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SUMMARY

I. Project Title

International Cooperation to Establish Standard Operating Procedure (SOP) for

Quarantine Management of Irradiated Foods in International Trade

II. Justification and Objectives

O Since irradiation technology has been widely used to replace chemical
fumigant to ensure food safety under WTO/FTA system, advanced SOPs are
required for quarantine management, resolving Technical Barrier to Trade
(TBT), and Sanitary Phytosanitary Measures.

O Domestic irradiation standards for quarantine should be standardized to meet
international standards and to minimize economic losses from trade frictions.
Moreover, the increase of irradiation technology application for quarantine
purposes may activate irradiation related industries.

O Because public awareness levels for food safety have been grown, and trade
friction among nations need to be decreased, SOPs for quarantine management

of irradiated foods should be established.

Ill. The Scope of the Project

O Survey of the current status of irradiation application in member states and
development of SOPs for quarantine management
- Analysis of the current status of irradiation industry for foods in the U.S,
China, India, and others
- Investigation of quarantine management in each country
- Development of international cooperation to harmonize a quarantine
management among member states

O Publication of SOPs for quarantine management agreed with CODEX standards



- Establishment of SOPs to resolve SPS/TBT

- Establishment of SOPs and building cooperative researches among member
states to develop the regulations agreed with CODEX standards

- Preparation of SOPs corresponding with domestic conditions and WTO/FTA

system

IV. Results

O Development of SOPs through various research activities such as building
international cooperations, and analysing current status of food irradiation in
domestic and international markets, export and import, international market
size, and of R&D
- Analysis of examples for quarantine management in agricultural product
exporting countries and use of irradiation technology for agricultural product
quarantine, and changes in international quarantine management

- Analysis of SOPs for food irradiation quarantine in international
organizations (CODEX, IPPC, WHO), USS, EU, China, India, and Australia.

- Collaborative researches of India/Korea and China/Korea entered into an
agreement for market trials

O Publishment of irradiation quarantine management SOPs agreed to CODEX
standards
- Collaborative researches for quarantine management, avoiding Technical

Barrier to Trade (TBT), and Sanitary Phytosanitary Measures were
conducted, and advanced SOPs agreed with WTO/FTA system were
published

V. Application of Research Results
O The results from this research can be useful in WTO/FTA system, long-term
food supply program, publicity activities for superiority of atomic energy
technology, and building international collaborative research and research

activation

_iv_



Application of the results in national quarantine system which may lead to

resolve biochemical and chemical risks in agricultural product trade under

WTO/NR system

These results can be used in establishment of long-term food supply plan and

national food security program

The results from this project can be used in publicity activities for superiority

of food irradiation technology to be a the technology leading country in

Noth-East Asia

The decision from Atomic energy committee of India/Korea and China/Korea

was used for follow-up measures

- The results were provided to collaborative researches for use of irradiation
for food security and safety, which is belong to the Collaborative Agreement

between Korea and China for Peaceful Use of Atomic Energy
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9+ 4+ (Radappertization), @ WAM WA wAE 4 (Radicidation), @ WA FEAF
(Radurization)©. 2 T3ttt 7z 4w 9 AdS Fgstd v 2o

(7h WALA 93 A (Radappertization)
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o 200549 7}A] 20% 75T 20159 AW FA7Z stgon, ARF AL 19999 25%, 2001
J 50%, 20033 70%, 2005 AW FA7IZ st 1 dAEoRE AR ZAVIEY o] §ol
F&8HA o]Fold AYolmg I FoE A sojd AWolt. V& AwAY ¥EAZ 4

2ol PE ERAEC] AA BATLH ZHdA AAFNE EE EHEEHA oA I ool
a2 o] on, oo hd AnAE AAHeT WEA HIFE AFLS FA AAAA
THEHD JE dAolt 53] EuAHe 45y EAEY ¥ - WAAEFS A gd 3
o] Ao o g HALA FAo ol At e wbol A £ gle Aotk mEkA F
FEFolt FHEA AF AL AT B4 BvbAg oz WA RARH ol A9
Hejgte AL A9 dojth A AFAPoNA WA ZALE et AY tEdES A

28 JhEAE AAFAG
nalysis Critical Control Point, 3l 845 HT) Al&HE =

hya

™

A
AE 71ES dAsHA #ste dAd FEse 45 4o

25
& Fdg ot @ AFAoM e ZAHAVIE A WTO/FTA thHlS A WA
AZFe 7)&9 o] &3 AW I - oo FAZ E o =2A JIdHEd
1 ol EE
1) AFY 47, 4F o AHeHEe FgESAY AEo] AAZeRZ Fa sAHAL a1,
74 e ME FHFA] o gAHA Aol7] dEd
2) AFZAL AL B EE, AER AEEFEY] 2T § AYHLE ixER 282
F 7] HEol A BAELe AAHecR FUE AA[HEA AA 5278 =elM 234
ol 7] 7F5(2005'3 IAEA, GIA Reoprt)], AAEA Al&o] §ol3l7] HEFHA
3) &~MIAEL A F 948 SHE oS T84T Ao,

g 73 Fstel 13/40HE B
2 Aze AENE, A/948 /1% Bage U FHE Aol Yey

AZAPeA GAY 71%e) 0§ oF MY AUY WAL A mrh A
1 8

49 AA2A FEFE}



1) v, F A%, EU 5 F8 £39 u9ao 2A4F 83 24
2) 2% BA@Y Lo s}
3) Adwel EFRE A% A ATHYT 24

. A 71 £ (CODEX)l st AR A A 9AE 2FE AFA(SOP) #3t

1) *8 RANEL@BAF, GUE, IF, TAER)S SPS/TBT 42 A¥ Fu) Bz

2) CODEX 7|&e] %#§3He SOP 47 @ §A=7 ¥Fs AT
],

1) FA PAH AFRAL AR, 2ANEY £29 5% 2 4F 294 A8 FNE 9
1 2N, 7, A%, FYNAEADA B2ete 87 g =

g 35kw, FA71F (IAEARCA)IAN FH3he

% H(Internation Expert Training

(e]
‘J:r"
TH R AR wd

A
# =3 7)7(FAO/IAEA RCA, CODEX) 2 2 w423 718
Ar7IHS B 712/ AR, 39 ddAs 2 VIsHE 53
4 22 AR B = g2 AA Hetsle T A AHFeim

o]
)
4 24 FEADGEE REQH mha

v
-
e
o

>

2
=il
1o
o
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A24 A4 A3

| AHEHA A EFoke Aghe 27 /‘]3}3“‘3}
dE ZFolv siFe dUnS A A F ey AF
AL $5 gtk A5 og AMEHI e FEUHAAME ethylene oxide(EO)<} methyle
bromide(MeBr)E A&} Aotk EOw &t i EA2 e 199140 EUA AME-°] 5
A E P u]Zo e AE Fo|th. MeBre th7]9 ozoned TiAI7)E Ao g HHATH15).

it el F=ub o 2 A sulfur dioxide (SO») gasE /\}4‘1 }“ Al o] WL ofAL AlY
7} Folt}h o9t 2o F5 Wb Alge W dAFE e dRFAE A Ve Beds Y
3] AJAbsla i) 19863 UNEPS] 922 W& H MeBro /‘} A= FAHE Yol #Ha] 7]

so] Wss oﬂzs}ﬁu}(& 5).

¥ 5. Methyl Bromide®] A}-§ fAl/5A A3

BT FHEY (Algl )

a4d= 25% (1999)
50% (2001)
70% (2003)

MHZ X (2005)

MeEd= 20% (2005)
Mo ZX| (2015)

(UNEP, Montreal Protocol, 1986)

FUY A4S, F7reke &Y B4R nAdEoY dFS Aoty A wRleEs 3% FF
AL AHgstn oy FA FAANAM AAEAZe] 20159 o] Foe FFAY ARRo] FAHT
ob 7)< (Alternative technology)o] 223 AAJo|t}(14). < IPPCE

BAAZ 9] o §o] B FAVIZ B spol=AL ANTFLZH BUF FF

3k
) Aol d £EAY SEREA A NE2A YA Ee] HAE Reo] 8ol AHED
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Del Mante Foods, Philip Morris/Kraft @ Mitsubishi¢} 22 =23 71de AAH 4A&
Z37] fdste] WAL AR At ok AAH AEFVEE =5F
AHEEA e Oﬂtﬂxlcw AT AR FEEHL Uk FLUASTL
2l7h, deld, 4, ol=AEY, B3 YA oy JAFL v, BF,

wAUE @ A
g st ww AEzAd datel 2 BAL AT FEn Aok £2F B B
AR 2AbE Tl AR7IRe AAsR, v (Frit )9 ge #A@ A3 AR
of TBTZ o] Q& #3 fA2 welg AVY & 97 AR 47 FAAE2A A9
of WA ZALE o] AA Aol £FY & YA Bk ol 2L Awe AF ¥R ¢
dsiel Bes)T BAHE 2AHN AR 4% 592 FME Atk FHANE A
AsARe Welds 49 A WEel 2 2u7t vt 3hsa Qu REE FES o
¥ 2ulRe] 4FE FZAA AN BlF, Gul, L NSF S0 TERH &
ol ek otk F2A AHE BA F 0T WAY 7%l FuiHe} YA we Aol
b AR AEZA ZANG FR BA
20059 % 2Al WAL AEEAL AR 5 A Anel B2 Al 248 4F 2 FAE
& % 405000801 AR A A EE 249 P FEAT(14). o Fol| A 45%(183,0008)7} o}
Ajoyo} @ alopio} Aol YALEI QT 29%(116,000E)7h ¥ 5] 2o A, 22%(90,00E) 7} oF= )

7he} $-zgely X oA, 4%(150008)7F EUA A zt2t s Aok BA8 7REs vl
o] 169 2], ofrlotgd Aol el 49 777 2, otxej7tel $-ATto| st 29
92, EU9 19} Zejd) sigh e A BXHo2 Aol 2AME FdFY A28 ofA
Ft 186,000E(46%) ol AN S ARSI A4 IR #LdF 22 7Y YA &
o 7+zt 82,0002(20%)T 32,000E(8%) o|2ith wisolut 7Hatel A$E 88,0008 (22%)0] HAMA
| ZAME RS ARRZAE, WA, B3 2L 7E A4F F 17,0005@%)0] AR 2A1E F
5 5 A THI5).

0

ZAHE Stshol, Aol E2TAN F= 7Y
o] ApA AL USDA 4ks} w2 T4 87 94 (APHIS)o|

s Zelsn Aok A FAF] AP 2ARE 150 - 400 Gy o) FAlaFel A A At 3ok
= A

A} A 2H(Good Irradiation Practice, GIP)oll W& ZAlX#Feo] FEAH & BF3)7] A%
dosimetry 9} @owme] 7|Fd e F7 AALE st B9y He A &&stn U
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2) H=

2006\ B} 2L WHALA 2ALG BAFE vlFo] FE367] AFednt. vmae] s 204
e TEFo AE §F FAS Y8l 400 Gy2 WA 2AMEt AGH YL FEEE
Ackstgon, v]ZF R} AF3 FA o)A AAGtoor gk HEAAY FHMA T} FE=
AAEEAM A R7)ste] WALE ZALE AAER litchi®] 74, litchiol AslE sl &30l
Peronophythora lichii7t AAHASE 57 AAFHA Y 7S5t do.

3) HWAI=

2008\ A= HRE Folul, 7, T Fo| vl LR FEH F UES £ VIES ™

stk Tobube FH4 400 Gy} WA 2ALE sfok b A4 EFS AR IHYEHGL

(NPPO)S)| o3l FAALS tolo} 3t

4) 9%
2007@RE wlZoZ 2357 AR A5 wie 400 Gy #AMA AP 2784
Cytosphaera mangiferae, Macrophoma mangifera 22 FFolF&t Aldel LF<QA  Xanthomonas

campestris pv.¢] v W fHE A W] A F7HH el A7H T ok

o A% AN WAL 2A1E A

EFZAE A A ek AAE A& WA sesfop & AL 7 z
= 7|29 WHERT YA v o] 25 - 55 gel/Ton &2 t& H|WHEGO - 600 &
/Ton)ell B]3 A A o] TH(16) (& 6).

6. A& AAsE A A vl

bl
g

Treatments US$/Ton
Hot water 250
Steam treatment 200 - 250
Refrigeration 46 - 600
Controlled atmosphere 50 - 600
Irradiation 25 - 55
A2AGS 97 Pl o] 82 IPPCo] ol3) A FAHeZ $o] Hol Jm(17), FA
Zo] £915]7] A ANF(<1 kGy)e) A Ao 2 B me ALFol dugle]l ZE F3)
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E 7. 3D AL o] &5 R e FAEF o8 AF

SE Z A ZHGy) TEZI}
Mangos 400 ol
Litchi, longan, rambutan mangosteen 400 Bl =
Dragon fruit H E =t
Guavas, mango 150 A=
Grape, strawberry, mushroom <400 oj=t
Litchi, mango, papaya, logan <250 oF

! oS A% WA ZAIE Y] o] 8-S Fdls] Hs FAOS} IAEAE 3%
A AEV FFAT AES 75t g} o] FE& FHOZ WA ZA|E 8o
< FAO/IAEA/WHO?®] £ sto] Ay @ ICGFIA Zhar g Rell A 23 Apad 4
FEA AR7IE 748 TFol AN AFRAL 7159 R&D Aol Ane] ke $98HY
al, Bh=3 A 7)ol AR ZAIE o] A&l s Aastedgich T3, A v)Fe] @A
= 7he] A& Ddslel AN ZAME FAES ndE 4@ 5ty 98l gl
Agss FHst %7 4% FRE AFsd foi19). $Pu=E 1998d FAO/IAEA
Workshop(* &, 1998 4€)oll A ofrjol Bl 2] TAEA 3] =3} Codex 7]Eo] 2Al 2=l
TAES dASA oste] 2004 59 AFFAYIHEA ZARE AL Codex BE2 AW
o]
=

shaleh. e, A4 oRAleh AR Be Fo WA} FAES U o] i EzM A ¢
_%_

o

>

Q
o
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o
o
tilo
¥
S
o
H
E
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ol
9
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tilo
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= st 2 A8e 998 4 Ade AL R
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% o} A ;

o opo] o] 714 A&7 A& Aol Aol YA F; AR FEAE BY] WES 5
42 molol A AH vido] $UATH BE RAND 59 $AES wolsd UL gl
W sl e Baw, TA wgBAY Watel haty] AF w2l WU Bad
Aol gep 24 $AWse] e FFAA hAS Aa) Auel IS, ASHA AT,
AEA AE AR UT Aol o TojHeE T Rolth WA 2AIET 2e TAHU £
Foll R A& BSH Agon T $5 FUEL 3T £ A, T AFL WA
244 itk

7t FARFTE D3] (Codex)

1) Codex Standard Revision (2003)
0 Ha FHUFE 715 AR o|Rolop sx, L FLAFE 2vize A,

wholesomeness FE 7154 B4 9 @53 EA 93S v X% dolo} gt}
% =

2) Codex General Standard for Irradiated Food
O 1983
- Codex issued a World Wide General Standard for Irradiated Foods
- Codex Recommended Code of Practice for the Operation of Radiation Facilities for
the Treatment of Food
O 2003
- AR e uy

- Codex Recommended International Code of Practice for Radiation Processing of Food
3) M3 8 AN

O ZAF AlMGME MW R2AE BFADS| AlZstelo} s thee 7122 Fdsio} g

- o2 A4
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- ZA}717 (1~129)
S EERSEBIEE:
AR ART % 24 2RE LHD A28 AFY 4

L}. International Plant Protection Convention (IPPC)

(3)

7 e e W, YA Aele
wE Azfol Fuglel BE #352 TAY & Aw, AFY FAA wAL FPE
At

olgst PAME FAES & Wi Yol WS BAT F Um, hpEe] SHBEL

& =

S A3 283 AF WA disiM TR WEE 23 A WE &

7} & (Morris and Jessup, 1994, Thomas, 2001)

dxﬂ 7}a, ‘§ T Y ESHY YHELS AEY FAd o TS Hag st
e FHLFE JEE I Uth(Paull, 1994, Wall, 2008).

T g dFos AL Hojop an], AEHA e wiolE FHY
= A2 A4 HEE Js nuxoz AEHE 7)o ofth(Follett and
Neven, 2006). & 5o}, A&, thvtst AT 42 94 Ay 7224 A4 =

A EEE

Phytosanitary measure2 4] o]

O WALA -2 International Plant Protection Conventionol] ]3] &) LA Ho 2 £9olo] F

o] 9lt} (FAO, 2003).

C 23 @A olgHe MeHE A 4 de &2 A Bl ol&H: Y 4
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O MAP Agol thal ATE D AH A2ER 99 8 BYSol AAHY 7

E
AEHI glow, 53] o] Jed g A FAEE ATt FA

)

i

(4) Radio tolerance of insects

O % F, WX FH(flies), 7+%EF(beetles), HFA]F(true bugs)E-2 1A F(moths, butterflies)

| B3] WA Aol e Ao HI(Hallman, 2000, Bakri et al, 2005). HEA]F

2

(scales, mealybugs, aphids¢} whiteflies), Thysanoptera(thrips)el] & A7 A9 =
27 e

O WA AdA #]% : Indian meal moth, Plodia interpunctella 1& 3 Angoumois

2

o]

grain moth, Sitrotroga cerealella 15 A48 FA A AEst= T (Ahmed, 2001,

Ignatowicz, 2004). Angoumois grain moth& 500 Gy A& H4] ] 7V 3skA %, 600 Gy
dMe ¢A AbE(Ignatowicz, 2004). TiFEe] FFEL 300 Gy o|ste] MM Ao

g PAHRel Fgos Wee A3

s, AEZFY AelM B 2 FFo| ol A
o2 UEY. £59 ATEAM 100% AH2E AT A5 4% BAE 8 ohFE A
Gol AH(okeol A =),
(5) Methodology for developing irradiation quarantine treatments
0 4% A4 NEA PAH 2 53
- sEE B4R EE O &d EA5E A% AS) AT P el A
0 FAE U AF AL Aol A WAL ZAbe olf
- wrek wAZH OUE 259 slES0] ZAsL Yvhd, WA AFE 4 W
A5 WA AR Btel A% 2o A solor 3
md Ao e g8 @ we) 2AE 94 AE Jhsd Aol FYH oo}
- 5ABe 2 A5 WAS AT AT F AF) P4 Tt WAL e
o] BHoletd, WAA AYA AFIE W=EA Ba
- larva(® nymph), pupa, AZEol B3 AF7F gol Hol AF
6) SrTAM 43
O FiHEAA HFS AF EH(eg Follett, 2006a)
O wAHEoIA AFol FAHE AVl sFe] Aol 7P FaAH, 45 Hs w2
=¥ol g8
O =3 diFEe] wHAZI7E Hols P
O 7L BE 43 Aol o FE
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%ol WP AU o R NP YA ZAY £, MR SR 9AL
X

H] a3

FHAT A APolA, FAR GRS A 7] A weA AL, GFe] dE ¥
EF A 2A AEYE 5 AET FAT GRS § X BolF1, aHE A
7131 AEd dAe BIEAZLE 2AE A B AL TFT EE IS, ATl
A FAlC de FT e AF). 1Y AT & FEskA gAY, #3550
d 552 AASIA EF(Follett and Taniguchi 2007). A4S 3t ¢Ad ZE
A9 o] BHA UE =EF BFolAT WA A sl 35E Folxn, 1
HEZ o]l AEE W A HFe 714 Jdse Ao FaF

B2 HFES 533 testing methodsel] 7]1gk A &A}

- diaspidid scale &F&E-& FA4 AGAE JPRTHA Fo B&). 22la Awe] 2
o 2% 52 AES] Y8 Ao}l host materialo] 2 (Follett 2006 b, c)
long lived semi sessile coccid scale, green scale (Coccus viridis)= gardenia, coffee
9} hibiscus®} Z-& Ao}l host materiald] A F WAl ALY A} 3 AR wE E
A g3t2 ) ol F HEE 7= wl$ oy (Hara et al, 2002). Diapausing}
non diapausing®9| SFELS WAMY digt Aol tE. agm Mz g

bioassay methods”} B .2 (Hallman, 2003).

z2 3 z 2

ool Ad A 2 e IS 94 B Y T s AlE dAe o s
F ool AgRn 23 45 2A4S  49L A9

Age dssel Aastae FWe nelsA AAdclol sha, hssithd 2o %
2 A7t Folshe BAE WA AFsolol & kst Ada EANH PAA
AHggel S7kske, #Y e ALtk 23oln FFEY dFRe]l FY A ¥
218}7] w7 (Follet d Armstrong, 2004, Hallman, 2004).

web AslHes HEES U ATY AT NFEL AA2UA B Axse
Fiol HFok sta, YA FAT sl Fo] AXG Xl A AXNANA FFAF
& FAstedof 3

Once dose response testsv= $H 3o} s}, large scale testse 100% 25T 4+ Y&

Moz ZAEIE A& o] 714 43 life stagedl A S=3ix]ojol & host materiald]

e 45 Aoz 7Ase aF 5 UF HESoR sl 1 Fol WAMS 2}



O

371 9

2] AFdEo] 20% oldteta sHAT, opd TE AR AdHoz FAEA H
£ %5 AEge 27 0 B35

poor hosts, control¥} test insectsi= treatmentE #3] hostjF-2 AFHHIL, 2 u A=

g2 sol7] 99 diet® FFVh

(8) Covariance analysis

O

stages =& FTE 2+ ¥ wluwsty] 9s) AR

O Ztzte]l &) sl A3 FAWAAES 2. 2 A parallelism A} §(dost interaction

(10)

2]
effecto] ©]&t nonsignificant stage % species)& stage I species effectsE H]|23}7]

Aol N 43 (e.g. Follett and Armstrong, 2004).

