7 107

-

1,0 102

5

-

-

2,8 107
-

-

-

4,0 1010

8,8 10
-

-

-

-

9,9 10

U
natural

-

-

12

C

4,2 100

1,9 10

2,6 10
1,5 1010

CPR*

14

5,2 10

PPRF

-

-

-

-

-

-

-

-

-

PPR

-

-

-

-

-

-

7,2 108

-

-

-

FECN
PPUO2**

-

-

-

2,5 105
5,6 107

-

-

-

-

5,4 104
1,7 104

-

Tabla 2. Descargas realizadas en 2016, informadas por el operador.
*
La descarga radiactiva del CPR corresponde a F-18.
**
Para la PPUO2, la contribución del U natural no se consideró dentro del grupo de emisores 
sino en forma independiente.
Instalación

Descargas 2017 (Bq)
Líquidas
3

CNA U-I
CNA U-II

H

Gaseosas
U
natural

Gases
Nobles

1,8 1015

8,1 1010

3,0 108

-

1,9 1013

5,3 1014

3,7 108

5,9 10

14

10

7

-

13

3,8 10

14

2,8 10

9

6,3 10

13

1,3 10

14

2,1 10

0

0

-

8,6 101

1,0 106
-

-

-

3,9 107
1,2 109

8,2 10

8,9 10

9

7,0 10

3,8 10

8

-

-

2,6 10

-

1,3 107

-

-

4,2 1013
1,5 1010

H

-

Yodos

14

Emisores


RA-3
RA-6

CNE

3

Emisores
/

C

U
natural

Otros

4,7 1011

-

7,9 107

11

-

3,9 1010

2,9 10

CPR*

-

-

-

-

-

-

-

-

-

PPRF

-

-

-

-

9,1 1012

-

-

-

-

-

PPR

-

-

-

-

-

-

1,1 109

-

-

-

-

-

-

1,2 105

-

-

-

-

7,7 104

-

8

-

-

-

-

1,1 107

2,3 101

FECN**
PPUO2

***

-

-

2,4 10

4

9,4 10

Tabla 3. Descargas realizadas en 2017, informadas por el operador.
*
La descarga radiactiva del CPR corresponde a F-18.
**
La FECN dejó de realizar descargas líquidas al ambiente a partir de Agosto de 2017.
***
Para la PPUO2, la contribución del U natural no se consideró dentro del grupo de emisores 
sino en forma independiente.
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Instalación

Descargas 2018 (Bq)
Líquidas
3

Gaseosas

H

Emisores
/

Emisores


U
natural

Gases
Nobles

3

H

Yodos

14

C

U
natural

Otros

CNA U-I

1,3 1015

1,1 1011

3,4 108

-

3,6 1013

4,9 1014

8,7 106

4,6 1011

-

9,8 106

CNA U-II

3,2 1014

1,3 1011

6,9 107

-

4,6 1013

4,2 1014

6,9 108

4,3 1011

-

3,0 107

CNE

9,4 1013

4,7 109

-

-

-

2,6 1014

2,3 100

-

-

5,2 101

6

5,5 107

7

14

RA-3

-

1,1 10

-

-

1,0 10

-

2,9 10

-

-

RA-6

-

1,1 107

-

-

1,4 1010

-

-

-

-

-

CPR*
PPRF

-

-

-

-

9,2 1012

-

-

-

-

4,0 107
-

PPR

-

-

-

-

-

-

1,6 109

-

-

-

FECN

-

-

-

-

-

-

-

-

5,8 104

-

PPUO2**

-

-

4,6 106

8,1 108

-

-

-

-

9,1 106

1,0 102

Tabla 4. Descargas realizadas en 2018, informadas por el operador.
*
La descarga radiactiva del CPR corresponde a F-18.
**
Para la PPUO2, la contribución del U natural no se consideró dentro del grupo de emisores 
sino en forma independiente.
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Figura 1. Composición de las descargas al ambiente de CNA U-I
realizadas en el período 2016-2018.
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Figura 2. Composición de las descargas al ambiente de CNA U-II
realizadas en el período 2016-2018.
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Figura 3. Composición de las descargas al ambiente de CNE
realizadas en el período 2016-2018
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3. DOSIS A MIEMBROS DEL PÚBLICO
Para evaluar la dosis efectiva anual en la población se utiliza el concepto de persona
representativa (PR) 1. Se calculó la dosis efectiva en la persona representativa asociada a
cada instalación (ver 3.1), en la etapa operativa, y se aplicaron los modelos de evaluación de
dosis para descargas rutinarias vigentes a 2018. Estos son: PC CREAM08 (Consequences of
Releases to the Environment Assessment Methodology) 2, para descargas gaseosas; y Dosis
Líquida 3 para descargas líquidas (ver 3.2). Finalmente, en la sección 3.3 se muestran los
resultados de la evaluación.
3.1 Persona Representativa
En la Tabla 5 se detalla la persona representativa del Sitio Atucha, CNE, CAB y CAE para
operación normal. En todos los casos se asumió que la PR corresponde a un adulto.
Instalación