A3 FFA A

18

A8 R E gAsty] 9 AAAHQ XS ATFE dose response
testsol| 4] TR AFS 23 o W, 90 Gy HFO00mtele] HFE F 100% Ab
)2 statol W] A 2]¥ adult melon flies?] WAL 7] s Fa7) A 2F(Follett
and Armstrong, 2004). 221}, t}&2] large scale testingol] 4] 120 Gy<] Z A= third
instars9} several partially emerged pupaeZ A} (50,0000t F 1vjg]9h Aopds). ®
&, g2 APA 150 Gyz MA#HS Z71A)7)4d 96,700 wl2le) sfjFEo] 100% At
(Follett and Armstrong, 2004). o] AR M#Fe] 1S gk 2 4o da.

i

ML A S o] § F ol ot AR 2AF AT

o] AAe EHE dose uniformity radio (DUR)S A3 g A 1HEZE dose
response testso Al WolE Y 4 AL AY. olAL HLsHA FFHA ¥e F=
2y ARe Fahed w4

Gammacell 220 types (MDS Nordion, Canada)®} Z2 Small scale research irradiators
t small radiation chamber volumeZ 7}4. 21322 ZAlE = 52 F4E W E&

28 sourcedt S 717 A7) Ha, DURse HA3 2 4 9lS(typically 1.2 1



g #FHA3ls|oF DURSE HAE £Y 4 %S & £9, Follettd} Armstrong (2004)=
AAM 7445 7](5 MeV, model TB 5/15, SureBeam Corp., San Diego, California)7} %
2l A4 H Q) x ray facility S ANESte] mhulol W fruit fly larvaeo] WHARA 2AL o]
m, DURS H4slat7] 9l sjFo]l HEE HYSE beamo] 7 WFoz, Jd Iz

8] AT o8hH, metal carrierd] floor} sided] 7}7b&4-8 XA} Md&ko] o}, u}

gta] Z o] T tubsE carriere] A FGo HAAA ZAL o] AFE T DURse=
FAEA 1.2 ez e AL #Q(Follette} Armstrong, 2004).
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#8.2008 A4 #A NE ARl dF PAA Az F

%) 93 | M (GY)

AEZ A o}

i} ot wAHE | 150, 250

Abiu, Atemoya, Hi-iL}, wiLlR 2 EX} ZE

012 (ststol) | Bk, w2l elx, geb ebm, wIAE |olF 2E| 150, 400
W, maol, melof &, AlZ L2
s cigun] of= 400
= o4 25 400
A7 Fopu}, 22, w1 0| 400
B = 2|x|, b 2HREEr Y wAAE nolof S oj= 400
H| £ = = oj= 400

=

e o} o8
Bactrocera dorsalis opA o] ot Oriental fruit fly
Bacrocera neohumeralis | Al ulz| 1} Lesser Queensland fruit fly
Bactrocera tryoni i S Bl el Pl Queensland fruit fly
Ceratitis capitata S B e Mediterranean fruit fly
Epiphyas postvittana Qlato|Lpatm} Light brown apple moth, Grape phylloxera
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# 10. ofAjo} Bl FA G A litchie] Ao 3

3
e s o ol8
(From, to)
Bactrocera dorsalis opaf 2| o} Oriental fruit fly
Ceratitis capitata opAl me| 1} Mediterranean Fruit fly
N Cryptophlebia illepida olatofLteknt Koa seedworm
Cryptoplebia ombrodelta S eo|tgtnt Litchi fruit moth
Epiphyas postvittana lato| Lo} Light brown apple moth
~__ Criophyes litchi =3of =} Litchi rust mite
Bactrocera cucurbitae opAl mhe| o} Melon fly
~ Bactrocera dorsalis o mj2| o} Oriental fruit fly
Ceroplastes rubens 22X H 2 Red wax scale
Coccus viridis ERZIN =] Green scale
T Conopomorpha sinensis ol Ltetnt Litchi stem end borer
__Cryptoplebia_ombrodelta ol tetnt Litchi fruit moth

Deudorix epijarbas
Dysmicoccus neobrevipes
~Planococcus lilacinus

Planococcus minor

=
r
=
ch

N
)

X|Ha 2t | Grey pineapple mealybug
x| &2 o}

X el ot

AN |
—_
N
3

3
U Hu 4| Ha
J

N

N
-

X 11 obxjo} BlFF XA 9] longan®] 73 F

L2t &
o} ol &
(From To)
| Bactrocera cucurbitae npA 2| 2t Melon fly
 Bactrocera dorsalis oA mpe| 1t Oriental fruit fly
Ceratitis_capitata A me| Mediterranean Fruit fly
ol= £2& | Cryptoplebia ombrodeita | < Zojrtgrat Litchi fruit moth
Cysmicoccus neobrevipes | 745 ZX| 3| 2| Grey pineapple mealybug
Criophyes litchii = 2042} Litchi rust mite
| Maconellicoccus hirsutus | 7+ 2t X[ 2i| 2 | Pink hibiscus mealybug
- Bactrocera correcta oM ape| ) -
Bactrocera dorsalis Al T2 o} Oriental fruit fly
~ Ceroplastes rubens | L Zx|Ha Red wax scale
Conopomorpha sinensis | 2 2fo|Lgia) Litchi stem end borer |
T Cryptoplebia ombrodelta | % ZHo|uj2tn} Litchi fruit moth |
- ~ Deudorix_epijarbas S e el Bl
Drepanococcus chiton | 742 2bX| 4 2| 2}
Dysmicoccus neobrevipes | 7H=ZHX[ 2|2t | Grey pineapple mealybug
Planococcus lilacinus | 7HFZHX| H 2j| 2}
Planococcus_minor 7t2 2t x| ef o}
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E 12. opAo} B|FF A Fa HQ AT

Heh s 2} ol
(From to)
) Bactrocera dorsalis apAl mle| o} Oriental fruit fly
:ﬁil; Ceratitis capitata oAl mhe| o Mediterranean fruit fly
Sternochetus mangiferae Cl Mango seed weevil
Sternochetus frigidus vt of =t Mango pulp weevil
Sternochetus mangiferae Hfto| =} Mango seed weevil
Sternochetus olivieri vt o)z}
Bactrocera carambolae oAl nfe| of Caribbean fruit fly
Bactrocera correcta 2pA afe| 2
bactrocera cucurbitae oAl ozl Melon fly
bactrocera dorsalis opAl mha| o} Oriental fruit fly
Bactrocera papayae S = el Papaya fruit fly
Bactrocera tuberculata opA o) o
Bactrocera zonata ohAl aba| o} Peach fruit fly
CH ot Ceroplastes rubens U 2ZEX| Red wax scale
ol= Coccus Vviridis ERAPNEEE Green coffee scale
Aulacaspis tubercularis Diaspidididae
Pseudaonidia  trilobitiformis 2t x| 2 1}
Dysmicoccus neobrevipes 72X H | 2} Grey pineapple mealybug
Planococcus lilacinus JtE 2 x| e ot
Maconellicoccus hirsutus ARz N =T Pink hibiscus mealybug
Nipaecoccus Viridis 722X e e 1}
Planococcus lilacinus JHE 2 X H eyt
Planococcus minor JtE 2R L 2}
Rastrococcus spinosus 7t 2 x| H e ot
Phomopsis mangiferae &
Amblypelta lutescens 2| =2l X o} Banana spotting bug
T
TRHE Amblypelta nitida G =Py e Fruit spotting bug
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Aonidiella orientalis

ZpX| e 2 2}

Oriental yellow scale

Aspidiotus destructor

ZbX| 2 =t

Coconut scale

Aulacaspis tubercularis

ZbX| e 2 =}

Common mango scale

Bactrocera farvisi

Jarvis’ fr—u& fly

Bactrocera aquilonis

Northern territory fruit fly

Bactrocera cucumis

Cucumber fruit fly

Bactrocera frauenfeldi

Mango fruit fly

Bactrocera kraussi

Krauss' fruit fly

Bactrocera murrayi

Bactrocera neohumeralis

Lesse; Queensland fruit fly

Bactrocera opiliag

False oriental fruit fly

Bactrocera tryoni

Queensland fruit fly

Campylomma liebknechti

' Apple dimpling bug

Ceralitis capitata

Mediterranean fruit

fly

Ceroplastes rubens

Red wax scale

Chionophasma fimbriata

Clumetia euthysticha

Small mango tipborer

Chrysomphalus aonidum

2} X| & 2j 1}

Florida red scale

Chrysomphalus dictyospermia

ZbX| 2 o}

Dictyospermum scale

Cocceus viridis

Green coffee scale

colagaroides acuminala

Mango planthopper

Conogethes punctiferalis

Yellow peach méth ‘

Cryptoblabes adoceta

False blossom moth

Cryptoplila immersana

vy leafroller

Deanolis albizonalis

Mango fruit bore'rw

Dirioxa pornia

- Island fruit fly

Dudua aprobola

55 -

Eucyclodes pieroides Aot Bizarre looper
Eudocima fullonia gfepebnt Fruit piercing moth
Fudocima materna 1 A=l Fruit

piercing moth




Eudocima salaminia I =tanl} Fruit piercing moth

Eudocima tyrannus IS A=t Fruit piercing moth
Frankliniella schultzei x| e =t Flower thrips
Helopeltis clavifer A 2l R 2t Mosquito bug
lcerya aegyptiaca Ol Ml 2| ob 2t X| & | 2} Egyptian fluted scale
ldioscopus clypealis ofjo| &2t Mango hopper
Idioscopus  nitidulus ofo| &3} Mango hopper
Ischnaspis longirostris 2pX| e | 1} Black thread scale
Isotenes miserana olatofifatnt Orange fruitborer
Lobesia sp. 2ol Ltetnt European grape berry moth
Monolepta australis ol 1} Red shouldered leaf beetle
Monolepta divisa Qled 2 o} Samll monolepta beetle
Nipaecoccus vastator bz x| ey ) Karoo thorn mealybug
Opbhiusaa tirhaca IS anly Fruit piercing moth
Penicillaria jocosatrix g mango tipborer
Phenacaspis dilatata opAl nbe| ot Mango scale
Planococcus citri 2 X| 2 1} Citrus mealybug
Pseudaulacaspis cockerelli 2pA 2| o) Cockerell's scale
Rastrococcus sp. 712 2t X| 2 o} Rastrococcus mealybug
Rhyparida limbatipennis oledef o} Brown swarming leaf beetle
Saissetia miranda ZbX| 2 1} Mexican black scale
Selenothrips rubrocinctus Tripidae Redbanded thrips
Sternochetus mangiferae vito| ot Mango seed weevil
Bactrocera caryeae opa mke| o}
Bactrocera correcta opA o] ot
Bactrocera cucurbitae opAl o] o Melon fly
_ Bactrocera diversa 2pp afe| ot
DI; Bactrocera dorsalis opal ohaf o) Oriental fruit fly
Bactrocera tau i S el gn Pumpkin fruit fly
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Bactrocera zonata

2hal T2 2}

Peach fruit fly

Sternochetus frigidus

BEto| 2}

Mango pulp weevil

Sternochetus mangiferae

Bt ol 2t

Mango seed weevil

Aulacaspis tubercularis

Zbx| H 2fl 1t

Parlatoria crypta

ZX o 1t

Pseudaonidia trilobitiformis

2hX| o 2}

Ceroplastes rubes

2 24| e

Red wax scale

Coccus viridis ERAESE-L Green coffe scale

Actinodochium jenkinsii iy
Cytosphaera mangiferae i
Hendersonia creberrima T
Macrophoma mangiferae iy -
Phomopsis mangiferae iy
Xanthomonas campestris ate) 2] of o

pv. mangiferaeindicae

Sternochetus frigidus Hitolz} Mango pulp weevil
Stermochetus mangiferae Hf Loz}

Mango seed weevil

Baclrocera caryeae

pal mla] o

Bactrocera correcta

Guava fruit fl&/

Bactrocera cucurbilae

Melon fruit fly

Bactrocera dorsalis

Oriental fruit fly EP

o

fol
I

Bactrocera invadens

Asian fruit fly

Bactrocera tau

Bacirocera zonala

W‘IA:’umpin fruit fly
Peach fruit fly

Abé};z//aspls cyanophylli

2t x| H 2 o}

Cyanophyllurﬁ scale

Parlatoria crypta

2 x| e ef 2}

Mango white scale

Pseudococicdae

Malvastrum mealybug

Ferrisia malvastra
Ferrisia virgata Pseudococicdae Striped mealybug
Planococcus lilacinus Pseudococicdae Coffee mealybug
Rastrococcus fceryoides Pseudococicdae

| Downy snowline mealybug

1
|

i
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Rastrococcus invadens

Pseudococicdae

Mango mealybug

Rastrococcus spinosus

Pseudococicdae

Philippine mango mealybug

Orgyia postica

Cocoa tussock moth

Deanolis sublimbalis

it

Red banded mango
caterpillar

Rhipiphorothrips cruentatus

Sy ot

mango thrips

Elsinoe mangiferae

Fiy

Mango scab

Fusarium mangiferae

iy

Mango malformation

_58_




X 13. ofAlo} BB Y A G Fu2de A AT

L =
(Fr}oi”t Oto) o oIS
Bactrocera dorsalis apAl 2| =t Oriental fruit fly
Ceratitis capitata A me| o) Mediterranean Fruit fly
e Dysmicoccus neobrevipes | 7HFZEX|H a2l 2} | Grey pineapple mealybug
= Maconellicoccus hirsutus | ZFFZtA|H el 2F | Pink hibiscus mealybug
Pseudococcus cryptus | 7HFZHX| g o} citrus mealybug
Thrips florum ER ]
Bactrocera carambolae op A k2| o) Caribbean fruit fly
Bactrocera dorsalis oppd 2| ot Oriental fruit fly
Bactrocera papayae opAlma| o) Papaya fruit fly
Ceroplastes rubens EREPNEE | ml‘%e‘d wax scale --
Coccus viridis U ZhX| 2| Green scale .
Aulocaspis tubercularis Diaspidididae
Pseudaonidia trilobitiformis | Z+X] & 2l T}
S:E‘_; Dysmicoéé;l; neobrevipes | 7= 2t X| 2| 2} Grengi;leapple me;lAI;/bE_gm
Planococcus lilacinus JtE 2z X e 1t
Maconellicoccus hirsutus | 7FEZHX| 2l 2} | Pink hibiscus mealybug;—
Nipaecoccus viridis Jh=2E x| 8| 1} )
Planococcus lilacinus THE 2| o 1} -
Planococcus minor 7t 2k x| e gl o}
Rastrococcus spinosis JtE 2 K| Ha HPA -
F;Hé‘mopsis’_mangiferae iy
- Bactrocera carambolae op4lufe| o} Caribbean fru&tﬂyﬁi
Bactrocera dorsalis oAl mle| o) Oriental fruit fly
Bactrocera papayae oAl ola| o} Papay;frun fl‘y_ N
eAeag| Do s | el dack ant |
Dysmicoccus neobrevipes | 7HF 2 X[ H 2l 2} | Grey pineapple mealybug
Pseudalaucaspis cryptus | 752X 2| o} Cryptlc-mee;lbug o
Tetromyrmex butteli 7Hof ot | ; Black ant -
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% 14. o}AJole} 3% A 9 9] rambutan FH Y s F

z=
(FLFg:r_lrt To) 2 ol &
Bactrocera dorsalis op4l mt2| o Oriental fruit fly
Ceratitis capitata A el Mediterranean Fruit fly
Ceroplastes rubens U 2L X| H 2| Red wax scale
o= 25 Coccus Viridis ERAPNE==E Green scale
Dysimicoccus neobrevipes |7t X|He| 1| Grey pineapple mealybug
Frankliniella schultzei Zx 2 2} Yellow flower thrips
Maconellicoccus hirsutus | 7+ 2 X| 2| 2} Pink hibiscus mealybug
Bactrocera dorsalis i S el n Oriental fruit fly
Bactrocera papayae oA ma| o} Papaya fruit fly
Cataenococcus hispidus | 752t x| Hel| 2}
Ceroplastes rubens 2ZEX| Hef 2} Red wax scale
dot o2 Conopomorpha cramerefla | 4 2o|uteknt Cocoa pod borer
- Dysmicoccus neobrevipes | 7+FZt X mt|  Grey pineapple mealybug
Maconellicoccus hirsutus | 7FE 2t x| el 7t Pink hibiscus mealybug
Paracoccus interceptus | 7HE2EX| e 2 1}
Planococcus lilacinus JtE 2 X Y e o}
Palnococcus minor b= 2 x| Y e =}

(11) Probit 9 treatments

O WAbA Azl A9 ARE AFFte RS THINY AT AFAA Aok
& |FE0] AHEHo ok st? FAE
g e A% BFFR A7 AL 7587 gEA A9E EA

O dose response, large scale validation tests 12|37 & AFEC QoA H8
g 3|55 = pest, crop B countrye] we} @ebdl £ Slh

O "lFeMe £ A siAF A 5 HIS: =& &
Aoz 97bAe] H7t 2 $3¥-& A probit analysisth FAA A felE A
BT HAANA 7. © FA M2 level 9014 99.9968% 9] 2.

O msEA(USDA)= %ﬁ]wﬂmmlﬂ%ﬂ FE2AH o3 ZAN
probit 9 AxE HHAF FABE AFEH, EAHE F5 A 9L w2
2 0|82 & 4 e 71 9 W (Follett and Neven, 2006).

O probit 99] 93,6139 =% 2 s ZFo thdt 9B5%] A FFAA olES Al
Aoistr) fsire AE "H2ES 3 A8 AFHA YRS %Sﬂ/‘i g
Hel AE dAFE Adsta FE &

1986).
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o] 9I=E djoF & (Couey and Chew,



O

(12)

probit 99| testing?] Ao A=} L F AT, AU YBFolu #
dFe Skl wet probit 9¢] doE HFHolER ¥ 4 US(Mangan et al,
1997, Powell, 2003). ©t& Yt A(HE, &F, FAHAZ)= 95% AIFFoA
299568 EE % R IFS AbEea Alojsted adHolgta st ol&
A&(Couey and Chew, 1986). Y& 3¢ 4¢ 300007)¢] HXEE Fggon
(Sproul, 1976), FA A== 100007) 9] ZZo e AL AAPon, Loz 35
o] A% 4 30000712 #F (Heather and Corcoran, 1992).

Alternative approaches
5ol A" SR A 4T FEstd =l & F
Qo) wal probit 95 Jhwkste] ARG
A SW 300 Gyo WARY EAFE @3 Mok wprel, 8% 2 AFE9 44
Aol A gare] @ F ¥ monophagous 3F& AEE EZHo=F ALE (Follett and
Gabbard, 2000). @ ol % Ao e A2 Ao 29 Lol 2EE
Aol E 2o A& (Seo et al, 1974, Heather and Corcoran, 1992, Follett, 2001).
Jeh} PR 2AE 9F BE A9 FA0 $A49 99 WA &
% WAA Age BRo B4 F2e FAANE Axd st wus 3
metd 2 S FAFoly AFY A AR z} == FskA FF
(Landolt et al, 1984). & sZolu ola] o e o) AR 7|
G oAbel etzaEe ol 4
o] probit 99 EAHel Ay,

ol#fgk WAMI Z2AMY V& oY @48 AolE HYP(Vail et al, 1993,
Yamamura and Katsumata, 1999, Follett and Neven, 2006). 9 probite] 73-%- &
4 me FA4 SN e S50l BAE 939 o4 2 8ol FHE B
9 probite] A4-e Aeslold 1} DA gzol w2 Hgo] B (Liquido et
al.,, 1995, Follett and McQuate, 2001). =, | & EW, nectarines W& Alojste
A pAdon A 459 ARe AT Aol v £ At 3d® o
codling LpuHelEel)el A% 32662579 TR WelTol M & obl el
FAA oF st AAH 7rFuI o] AA F7F (Curtis et al, 1991). o5& A o]s}
71 9isl 896002 213 e] A& Al stal probit 99 WHog HE Ax3 2
& FoHeg olsd g% 7E R Haf o9 7hE
Al el A o]Eo] s Alojster] 5% AHAES 5% He=

Bl71o) probit 99| A2 =dte A9 aRE AF o 7774%9 AHE

B3

i o
5. F, 1009 &3t5 T yrdell g probit 9 7|HES HLIgH PA3
o %

r H

Zol UE 5

4y
x2
oo dfo

x\‘

NS

il

o

B

T
of

o
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Au)
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18
o

St , 7% T HE T o5 Jorte A
S o8 ZAF probit 9 NHE AARFHOE o5& F H Aot WHew
AL, 2 probit 9 71 F71FHQ FHolgt & 4 J-g(Follett and McQuate,
2001).

probit 9 Ao P A2HG o FAE TAd AMESIY $EHQ ARE
AL 4 AL(ang and Moffitt, 1994). o

25 8 o
B EE 847 42 2AHE Y 5L 5 AL 45 18 9 £
q

Genetic irradiation doses

bl WA Y el %u—% MANE Aol IFe FA %1 A3 oA
dge EHHo Aojst WYO R AL o9 pe ATE wwd] Ut AL
gele el oz B 4 kel o SHlE A4seAn ASHAAE B
H.

]

o}
=
Folt TFEL Yutdoz gia} @ FF S F3 Taxonomic = o8 FA
g & 93

23 2RAE AAE AzA 2L TS HE F Ae dE E0] WEEY
B8] f5(diptera), ¥ 3}2](tephritidae) T+ bactrocera & FTH7F A FLE
QANIAY FAS Ak A2 & Jo WA 24} AT Bl o A
o2 Aol s WA oldd W BHAE 43 Alo] WY ALE (Follet

and Neven, 2006, Bakri and Hendrichs, 2004).

wE WAL ZAE o83 dFol Aot olu 2ol §F. 53 23
of wah deko] AA. ey kA XAlE taxon FFE TS IF

35:345‘421 o]& o] &%

of Al ZALE o) &0z &9l 2006 1Y 27URE W F

o 4 1 7 2 4 Jul B gt FAS 2402 400 Gy 150 GyE 7zt

(USDA APHIS, 2006). ot2fe] % 2& Uyt 54 &) g WA A%

e ©. ™, anastrepha, bactrocera, ceratitis, ¥ Zo gt 17F 9 FF& <

T3led o] E Ao ESE ZAS %<l (Hallman and Loaharanu, 2002, Follett and

Armstrong, 2004).

o

P
033 FU K

o ofy o
e

_62_



O Yul B
Follett and Hallman unpublished report).
grok shejolol A B)F EE7A

(&
ol

S50 =Ty,

22 o2 P92 #7144 HolEs} Ba.

T AFe AT ZE pupaedt TFol diE 400 Gyol 712 A
=
=

Aa HFgoe 2AY
%

7|8 AdFoz o]E Ao

O & 400 Gyel 7|12 A=Zez uyntg F&3ten AMHEsIAAT (USDA  APHIS,

2004)97E B & Aol IR gl

o)
AES &

% (Follett, 2006 a). =, 150

Gy A#Fold T8¢ oz g xg v 299 25 g dzFe 250 Gy
ojt, I=7]& 300 Gyxd AoJstna ste sfFel g FA7E Hqeizg A7
Hlonw FAHoZ =48l (Corcoran and Waddell, 2003).