Sitio
Atucha

Ubicación de la PR

1,6 km O

Lugar de procedencia de los
alimentos

CNE

1,5 km NE (hasta 2016)
1,22 km NE (a partir de 2017
4)

CAB

1 km NE

100% de vegetales y frutas,
ubicación de la PR
100% de carne y leche,
ubicación Tambo a 2,7 km S
50% de vegetales y frutas,
ubicación de la PR
100% de carne y leche,
ubicación Tambo a 2 km ESE
100% ubicación de la PR

CAE

1 km SO

100% ubicación de la PR

Cuerpo de agua en el que se
realizan las descargas
líquidas
Río Paraná de las Palmas

Lago Embalse de Río Tercero

Arroyo Gutiérrez (pasa
previamente por un lecho
nitrificante)
Arroyo Aguirre

Tabla 5. Persona representativa del Sitio Atucha, CNE, CAB y CAE.
Se tuvieron en cuenta los hábitos y consumos definidos en 5, excepto en el caso del consumo
de pescado para la persona representativa del CAE. En este último caso se asumió una tasa
de ingestión menor debido a las características del Arroyo Aguirre.
Como se mencionó previamente, es necesario considerar que si bien la dosis al público debido
a las descargas de la CNE se calculó para la PR asociada a la operación normal, la central se
encontró en parada durante todo el período analizado.
3.2 Modelos de Evaluación de Dosis
3.2.1 PC CREAM 08
El modelo PC CREAM 08 2 permite evaluar las consecuencias radiológicas de la descarga de
efluentes radiactivos durante la operación normal de instalaciones nucleares y radiactivas.
Posee un módulo principal, llamado ASSESSOR, y módulos accesorios: PLUME, RESUS,
GRANIS, FARMLAND, DORIS y dos modelos para descargas a río. Los módulos accesorios
estiman la transferencia de radionucleidos al medio ambiente y la concentración de actividad en
distintas matrices. El módulo principal utiliza la salida de los módulos accesorios permitiendo
evaluar la dosis individual y la dosis colectiva.
El módulo PLUME considera un modelo de dispersión atmosférica de pluma gaussiana, que
tiene en cuanta las condiciones meteorológicas, la rugosidad del terreno y las características
físicas del radionucleido. La rosa de vientos que se utiliza puede ser uniforme o contener datos
específicos del sitio, que se incorporan a las librerías del programa. Actualmente, las librerías
del PC CREAM08 poseen archivos con los datos meteorológicos del sitio Atucha (aplicable a
CNA U-I y CNA U-II) 6, CNE 6, CAE 7 y CAB 8.
Las vías de exposición asociadas a descargas gaseosas que contempla el programa son:
inhalación, inhalación debido a resuspensión, ingestión de alimentos e irradiación externa
debido a material depositado y a inmersión en la nube radiactiva.
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3.2.2 Dosis Líquida
El modelo Dosis Líquida 3 empleado para descargas líquidas es un modelo compartimental
basado en 9. No considera explícitamente la progenie radiactiva, sino solo a través de los
coeficientes dosimétricos. Estos están tomados de 10, para ingestión, y de 9 en el caso de
irradiación externa debido a sedimentos.
Los factores dosimétricos por ingestión de 10 se basan en los límites recomendados en el
ICRP 60 11 y los valores de ponderación por radiación y tejido de esa publicación. Los
valores son consistentes con los del ICRP 72 12, basados a su vez en los del ICRP 30 13.
En todos los casos, los coeficientes de dosis para un dado radionucleido incluyen su propia
contribución y la de su progenie 12.
Los factores dosimétricos para irradiación externa de 9 están estimados a partir de la dosis
equivalente debido a depósito superficial y considerando el factor de ponderación para piel.
Además tienen en cuenta la progenie radiactiva relevante durante 30 años, que es el período
de operación asumido para la instalación.
Las vías de exposición asociadas a descargas líquidas que contempla el modelo son: ingestión
de agua y de pescado, e irradiación externa debido a los sedimentos de la orilla.
3.2.2.1 Dosis Líquida para CNE
Debido a las condiciones meteorológicas de la zona de Embalse es necesario recurrir al riego
artificial para llevar adelante la producción de alimentos. Por esta razón; desde 2009, el Modelo
Dosis Líquida para tritio incluye la vía de ingestión debido a vegetales y frutas regadas con
agua del Lago Embalse de Río Tercero.
3.3 Resultados
La Tabla 6 muestra la dosis efectiva anual en la persona representativa de cada instalación, en
cada año del período 2016-2018. Se detalla la dosis efectiva anual debido a cada tipo de
descarga (gaseosa o líquida) y debido a la suma de ambas (total).
Instalación