O o+ HgAoln nl§o] HAHEE YA ZAE B s5H L5 dis)
3% 24, Jgy olgd AFe BT JdAHAAVIE JES F, Lt &4
d sl% 5 150 Gy2 XAMLS of 8 nd%FS 83te 5 Aot HA £
&t7] w&ol 400 Gy A#Zg 7|2 dFo = st F£&/90 AHS

O H A7 9std 8 Egole oF 150 GydlA Alojso] ALg. &, B2 ATE
ol 8 HeobAd A AFE g3 FHo das ¥ AFE 7Id FE/
Yol o] HEE FY Aot}

S e

vl ol A AFo] WAk ZARY A Y] 7]E<QE2 Food Additives Amendment to the
Food Drugs and Cosmetic Act (1958, Sep, 6)

3t 15. Radiation Approvals in the USA

Food Purpose year
Wheat Flour Mold Control 1963
White potatoes Inhibit sprouting 1964
Pork Kilt parasites 1086

. Insect Control
Fruit and Vegetables Increase Shelf life 1986
Herbs and spices Sterilization 1086
Poultry Bacterial reduction 1990
Meat Bacterial reduction 1997
Bean sprouts and seed Control  of pathogens 2000
Shell eggs Control of Salmonella 2000
Fresh or frozen mollusks Control Vibrio spices and food 2005

borne pathogens
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(1) Aw_ ERRE:
%3 959 AE A, A4 4Eo|A, not >1 kGy.

?fj_z] &9 3%, not >1 kGy

nAE Ads A, AxHAY @48 &, not> 10 kGy

A E As A, ARFHAY 25

kGy

O Trichinella spiralis®] A& ), AASFAY 7FEA 7 == e )z )
at 0.3kGy and not>1 kGy.

O bean sprouts and seeds®] WU AojE 3| (8 kGy)

O 27| M9 Salmonella (0157:H7)9] A S 9l (3 kGy)

O 3}§(e.g. oysters, mussels, clams, etc.)ol| 4] Vibro species®} 2E= Q79 A

A& $8l; not > 55 kGy

¥ aromatic vegetable substances, not > 30

(2) A ZE

O Coblat 60 =+ cesium 1379 d3d 7oA

O 10 MeVE Z#atA] &2 ouz] F99 FAoA LA = HWAA
O 5 MeVE 2351x @& ouix) 299 ZxolA BHHE X ray

(3) Labelling
O wholesale?} retail leveloffA] ZATH 21Z.2 label H o] Ao} ttial 3

g

\ 4

(4) FDAS A 3{7}8 EAA)

Material Max dose (kGy)
Paper Kraft 0.5
Paper, glassine, paper board 10
Cellophane 10
Polyolefin film, polystyrene 10
Rubber hydrochloride film 10
Nyion 11 10
Nylon 6 60
Polyethylene fiim 60




(5) Irradiation for fruit flies and seed weevils in imported fruit and vegetables
O APHIS= "AMd AL e 43 B4 7k A diAezs S =
AR o] BEel ALY ZALY BeAd B9 AT E AT AAE 4™

- Generic 150 Gy fruit fly dose: Lower doses for specific fruit flies

- Generic 400 Gy insect dose: Excludes mites and Lepidoptera adults/pupae

- Hawaii regs (7 CFR 318.13) allows irradiation as an alternative to other

treatments

- Import regs (7 CFR 330) allow treatment on entry

Scientific name Dose (Gy)
Bactrocera dorsalis 250
Ceratitis capitata 225
Anastrepha fraterculus, 210
A. suspensa, ludens, obliqua, serpentina,
o 150
Bactrocera tryoni, jarvisi latifrons.
Stemochetus mangiferae 300
O Irradiation for certain plant pests in imported regulated articles
Scientific name Dose (Gy)
Rhagoletis pomonella 60
A. ludens, obliqua, suspensa 70
Conotrachelus nenuphar 92
A. serpentina, Bjarvisi, B. tryoni 100
Cytas formicarius elegantulus, Omphisa anastomosalis, other fruit flies 150
Cydia pomonela, Grapholita molesta 200
Croptophehiebla ombrodelta . Cryptophlebla illepida 250
Stenochelus mangiferae 300
Fruit pests not listed above 400
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o) Washd ww w@ Ao BYF) oJusteis By Fol QY] WE nrE
HE AF PET AANHLZ Y A5

@) =A 7139

O 1984: A& ZAbel Aol =AZHU &5 HHsty Y& Consultative Group on
Food Irradiation (ICGF)ZF¥ 4<% FAO, IAEA, WHO?Q %08 3

O 1999: 40703 o]4te] YetEo] AFo RALE 9l en, 3078 o4 vt
Eo] 4YA FHo HHYE §&

6) T AL AF Aol & AT AJ2H

O

Net

Chain Model

- %X‘ﬂ :ﬂ'qu 7]%
w0 9 29

ELERE

- s A=A

B ROEEEE

73

2 7E

- oE) 9
- 24} AE 4R 71F
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ol Al

3 Az AnE 2 =
14891. 4 1997 H= slF
14891. 5 1997 oAl g ofxf
14891. 7 1997 WE IS
14891. 8 1997 2HF ¥ IFAHE
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14891. 2 1904 Hygienic standards of irradiated pollen
14891. 6 1994 Hygienic standards of irradiated hog carcass
14891. 9 1994 Hygienic standards of irradiated sweet potato wine
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O 71% % AF 7l&

GB 10252 1996 Standards for radiation protection and safety of Co 60
irradiation facility

GB/T15447 1995 Conversion method of absorbed doses in different materials
irradiated by X, ¥ rays and electron beams

GB 16334 1996  Practical guide of dosimetry in a gamma irradiation facility for
food processing

GB 17279 1998 Criteria for safe design of wet source storage gamma
irradiators

GB 17568 1998 Regulations for design construction and use of gamma
irradiation facilities

0 ZAAE B B 712
- 2001 el A ZAF Aol @ 1774A ZIEe] e
- FHT 2 d 2AHE AE #9: TLM, GC, GC MS, ESR methods &
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1}. FAO/IAEA

T& Z A =HKGy) sSHE
0.05 0.15 A, 2kut, otE, M2 7ol
MM 2H<1 kGy) 0.15 05 Meld, SohF, dxntd

025 1.0 npel ) ofxll 7
1.0 30 7], HA

S 10 kGy)
20 70 EE AZO R

D210 50 kGy) 10 50 B

. WTO, Sanitary and Phtosanitary (SPS) Agreement

(1) WAL ZAR Fo] et | B4 (risk assessment)S 2 T5}A] Y
2) HFAL A Z A2l ZE o] ofofstr] =AJsz o2 obA st
(

3) A2zl W mAHeR JdAE FHo] &

4. Australia®] 215729 7]

PN

7}. Australian Regulations and Activities

(1) ARAEL A& Do =t 4F A48 BHe Hnjsory

() HFJL AFold FItEFEES wEA dS ool st HFol dd
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o 7+, WE, A% AL B4 AN B 74A) AFoly
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Depariment of
Agriculture, Fisheries
and Forestry

L}. Australian Regulatory Agencies for Irradiation Issues

Department of Health and Ageing
& NZ Health Minister (FSANZ only)

(policy and standards ratification)

I

Australian Quarantine and
Inspection Service(AQIS)
1. Export and import inspection
& certification

2. Quarantine operations

Food Standards,Australia
New Zealand (FSANZ)
(food standards &
policy development)

Australian Radiation
Protection
and
Nuclear Safety
Agency
(Safety and Operations)

Biosecurity Australia
1.Import nisk assessment

(Plant and Animal products)
2. Market Access negotiations

State Agriculture, Health ;amd
Envirownental
Protection Agencies
{Safety and operations)

Australian Nuclear Science
and
Technology Organisation
(Research and dosunetry)
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t}. Australian Regulations and Activities

(1) FSANZ 3&{7}9] GiEojA|, Biosecurity Australia (BA)= phytosanitary =-2-& 2|3}
AL 2AE e 4ol O@ RE AAE H7be

(2) AQIS®} Biosecurity Australiat= NZ regulatory Authorities®} $H7] WFA}A ZALE
do] I E2] market access conditions (ie dosage)E & 2

(3) Australia®= IAEA/FAO, 2dAl], 18]l New Zealand$} 243 WAL ZAMA)A

3 gl $32 + e 1FE AT

Establishing Critical Control Points for irradiation.

Dose rates for various fruits.

Dosimetry verification procedures

o O O O

Audit criteria for facilities
2}. Current Australian Regulations on Irradiation as a Phytosanitary
Treatment

O Standard 153 of the Australia New Zealand Food Standards Code was

modified in 2003 to allow irradiation of the following commodities

Bread fruit Minimum: 150 Gy = Food may only be irradiated for the
Rambutan Maximum: 1 kGy  purposes of pest disinfestation
Carambola for a phytosanitary objective.

Custard apple

Longan

Litchi

Mango

Mangosteen

Papaya (Paw paw)

H}, Other Phytosanitary Treatment Options
O Fumigation
O hot water dips /vapour heat treatments
O Cold treatments
O Non host status

O Insecticide dips and sprays
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A}. Australian Irradiation Activities (‘06 - '08)

Ly
rlo
>
rx
e
B
e,
i
o
il
ol
ol
o

(1) o3& 7bA 22 Cobalt 60 7to}dl ZA} AT 4wl
7] Y3t AQISHIA] 32

(2) X-Ray 7Zvld 2AF Aol Agd &3 do= AY ¢4

(3) Australiat= 2009 2013742 A& H Generic Irradiation Doses for Quarantine

e

treatments ¢ 7o) new IAEA Coordinated Research Projectel] %o

(4) Mango, papaya, litchiE New ZealandZ 4-&3}7] 9§ protocold] Heoj& A H
ovl o A7

(5) Mango, longan, mangosteen, rambutan, custard apple, bread fruitE 9%t
protocol &9+ New Zealand, Malaysia, United States, RCA % 7}53 g F

(6) Australian Mango Industry Associationi= New ZealandolA] WA} ZAld] 35
8] 4] Australian mangoes®] market potentialo] @3t ALE 29

(7) 2007 2008A}o]o <F 300 tonnese] WAMA ZALE a9} ¢F 6 tonnes®| papaya’}
New ZealandZ &

(8) 20083 A2 © 2 mango’} Malaysiad] %

(9) 25789 1z} AYAFEd] g FARA 24 38 Y3 food safety authoritiesel]
st Alzo] AT

(10) Australian internal plant quarantine authoritiest= Australia WA domestic
marketg phytosanitory treatment2A ] WALA ZAL] L& HA Y F. o]

A A4 H operational procedurese AA IA|H AA 2 FE3 AT AY

o}. Australian Exports to New Zealand

(1) Mango Protocol
O 250 Gy : Covers all arthropod pests

(2) Papaya Protocol (Two options)

O 250 Gy : Covers all arthropod pests, or
O 150 Gy to control fruit fly plus the use of field controls for Yellow Peach Moth
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. 24}

o

i

Zobad (Co-60), AALA

. 7P AL F oA
23 500 Gy o]}

TET (A, F) Te= | ME Gy
A Ez 2| ot 251, ufutof wEME | 150, 250
Abiu, Atemoya, BiLiLp w2 QXL Zt=E R
o|= (stetof) Su, vlatd, 2|x], gof Y YLUAEN o= 2% | 150, 400
WE, mutof, melofE, AtZEER}
ol E o= 400
ol atn M 400
WAl 2 Totul ZtE, 3 ol= 400
2| x|, el aFE
B = a7 ormasl molofE ol= 400
Hl E g &1} ol = 400
ol A9 A oA (o)
1) 59 29 A4 A%
5 o} S

Bacrocera neohumeralis

Baclrocera dorsalis

Oriental fruit fly

Bactrocera tryoni

Lesser Queensland fruit fly

Ceraliis capitaia

Queensland fruit fly

Mediterranean fruit fly

Epiphyas postvittana

Light brown 'é’xpplewmoth o
Grape phylioxera




2) oA (Litchi)e] A4 =

=

[

-
ol &

Bactrocera dorsalis

Oriental fruit fly

Ceratitis capitala

Mediterranean Fruit fly

Ceroplastes rubens

Red wax scale

Cryptophiebia illepida

Koa seedworm

Cryptoplebia ombrodelta

Litchi fruit moth

Lpiphyas postvittana

Light brown apple moth

Criophyes litchi

Litchi rust mite

Bactrocera cucurbitae oAl mha| o) Melon fly
Coccus viridis AU 2 X| 2 Green scale

Conopomorpha sinensis

Litchi stem—-end borer

I =
Deudorix epijarbas NS e
Dysmicoccus neobrevipes JI22X|dHe| 2t Grey pineapple mealybug
Planococcus lilacinus b 2p X e 2 1}
Planococcus minor 715 2 x| Y ef 2t
3) §<H(Longan)e] HANY 3%

ol

il

Bactrocera cucurbitae

Melon fly

Bactrocera dorsalis

Oriental fruit fly

Ceralitis capitata

Mediterranean Fruit fly

Cryptoplebia ombrodelta

Litchi fruit moth

Cysmicoccus neobrevipes

Grey pineapple mealybug

Criophyes litchii

Litchi rust mite

Maconellicoccus hirsutus

Pink hibiscus mealybug

Bactrocera correclta

Bactrocera dorsalls

Oriental fruit fly

Ceroplastes rubens

Red wax scale

Conopomorpha sinensis

Litchi stem—-end borer

Cryptoplebia ombrodelta

Litchi fruit moth

Deudorix epjjarbas

Drepanococcus chiton

Dysmicoccus neobrevipes

Grey pineapple mealybug

Planococcus lilacinus/monor




4) ¥31(Mango)9] HAF 3T

& a} ol &
Bactrocera dorsalis L ESpurt ol Oriental fruit fly
Ceralitis capitata Al miz| o} Mediterranean fruit fly
Sternochetus mangiferae Hitof ot Mango seed weevil
Sternochetus  frigidus Hio| o} Mango pulp weevil
Sternochetus mangiferae Hf2o| 2} Mango seed weevil
Sternochetus olivieri Hf5to| o} o
Bactrocera carambolae P—}’éﬂﬂl o} Caribbean fruit fly
Bacfrocéfa correcta ﬂ}Aa'r ut2| =}
bactrocera cucurbitae oAl e o Melon fly
bactrocera dorsalis 1}l o] Criental fruit fly
Bactrocera papayae Al mhz| o} Papaya fruit fly
Bactrocera tuberculata oAl mha| o}
Bactroéé;a zonata oAl mfe| o} Peach fruit fly

Ceroplastes rubens

2 74X

Red wax scale

Coccus Vviridis

L2 x| |

Green coffee scale

LAulacaspis tubercularis

Diaspidididae

Pseudaocnidia trilobitiformis

2 R| e 2}

Dysmicoccus neobrevipes

7HF ZbX o Tt

Grey pineapple mealybug

Planococcus lilacinus

7t 2R el 2t

Maconellicoccus hirsutus

ZtF 2R Lo 2t

Pink hibiscus mealybug

Nipaecoccus Viridis

Planococcus lilacinus

7} 2x| Y 2l 1}

7t F 2 x| H el o}

Planococcus minor

R

Rastrococcus spinosus

Phomopsis mangiferae

LAmblypelta lutescens

7HF2ZbR| g el ot

=
AEF

el =2l i o}

Banana spotting bug

LAmblypelta nitida

sizlwalrn

Fruit spofting bug

LAonidiella orientalis

Zh X g 2

Oriental yellow scale

L Aspidiotus destructor

ZbX|d 2f o}

Coconut scale
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Au/acasp/s tubercularis

Zp x| H 2l 2

Common mango scale

Bactrocera jarvisi

Jarvis’ fruit fly

Bacltrocera aquilonis

Northern territory fruit fly

Bactrocera cucumis

Cucumber fruit fly

Bactrocera frauenfeldi

Mango fruit fly

Bactrocera kraussf

Krauss' fruit fly

Bactrocera murrayi

Bactrocera neohumeralis

Lesser Queensland fruit fly

Baclrocera opffiae

Faise oriental fruit fly

Bactrocera tryoni

Queensland fruit fly

Campylomma liebknechti

Apple dimpling bug

Ceratitis capitata

Mediterranean fruit fly

Ceroplastes rubens

Red wax scale

Chionophasma fimbriata

Clumetia euthysticha

Small mango tipborer

Chrysomphalus aonidum

Zhx el 2t

Florida red scale

Chrysomphalus dictyospermia

ZbX| el 2

Dictyospermum scale

Coccus viridis

U 2EX| H 2|

Green coffee scale

colagaroides acuminala

M 2 o

Mango planthopper

Conogethes punctiferalis

Yellow peach moth

Cryptoblabes adoceta

False blossom moth

Cryptoptita immersana

vy leafroller

Deanolis albizonalis

Mango fruit borer

Dirioxa pornia

Island fruit fly

Dudua aprobola

Leaf curling moth

Eudocima tyrannus

Fucyclodes pieroides Rttt Bizarre looper

Eudocima fullonia ghet et Fruit-piercing moth

Eudocima matemna EIS =l oniy Fruit-piercing moth

Fudocima salaminia ghitgtot Fruit-piercing moth
L e '

Fruit-piercing moth

Frankliniella schultzel

R
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Helopeltis clavifer

T ain o

Mosquito bug

lcerya aegyptiaca

Of M| 2| Of b X| & 2| 2t

Egyptian fluted scale

Idioscopus clypealis

ojof & =

Mango hopper

Idioscopus nitidulus

ojol &2t

Mango hopper

Ischnaspis longirostris

7t x| e 2 o}

Black thread scale

monolepta australis

Monoleplta divisa

[sotenes miserana latofLtatnt Orange fruitborer
Lobesia sp. Qato|Lpyrnt European grape berry moth
2l g 1} Red-shouldered leaf beetle

Samll monolepta beetle

Nipaecoccus vastator

Karoo thorn mealybug

Ovhiusaa tirhaca

Fruit piercing moth

Penicillaria jocosatrix

mango tipborer

Phenacaspis dilatata

Mango scale

Planococcus citri

Citrus mealybug

Pseudaulacaspis cockerelli

Cockerell's scale

Rastrococcus sp.

7t Zb x| e 1}

Rastrococcus mealybug

Rhyparida limbatipennis

2 nf

IT

Brown swarming leaf beetle

Saissetia miranda

2bX| e 2 o}

Mexican black scale

Selenothrips rubrocincius Tripidae Redbanded thrips

Sternochetus mangiferae HHL—‘;!E} Mango seed weevil

Bactrocera caryeae oty mpa| ot

Bacfroéera correcta op& ufe| o - 7

Bactrocera cucurbitae opAl ohaf Melon fly S

Bactrocera diversa npA ﬁlﬂl at -

Bactrocera dorsalis _ opA mhe| o Oriental fruit fly

&?r;ce;;}au opAl me| o} Pumpkin fruit fly

Bactrocera zonatgz—_ o4l mhe| o} Peach erit fly 7 -

Sternochetus fr/g;dus o HF;DIP—F Mango pulp weevil A -
S

Sternochetus mangiferae

| Aulacaspis tubercularis

Mango seed weevil

Parlatoria crypta

2t x| 2 o}

Z oS
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Pseudaonidia trilobitiformis

ZbX| 2| 2

Ceroplastes rubes

2 2 x| 2

4

Red wax scale

Coccus Vviridis

ol Zh K| )

Green coffe scale

=R4
L Actinodochium jenkinsii iy

Cytosphaera mangiferae riy

Hendersonia creberrima Fis

Macrophoma mangiferae i

Phomopsis mangiferae ris

Xanthomonas campestris grel| 2| of

Sternochetus frigidus HEof 2} Mango pulp weevil
Sternochetus mangiferae Hi=to| 2} Mango seed weevil
Bactrocera caryeae S v 2

Bactrocera correcta opal mpe2f 2t Guava fruit fly
Bactrocera cucurbitae oAl mha| o} Melon fruit fly
Bactrocera dorsalis oAl mla|at Oriental fruit fly EP
Bactrocera invadens opo ote2| ot Asian fruit fly
Bactrocera tau npAlml2| o} Pumpin fruit fly
Bactrocera zonata S i ek e Peach fruit fly

Abgrallaspis cyanophylli

ZbX| e 2| o}

Cyanophyllum scale

Parlaloria crypta

Z K| 2y ot

Mango white scale

Ferrisia malvastra Pseudococicdae Malvastrum mealybug
Ferrisia virgata Pseudococicdae Striped mealybug
Planococcus lilacinus Pseudococicdae Coffee mealybug
Rastrococcus iceryoides Pseudococicdae Downy snowline mealybug
Rastrococcus invadens Pseudococicdae Mango mealybug
Rastrococcus Spinosus Pseudococicdae _ Philippine mango mealybug

Orgyia postica

Cocoa tussock moth

Deanolis sublimbalis

[RETE

Red-banded mango caterpillar

Rhipiphorothrips cruentatus

& e 2 =}

mango thrips

-+

-

Elsinoe mangiferae

Fusarium mangiferae

-+

—

Mango scab

Mango malformation
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5) #4&(Rambutan)o] H A3 s F

ol

o

Bacltrocera dorsalis

Oriental fruit fly

Ceraltitis capitata

Mediterranean Fruit fly

Ceroplastes rubens

Red wax scale

Coceus Vviridis

Green scale

Dysirnicoccus
neobrevipes

7HF 2Zb x| o 2

Grey pineapple
mealybug

Frankliniella schultzei

& A e ot

Yellow flower thrips

Maconellicoccus hirsutus

42t x| 2| o

Pink hibiscus mealybug

Bactrocera dorsalis p mhe| 3t Oriental fruit fly
Bactrocera papayae oAl olz| z} Papaya fruit fly

Cataenococcus hispidus

Jb22bx| e 2 o}

Ceroplastes rubens

ZEX| | 2t

Red wax scale

Maconellicoccus hirsutus

VS 24X Eef o}

Paracoccus interceptus

Planococcus lilacinus

Palnococcus minor

7HE 2EX| 2| 2t

7t 22X Ha ot

Conopomorb/vvrék ‘
Qlato|Lfetn} Cocoa pod borer
cramerella o
Dysmicoccus Grey pineapple
g SheTpRgeny ) Do
neobrevipes mealybug

Pink hibiscus mealybug

JHF2EX| H 2| 2t
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A 2R G5 IA(A)

Model Phytosanitary Certificate

Plant Protection Organization of:
TO: Plant Protection Organization(s) of:

I. Description of Consignment

Name and address of exporter:

Declared name and address of consignee:
Number and description of packages:
Distinguishing marks:

Place of origin:

Declared means of conveyance:

Declared point of entry:

Name of produce and quantity declared:
Botanical name of plants:

" This is to certify that the plants, plant products or other regulated articles
described herein have been inspected and/or tested according to appropriate
official procedures and are considered to be free from the quarantine pests
specified by the importing contracting party and to conform with the current
phytosanitary requirements of the importing contracting party, including those
for regulated non—-quarantine pests.

They are deemed to be practically free from other pests.*
I1. Additional Declaration

II1. Disinfestation and/or Disinfection Treatment
Date:

Duration and temperature:

Irradiation dose:

Additional information:

Place of issue:

(Stamp of Organization) Name of authorized officer:

Date (Signature)

No financial liability with respect to this certificate shall attach to (name of
Plant Protection Organization) or to any of its officers or representatives.*

* Optional clause
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http://www.tamu.edu/ebeam/workshops/powerpoint/Pandey.ppt#261,8,

Food Irradiation in India

e
http://tc.iaea.org/tcweb/abouttc/strategy/thematic/pdf/presentations/food_irradiati
on/Regulation_Application_%20FoodIrradiation_China.pdf

T

http://www.foodstandards.gov.au/foodmatters/foodirradiation.cfm

Codex

http://acd.ufrj.br/consumo/disciplinas/tt_cxirradiacaonorma.pdf

EU
http://eur-lex.europa.eu/JOHtml.do?uri=0J:C:2006:112:SOM:en:HTML

IPPC
https://www ippc.int/IPP/En/default.jsp

USDA
http://www.fsis.usda.gov/Fact_Sheets/Irradiation_and_Food_Safety/index.asp

WHO

http://www.who.int/mediacentre/news/releases/2003/pr53/en/print.html

APPS

http://apps.who.int/bookorders/WHP/dartprtl.jsp?sesslan=1&codlan=1&codcol=10
&codech=890
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(75 1. AlA 2EZA 37 A3

No 8 7}=g No 871

1. | €A [ Algeria ] 29.| olgrglo} [ ITALY |

2. | ob= ¥ [ ARGENTINA ] 30.| 9£ [ JAPAN ]

3.| &3 [ AUSTRALIA ] 31.] 3= [ KOREA, REP. OF ]
4. | S 2Ego} [AUSTRIA] 32.| glvle} [ LIBIYA ]

5. WZetdl4] [ BANGLADESH ] 33.0 SAK2=3 [ LUXEMBOURG ]
6. @7l [ BELGIUM ] 34.0 A I [ MEXICO ]

7. Beb4[ BRAZIL ] 35, MIZ &= [ NETHERLANDS ]
8. | &7FeloF [ BULGARIA ] 36.] TAH= [ NEW ZEALAND ]
9. | ZHuth [ CANADA ] 37.] =29o] [ NORWAY ]

10.| A& [ CHILE ] 38.| stgta}o] [ PARAGUAY ]

11.] &= [ CHINA ] 39.| #F [ PERU ]

12.| s2=€e}2]7F [ COSTA RICA | 40.| Ze2]3 [ PHILIPPINES ]
13.| ZRo}e]o} [ CROATIA | 41.] E3= [ POLAND ]

14.| Su} [ CUBA ] 42.| X257 [ PORTUGAL )
15.] A5 [ CZECH REPUBLIC ] 43.| ©JAlo} A8 [ RUSSIAN FEDERATION ]
16.| lw}=1 [ DENMARK ] 44.| Abf-tiotetr]o}l [ SAUDI ARABIA ]
17.| o] ¥ E [ EGYPT ] 45.| ol a7} [ SOUTH AFRICA ]
18.| A= [ FINLAND ] 46.| =72 [ SPAIN ]

19.] =32 [ FRANCE 1] 47,1 =< [ SWEDEN ]

20.| 59 [ GERMANY ] 48.1 Ao} [ SYRIA ]

21.| 7FF [ GHANA ] 49.1 Bl= [ THAILAND ]

22.| Z1#) 2 [ GREECE ] 50.| ®L1#] [ TUNISIA |

23.1 @7kl [ HUNGARY ] 51.| Elol7] [ TURKEY ]

24,1 A= [ INDIA ] 52.| A gkolL}t [ UKRAINE ]
25.| 9=uvjAleb [ INDONESIA ] 53.| ®l=r [ USA )

26.| o]k [ IRAN ] 54.| 5-F1ko] [ URUGUAY |

27.| o} A= [ IRELAND ] 55.| WlEY [ VIETNAM ]

28.] ofz=e}d [ ISRAEL ] 56.| &Hlol [ ZAMBIA |

[ Source : June 2009, IAEA website www.iaea.org/icgfi ]
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& & 7)7 S 5 7
1. ZAg 8 16 |29. ol"gg o} 2 6
2. olzdE} 5 11 {30. & 1 1
3. 3 3 15 |31, g 6 24
4. 9~EgFo} 1 3 [32. Enlo} 4
5. H=eheE4 7 15 |33. EA8=3 1
6. H7]o| 8 25 |34, #HA= 8 17
7. Bepd 8 16 [35. vE2@&x= 5 19
8. E7hgo} 1 36. TEUE= 3 18
9. MYk 3 37. =290 1 3
10. 29 6 18 [38. w}etato] 8 15
11. T 6 11 |39. #F 8 19
12. Z2ErE 7} 6 18 [40. Zy=A 8 22
13. A &EolElo} 8 19 [41. 2Pz 3
14. Fn} 8 16 |42. FTETZ 1
15. A= 8 26 |43. Ao} 6 16
16. dnp= 1 44, A}$-tjolgtu]o} 8 17
17. olRE 2 45, Fol= g7}t 8 21
18, AUE= 3 46. 2392l 1
19. ZT&X2 7 17 |47. =94 1
20. 54 2 4 |48, Alglo} 7 18
21. 7} 8 20 [|49. ®i= 6 25
22. 18~ 1 50. #H4A 3 7
23. #7149 1 51. Elo]7] 8 18
24, Q% 6 16 [52. $z3gtoln} 6 16
25. QAT Ajo} 4 8 [53. W= 8 18
26. ol 1 1 |54, 53] 1 1
27. oldd= 1 3 |55. HIEY 7 19
28. oj~gd 6 13 |56. #ujo} 8 16
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8522 Hdrd 3= (Explanations for Codes)

1. 5% 2 Agd 44 XA (Delay ripening/physiological growth)
2. AZ(Disinfestation) 3. 9lAE E A (Microbial control/load)
4. 7A9A g (Quarantine treatment) 5. AA717F A3 (Shelf-life extension)
6. wrold A (Sprouting inhibition)
7. AR Z/718% S A(Trichina/parasite control)
8, WY AL FF2(Sterile meals for hospital patients)
9. A (Sterilization) 10. 7]eH(Unstated)
1. 282 [ ALGERIA |
- AET E TEEA [SF9A | A Bose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1ol 2 FAkalE A el & 3,5, 7[11.04.05| 10.00
(Fish and seafood) (Any)
2 7% A ol & 3,5, 7111.04.05] 10.00
(Raw poultry and meat) (Any)
3 o 2 Aa Akl 1, 2, 4,[11.04.05| 10.00
(Fresh fruits and vegetables) (Any) 5
4|57 2 I 7HEE Aqetel & 2 11.04.05| 10.00
(Cereals and their milled products) (Any)
5|11 A% A el & 2 11.04.05| 10.00
(Dried food of animal origin) (Any)
6|71z A ¥ TR A skl & 2,3 |11.04.05| 10.00
(Dried vegetables and spices) (Any)
7= AE A el 3 11.04.05| 10,00
(Miscellaneous foods) (Any)
8 |5 Akl & 6 11.04.05] 10.00
(Bulbs, roots and tubers) (Any)
2. O} E|L} | ARGENTINA |
No A ET Al 854 | 3 7t9A | A= (Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1AM el gl A4 Asparragus 1 02.08.94 2.00
(Fresh fruits and vegetables) Mushrooms 1 02.08.94 3.00
Strawberries 5 03.04.89 2.50
2 |2 9O UeE Dried fruits{any) 2 09.12.92 1.00
(Cereals and their milled products)| Dried vegetables(any) 2 09.12.92 1.00
Nuts 2 09.12.92 1.00
3112 As Condiments 3 09.12.90| 30.00
(Dried food of animal origin)
418z Ak 9 Az Spices 09.12.91 30.00
(Dried vegetables and spices) )
5 73 Galic 6 02.03.89 0.15
(Bulbs, roots and tubers) Onion 02.03.89 0.15
potato 6 02.03.39 0.15
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3. 3% [ AUSTRALIA |

Xo 2 E T AE G854 | 37149 A | dZF(Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1AM Y g aa Breadfruit 4 27.02.03 1
(Fresh fruits and vegetables) Litchi 4 27.02.03 1
Longan 4 27.02.03 1
Mango 4 27.02.03 1
Mangosteen 4 27.02.03 1
Papaya(pawpaw) 4 27.02.03 1
Rambut an 4 27.02.03 1
2 1A% a2 FAg Herbal infusions , 3, 6120.09.011 6, 6, 10
(Dried vegetables and spices) Spices and herbs , 3, 6120.09.01| 6, 30, 6
Herbs(dried) 3 20.09.00 10
Spices 3 20.09.00 10
Vegitable seasoning(dried) 3 20.09.00 10
3|75 Carambola 4 27.02.03 1
(Bulbs, roots and tubers) Custard apple 4 27.02.03 1
4. LAER|0} [ AUSTRIA ]
Ko R A E g854 | 3714 A |2 (Dose)
(Food Class) (Product) (Code) | (Date) |[(Max, kGy)
1|1d% A4 % Az Herbs(dried) 3 20.09.00 10
(Dried vegetables and spices) Spices 3 20.09.00 10
Vegitahle seasoning(dried) 3 20.09.00 10
5. wr22dl4 [ BANGLADESH ]
Ko A E T A5 #8534 | 3719 =} | 4% (Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
L|ols 2 FabalE Al 7,10 {01.06.05| 2,5
(Fish and seafood) (Any) 5 2.5
2 |7ba 5 A & 7, 10, [01.06.05| 3,7
(Raw poultry and meat) (Any) 5 2.5
3T B % Ax Aele 1, 2, 4,]01.06.05 1
(Fresh fruits and vegetables) (Any) 5 2.5
4|37 32 FF hFE A 2= 2 01.06.05 1
(Cereals and their milled products) (Any)
5112 2l ATl 2 01.06.05 1
(Dried food of animal origin) (Any)
60x A 2 FNE A+l 2, 10 [01.06.05| 1, 10
(Dried vegetables and spices) (Any)
7\ TR Qi ey 6 01.06.05 0.2
(Bulbs, roots and tubers) (Any)
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6. HIl0ll [ BELGIUM ]

Yo e A E 853 3 7tdA | % (Dose)
(Food Class) (Product) (Code) | (Date) [(Max, kGy)
1iolF 2 FrkaE Fish, Sellfish (crustacems, 3 08.06.04 3
. mol luscs)
(Fish and seafood) Shirimps(frozen) 5 080604 5
2 7 5 Frog legs(frozen) 3 08.06.04 5
. Offal of poultry 3 08.06.04 5
(Raw pOUl“y and meat) Poultry moal((lnm(‘s!ic. foul ,
e Tl o) ey |3 |08.06.04 7
Poultry meat{mechanically
separated, minced, crushed,
parat broken) 3 08.06.04 o
A BY 8 oAa Fruits 5 08.06.04 2
i L Strawberries(fresh) 5 08.06.04 2
Fresh f g
(Fresh fruits and vegetables) Vegetables 0 4 0806 04 1
4 |95 2 G5 UMEE Cereals and pulses| 2, 4 |08.06.04 1
(Cereals and their milled products) Ceﬁ?iésfféﬁies g 82:82:82 %f
5|z A& Dehydrated blood, 3 08.06.04 10
(Dried food of animal origin) plasma, coagulates T
6 102 i 9 3gig Deep frozen aromatic herbs 3 08.06.04 10
B . Herbs(dried) 3 08.06.04 10
(Dried vegetables and spices) Spices & vegetable 3 08.06. 04 10
seasonings{dried)
7 |=¢ A& Arabic gum 3 08.06.04 3
: Casein, caseinates 3 08.06.04 6
Miscell food ’ . oS
(Miscellaneous foods) Egg white 3 |08.06.04] 3
8 =37 Onion 6 08.06.04 0.15
. i Shallots(dormant) 6 08.06.04 0.15
(Bulbs, roots and tubers) Store garlic 6 |08.06.04| 0.15
Store potatoes(raw, 6 08.06.04 0.15
unpeeled)
7. 22} = BRAZIL |
Xo A&t AF 2853 | §71Y A} | (Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1 j[ol5 9 bl Al = 7, 10, 5/30.01.01
(Fish and seafood) (Any)
2|75 A skl 7. 10, 5[30.01.01
(Raw poultry and meat) (Any)
3 A 2ol o A~ shal o 9 4. .
3 AL et A Al Lo2oddag 0100
(Fresh fruits and vegetables) (Any) 5
4|55 RO R A gkl 2 30.01.01
(Cereals and their milled products) (Any)
5 141% A Akl 2 30.01.01
(Dried food of animal origin) (Any)
6 |11% s R e A gkl 2,10 [30.01.01
(Dried vegetables and spices) (Any)
71wt A% A2 3 30.01.01 s
(Miscellaneous foods) (Any)
R A shal & 6 |30.01.01
(Bulbs. roots and tubers) (Any)
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8. 27}2l0} [ BULGARIA ]

No A FT AE 853 | 3714 A | A3 (Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1Az A4 2 galg Herbs(dried) 3 28.03.02 10
(Dried vegetables and spices) Spices 3 28.03.02 10
Vegetable sesonnigs{dried) 3 28.03.02 10
9. FALICE [ CANADA |
- ZE T FEEA ST | T Dose)
(Food Class) {Product) (Code) | (Date) |(Max, kGy)
157 2 357 5 Wheat & wheat products 2 25.02.69| 0.75
(Cereals and their milled products)
oAz A 2 &galg Dry vegetables 3 03.10.84 10
(Dried vegetables and spices) sesonnings spices
3 |2 Onions 6 09.11.60 0.15
(Bulbs, roots and tubers) Potatoes 6 09.11.60 0.15
10. #2 | CHILE ]
Xo A E A E 854 | 3 71dA | dZF(Dose)
(Food Class) (Product) (Code) (Date) |(Max, kGy)
1of 2 T F Fish(teleosteos) | 2,3,5 |29.12.82| 2.20
(Fish and seafood) and fish products
2 |7h % Chicken 3.5 |29.12.82| 2.20
(Raw poultry and meat)
3 B f A Date 2 29.12.82 1
(Fresh fruits and vegetables) Mango 1,2,5 [29.12.82 1
Papaya 1,2 29.12.82 1
Strawberries 5 29.12.82 3
41257 2 IF HEFE Rice, wheat & 2 29.12.82 1
(Cereals and their milled products) wheat products
pulse(cocoa beans) 2 29.12.82 1
5114z P4 U g Spices and condiments| 2, 3 [29.12.82 10
(Dried vegetables and spices)
6 |7+ H Potato 6 29.12.82 0.15
(Bulbs, roots and tubers)
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11. &= [ CHINA ]
Yo A& AE 2853 | 5 7bd A [ A F(Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
175 Beef and poultry 3 10.06.96| 2.50
(Raw poultry and meat) meat (frozen)
Pork 7 23.02.94 0.65
2 A B " oA A kgl = 5 10.06.97| 1.50
(Fresh fruits and vegetables) (Any)
SRS I Beans 2 10.06.97| 0.20
(Cereals and their milled products)|Cereal grainstrice, wheat) 2 10.06.97 0.60
Dried nuts and fruits 9 10.06.97| 0.40
417z a9 FA7 Spices 3 10.06.97 10
(Dried vegetables and spices)
52 A% Cooked meat food for 3 10.06.97 8
(Miscellaneous foods) livestock and poultry
Pollen 3 23.02.94 10
Sweet potato wine 3 23.02.94 4
6 | T Al el 5 6 10.06.97| 1.50
(Bulbs, roots and tubers) (Any)
12. I AEE| 7} [ COSTA RICA |
No A EF A& 854 | s7td= | 4% (Dose)
(Food Class) (Product) (Code) | (Date) |{(Max, kGy)
1|oj5t B FabaE Fish(teleosteos) | 2,3,5 |07.07.94] 2.20
(Fish and seafood) and fish products ‘
2 7ba % Chicken 3,5 [07.07.941 2.20
{Raw poultry and meat)
3 A A 9 AA Dates 2 07.07.94 1
(Fresh fruits and vegetables) Mango 1,2,5 107.07.94 1
Papaya 1,2 07.07.94 1
Strawberries 5 07.07.94 3
4 157 R ST e E Rice 2 07.07.94 1
(Cereals and their milled products){Pulses(cocoa beans) 2 07.07.94 1
Wheats and wheat products 2 07.07.94 1
51z i g Spices and condiments| 2, 3 |07.07.94 10
(Dried vegetables and spices)
6 [Tt T Onions, potatoes 6 07.07.94 1
(Bulbs, roots and tubers)
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13. 3 20}E|0} [ CROATIA |
Ko A EFT AE 2854 | 37143 | A F(Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1jo]7 % FAAFE Any 7,10,5 |21.06.94 5
(Fish and seafood) Frog legs 2 21.06.94 3
2 [7he= Al el & 7,10,5 [21.06.94 7
(Raw poultry and meat) (Any)
RIELE R = Al 1,2,4,5 21.06.94 3
(Fresh fruits and vegetables) (Any)
4|35 2 J7 7HEE Any 21.06.94 1
(Cereals and their milled products) Dried fruits 21.06.94 10
5% A% AN & 2,3 ]21.06.94| 3, 30
(Dried food of animal origin) (Any)
6|1 AMx 2 FHE A& 2,10 [21.06.94 30
(Dried vegetables and spices) (Any)
7123 A% Meals for 3 21.06.94 45
(Miscellaneous foods) immunosuppressed
patients, arabic
gum, enzimes, €ggs
and egg products
8 [T A= 6 21.06.94| 0.50
(Bulbs, roots and tubers) (Any)
14. JH} | CUBA |
No AEFT A E 854 | 879 | ZF(Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
17 B FaE Fish(dried) 2 01.05.93 1
(Fish and seafood) Fish(fresh) 5 01.01.91 3
Seefood 5 01.01.91 3
2 |7h% Meat 3 01.08.91 5
(Raw poultry and meat) Meat products 3 01.03.90 4
3 A 2 s Avocados 1 01.08.92] 0.25
(Fresh fruits and vegetables) Mangoes 1 01.07.92 0.75
4157 2 FH bEE 0il seed(sesame seeds) 2 01.10.93 2
(Cereals and their milled products)|Pulses(cocoa beans) 2 01.01.88 0.50
511% A% Animal blood(dried) 2 01.01.90 2
(Dried food of animal origin)
6 |AZE A 9 TAlg Spices 2 01.08.90 5
(Dried vegetables and spices)
7ES AE Casings(hog) 3 01.10.88 7
(Miscellaneous foods)
R e T Garlics 6 01.04.87 0.08
(Bulbs, roots and tubers) Onions 6 01.04.87 0.06
Potatoes 6 01.04.87 0.10
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15. ®|3a [ CZECH REPUBLIC ]
Xo A FT A5 2852 | 3 7d A | (Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1ol 2 A E Any 7,10,5 |12.03.04| 2,5,3
(Fish and seafood) Flog legs(frozen) 3 5
2 7 S Poultry 7 12.03.04 3
(Raw poultry and meat) Poultry meat 10, 5 112.03.04 7
RIRENE e S =L Al el & 2,4,5 [12.03.04] 1,1,2
(Fresh fruits and vegetables) (Any)
ST T o Cereal and their 2,3 [12.03.04 1
(Cereals and their milled products) milled products
Dried fruits 2,3 12.03.04 1
Pulses 2,3 12.03.04 10
5 |H% A% Casein, caseinates 3 12.03.04 6
(Dried food of animal origin) Coagulates 2 12.03.04 10
Dehydrated blood 2 12.03.04 10
Plasma 2 12.03.04 10
610 Ax R Fis Al 2,10 |12.03.04| 1, 10
(Dried vegetables and spices) (Any)
7TIEY HE Egg white 3 12.03.04 3
(Miscellaneous foods) Gum arabic 3 12.03.04 3
8 | Al & 1,6 112.03.04| 1,0.20
(Bulbs, roots and tubers) (Any)
16. HIOF3 [ DENMARK ]
Ko X EFT A & 2854 | 5714 A | A F(Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1Az a2 F4ls Herbs(dried) 3 23.12.85 10
(Dried vegetables and spices) Spices 3 23.12.85 10
Vegetable seasonings 3 23.12.85 10
17. O|IE [ EGYPT ]
Xo A ET A E G854 | 51714 A | ZF(Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
11z Aa 9 g8 Dried garlic and onions 3 22.10.97 10
(Dried vegetables and spices) Herbs 3 22.10.97 10
Spices 3 22.10.97 10
2 1T Garlic 6 09.01.01 0.20
(Bulbs, roots and tubers) Onions & potatoes 6 09.01.01 0.20
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18. 2= [ FINLAND ]
Xo A EFT A 2824 | 3 7td A | M (Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1|3z A4 2 il Herbs(dried) 3 20.09.00 10
{(Dried vegetables and spices) Spices 3 13.11.87 10
Vegetahle seasonings(dried) 3 20.09.00 10
21 AF Sterile meals 3 13.11.87 10
(Miscellaneous foods)
3 =+ Yarms 6 09.01.01 0.20
(Bulbs, roots and tubers)
19. ZgtA [ FRANCE ]
Ko AT A =F 8454 | 87194 |4 F(Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
17 2 FakalE See food(shrimps) 3 10.10.91 5
(Fish and seafood)
2 75 Meat and their products 3 23.03.85 5
(Raw poultry and meat) Poultry 3 01.09.90 5
3155 2 I/ B E Cereal flakes 3 16.06.85 10
(Cereals and their milled products) Cereal germs 3 17.05.85 10
Dried fruits 2 13.01.88 1
Pulses 2 01.09.90 5
Rice flour 3 13.01.88 10
4 17z A8 Casein, caseinates 3 21.07.91 6
(Dried food of animal origin) Dry food for origin(animal 3 04.12.86 10
blood dried: Plasma and
hlood products)
Spices 3 110.02.83| 10
Vegetable seasoning(dried) 3 20.09.00 10
512 AA 2 SR Herbs(dried) 3 22.08.90 10
(Dried vegetables and spices)
6 = A& Arabic gum 3 16.06.85 3
(Miscellaneous foods)
772 Garlic, Onion 6 12.07.84 0.75
(Bulbs, roots and tubers) Shallots 3 12.07.84 0.75
20. £ [ GERMANY ]
Xo A ET A F ga854 | #7194 | (Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1015 2 2% Frog legs(frozen) 3 15.06.06 5
(Fish and seafood)
2 |dx a2 FE Herbs(dried) 3 20.09.00 10
(Dried vegetables and spices) Spices 3 20.09.00 10
Vegetable seasoning(dried) 3 20.09.00 10
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21. 7iL} [ GHANA ]
Xo 2 F T AF 4853 | 8714 A | A% (Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1o 1 FAA % Al & 7, 10, 5[15.01.97| 2, 5, 3
(Fish and seafood) (Any)
2 |7he & A el = 7,10, 5[15.01.97| 2, 7, 3
(Raw poultry and meat) (Any)
3 Y 2 A A el 1, 2, 4 (15.01.97 1
(Fresh fruits and vegetables) (Any) 5 15.01.97| 2.50
4157 R A5 HEE A&kl 2, 10 [15.01.97| 1,5
(Cereals and their milled products) {Any)
510z Als A& 3,2 ]15.01.97] 10, 1
(Dried food of animal origin) (Any)
6 10% AMih 2 FNF A g gl 2,10 [15.01.97| 1, 10
(Dried vegetables and spices) (Any)
7ES AE Al kel 4,10, 9(25.02.98 10
(Miscellaneous foods) (Any)
8 |2 Akl & 6 15.01.97| 0.20
(Bulbs, roots and tubers) (Any)
22. 22|A [ GREECE ]
Xo A ET A g853 | 3714 A} | HZF(Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1|HAx A 2 gAg Herbs(dried) 3 20.09.00 10
(Dried vegetables and spices) Spices 3 20.09.00 10
Vegetable seasoning(dried) 3 20.09.00 10
23. &7}2] [ HUNGARY ]
Ko 2 T A F 2854 | 5719 | A= (Dose)
(Food Class) (Product) (Code) | (Date) [(Max, kGy)
1712 A4 9 skilg Herbs(dried) 3 20.09.00 10
(Dried vegetables and spices) Spices 3 20.09.00 10
Vegetahle seasoning(dried) 3 20.09.00 10
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24. 1= [ INDIA ]
Xo A ETE A= 2854 | §71dA | dZF(Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1|olf & S F A A& 2, 3, 5102.05.01 6
(Fish and seafood) (Any)
2 7H % Al gl 3,5 106.04.98 4
(Raw poultry and meat) (Any)
RIS 1oV =1 e Mango 1, 2 106.04.98 0.75
(Fresh fruits and vegetables)
43F 2 3R feE Dried fruits(dates, 2 06.04.98] 0.75
(Cereals and their milled products) figs raisins)
Pulses 2 02.05.01 1.00
Rice 2 06.04.98 1.00
Weat and wheat products 2 06.04.98 1.00
5% Y4 2 sAE Spices 3 09.08.94 14
(Dried vegetables and spices)
6 [T Garlic, ginger 6 06.04.98| 0.15
(Bulbs, roots and tubers) Onion 6 06.04.98 0.09
Potato 6 09.08.94 0.15
25. 1= 4 AjO} [ INDONESIA ]
- TET TE TEEA [ ATAA A3 Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1of 2 FAAF Fish(dried) 2 10.02.85| 5.00
(Fish and seafood) Frog legs(frozen) 3 10.02.95 7.00
Shellfish(frozen shrimps) 3 10.02.85 5.00
2|57 2 W e Cereals 2 29.12.87| 1.00
(Cereals and their milled products) Dried fruits 2 10.02.95 1.00
pulses 3 10.02.95 5.00
3% QA ¢ gAg Spices 3 29.12.87 5.00
(Dried vegetables and spices)
4 |25 A & 6 29.12.87 0.15
(Bulbs, roots and tubers) (Any)
26. 0]2F [ IRAN |
Xo A ET AE 4854 | 3 7tdA | A ZF(Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
117z A4 2 &8 Spices 3 09.07.90 10.00
(Dried vegetables and spices)
27. OfdBi= [ IRELAND ]
Xo A E T A= 854 | 8 74 A | A F(Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
11714z A4 2 g Herbs(dried) 3 20.09.00 10
(Dried vegetables and spices) Spices 3 20.09.00 10
Vegetable seasoning(dried) 3 20.09.00 10
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28. 0j2ag}d [ ISRAEL ]
- qET E TEEA [FIA [T Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1715 Raw poultry and 3,5 17.02.87 7.00
(Raw poultry and meat) poultry sections
2 20 Fd g Afa Al & 1, 2 |17.02.87| 1.00
(Fresh fruits and vegetables) (Any)
3T H =i MEE AR+ 2 17.02.87| 1.00
(Cereals and their milled products) (Any)
4 | A% AS Animal feed 3 19.07.73 15
(Dried food of animal origin)
5|1AFE a2 % Fgalw Dried vegetables 3 17.02.87 10
(Dried vegetables and spices) Spices 3,5 17.02.87 7.00
6 |75 Garlic, onion, shallots 6 06.03.85 0.15
(Bulbs, roots and tubers) Potatoes 6 30.07.67 0.15
29. O|Er2|0} [ ITALY ]
Xo AEFT A& g8E4 | 714 A | A F(Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
IR ESE ENICT T Herbs(dried) 3 18.07.96 10
(Dried vegetables and spices) Spices 3 18.07.96 10
Vegetable seasoning(dried) 3 20.09.00 10
2 | Galics 6 30.08.73 0.15
(Bulbs, roots and tubers) Onions, potatoes 6 30.08.73 0.15
30. €& [ JAPAN ]
Xo A E AF 853 | 371494 | A ZF(Dose)
(Food Class) (Product) (Code) | (Date) |[(Max, kGy)
1|5 Potatoes 6 30.08.72 0.15
(Bulbs, roots and tubers)
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31. 8k [ KOREA, REP. OF ]