Dosis Efectiva Anual (mSv/a)
Año 2017

Año 2016

Año 2018

Líquidas

Gaseosas

Total

Líquidas

Gaseosas

Total

Líquidas

Gaseosas

Total

CNA U-I

3,7 10-4

3,9 10-3

4,3 10-3

5,3 10-4

4,6 10-3

5,1 10-3

5,2 10-4

4,3 10-3

4,9 10-3

CNA U-II

1,6 10-4

2,0 10-3

2,2 10-3

3,9 10-4

3,6 10-3

4,0 10-3

4,7 10-4

4,0 10-3

4,5 10-3

-3

-4

-3

-3

-4

-3

-3

-4

4,8 10-3

CNE

6,0 10

RA-3

2,5 10-3

1,1 10-3

3,6 10-3

-

1,7 10-3

1,7 10-3

1,5 10-3

4,3 10-3

5,8 10-3

RA-6
CPR

1,5 10-4
-

1,1 10-6
3,6 10-6

1,5 10-4
3,6 10-6

1,5 10-3
-

1,1 10-6
1,1 10-7

1,5 10-3
1,1 10-7

1,8 10-3
-

1,0 10-6
3,6 10-9

1,8 10-3
3,6 10-9

PPRF

-

3,8 10-5

3,8 10-5

-

3,3 10-5

3,3 10-5

-

3,5 10-5

3,5 10-5

-

1,8 10

-4

1,8 10

-4

-

2,8 10

-4

2,8 10

-4

-

3,8 10

-4

3,8 10-4

1,1 10

-7

4,4 10

-6

1,5 10

-7

2,2 10

-6

-

1,2 10

-7

1,2 10-7

2,1 10-4

2,9 10-4

5,0 10-4

PPR

-6

FECN

4.3 10

PPUO2

1,4 10-5

3,9 10

5,3 10-7

6,4 10

1,4 10-5

5,7 10

2,0 10

-6

2,3 10-4

3,0 10

3,3 10-4

6,0 10

5,6 10-4

4,2 10

6,1 10

Tabla 6. Dosis efectiva anual en la PR de cada instalación, para los años 2016 a 2018.
Las dosis efectivas anuales pueden diferir levemente respecto de las encontradas en los
informes anuales 14,15,16. Esto se debe a que, al momento de confeccionar cada informe (en
el mes de diciembre), en general solo se cuenta con las descargas correspondientes a los tres
primeros trimestres del año (teniendo que extrapolar los valores de las descargas anuales, por
lo que no necesariamente coincidirán con las descargas anuales reales).
La Figura 4 muestra la dosis en la persona representativa debido a las descargas al ambiente,
efectuadas en cada año del período 2016-2018, para el Sitio Atucha, CNE, CAB y CAE.
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< 0.001

Figura 4. Dosis efectiva anual en la PR del Sitio Atucha, CNE, CAB y CAE para cada año del
período 2016-2018.
Como se puede observar; las dosis efectivas en la PR de cada instalación debido a las
descargas al ambiente efectuadas en 2016, 2017 y 2018, están muy por debajo del límite de
dosis anual para público (1 mSv/a) y del valor de restricción de dosis 17. En todos los casos,
las dosis resultan menores al 1% del límite de dosis.
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Autoridad Regulatoria Nuclear. República Argentina
Dirección de Seguridad Internacional, Asuntos Nucleares y Espaciales, Ministerio de
Relaciones Exteriores, Comercio Internacional y Culto de la República Argentina
3

4

WiN Argentina e INVAP. República Argentina
WiN Argentina e CNEA. República Argentina

La ARN diseñó este proyecto con el objetivo de mejorar la visibilidad de las mujeres en el
ámbito de la no proliferación nuclear y sus contribuciones concretas a nivel nacional e
internacional, inspirar a mujeres jóvenes a ingresar y/o permanecer en este campo y fomentar
una mejor y mayor representación de las mujeres en los diferentes niveles de gestión y en los
puestos de liderazgo.
A tal fin, entre los meses de agosto y diciembre de 2021, un grupo multidisciplinario de la
institución llevó a cabo el conversatorio virtual “Mujeres Argentinas en No Proliferación Nuclear.
Representación y Liderazgo”, realizó entrevistas en profundidad a tres líderes argentinas en la
materia y mantuvo una serie de intercambios con especialistas y expertas del sector nuclear.
Las deliberaciones sobre las distintas temáticas abordadas y las conclusiones extraídas se
plasman en los siguientes capítulos, que son el resultado de una labor colaborativa y plural de
representantes de la Agencia Brasileño-Argentina de Contabilidad y Control de Materiales
Nucleares (ABACC), la Autoridad Regulatoria Nuclear, la Dirección de Seguridad Internacional,
Asuntos Nucleares y Espaciales de la Cancillería Argentina (DIGAN), Women in Nuclear (WiN)
Argentina y WiN Global.
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