No A ET AE 854 | 37143 |4 F(Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1|24 g & afA Mushrooms 2 16.10.87 1.00
(Fresh fruits and vegetables)
2195 9 JH JHEE Cereals of legimes and 2,3 24.05.04 5.00
(Cereals and their milled products) “Eir;?ﬂz;;Z;ﬁi?bms
Chestnuts 2 16.10,87 0.25
31z A5 Animal orgin{meat, 3 14.12.91 7.00
(Dried food of animal origin) fish, shellfish)
Egg powder 3 24.05.04 5.00
4 A% A D gAg Dried vegetables 3 19.05.95 7.00
(Dried vegetables and spices) Spices(dried) 3 13.09.88 10
Tea 3 24.05.04 10
Vegetable seasoning(dried) 3 19.05.95 7.00
5= AF Algae food 3 24.05.04 | 7.00
(Miscellaneous foods) Aloe 3 24.05.04 7.00
Enzime preparations 3 24.05.04 7.00
Other powdered prochicts 3 14.12.91 7.00
(Doenjang, kochwjang, kenjang)
Sauces 3 24.05.04 10
Spr gfje‘}? pafsdt el | 7.0
staech s imresint| g 142.91] .00
o pacun iy |3 [19:0595] 10
Yeast powder 3 24.05.04 7.00
6 | Garlic 6 14.12.91| 0.15
(Bulbs, roots and tubers) Ginseng 3 24.05.04 7.00
Onion, potatoes 6 16.10.87 0.15
32. 2|H]0} [ LIBYAN ARAB JAMAHIRIYA ]
No AFETF A& g854 | 3719 | (Dose)
(Food Class) (Product) (Code) (Date) |(Max, kGy)
175 Poul try meat 3,5 |01.01.89| 4.00
(Raw poultry and meat)
2 A1 3ol 9 zfA Dates 2 01.01.89 1.00
(Fresh fruits and vegetables)
3% Aax 2 Fxlg Spices 3 01.01.89 10
(Dried vegetables and spices)
4 \F25F Garlic 6 01.01.89 0.04
(Bulbs, roots and tubers) Onion 6 01.01.89 0.08
Potato 6 01.01.89 1.00
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33. BMEBE3 [ LUXEMBOURG ]
Xo A EF A& 853 | §7td A | % (Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1132 Ax 2 &g Herbs(dried) 3 20.09.00 10
(Dried vegetables and spices) Spices 3 20.09.00 10
Vegetable seasoning(dried) 3 20.09.00 10
34. WIAlR [ MEXICO ]
Yo 2 & AE 2853 | 37194 | dF(Dose)
(Food Class) (Product) (Code) | (Date) {(Max, kGy)
Tlole @ =04 % AT L 57,10 |06.09.05] 10
(Fish and seafood) (Any)
2 7h & A el = 5,7,10 106.09.05 10
(Raw poultry and meat) (Any)
3 B g AlA A& 1,4,5 [06.09.05 10
(Fresh fruits and vegetables) (Any)
4 |55 B HF e A sHole 2 06.09.05 10
(Cereals and their milled products) (Any)
514% 4% A el & 2 06.09.05 10
(Dried food of animal origin) (Any)
6|1 Ax W FAE A g 2,10 |06.09.05 10
(Dried vegetables and spices) (Any)
7TIER AFE Al gl = 10 ]06.09.05 10
(Miscellaneous foods) (Any)
e AT S 6 |06.09.05| 10
(Bulbs, roots and tubers) (Any)
35. Y€d2t= [ NETHERLANDS |
Xo A EFT AE 853 | 37149A | A% (Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1 jo]5F 2 FAblE Frog legs 10 5
(Fish and seafood) Prawns, shrimps 10 3
2 |7h& Poultry meat 5, 10 7
(Raw poultry and meat)
3 WA hEE Cereal flakes 01.08.92 75
(Cereals and their milled products) Dried fruits 01.08.92 1
Pulses 1
A 1Hz 2R 9 gag Dried vegetables 2, 10 101.08.92 10
(Dried vegetables and spices) Herbs 2, 10 101.08.92 10
Spices 2,10 (01.08.92 10
Vegetable seasonings| 2, 10 |20.09.00 10
5|k A Arabic gum 3, 10 [01.08.92 75
(Miscellaneous foods) Deep frozen meals | 3, 10 |01.08.92 1
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36. AIBiE | NEW ZEALAND |
Ko AET AF 8854 | 371dA | dZF(Dose)
(Food Class) (Product) (Code) (Date) |(Max, kGy)
1 AN 3d 2 AL Carambola 4 27.02.03| 1.00
(Fresh fruits and vegetables) Custard apple 4 27.02.03 1.00
Litch, longan,mango 4 27.02.03 1.00
Mangosten, papaya, rambutan 4 27.02.03 1.00
2178% i 2 Fis Herbal infusions | 2, 3, 6 120.09.01|6, 10, 10
(Dried vegetables and spices) Herbs 2,3, 6120.09.01| 6, 30, 6
Spices 2,3, 6120.09.01| 6, 30, 6
3 | Breadfruit 4 27.02.03 1.00
(Bulbs, roots and tubers)
37. =290} [ NORWAY ]
No AEL A& g8 =24 ) 3 7d A} | ZF(Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1|2 A4 @ gas Herbs(dried) 3 20.09.00 10
(Dried vegetables and spices) Spices 3 20.09.00 10
Vegetable seasoning(dried) 3 20.09.00 10
38. ut2}zto] [ PARAGUAY |
Xo 2 EFT A E 854 | & 71YA | A% (Dose)
(Food Class) (Product) (Code) (Date) |[(Max, kGy)
1ol5 R A F A ele 5,10 [31.01.00| 3,5
(Fish and seafood) (Any)
2 \7be% Al el & 5,10 |31.01.00| 5.00
(Raw poultry and meat) (Any)
3 A 9 s Al gl = 1,4,5 |31.01.00| 1.00
(Fresh fruits and vegetables) (Any) 2 31.01.00 2.00
4137 2 F7 7S E A= 2 31.01.00| 1.00
(Cereals and their milled products) (Any)
AERE Aarel S 2 [31.01.00] 1.00
(Dried food of animal origin) (Any)
6 1Az Aax 2 FNF Al el & 2,10 [31.01.00] 1, 10
(Dried vegetables and spices) (Any)
7IEY AE AN 3,10 |31.01.00 10
(Miscellaneous foods) (Any)
8 | A= 6 31.01.00| 0.20
(Bulbs. roots and tubers) (Any)
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39. H|® [ PERU ]
No A ET AEF & 54 | 3 7td A | A (Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1|5 2 FAF Al el e 7,10 ]05.12.01] 2, 5
(Fish and seafood) (Any) 5 05.12.01 3.00
2 7% Al el & 7,10 [05.12.01 2,7
(Raw poultry and meat) (Any) 5 05.12.01 3.00
A #d 9 AA A& 1,2 ]05.12.01 1
(Fresh fruits and vegetables) (Any) 5 05.12.01 2.50
41597 2R A 7HEE A 5 2 05.12.01 1
(Cereals and their milled products) (Any)
510% A% Al = 2,3 ]05.12.01] 1,3
(Dried food of animal origin) (Any)
6|Ax Ax 2 A3 AT S 2, 10 [05.12.01] 1,10
(Dried vegetables and spices) (Any)
7|5 A% A g3l & 3 05.12.01 10
(Miscellaneous foods) (Any)
8 | T Al kel = 6 05.12.01] 0.20
(Bulbs, roots and tubers) (Any)
40. Ele2|E [ PHILIPPINES ]
Xo A EFT A F 857 | 5714} | A% (Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
10|55 o Z=ApAE P R =N 7,10,5 101.03.04} 2,73
(Fish and seafood) (Any)
2 7% Al el e 7,10,5 |01.03.04| 2,7.,3
(Raw poultry and meat) (Any)
3 A 2 AL A el & 1.4 |01.03.04 1
(Fresh fruits and vegetables) (Any) 5 01.03.04 2.50
4155 2 I35 MR A ekol S 2 01.03.04 1
(Cereals and their milled products) (Any) 3,10 |01.03.04 5
6 01.03.04 0.25
51d% A A gkl & 2,3 ]01.03.04| 1,3
(Dried food of animal origin) (Any) 10 01.03.04 7
6 1HZ AL 2L dalg Al & 2,10 |01.03.04} 1,30
(Dried vegetables and spices) (Any)
7S AE Al 2 4,9,10 [01.03.04
(Miscellaneous foods) (Any)
8 |t A el & 6 01.03.04| 0.2
(Bulbs, roots and tubers) (Any)
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4]1. EZ8tE [ POLAND |
Xo A& A F 854 | 3 7Fd A | A F(Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1A 3 2 AL Mushrooms 5 04.07.03| 2.5
(Fresh fruits and vegetables)
2 |1 AZF Qa2 iz Dried mushrooms 3 04.07.03 10
(Dried vegetables and spices) Dried vegetable 3 04.07.03 10
Spices & herbs 3 04.07.03 10
3 T Garlics 6 04.07.03}1 0.25
(Bulbs, roots and tubers) Onions 6 04.07.03| 0.06<
Potatoes 6 04.07.03 0.10
42. E2EZ [ PORTUGAL ]
- TEE E LI [T DA A3 Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1112 A4 2 gxg Herbs(dried) 3 26.12.01 10
(Dried vegetables and spices) Spices 3 26.12.01 10
Vegetahle seasoning(dried) 3 26.12.01 10
43. 2{Aj0} oidt | RUSSIAN FEDERATION ]
Xo A ET ANE 854 | 5719 A | F(Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1 |7}=5 Rabbit meat and their products 5 11.07.64 3.00
{Raw poultry and meat) Pork meat and their products 5 11.07.64 8.00
Red meat and their products 5 01.02.67 8.00
Poultry 5 04.07.64 6.00
2 AN B R Ax A gl 5 1,2,4,5 [11.07.64| 0.03
(Fresh fruits and vegetables) (Any)
3|1FF 2 FFH HEE Grains(corn,wheat) 2 01.01.59| 0.30
(Cereals and their milled products) Rice 2 01.01.59 0.70
4 |[Ax A D FAE Dried vegetables 2,10 4.00
(Dried vegetables and spices)
5|23 Al Food concentrates(dried) 2 06.06.66 0.70
(Miscellaneous foods) Pudding(dried) 2 0.70
6 |7 Oninon 6 17.07 .64 0.06
(Bulbs, roots and tubers) Potato 6 0.03
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44, AF2Cioj2tdjo} [ SAUDI ARABIA ]

No A ET AE #8243 7142 (X% (Dose)
(Food Class) (Product) (Code) | (Date) [(Max, kGy)
1|of 9 FibaE A ekl & 5,7,10 |07.01.02 %
(Fish and seafood) (Any)
2 |7bas 2kl & 5,7,10 |07.01.02 *
(Raw poultry and meat) (Any)
A B E AfAa Akl = 1,2.4,5 [ 07.01.02 *
(Fresh fruits and vegetables) (Any)
T ARkl 2 uroLozy o
(Cereals and their milled products) (Any)
51 1A% Al Aghel & 2 07.01.02 *
(Dried food of animal origin) (Any)
6|1z A @ s A &5 2,10 |07.01.02
(Dried vegetables and spices) (Any)
7 =g 2% Aokl & 3,10 07.01.02 *
(Miscellaneous foods) (Any)
8 |[Fos A ske) e 6 07.01.02 *
(Bulbs, roots and tubers) (Any)
45. Etolz= 2|7} [ SOUTH AFRICA ]
No A& AE 2253 | 5 71d A |4 F(Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1|o5F 2 A% A gkl 5,7,10 129.10.02 -
(Fish and seafood) (Any)
ARET A& 57,10 |29.10.02| -
(Raw poultry and meat) (Any)
3 Y F oAA A S 1,2,4,5 [29.10.02 -
(Fresh fruits and vegetables) (Any)
4|57 9 35 2= A sG-S 2 29.10.02 -
(Cereals and their milled products) (Any)
5= A5 Al 2 29.10.02 -
(Dried food of animal origin) (Any)
6 A% A 2 FAF Akl & 2,10 129.10.02 -
(Dried vegetables and spices) (Any)
TEg AE Agal & 5,10 [29.10.02 -
(Miscellaneous foods) (Any)
8 [ A gl 3,4,6.9.29.10.02 -
(Bulbs, roots and tubers) (Any) 10
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46. AH|Ql [ SPAIN ]
Xo A ET A E 28524 #7td A} | A F(Dose)
(Food Class) (Product) (Code) | (Date) [(Max, kGy)
1% A4 2 gals Herbs(dried) 3 20.09.00 10
(Dried vegetables and spices) Spices 3 20.09.00 10
47. 2|9 [ SWEDEN ]
Xo 2 F A F 2853 | 3719 | dZF(Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1A% N2 2 gAlg Herbs(dried) 3 20.09.00 10
(Dried vegetables and spices) Spices 3 20.09.00 10
Vegetable seasoning(dried) 3 20.09.00 10
48. Al2]0} [ SYRIA ]
No AEF A E 854 |3 7tdA | A F(Dose)
(Food Class) (Product) (Code) | (Date) [(Max, kGy)
1|olf 2 FabAF A g5 7,10 02.08.96 2,5
(Fish and seafood) (Any) 5 02.08.96 3
2 /e A s o 7,10 |02.08.96 3,7
(Raw poultry and meat) (Any) 5 02.08.96 3
314 T 2 AHa A& 1,2,4 102.08.96 1
(Fresh fruits and vegetables) (Any) 5 02.08.96 2.50
4 13F 2 37 EE A sl & 2,3 102.08.96 1.5
(Cereals and their milled products) (Any) 5 02.08.96 5
51% A% A e+l & 2, 3 02.08.96 1, 3
(Dried food of animal origin) (Any)
6|1 A% WA 2 galg A sl & 2, 10 |02.08.96] 1,10
(Dried vegetables and spices) (Any)
7 |17EH Al & 6 02.08.96 0.2
(Bulbs, roots and tubers) (Any)
49. Ej=t [ THAILAND ]
- qAEZ AE FEEA [ANTA [T Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1[olf 2 FadlE Fish (dried) 2 04.12.86| 1.00
(Fish and seafood) Fish products 3,5 04.12.86 2.20
Shellfish(shripms) 3 04.12.86 5.00
2 7v S Specific sausages : 7 04.12.86| 5.00
(Raw poultry and meat) nham and moo yor
Chicken 3,5 04.12.86 7.00
Sausages 3,5 04.12.86 5.00
RI E RS U A= ) Mango 1,2,3 |04.12.861 1.00
(Fresh fruits and vegetables) Papaya 1,2 04.12.86 1.00
Strawberry 5 04.12.86 3.00
4 |25 9 2F J1EE Wheat and wheat products 2 04.12.86 1.00
(Cereals and their milled products){Dried fruits(jujuba) 2 04.12.86 1.00
Fermentgd cocoa 3 04.12.86 5.00
Rice 2 04.12.86 1.00
510%F A4 % skalg Spices and condiments| 2, 3 04.12.86 1, 10
(Dried vegetables and spices)
6 | T Garlic, onion, 6 04.12.86 0.15
(Bulbs, roots and tubers) potato
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50. §LIX] [ TUNISIA ]
No HET AFE 854 | 5 7hd A A% (Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
158 9 55 7hssE Dried fruits 2 24.05.02| 1.00
(Cereals and their milled products)|Pulse and dried fruits 2 24.05.02 1.00
2142 A 2 g Spices 3 24.05.02| 10.00
(Dried vegetables and spices) Vegetable sesonings(dried) 3 24.05.02 10.00
3 T2 Garlic, onion, potato 6 24.05.02 0.15
(Bulbs, roots and tubers)
51. H0{7| [ TURKEY ]
Xo AET A F 2854 | 5 7F4 A | A% (Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1ol f ¥l FAkAE A&kl e 5,7,10 [06.11.99| 3,2,5
(Fish and seafood) (Any)
2 (M5 A gkl 2 57,10 [06.11.99| 3,3.7
(Raw poultry and meat) (Any)
3 el 9 AA A 3kl 2 1,2,4 106.11.99| 1.00
(Fresh fruits and vegetables) (Any) 5 06.11.99 2.50
PR R el & 2,53 |06.11.99] 1.5.5
(Cereals and their milled products) (Any)
510x A% Al & 2,3 |06.11.99| 1,3
(Dried food of animal origin) (Any)
6 (= A 9 FAg Al ekl & 2, 10 [06.11.99] 1,10
(Dried vegetables and spices) (Any)
8 |75 Akl 6 06.11.99| 0.20
(Bulbs, roots and tubers) (Any)
52. 232}0jL} [ UKRAINE ]
Xo 2 ET A FE 8534 | 37tdat | Mz (Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1 7F 5 Pork meat and pork meat 5 11.07.64 8.00
(Raw poultry and meat) Rabbit meat and rabbit meat 5 11.07.64 8.00
Red meat and red meat 5 01.02.67 8.00
Poultry 5 04.07.66 6.00
2 A B 8o AA A gkl e 1,2,4,5 |11.07.64| 0.03
(Fresh fruits and vegetables) (Any)
R S i e Grains(corn,wheat) 2 01.01.59| 0.30
(Cereals and their milled products) Rice 2 01.01.59 0.70
4|81z A 9 Az Dried vegetables 2,10 111.07.64 4.00
(Dried vegetables and spices)
5 1&3%k A& Food concentrates{dried) 92 06.06.66 0.70
(Miscel lancous foods) Pudding(dried) 2 |06.06.66] 0.70
6 [T E Onion 6 17.07.64 0.06
(Bulbs, roots and tubers) Potato 6 17.07 .64 0.03
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53. O|= [ UNITED STATES OF AMERICA ]

- R A TEEA [F1DA AT Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
11018 9 FAAE Shellfish(fresh or frozen) 10 16.08.05 5.50
(Fish and seafood)
2 |75 Pork meat 7 22.07.85 1
(Raw poultry and meat) Poultry meat and their pradicts| 5 10 [ 02.05.90 3
Red meat and red meat 5,10 |03.12.97 7
3 A el gl a4 Any 1,2 18.04.86 1
(Fresh fruits and vegetables) Any 4 23.10.02 1
Seeds for sprouting 3 30.10.00 8
4137 2 I HEE Wheat and wheat powder 2 21.08.63| 0.50
(Cereals and their milled products)
518% A8 Animal feed and pet food 3 28.09.95 25
(Dried food of animal origin)
6 |1 HF A& 2 FAE Herbs, Spices 3 22.07.85 30
(Dried vegetables and spices) Vegetable seasonings 3 18.04.86 30
7 1= AlE Enzime prepatations(dried 3 10.06.85 10
(Miscellaneous foods) or dehydtated)
Fresh shell eggs 10 21.07.00 3
8 |7 Potatoes(white) 6 08.07.64| 0.15
(Bulbs, roots and tubers)
54. 2310] [ URUGUAY ]
Ko 21 &+ A E 2854 374 = | 4% (Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1 |+ Potato 6 23.06.70 0.15
(Bulbs, roots and tubers)
55. HlEL} [ VIET NAM ]
Ko A EFT A F 8§53 | 3 7Fd A |3 F(Dose)
(Food Class) (Product) (Code) | (Date) |(Max, kGy)
1o B pabaE Al sl & 5.7,10 [09.11.04| 3,2,7
(Fish and seafood) (Any)
2 |7he5 Al & 5,7.10 [09.11.04| 3,2,7
(Raw poultry and meat) (Any)
3 Y gl oA Al = 1,2.4 [06.11.99 1
(Fresh fruits and vegetables) (Any) 5 06.11.99 2.50
4157 2 S b E Aol & 2,3 109.11.04 1,5
(Cereals and their milled products) {Any) 5 09.11.04 5
5|1A4% A8 A Sl & 2.3 09.11.04 1,3
(Dried food of animal origin) (Any) 10 09.11.04 7
6 (A2 Ho 2 FANF A kel 2,10 |09.11.04| 1,10
(Dried vegetables and spices) (Any)
7T Al 6 06.11.99 0.20
(Bulbs, roots and tubers) (Any)
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56. ZHH|0} [ ZAMBIA |
X A EF AE g857 | 3714 | A2 (Dose)
° (Food Class) (Product) (Code) | (Date) (Max, kGy)
1ol 2 FaE A3 5.7,10 - 3,2, 5
(Fish and seafood) (Any)
2 7t & A& 2,7,10 - 3, 2,7
(Raw poultry and meat) (Any)
3A4 B F A A&l & 1,2.4 - 1
(Fresh fruits and vegetables) (Any) 5 2.50
4155 2 A hEE A el s 2.3 - 1,5
(Cereals and their milled products) (Any)
5% A% A gkel 2 10,3 - 1.3
(Dried food of animal origin) (Any)
6105 A F AR Akl & 2,10 - 1,10
(Dried vegetables and spices) (Any)
7TIES AFE Al 4,9,10 - 10
(Miscellaneous foods) (Any)
8 | Tt A el & 6 0.2
(Bulbs, roots and tubers) {Any)
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75 0. 378 Zvt

ZAMNA F3

=71 NS Facility Unit
Arg Co60 IONICS SA IONICS SA
) o Planta de Irradiacion
Argentina Co60  {Comisi6io ) )
Semi-Industrial
Australia Co60  |Steritech Pty. Ltd. TAEA-NR 11
Australia Co60 |Steritech Pty. Ltd. Dandenong -
Australia Cob0  |Steritech Pty. Ltd. Wetherill Park -
Australia Co60  |Steritech Pty. Ltd. Narangba -
Bangladesh Atomic Energy )
Bangladesh Co60 o Research Irradiator
Commission
Belgium Co60  |Sterigenics Belgium Gammir 2
Belgium Cob60  |Sterigenics Belgium Gammir 1
. CBE-Companhia Brasileira de |CBE Companhia Brasileira
Brazil Co60 . L
Esterilizacao de Esterilizacao
. Embrarad Empresa Brasileira
Brazil Co60 ] JS9600
de Radiacoes Ltda..
] Embrarad Empresa Brasileira
Brazil Co60 ) JS7500
de Radiacoes Ltda. .
) IPEN (Instituto de Pesquisas|Multipurpose gamma
Brazil Co60 ) i
Energé-a irradiator CTR/IPEN
. Gamma Irradiation
BULGARIA Co60  |Gitava Ltd o )
facility "Kalina"
) Canadian Irradiation
Canada Co60  |MDS Nordion - CIC
Center
] Chilean Nuclear Energy Multipurpose Irradiation
Chile Co60 o
Comission Plant
) Atomic Agriculture Institute
China Co60 -
of Hunan
China Cobi0 Beijing Y?ngzhu Mayak Rad. ~
New Technique Co. Ltd.
China Co60  [DLIAT of CNNC in Dalian [rradiation Center
) Guangzhou Irradiation Gamma Radiation
China Cob60 ]
Technology Institute Processor
) Suzhou CNNC Huadong Suzhou CNNC Huadong
China Co60 L .o
Radiation Co.,LTD Radiation Co.,LTD
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Yunnan Nuclear Technology

China Co60 ] . -
Application Co. Ltd.
. Hongyisifang Rad. Technique .
China Cob0 suspending conveyer
Co. Ltd.
. Instituto Colombiano de o
Colombia Cob0 Facilidad Gamma
Geologi{
CROATIA CoB0  |Ruder Boskovic Institute Ruder Boskovic Institute
Centro de Irradiacion de Centro de Irradiacion de
Cuba Cob0 ) .
Alimentos Alimentos
National Center for Rad. Mega Gamma-1, National
Egypt Cob0
Research & Technology Center for Rad. Research
Espaft Co60  |ARAGOGAMMA S.A ARAGOGAMMA
France Co60 Isotron France Gammaster Provence SA
Germany Co60 Isotron Deutschland GmbH Isotron Deutschland GmbH
Ghana Atomic Ener Radiation Technolo
Ghana Co60 o & &y
Commission Centre
o Agroster Irradiation Co
Hungary Co60  |Agroster Irradiation Co Ltd. Led
Institute of Isotopes Co., ]
Hungary Co60 Ltd SLL-01 Gamma Irradiator
) Board of Radiation & Isotope| o
India Co60 Spice Irradiation Plant
Technology
] A. V. Processors Pvt.
India Co60 JA. V. Processors Pvt. Ltd. Lid
) Krushni Utpadan &
] Bhabha Atomic Research
India Co60 Sanrakshan Kendra
Centre, BARC
(KRUSHAK)
i Board of Radiation & Isotope
India Co60 ISOMED
Technology
. (Gamma Agro-Medical GAMMA AGRO-MEDICAL
India Co60 . .
Processings Pvt Ltd PROCESSINGS PVT LTD
) Shriram Institute for Shriram Applied
India Co60 . . .
Industrial Research Radiation Center (SARC)
i Pt. Rel-ion Sterilization Pt. Rel-ion
Indonesia Co60 ) o ) )
Services Sterilization Services
Nuclear Science & Technology|Radiation Application
[ran Cob0  {Research Institute, Atomic |Research School
Energy Organization of Iran |(formerly Ga
Israel Co60  [Sor-Van Radiation Ltd. Sor-Van Radiation Ltd.
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Authority

Italy Co60 |Gammarad Italia SPA GAMMA 2 - Ttalia SPA
Advanced Radiation
Korea Co60 ] Gamma Phytotron
Technology Institute,
Advanced Radiation )
Korea Co60 ] Wet Storage Irradiator
Technology Institute
Korea Co60  |Greenpia Technology Inc Greenpia Technology Inc
) Malaysian Institute for _
Malaysia Co60 MINTec-SINAGAMA
Nuclear Technology Research
) Instituto Nacional de Departamento del
Mexico Cob60 ) ) )
Investigaciones Nucleares Irradiator Gamma
Mexico Cob0  |Sterigenics NGS Enterprises
Netherlands Co60 Isotron Isotron Nederiand bv
. . Sheda Science and Technology|Gamma Irradiation
Nigeria Co60 o
Complex facility (GIF)
Parkistan Co60  |Universal Medicap Ltd. Universal ISO-MED
Instituto Peruano de Energia|Planta de Irradiacion
Peru Co60 i
Nuclear (IPEN) Multiuso (PIMU)
o Philippine Nuclear Research |PNRI Multipurpose
Philippines Cob0 ) . C
Institute Irradiation facility
Technical University of
Poland Cob60 {Lodz, Institute of Applied |lirradiation chamber
Radiation Chemistry
Portugal Co60 ITN - UTR -
) Institute of Nuclear Institute of Nuclear
Serbia Co60 . . ) )
Sciences Vinca. Sciences Vinca.
) Isotron South Afrcia (Pty) |Isotron South Afrcia
South Africa Co60
Ltd (Pty) Ltd
Syrian Arab Co60 Atomic Energy Commission of |Gamma Radiation
0
Republic Syria Sterilization Facility
Thailand Co60  |Isotron (Thailand Ltd.) Isotron (Thailand Ltd.)
) Office of Atomic Energy for Thai Irradiatiop Centre,
Thailand Co60 OAEP Demonstration
Peace Irradi
Gamma-Pak Sterilizasyon San.|Gamma-Pak Sterilizasyon
Turkey Co60
ve TIC A.S. San. ve TIC A.S.
Turkish Atomic Energy Turkish Atomic Energy
Turkey Cob60 Authority Gamma

Irradiation
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Instituto Venezolano de

(INST)

Venezuela Co60 S ] PEGAMMA
Investigaciones Cienti-
. Research and Develop.

Vietnam Co60  |Center for Radiation VINAGAMMA
Technology

) Binh Duong Irradiation

Vietnam Co60 . TBI-140
Joint-Stock Company
Institute for Nuclear

Vietnam Co60  {Science and Technology RPP-150B

- 121 -




(52 M. 2718 AAA ZAA 83

1. LA E2E|0}f | AUSTRIA |
[s] P pa =
MEEEEY AgAE [T g eanaal XEUE
(Organization) (Processing Product) . W9 (Mev) | (Start up) :
Units) Conversion)
1 |Gebauer & Griller Wire & Cable 1 0.8 2006 X
Kabelwerke GesmbH
2 Mediscan GmbH & Semiconductor 2 10.0 1996 X
CoKG Sterilisation
Flue gases/Wastewater
3 Mediscan GmbH & Semiconductor 2 10.0 1999 X
CoKG Sterilisation
Flue gases/Wastewater
Crosslinking polymer
2. ¥7J]ol [ BELGIUM |
[o] A= pa =
NEEETEEE AeAE [T qua eanaa) K RE
(Organization) (Processing Product) N W9 (Mev) | (Start up) Y
Units) Conversion)
1 Molynlycke  Health| Sterilisation of 1 10.0 1991 X
Care AB medical devices
3. 52}& | BRASIL |
o] A Ps =
M EVE AEAE PIRAT aua ganaa) K RE
(Organization) (Processing Product) . B4 (Mev) | (Start up) :
Units) Conversion)
1|/IPEN-DNEN/SP| Wire and cable R&D 2 0.75-1.5 1979 X
(Brazilian National Shrink tube R&D
Nuclear Energy Shrink film R&D
Commission,| Surface curing R&D
Institute for Semiconductors
Nuclear and Energy| commercial 15% R&D
Research) Food R&D
Sterilisation comm
85% R&D
Tire components R&D
The gases/wastewater
R&D
Other : polymer
modifications R&D
2|/IPEN-CNEN/SP| Wire and cable comm 2 0.75-1.5 1996 X
(Brazilian National 90% R&D
Nuclear Energy Shrink tube R&D
Commission, Shrink film R&D
Institute for| Other : polyethylene
Nuclear and Energy| foam comm 10% R&D
Research)
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4. 27}12]0} [ BULGARIA |

[¢] A 5
REREEE AeAE [T g Jeanaa) KEUE
(Organization) (Processing Product) . W9 (Mev) | (Start up) .
Units) Conversion)
1 [National  Electric|Flue gases commercial 3 0.8 2003 O
Company 95%
5. 7Lt} | CANADA |
- -
NEREZEL AAE ST un eanaa) KR
(Organization) (Processing Product) Units) W9 (Mev) | (Start up) Conversion)
1 |lontron Industries Semiconductors 1 10 1993 X
Canada Inc. commercial 5% R& |operatin
Sterilization of g, 2
Medical devices under
commercial 35% R&D |developm
Other Mise 50% ent
Other crosslink 10%
6. &= | CHINA ]
= -~
NERLZET AzAE ST aua |eanaa) K RE
(Organization) (Processing Product) N W 9] (Mev) | (Start up) ;
Units) Conversion)
1A n h u i Chemical 1 0.35 2006
Ninguoshuanjin Inustry(Film)
Company
2 {Anhui Tianchang Wire and Cable 1 3 2007
Wires Company
3 |Anhui Wuhu Cables Wire and Cable 1 2 1993
Factory
4 Baosheng Technology Wire and Cable 1 2 Under
Innovation Company constructi
on
5 |Beijing Atomic{ Chemical industry 1 10 Under
Golden Company constructi
on
6 |Beijing Institute Sterilization 2 10 Under
of High Energy constructi
Physics on
7 IBeijing Institute Industry CT 2 8 2004
of High  Evergy
Physics
8 |Beijing Third} Flue gases remove 2 0.8 Under
Thermoelectricity sul fur constructi
Plant on
9 Beijing Third| Flue gases remove 2 0.8 Under
Thermoelectricity sul fur constructi
Plant on
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[o] 2~ >
REEEZEE AAE oI qua (eanaae| KG0E
(Organization) (Processing Product) Units) W (Mev)| tart up) Conversion)

10|China Institute of Wire and Cable 3 2 1996
Atomic Energy

11|China Institute of Sterilization 3 10 Under
Atomic Energy construction

12iChina Institute of| Chemistry industry 3 10 2004
Atomic Energy

13|China Institute of Wire and Cable 1 2.5 1995
Radiation Heat shrinkable
Protection Foam

14Circumstance| Flue gases remove 1 0.4 2002
Protection  Center sul fur
of China Institute
of Physics

15 |Dubang China] Chemical industry 1 10 2004
Limited Company

16lEnvironmental| Flue gases remove 1 0.8 1999
Protection Center sul fur
of China Institute
of Physics

17 {Fujian Nanping Wire and Cable 1 10 Under
wires Factory construction

18 [Gansu Tianshui Wire and Cable 1 2.2 1989
Railway Cables
Factory

19|Golden Boluo Electronics 1 2 Under
Company construction

20 |Guangdong Cales Wire and Cable 1 2.5 1995.1
Factory

21 |Guangdong Dongguang Heat shrinkable 1 2 2002
Jinbolo Company Wire and Cable

22 {Guangdong Foshan Heat shrinkable 1 3 2003
Plastics Group Jing
Wei Company

23 |Guangdong  Shezhen Heat shrinkable 2 2.5 2001.4
Changbao Company

24 |Guangdong  Shenzhen Heat shrinkable 2 3 2004
Changbao Company

25 |Guangdong  Shenzhen Heat shrinkable 1 1 1993
Changyuan Company

26 |Guangdong  Shenzhen Wire and Cable 1 2.5 Under
Hongshang Heat construction

Shrinkable Material
Factory
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No HA /7189 7} A= BHEAG] oldx] | EAMAE| X ¥§
(Organization) (Processing Product) | (No. of |'B9](Mev)|(Start up)| (X ray
Units) Conversion)

27 |Guangdong  Shenzhen Heat shrinkable 3 3.5 2004
Woer Company

28 |Gunagdong  Shenzhen Heat shrinkable 3 1.5 2004
Woer Company

29 |Guangdong  Shenzhen Heat Shrinkable 3 1.5 2005
Woer Company

30 |Guangdong  Shenzhen Shrinkable 4 2.5 2006
Woll Company

31|Guangdong Shenzhen Shrinkable 4 2.5 2006
Woll Company

32 |Guangdong  Shenzhen Shrinkable 4 2.5 2006
Woll Company

33 |Guangdong  Shenzhen Shrinkable 4 2.5 2006
Woll Company

34 |Guangzhou  Kaiheng Shrinkable 3 2.5 2004
Company Wire and Cable

35|Guangzhou  Kaiheng Shrinkable 3 2.5 2004
Company Wire and Cable

36 {Gunagzhou  Kaiheng Shrinkable 3 1.2 2005
Company Wire and Cable

37 {Guangzhou  Kaiheng Shrinkable 8 1.2 2007
Company Wire and Cable

38 |Guangzhou  Kaiheng Shrinkable 3 2.5 2004
Company Wire and Cable

39 |Guangzhou  Kaiheng Shrinkable 8 2.5 2004
Company Wire and Cable

40 |Guangzhou  Kaiheng Shrinkable 3 1.2 2005
Company Wire and Cable

41 |Guangzhou  Katheng Shrinkable 3 1.2 2007
Company Wire and Cable

42 |Guangzhou  Nanyang Wire and Cable 2 2.5 2007
Cables Factory

43 |Guangzhou  Nanyang Wire and Cable 2 2.5 2007
Cables Factory

44 |Hebe1 Hejian Xinhua Heat shrinkable 2 2.5 1996
Wire and  Cable|  Wire and Cable
Group

45 |Hebe1 Hejian Xinhua Heat shrinkable 2 1.2 1996
Wire and  Cable|  Wire and Cable
Group

46 [Hebe1 Tangshang Wire and Cable 1 3 Under
Huatong Cables construct i
Company on

47 Hebei Zunhua Wires Wires and heat 1 2.5-3.0 2000
Factory shrinkable

48Heilongjiang Heat shrinkable 1 1.2 1999.8

Institute of

Technical Physics
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No HA /7)1 7HE A E BH71¢| duyA | FAMAAS) XA Hg
(Organization) (Processing Product) | (No. of |4 ¢ (Mev)| tart up) (X ray
Units) Conversion)

49 Henan Institute of| Chemical industry 1 0.5 Under
Isotope construction

50|Henan Luohe Food Sterilization 1 10 Under
Factory construction

51 {Henan Zhengzhou Wire and Cable 1 2.5 2000
Cables Factory

52 |Henna Zhoukou Wire and Cable 1 3 Under
Zhongke  Radiation construction
Company

53 [Hubet Huangshi Heat shrinkable 1 2.5 1995.12
Cables Group Wire and Cable
Company

54 |Hunan Zhuzhou Semi conductor 1 10 1996
Institute of
Electromotor

55|Institute of| Flue gases remove 1 0.6 2004
Nuclear Energy, sulfur
Tsinghua University

56 |Jiangshu Suzhou Wire and Cable 1 0.5 1978
Radiation  Product
Factory

57 {Jiangsu Baosheng Wire and Cable 1 2 2005
Company

58 |J1angsu Changshu Heat shrinkable 2 3 1994
Wires Factory Wire and Cable

59 [Jiangsu Changshu Wire and Cable 2 2.5 2002
Wires Factory

60 |J1angsu Dashen Shrinkable 2 1.5 Under
Company construction

61|Jiangsu Dashen Shrinkable 2 1.5 2007
Company

62 |J1angsu Dasheng Heat shrinkable 1 3 2004
Heat Shrinkable
Material Co. Ltd

63 1J1angsu Huai'an Wire and Cable 1 2.5 1997
Bafang Wires
Factory

64 |J1angsu Liyang Wire and Cable 1 2.5 1994.3
Shangshang  Cables
Group

65 |Jiangsu Ronghua Wire and Cable 1 2 1993
Cables Group

66 |J 1nagxi Ji'an Wire and Cable 1 2 1996

Cables Factory
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No 4A/7144 V3 AE BA471a) A |[EAAAA(S) X8 #E
(Organization) | (Processing Product) | (No. of |*d$](Mev)| tart up) (X ray
Units) Conversion)
67(Jilin Changchun Heat Shrinkable 4 1.2 1992
Heat Shrinkable
Material Stock
Co.Ltd.
681Jilin Changchun Heat Shrinkable 4 1.2 1995
Heat Shrinkable
Material Stock Co.
Ltd.
691J1lin changchun Heat Shrinkable 4 2 1995
Heat Shrinkable
Material Stock Co.
Ltd.
701Jilin Changchun Heat shrinkable 4 1.2 2001
Heat Shrinkable
Material Stock Co.
Ltd.
71{Jilin Liaoyuan Wire and Cable 1 2.5 1991.11
Cables Factory Heat Shrinkable
721Jiling Radiation Heat shrinkable 1 3 1985
Chemistry Industry
Compay
73Jintangjinlu Wire and Cable 1 2.5 2007
company
74 National Institute Laboratory 1 10 Under
of Metric construction
75 INingbo Super Energy| Food irradiation 1 10 2006
76 |Qingdao Xiyinmen Chemical industry 1 6 2006
77 |Radial Application Heat Shrinkable 1 0.3 1986
Center of Shanghai PE
University
78 |Shandong Lanfu Sterilization 1 10 Under
Company construction
79 |Shandong Qingdao Wire and Cable 1 20 1993
Qingmai Radiation
Company
80 |Shandong Qufu Wires and heat 1 2.5 2002.8
Luneng Cables shrinkable
Factory
81 |Shangdong Lijin Flue gases remove 1 0.8 Under
sul fur construction
82 |Shangdong Yantal Wire and Cable 1 3 1991.3

Cables Factory




o A/ FEAE BEAF] oA [SAANGE] XA aF
(Organization) | (Processing Product) | (No. of |'H9)(Mev)| tart up) (X ray
Units) Conversion)
83 |Shanghai Anting Wire and Cable 1 2.5 2001
Jinkai Electorn
Company
84 |Shanghai Cables Wire and Cable 2 2 1987
Factory
85 |Shanghai Cables Wire and Cable 2 2.5 1994
Factory
86 [Shanghai  Changbao Heat shrinkable 1 1.2 2001.1
Company Wire and Cable
87 [Shanghai  Changbao Wire and Cable 1 2 1988
Radiation Factory Heat Shrinkable
88 |Shangha1 Fuxin Sterilization 1 10 2006
Electron Company
89 {Shanghai Pioneer Heat Shrinkable 1 2 1987
Electromotor
Factory
9 Shanghail Wire and Cable 1 1 1994
Radiation Heat shrinkable
Technology
Generalize and
Application Center
91 |Shanghai  Sinsheng Heat shrinkable 1 2.2 1998
Electron Factory Wire and Cable
921S h a n g h a 1] Chemical industry 1 2 2003
University
93 |Shanging Institute| Food irradiation 1 10 2006
of Angriculture
94 {Shanxi Nothwest Heat Shrinkable 1 2 1994
Institute of Wire and Cable
Nuclear Technology
95 IShenyang Special Wire and Cable 1 2 1995
Cables Factory
96 |Shenzhen Changyuan Shrinkable 2 1.5 Under
construction
97 |Shenzhen Changyuan Shrinkable 2 3 Under
construction
98 |Shenzhen Hengshang Wire and Cable 1 2.5 Under
construction
99 |Shenzhen Qi furut Chemical industry 1 2.5 2004
1001Sichuan Chengdu Heat Shrinkable 2 3 2002.1
Shuangl iu Heat

Shrinkable Product
Factory
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No HA /718 7+ A HEo14| odvdA | AMAAS] XM W
(Organization) | (Processing Product) | (No. of |"4$1(Mev)| tart up) (X ray
Units) Conversion)
101{S1ichuan Chengdu Heat shrinkable 2 2 1991.3
Shuangl iu Heat
Shrinkable Product
Factory
102|Sichuan Chengdu{ Flue gases remove 2 0.8 1997
Thermoelectrictity sul fur
Factor
103|Sichuan Chengdu} Flue gases remove 2 0.8 1997
Thermoelectricity slufur
Factor
104|Sichuan Institute] Chemical industry 1 2 2005
of Nuclear
Technology
105151 chuan Jivhuan, Wire and Cable R&D 3 0.8 1999 X
Electric Co. Ltd Shrink film R&D
Flue Gases/Wastewater
R&D
106 |Sichuan Jiuhuan| Wire and Cable R&D 3 0.35-0.5 1999 X
Electric Co. Ltd Shrink Film R&D
107 |Sichuan Jiuhuan{Flue gases/Wastewater 3 1.5-1.2 2006 x
Electric Co. Ltd R&D
108 |Sichuan Mianyang Heat shrinkable 2 10 1994
Ninth Institute
Science City
109|Sicuan Mianyang Heat shrinkable 2 3 1987
Ninth Institute
Science City
110{Sichuan Mingxin Wire and Cable 2 3 Under
Cables Company construction
111{Sichuan Mingxin Wire and Cable 2 3 Under
Special Cables construction
Company
112|Sichuan Sadian Heat Shrinkable 1 2 1993
Company Wire and Cable
113|Sichuan Tianyi Wire and Cable 1 2 1995.12
Communication
Equipments Company
114|Sinkiang Institute| Electronic product 1 2 2004
of Physics, CAS
115|Sterigenics China Food -5% com 1 10 2005 X

Sterilizationt80% com
Semiconductorsl0% com
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No HA/7)1# 7+ AF BR71g| oAl [ EAMAAE(S] XA v
(Organization) | {(Processing Product) | (No. of |9} (Mev)| tart up) (X ray
Units) Conversion)
116|Suzhou CNNC Huadong| Sulfuration latex 1 0.3 Under
Radiation Company construction
117{Suzhou Huaneng heat Heat shrinkable 1 3 2004
shrinkable material
Company
118 |The Beijing Sterilization 1 10 Under
Institute of construction
Automation Machine
Industry
119[Tianjin  Institute} Heat shrinkable 1 1.5 1999
of Technical
Physics
120(Tianjin Shuhong Chemical industry 1 2 Under
construction
121{Tianjing  Jingshan Wire and Cable 1 3 1996
Wire and  Cable
Factory
122|Tientsin Special Wire and Cable 1 2 2001.9
Cables Company
123|Tsinghua  Tongfang Industry CT 2 5 Under
Weishi Company construction
124|Tsinghua  Tongfang Industry CT 2 9 Under
Weishi Company construction
125{Tsinghua University|Food Commercial 100% 2 0-2 2006 X
Science Park
126 |Wenzhou  High-tech| Chemical industry 2 3 Under
Atomic Irradiation construction
Company
127 |Wenzhou  High—tech| Chemical industry 2 1.5 Under
Atomic Irradiation construction
Company
128 |Wux1 Elpont Polymer Sterilization 3 5 Under
Co. Ltd construction
129 |Wux1 Elpont Polymer Heat shrinkable 3 1.5 2002
Co. Ltd Wire and Cable
130 Wuxi Elpont Polymer Sterilization 3 0.5 Under
Co. Ltd construction
131{Wuxi Jiangnan Wire Wire and Cable 1 2.5 Under

and Cable Company

construction
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ECE VG TEAE HEA%] 9A [CAAAAG] XA A
(Organization) | (Processing Product) | (No. of | $¢i(Mev)| tart up) (X ray
Units) Conversion)
132 |X1yingmen Company Chemical industry 1 2.5 2005
133Xuchang Cigarette Sterilization 1 10 2005
Factory
134 {Yunnan Kunming Wire and Cable 1 3 1996.3
Wires Factory
135|Zhejiang Hangzhou| Flue gases remove 2 0.8 2003
Thermoelectricity sul fur
Factory
136|Zhejiang Hangzhou| Flue gases remove 2 0.8 2003
Thermoelectricity slufur
Factory
137|Zhejiang Institute Heat shrinkable 1 1.5 2004
of Technical Wire and Cable
Physics Chips
138{Zhejiang Jiashan Heat shrinkable 1 1.5 2004
Zhongda Plastic
Factory
139|Zhej1ang Lanxi Wire and Cable 1 2.5 1997.9
Cross-linking Foam
Cables Corporation
140|Zhejiang Ninbo Food 2 10 Under
Super Energy construction
Company
141|Zhejiang Ninbo Food hygiene 2 10 2000.1
Super Energy Sterilization
Company
142 |Zhejiang Xinxing Wire and Cable 1 2 1996
Radiation Cables
Company
143|Zhej1ang Yixing Wire and Cable 1 2.5 Under
Xinyuandong Wires construction
Factory
7. @03 | DENMARK |
e -
NIRRT AEAE AT auA Leamaa) KR
(Organization) (Processing Product) . H 9] (Mev) | (Start up) :
Units) Conversion)
1 |Sterigenics Denmark| Shrink tube comm 5% 1 10 2003 X

Sterilixation medical
devices comm 95%
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8. I3 =2 [ ECUADOR |

[e] A= S
REREEY AgAg [T g el BE0E
(Organization) (Processing Product) ; W2 (Mev) | (Start up) :
Units) Conversion)
1 |Escuela Politecnica| Wire and cable comm 1 6-10 1982 O
Nacional Food R&D 10%
9, T&A [ FRANCE |
— —
REREEE G e I RN E e
(Organization) | (Processing Product) N H 9 (Mev) | (Start up) ;
Units) Conversion)
1 [Electron Nord Sterilisation 1 7.7-9.8 1999 O
10. 52 [ GERMANY ]
= —
| aAmes Agas ol aua eamaa) XS
(Organization) (Processing Product) . W (Mev) | (Start up) ;
Units) Conversion)
1 |Gamma Services| Wire and Cable R&D 1 3 2002 X
Produktbestrahlung| Shrink tube comm 25%
GmbH Semiconductors comm
5%
Sterilisation comm
50%
crosslinking pipes
comm 20%
2Her ot r o n| Wire and cable comm 2 20 2003 X
Technologies GmbH R&D
Shrink tube comm R&D
Semiconductors comm
R&D
Sterilisation comm
R&D
Tire components comm
R&D
3Her ot r o n| Wire and Cable comm 2 10 2006 X
Technologies GmbH R&D

Shrink tube comm R&D
Semiconductors comm

R&D
Sterilisation comm
R&D
Tire components comm
R&D
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11. &7}2] | HUNGARY ]
[o} ) A =
o aAme AEAE T aua el KEE
(Organization) (Processing Product) . H A (Mev) | (Start up) .
Units) Conversion)
1 |FE-MA Kft., Welding| Shrink tube comm 70% 2 5-8 1979 X
Equipment Sterilisation of
Manufacturing  and| medical devices comm
Trading Ltd 30%
2 |FE-MA Kft., Welding| Wire and Cable comm 2 1-2.5 1985 O
Equipment 30%
Manufacturing  and] Shrink tube comm 20%
Trading Ltd Sterilisation of
medical devices comm
3 |Institute of |Flue gases.wastewated 1 3-5 1983 bed
Isotopes, Hungarian R&D
Academy of Science
12. o1& [ INDIA ]
[s] A P >
MR AeAg [T qua e FERE
(Organization) (Processing Product) N 19 (Mev) | (Start up) ;
Units) Conversion)
1 |Board of Radiation| Polymer gaskets comm 1 1-2 1988 X
and Isotope 30%
Technology Diamond comm 30%
Polymer blends
Wire & Cable
Tire R& 40%
2 [NICCO  Corporation| Wire and cable comm 1 3 2002 X
Ltd 60% R&D 10%
Shrink tube comm 5%
R&D 1%
Semiconductor comm 3%
Sterilization of
medical products comm
10% R&D 1%
Other comm 10%
3 |Radiant Electron| Wire and cable comm 2 1-1.25 2006 X
Beam Technology 60% R&D 10%
Centre(a  division Shrinth&l;)bewocomm o
of . Radiant Semiconductor comm 3%
Corporation Itd) Sterilisation comm
10% R&D 1%
Other comm 10%
4 |Radiant Electron| Wire and cable comm 2 1.5-3 1999 X
Beam Technology 7%
Centre(a division Shrink tube comm 7%
of Radiant

Corporation ltd)

Other comm 6% R&D 15%
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13. O] A2} [ ISRAEL |

B} = BH7F XA W3
NEEEES ABAE ST A gaaaae| AR
(Organization) (Processing Product) U N W9 (Mev) | (Start up) Y
nits) Conversion)
1 |Golan Cable of Zion Pipes 100% 1 3 2002 X
14. O]E 2|0} | ITALY ]
. BE7F XA W3
M AEAE o T o | easpaa| K UE
(Organization) (Processing Product) . HY (Mev) | (Start up) y
Units) Conversion)
1 |Consiglio Nazionale Food R&D 1 6.5-11.5 1972 O
delle Ricerche(CNR) Sterilisation of
medical devices R&D
2 |Gambro Dasco Spa Sterilisation of 1 10 1997 O
medical devices comm
98% R&D 2%
15. 2= [ JAPAN |
y RE7) XA wsg
ME-EEEE AeAaE | aug jeanaa) KR
(Organization) (Processing Product) N H9) (Mev) | (Start up) Y
Units) Conversion)
1 |Hogy Medical co Ltd| Sterilization of 1 10 1995 X
medical devices comm
90%
16. ZT= [ POLAND |
} B57)97 XA W3
MR EES e A E o L aun [eanaa e
(Organization) (Processing Product) N H 2l (Mev) | (Start up) y
Units) Conversion)
1 {Institute of Food comm 80% 1 10 1993 X
Nuclear  Chemistry] Other(cosmetics,
and Technology packaging materials,
natural polymers)
comm R&D 20%
17. Z2EZ [ PORTUGAL |
] - BE&7]4 XA g
MRS ASAE AT aua | eanaal
(Organization) (Processing Product) N MY (Mev) | (Start up) Y
Units) Conversion)
1 |[Coficab Portugal Wire and Cable 1 0.65 2004 O
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18. 8t | KOREA |
[} >~ =
M A [T gz leaanal ¥RE
(Organization) (Processing Product) N H 9 (Mev) | (Start up) ;
Units) Conversion)
1 |Advanced Radiation| Wire and Cable R&D 2 0.3 2006 X
Technology Shrink tube R&D
Institute - Korea Shrink film R&D
Atomic Energy| Surface curing R&D
R e s e ar ¢ hi Semiconductors R&D
Institute(KAERI) Food R&D
Sterilization R&D
Tire components R&D
Flue Gases
2 |Advanced Radiation| Wire and Cable R&D 2 10 2005 X
Technology Shrink tube R&D
Institute - Korea| Shrink film R&D
Atomic Energy] Surface curing R&D
R e s e ar ¢ hl Semiconductors R&D
Institute(KAERID) Food R&D
Sterilization R&D
Tire components R&D
Flue Gases
19. 2 AJO} | RUSSIA |
- —
MR EEET AgAE T qua eanae) K RE
(Organization) | (Processing Product) S H 4 (Mev) |(Start up) ;
Units) Conversion)
1 Budker Institute of{ Sterilisation R&D 1 1-1.4 1985 O
Nuclear Physics,|Flue Gases/Wastewater |
Siberian Branch of R&D
Russian Academy of| High temperature
Science processes R&D
20. HOolZ 2] F} | South Africa |
e -
NEEEEET AeAE T o jeanaa) FEEE
(Organization) (Processing Product) N W 9} (Mev) | (Start up) ;
Units) Conversion)
1 [HEPRO  CAPE  (PTY) Food comm 60% 1 1986
Ltd (High Energy| Sterilisation comm
Processing Cape 15%
(Pty) Ltd Other (packaging,

quarant ine goods) 25%
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21. A=l [ SPAIN |

A /71 &

N . .
© (Organization)

7HE A E
(Processing Product)

BR{7)4
(No. of
Units)

o1 2]
H 9] (Mev)

ZANAE
(Start up)

XA W
(X ray
Conversion)

1 |[Eserline

Wire and cable comm
3% R&D 3%

Food comm 10% R&D 3%
Sterilisation comm
50% R&D 1%
Other comm 20% R&D 5%

4

10

2006

Planned

2 |[Eserline

Wire and cable comm
3% R&D 3%

Food comm 10% R&D 3%
Sterilisation comm
50% R&D 1%
Other comm 20% R&D 5%

10

2006

Planned

3 |[Eserline

Wire and cable comm
3% R&D 3%

Food comm 10% R&D 3%
Sterilisation comm
50% R&D 1%
Other comm 20% R&D 5%

10

2006

Planned

Esterilizacion S.A.

411 o n m e d

Food comm 5% R&D
Sterilisation comm
30% R&D
Other (Fibber,
automot ion, food
animal, cosmetic,
veterinary, plaque
control) R&D 65%

10

1996

22. = [ UK |

AA /718

No . ;
(Organization)

78 A &
(Processing Product)

B4
(No. of
Units)

LIRERY
A2 (Mev)

ARG
(Start up)

XA @3l
(X ray
Conversion)

1 iIsotron plc

Gemstones 100%

5

23

1977

X

2 [Isotron plc

Wire and cable comm
50%
Shrink tube comm 50%

5

1.0

1980

X

3 {Isotron plc

Wire and cable comm
50%

Shrink tube comm 45%

Semiconductors comm
5%

1.5-4.5

1985

4 \Isotron plc

Semiconductors comm
35%
Sterilisation comm
60%
Gemstones 5%

7-12

1994

5 {Isotron plc

Sterilisation of
medical devices comm
100%

10

2001
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23. 0= [ USA |
A/ 0 ] 2= K
o] Orgmiration AEAE T aua |saaa) T B
(Processing Product) . HE(Mev) | (Start up) )
Units) Conversion)
1 |E-Beam Services| Wire and Cable comm R&D 4 0.75-1.5 1970 X
Inc Shrink tube comm R&D 20%
Polymer comm R&D 20%
2 |E-Beam Services|{ Wire and Cable R&D 10% 4 1-4.5 1986 X
Inc Shrink tube comm R&D 10%
Semicondurtors comm R&D 10%
Sterilisation comm R&D
Sheet comm R&D 10%
Polymer comm R&D 30%
3 |[E-Beam Services| Semiconductors comm 10% 4 10 1993 X
Inc Sterilisation comm R&D 50%
Polymer comm R&D 40%
4 |[E-Beam Services|Wire and Cable comm R&D 10% 4 1.75-5 1999 X
Tne Shrink tube comm R&D 30%
Semiconductors comm R&D 10%
Sterilisation comm R&D 30%
Sheet comm R&D 10%
Polymer comm R&D 10%
5 {Hawaii Pride Food commercial 100% 1 5 2000 O
LLC (fruits and produce)
6 |Hydrogel Design 1 1.5 1992 x
systems
7 |Kent State PE tubing (90%) 1 0.7-5 2000 X
University Wire and cable R&D
Food R&D
Semiconductors R&D
8 |[National Center Wire and Cable R&D 3 10 2002 O
for Flectron Shrink tube R&D
Beam Food Shrink fi1lm R&D
Research Food comm 90% R&D
Sterilization R&D
9 |Sadex Food comm 50% R&D 2 10 1999 X
Corporation Agricultural based products
. feed and ingredients, pet
treats, vet supplies,
cosmetics and consumer
products(plastics, hygiene,
packaging)
10 {Sadex Food comm 50% R&D 2 10 2000 X
Corporation Agricultural based products
. feed and 1ngredients, pet
treats, vet supplies,
cosmetics and consumer
products (plastics,
hygiene, packging)
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ENDORSEMENT

This standard was endorsed by the Interim Commission on Phytosanitary Measures in
April 2003.

INTRODUCTION

SCOPE
This standard provides technical guidance on the specific procedures for the
application of ionizing radiation as a phytosanitary treatment for regulated pests or

articles. This does not include treatments used for:

the production of sterile organisms for pest control;

sanitary treatments (food safety and animal health);

the preservation or improvement of commodity quality (e.g. shelf life

extension); or

inducing mutagenesis.

REFERENCES

Export certification system, 1997. ISPM No. 7, FAO, Rome.

Guidelines for phytosanitary certificates, 2001. ISPM No. 12, FAO, Rome.

Glossary of phytosanitary terms, 2003. ISPM No. 5, FAO, Rome.

Guidelines for PestRiskAnalysis, 1996. ISPM No. 2, FAO, Rome.

International Plant Protection Convention, 1997. FAO, Rome.

Pest Risk Analysis for quarantine pests including analysis of environmental risks,
2003. ISPM No. 11 Rev. 1, FAO, Rome.

Principles of plant quarantine as related to international trade, 1995. ISPM No. 1,
FAO, Rome.

The use of integrated measures in a systems approach for pest risk management,

2002. ISPM No. 14, FAO, Rome.

DEFINITIONS

Definitions of phytosanitary terms used in the present standard can be found in ISPM

No. 5 (Glossaryofphytosanitaryterms).
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OUTLINE OF REQUIREMENTS

Treatment with ionizing radiation (irradiation) may be used for pest risk management.
NPPOs should be assured that the efficacy of the treatment is scientifically
demonstrated for the regulated pest(s) of concern and the required response.
Application of the treatment requires dosimetry and dose mapping to ensure that the
treatment is effective in particular facilites and with specific commodity
configurations. The NPPO is responsible for ensuring that facilities are appropriately
designed for phytosanitary treatments. Procedures should be in place to ensure that
the treatment can be conducted properly and commodity lots are handled, stored and
identified to ensure that phytosanitary security is maintained. Recordkeeping by the
treatment facility and documentation requirements for the facility and NPPO are
required, and should include a compliance agreement between facility operator and the

NPPO stipulating in particular the specific requirements for phytosanitary measures.

GUIDELINES FOR THE USE OF IRRADIATION AS A PHYTOSANITARY
MEASURE

1. Authority

The NPPO is responsible for the phytosanitary aspects of evaluation, adoption and use
of irradiation as a phytosanitary measure. To the extent necessary, it is the NPPO's
responsibility to cooperate with other national and international regulatory agencies
concerned with the development, approval, safety and application of irradiation, or the
distribution, use or consumption of irradiated products. Their respective responsibilities
should be identified to avoid overlapping, conflicting, inconsistent or unjustified

requirements.

2. Treatment of Objective
The objective of using irradiation as a phytosanitary measure is to prevent the
introduction or spread of regulated pests. This may be realized by achieving certain

responses in the targeted pest(s) such as:

mortality;

preventing successful development (e.g. non-emergence of adults);

inability to reproduce (e.g. sterility); or

inactivation.
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Phytosanitary uses of irradiation also include the devitalization of plants (e.g. seeds

may germinate but seedlings do not grow; or tubers, bulbs or cuttings do not sprout).

2.1 Efficacy
The required treatment efficacy should be specifically defined by the NPPO of the
importing country. It consists of two distinct components:

- a precise description of required response;

- the statistical level of response required.

It 1s not sufficient to only specify a response without also describing how this is to

be measured.

The choice of a required response is based on the risk as assessed through PRA,
consrouring in particular the biological factors leading to establishment and taking incon
sccount the principle of minimal impact. A response such as mortality may be
paropriate whure the treatment is for the vector of a pathogen, whurea asterility may
be n paropriate response for pest(s) that are not vectors and remain on or in the

commodity.

If the required response is mortality, time limits for the effect of the treatment should
be established.

A range of specific options may be specified where the required response is the

inability of the pest to reproduce. These may include:

- complete sterility;

limited fertility of only one sex;

egg laying and/or hatching without further development;

altered behaviour; and

sterility of F; generation.

3. Treatment

lonizing radiation may be provided by radioactive isotopes (gamma rays from
cobalt-60 or cesium-137), electrons generated from machine sources (up to 10 MeV),
or by x-rays (up to 5 MeV) (limits set by Codex Alimentarius). The unit of

measurement for absorbed dose should be gray (Gy).
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Variables to consider when implementing treatments include the dose rate, treatment
time, temperature, humidity, ventilation, and modified atmospheres; these should be
compatible with treatment effectiveness. Modified atmospheres may reduce treatment

efficacy at a prescribed dose.

Treatment procedures should also ensure that the minimum absorbed dose (Dmin) is
fully atts fed throughout fed throughou to provide the prescribed level of efficacy.
Owing to the differences ts fed thnfiguration of treatment lots, higher doses thas fed
Dmin may be required to ensure that the Dmin i (Dchieved throughout fed thnfigured
consignment or lot. The intended end use of the productenhould be considered when

conducting irradiation treatments.

Because mortality will rarely be technically justified as the required response, live
target pests may be found. Therefore it is essential that the irradiation treatment
ensures they are unable to reproduce. In addition, it is preferable that such pest(s) are
unable to emerge or escape from the commodity unless they can be practically

distinguished from non-irradiated pest(s).

3.1 Application
Irradiation can be applied:
- as an integral part of packing operations;
- to bulk unpackaged commodities (such as grain moving over a belt);

- at centralized locations such as the port of embarkation.

When safeguards are adequate and transit movement of the untreated commodity is
operationally feasible, treatment may also be performed at:

- the point of entry;

- a designated location in a third country;

- a designated location within the country of final destination.

Treated commodities should be certified and released only after dosimetry
measurements confirm that the Dmin was met. Where appropriate, re-treatment of
consignments may be allowed, provided that the maximum absorbed dose is within

the limits allowed by the importing country.

The purpose of Annex 1 [to be completed] is to list the doses for specific approved
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treatments as part of this ISPM. Appendix 1, which is attached for information only,

provides some published information on absorbed dose ranges for certain pest groups.

According to the pest risks to be addressed and the available options for pest risk
management, irradiation can be used as a single treatment or combined with other
treatments as par to fa systems approach to meet the level of efficacy required (see
ISPM No.14: The use of integrated measures in a systems approach for pest risk

management).

4. Dosimetry

Dosimetry ensures that the required Dmin for a particular commodity was delivered to
all parts of the consignment. The selection of the dosimetry system should be such
that the dosimeter response covers the entire range of doses likely to be received by
the product. In addition, the dosimetry system should be calibrated in accordance with
international standards or appropriate national standards (e.g. Standard ISO/ASTM
51261 Guide for Selection and Calibration of Dosimetry Systems for Radiation

Processing).

Dosimeters should be appropriate for the treatment conditions. Dosimeters should be
evaluated for stability against the effects of variables such as light, temperature,

humidity, storage time, and the type and timing of analyses required.

Dosimetry should consider variations due to density and composition of the material
treated, variations in shape and size, variations in orientation of the product, stacking,
volume and packaging. Dose mapping of the product in each geometric packing
configuration, arrangement and product density that will be used during routine
treatments should be required by the NPPO prior to the approval of a facility for the
treatment application. Only the configurations approved by the NPPO should be used

for actual treatments.

4.1. Calibration of components of the dosimetry system

All components of the dosimetry system should be calibrated according to documented
standard operating procedures. An independent organization recognized by the NPPO

should assess performance of the dosimetry system.
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4.2. Dose mapping

Dose mapping studies should be conducted to fully characterize the dose distribution
within the irradiation chambers and commodity, and demonstrate that the treatment
consistently meets the prescribed requirements under defined and controlled conditions.
Dose mapping should be done in accordance with documented standard operating
procedures. The information from the dose mapping studies is used in the selection of

locations for dosimeters during routine processing.

Independent dose mapping for incomplete (partially-filled) as well as first and last
process loads is required to determine if the absorbed-dose distribution is significantly

different from a routine load and to adjust the treatment accordingly.

4.3. Routine dosimetry

An accurate measurement of absorbed dose in a consignment is critical for
determining and monitoring efficacy and is part of the verification process. The
required number, location and frequency of these measurements should be prescribed
based on the specific equipment, processes, commodities, relevant standards and

phytosanitary requirements.

5. Approval of Facilities

Treatment facilities should be approved by relevant nuclear regulatory authorities
where appropriate. Treatment facilities should also be subject to approval
(qualification, certification or accfeditation) by the NPPO in the country where the
facility is located prior to applying phytosanitary treatments. Phytosanitary approval
should be based on a common set of criteria plus those specific to the site and

commodity programmes (see Annex 2).

Phytosanitary re-approval should be done on an appropriate regular basis. Documented
dose mapping should be done following repairs, modifications or adjustments in

equipment or processes that affect the absorbed dose.

6. Phytosanitary System Integrity

Confidence in the adequacy of an irradiation treatment is primarily based on
assurance that the treatment is effective against the pest(s) of concern under specific
conditions and the treatment has been properly applied and the commodity adequately

safeguarded. The NPPO of the country where the facility is located is responsible for
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ensuring system integrity, so that treatments meet the phytosanitary requirements of

the importing country.

Efficacy research and dosimetry provide assurance that only effective treatments are
used. Well-designed and closely monitored systems for treatment delivery and
safeguarding assure that treatments are properly conducted and consignments protected

from infestation, reinfestation or loss of integrity.

6.1 Phytosanitary security measures at the treatment facility

Because it is not usually possible to visually distinguish irradiated from non-irradiated
products, treated commodities should be adequately segregated, clearly identified, and
handled under conditions that will safeguard against contamination and/or infestation,

or misidentification.

A secure means of moving the commodity from receiving areas to treatment areas
without misidentification or risk of cross-contamination and/or infestation is essential.
Appropriate procedures specific to each facility and commodity treatment programme
should be agreed upon in advance. Commodities that are unpackaged or exposed in
packaging require safeguarding immediately following treatment to ensure that they are

not subject to infestation, reinfestation or contamination afterwards.

Packaging prior to irradiation may be useful to prevent reinfestation if irradiation is
done prior to export, or to prevent the accidental escape of target pest(s) if treatment

is done at the destination.

6.2 Labelling
Packages should be labelled with treatment lot numbers and other identifying features
allowing the identification of treatment lots and trace-back (i.e. packing and treatment

facility identification and location, dates of packing and treatment).

6.3 Verification

The adequacy of treatment facilities and processes should be verified through
monitoring and audit of facility treatment records that include, as necessary, direct
treatment oversight. Direct, continuous supervision of treatments should not be
necessary provided treatment programmes are properly designed to ensure a high
degree of system integrity for the facility, process and commodity in question. The

level of oversight should be sufficient to detect and correct deficiencies promptly.
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A compliance agreement should be concluded between the facility and the NPPO of
the country where the facility is located. Such an agreement may include the
following elements:
- approval of the facility by the NPPO of the country where the facility is
located;
- the monitoring programme as administered by the NPPO of the country
where treatments are conducted;
- audit provisions including unannounced visits;
- free access to documentation and records of the treatment facility; and

- corrective action to be taken in cases of non-compliance.

7. Documentation by the Treatment Facility

The NPPO of the country where the facility is located is responsible for monitoring
recordkeeping and documentation by the treatment facility and ensuring that records
are available to concerned parties. A sin the case of any phytosanitary treatment,

trace-back capability is essential.

7.1 Documentation of procedures
Documented procedures help to ensure that commodities are consistently treated as
required. Process controls and operational parameters are usually established to provide
the operational details necessary for a specific authorization and/or facility. Calibration
and quality control programmes should be documented by the facility operator. At a
minimum, an agreed written procedure should address the following:

- consignment handling procedures before, during and after treatment;

- orientation and configuration of the commodity during treatment;

- critical process parameters and the means for their monitoring;

- dosimetry;

- contingency plans and corrective actions to be taken in the event of

treatment failure or problems with critical treatment processes;
- procedures for handling rejected lots;

- labelling, recordkeeping, and documentation requirements.

7.2 Facility records and traceability

Packers and treatment facility operators should be required to keep records. These

records should be available to the NPPO for review, e.g. when a trace-back is
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necessary.

Appropriate treatment records for phytosanitary purposes should be kept by the
irradiation facility for at least one year to ensure traceability of treated lots. The
facility operator should keep all records for every treatment. Dosimetry records should
be kept by the treatment facility for at least one full year after treatment. In most
cases, these records are required under other authorities, but these records should also
be available to the NPPO for review. Other information that may be required to be
recorded includes:

- identification of facility and responsible parties;

- identity of commodities treated;

- purpose of treatment;

- target regulated pest(s);

- packer, grower and identification of the place of production of the

commodity;

- lot size, volume and identification, including number of articles or packages;

- identifying markings or characteristics;

- quantity in lot;

- absorbed doses (target and measured);

- date of treatment;

- any observed deviation from treatment specification.

8. Inspection and Phytosanitary Certification by the NPPO

8.1 Export inspection
Inspection to ensure the consignment meets the phytosanitary requirements of the
importing country should include:

- documentation verification; and

- examination for non-target pests.

Documentation is checked for completeness and accuracy as the basis for certifying
the treatment. Inspection is done to detect any non-target pests. This inspection may
be done before or after the treatment. Where non-target pests are found, the NPPO

should verify whether these are regulated by the importing country.
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Live target pests may be found after treatment but should not result in the
certification being refused except when mortality is the required response. Where
mortality is required, live target pests may be found during the period immediately
following the treatment application depending on the specification for efficacy (see
section 2.1). If live pests are found, certification could be based on audit checks
which confirm that mortality will be attained. When mortality is not the required
response, it is more likely that live target pests may persist in the treated
consignment. This should also not result in the certification being refused. Audit
checks, including laboratory analyses, may be undertaken to ensure that the required

response is achieved. Such checks may be part of the normal verification programme.

8.2 Phytosanitary certification

Certification in accordance with the IPPC validat es the successful completion of a
treatment when required by the importing country. The Phytosanitary Certificate or its
associated documentation should at least specifically identify the treated lot(s), date of

treatment, the target minimum dose and the verified Dmin.

The NPPO may issue Phytosanitary Certificates based on treatment information
provided to it by an entity approved by the NPPO. It should be recognized that the
Phytosanitary Certificate may require other information supplied to verify that
additional phytosanitary requirements have also been met (see ISPM No. 7:Export

certification system and ISPM No.12: Guidelines for Phytosanitary Certificates).

8.3 Import inspection

When mortality is not the required response, the detection of live stages of target
pests in import inspection should not be considered to represent treatment failure
resulting in non-compliance unless evidence exists to indicate that the integrity of the
treatment system was inadequate. Laboratory or other analyses may be performed on
surviving target pest(s) to verify treatment efficacy. Such analyses should only be
required infrequently as part of monitoring unless there is evidence to indicate
problems in the treatment process. Where mortality is the required response, this may
be confirmed. Where mortality is required, live target pests may be found when
transport times are short, but should not normally result in the consignment being

refused, unless the established mortality time has been exceeded.

The detection of pests other than target pest(s) on import should be assessed for the
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risk posed and appropriate measures taken, considering in particular the effect the
treatment may have had on the non-target pest(s). The consignment may be detained
and any other appropriate action may be taken by the NPPO of the importing
country. NPPOs should clearly identify the contingency actions to be taken if live

pests are found:

- target pests—no action to be taken unless the required response was not achieved;
- non-target regulated pests:
® no action if the treatment is believed to have been effective;
® action if there is insufficient data on efficacy or the treatment is not known
to be effective;

- non-target non-regulated pests—no action, or emergency action for new pests.

In case of non-compliance or emergency action, the NPPO of the importing country
should notify the NPPO of the exporting country as soon as possible (see ISPM No.

13: Guidelines for the notification of non-compliance and emergency action).

8.4 Verification methods for treatment efficacy in export and import inspection
Verification methods, including laboratory tests or analysis to determine if the required
response has been achieved should be described by the exporting country at the

request of the importing country.

8.5 Administration and documentation by the NPPO

The NPPO should have the ability and resources to evaluate, monitor, and authorize
irradiation undertaken for phytosanitary purposes. Policies, procedures and requirements
developed for irradiation should be consistent with those associated with other
phytosanitary measures, except where the use of irradiation requires a different

approach because of unique circumstances.

The monitoring, certification, accreditation and approval of facilities for phytosanitary
treatments is normally undertaken by the NPPO where the facility is located, but by
cooperative agreement may be undertaken by:

- the NPPO of the importing country;

- the NPPO of the exporting country; or

- other national authorities.
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Memoranda of Understanding (MOUs), compliance agreements, or similar documented
agreements between the NPPO and the treatment applicator/facility should be used to
specify process requirements and to assure that responsibilities, liabilities and the
consequences of non-compliance are clearly understood. Such documents also
strengthen the enforcement capability of the NPPO if corrective action may be
necessary. The NPPO of the importing country may establish cooperative approval

and audit procedures with the NPPO of the exporting country to verify requirements.

All NPPO procedures should be appropriately documented and records, including those
of monitoring inspections made and Phytosanitary Certificates issued, should be
maintained for at least one year. In cases of non-compliance or new or unexpected
phytosanitary situations, documentation should be made available as described in

ISPM No.13:Guidelines for the notification of non-compliance and emergency action.

9. Research

Appendix 2 provides guidance on undertaking research for the irradiation of regulated

pests.

ANNEX 1

SPECIFIC APPROVED TREATMENTS
This annex is a prescriptive part of the standard. Its purpose is to list irradiation

treatments that may be approved for specified applications. Treatment schedules to be
added as agreed by the ICPM in future.
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ANNEX II
CHECKLIST FOR FACILITY APPROVAL

This annex is a prescriptive part of the standard. The following checklist is intended
to assist persons inspecting or monitoring facilities seeking to establish/maintain
facility approval and certification of irradiated commodities for international trade. The
failure to receive an affirmative response to any item should result in the refusal to

establish, or the termination of, an approval or certification.

Criteria | Yes | No
1. Premises
Irradiation facility meets the approval of the NPPO as regards

phytosanitary requirements. The NPPO has reasonable  access to the
facility and appropriate records as necessary to  validate

phytosanitary treatments
Facility buildings are designed and built to be suitable in size,

materials, and placement of equipment to facilitate proper

maintenance and operations for the lots to be treated
Appropriate means, integral to the facility design, are available to

maintain non-irradiated consignments and/or lots separate from treated

consignments and/or lots
Appropriate facilities are available for perishable commodities before

and after treatment
Buildings, equipment, and other physical facilities are maintained in

a sanitary condition and in repair sufficient to prevent

contamination of the consignments and/or lots being treated
Effective measures are in place to prevent pests from being

introduced into processing arecas and to protect against the
contamination or infestation of consignments and/or lots being

stored or processed
Adequate measures are in place to handle breakage, spills, or the

loss of lot integrity
Adequate systems are in place to dispose of commodities or

consignments that are improperly treated or unsuitable for  treatment
Adequate systems are in place to control non-compliant

consignments and/or lots and when necessary to suspend facility

approval
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2. Personnel

The facility is adequately staffed with  trained, competent personnel

Personnel are aware of requirements for the proper handling and

treatment of commodities for phytosanitary purposes

3. Product handling, storage and segregation

Commodities are inspected upon receipt to ensure that they are

suitable for irradiation treatment

Commodities are handled in an environment that does not increase

the risk of contamination from physical, chemical or biological
hazards
Commodities are appropriately stored and adequately 1identified.

Procedures and facilities are in place to ensure the segregation of
treated and untreated consignments and/or lots. There is a  physical
separation between incoming and outgoing holding areas where

required

4. Irradiation treatment

Facility is able to perform required treatments in conformity with a
scheduled process. A process control system is in place providing

criteria to assess irradiation efficacy

Proper process parameters are established for each type of
commodity or consignment to be treated. Written procedures have
been submitted to the NPPO and are well known to appropriate

treatment  facility personnel

Absorbed dose delivered to each type of  commodity is verified by
proper dosimetric measurement practices using calibrated dosimetry.

Dosimetry records are kept and made available to the NPPO as needed

5. Packaging and labeling

Commodity is packaged (if necessary)  using materials suitable to the

product and process

Treated consignments and/or lots are  adequately identified or labelled

(if required) and adequately documented

Each consignments and/or lot carries an identification number or

other code to distinguish it from all other consignments and/or lots

6. Documentation

All records about each consignment and/or  lot irradiated are retained
at the facility for the period of time specified by relevant authorities

and are available for inspection by the NPPO as needed

The NPPO has a written compliance agreement with the facility
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APPENDIX 1

This appendix is for reference purposes only and is not a prescriptive part of the
standard. The list is not exhaustive and should be adapted to specific circumstances.
The references here are widely available, easily accessible and generally recognized as
authoritative. The list is not comprehensive or static; nor is it endorsed as a standard
under this ISPM.

ESTIMATED MINIMUM ABSORBED DOSES FOR CERTAIN RESPONSES FOR
SELECTED PEST GROUPS

The following table identifies ranges of minimum absorbed dose for pest groups
based on treatment research reported in the scientific literature. Minimum doses are
taken from many publications that are in the references listed below. Confirmatory
testing should be done before adopting the minimum dose for a specific pest

treatment.

To ensure the minimum absorbed dose is achieved for phytosanitary purposes, it is
recommended to seek information about the Dmin for a particular target species and

also to take into consideration the note in Appendix 2.

Pest group Required  response Minimum dose
range (Gy)
Aphids  and whiteflies Sterilize  actively reproducing adult 50-100
(Homoptera)
Seed  weevils (Bruchidae) | Sterilize actively reproducing adult 70-300
Scarab  beetles Sterilize  actively reproducing adult 50-150
(Scarabidae)
Fruit  flies (Tephritidae) Prevent  adult emergence from 3rd 50-250
instar
Weevils  (Curculionidae) Sterilize  actively reproducing adult 80-165
Borers  (Lepidoptera) Prevent  adult development from 100-280
late larva

Thrips  (Thysanoptera) Sterilize  actively reproducing adult 150-250
Borers  (Lepidoptera) Sterilize  late pupa 200-350
Spider  mites (Acaridae) Sterilize  actively reproducing adult 200-350
Stored  product beetles Sterilize  actively reproducing adult 50-400
(Coleoptera)
Stored  product moths Sterilize  actively reproducing adult 100-1,000
(Lepidoptera)
Nematodes  (Nematoda) Sterilize  actively reproducing adult ~4,000
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http://www.iaea.org/icgfi 1s also a useful website for technical

informationonfoodirradiation.
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APPENDIX 2

This appendix is for reference purposes only and is not a prescriptive part of the

standard.

RESEARCH PROTOCOL

Research materials

It is recommended to archive samples of the different developmental stages of the
pests studied in order to, among other reasons, resolve possible future disputes on

identification. The commodity to be used should be of normal commercial condition.

To perform treatment research to control quarantine pests it is necessary to know its
basic biology as well as define how the pests used in the research will be obtained.
The experiments with irradiation should be carried out on the commodity infested
naturally in the field and/or with laboratory-reared pests that are used to infest the
commodity preferably in a natural form. The method of rearing and feeding should be

carefully detailed.

Note: Studies done with pests invifro are not recommended because the results could
be different from those obtained when irradiating the pests in commodities unless
preliminary testing indicates that results from invifro treatments are no different than

insitu.

Dosimetry

The dosimetry system should be calibrated, certified and used according to recognized
international standards. The minimum and maximum doses absorbed by the irradiated
product should be determined striving for dose uniformity. Routine dosimetry should

be conducted periodically.

International ISO Guidelines are available for conducting dosimetry research on food
and agricultural products (see Standard ISO/ASTM 51261 Guide for Selection and

Calibration of Dosimetry Systems for Radiation Processing).

Estimation and confimnation of minimum absorbed dose for treatment

Preliminary Tests
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The following steps should be carried out to estimate the dose required to ensure

quarantine security:

- Radiosensitivity of the different stages of development of the pest in question that
may be present in the commodity that is marketed must be established with the
purpose of determining the most resistant stage. The most resistant stage, even if it
is not the most common one occurring in the commodity, is the stage for which
the quarantine treatment dose is established.

- The minimum absorbed dose will be determined experimentally. If pertinent data do
not already exist, it is recommended to use at least five (5) dose levels and a
control for each developmental stage, with a minimum of 50 individuals where
possible for each of the doses and a minimum of three (3) replicates. The
relationship between dose and response for each stage will be determined to identify
the most resistant stage. The optimum dose to interrupt the development of the
most resistant stage and/or to avoid the reproduction of the pests needs to be
determined. The remainder of the research will be conducted on the most
radiotolerant stage.

- During the period of post-treatment observation of the commodities and associated
pests, both treated and control, must remain under favorable conditions for survival,
development, and reproduction of the pests so that these parameters can be
measured. The untreated controls must develop and/or reproduce normally for a
given replicate for the experiment to be valid. Any study where the control or
check mortalities are high indicates that the organisms were held and handled under
sub-optimal conditions. These organisms may give misleading results if their
treatment mortality is used to predict an optimum treatment dose. In general,

mortality in the control or check should not exceed 10%.

Large Scale (Confirmatory) Tests

- To confirm if the estimated minimum dose to provide quarantine security is valid,
it is necessary to treat a large number of individuals of the most resistant stage of
the organism while achieving the desired result, be it prevention of pest
development or sterility. The number treated will depend on the required level of
confidence. The level of efficacy of the treatment should be established between the

exporting and importing countries and be technically justifiable.

- Because the maximum dose measured during the confirmatory part of the research

will be the minimum dose required for the approved treatment, it is recommended
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to keep the maximum-minimum dose ratio as low as possible.

Record keeping

Test records and data need to be kept to validate the data requirements and should
upon request be presented to interested parties, for example the NPPO of the

importing country, for consideration in establishing an agreed commodity treatment.
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GENERAL STANDARD FOR IRRADIATED FOODS

CODEX STAN 106-1983, REV.1-2003
1. SCOPE
This standard applies to foods processed by ionizing radiation that is used in
conjunction with applicable hygienic codes, food standards and transportation codes. It
does not apply to foods exposed to doses imparted by measuring instruments used for

inspection purposes.

2. GENERAL REQUIREMENTS FOR THE PROCESS

2.1 Radiation Sources

The following types of ionizing radiation may be used:

a) Gamma rays from the radionuclides 60Co or 137Cs;

b) X-rays generated from machine sources operated at or below an energy level of 5
MeV;

¢) Electrons generated from machine sources operated at or below an energy level of

10 MeV.

2.2 Absorbed Dose

For the irradiation of any food, the minimum absorbed dose should be sufficient to
achieve the technological purpose and the maximum absorbed dose should be less
than that which would compromise consumer safety, wholesomeness or would
adversely affect structural integrity, functional properties, or sensory attributes. The
maximum absorbed dose delivered to a food should not exceed 10kGy, except when

necessary to achieve a legitimate technological purpose.l

2.3 Facilities and Control of the Process

- 158 -



2.3.1

Radiation treatment of foods should be carried out in facilities licensed and

registered for this purpose by the competent authority.

2.3.2 The facilities shall be designed to meet the requirements of safety, efficacy and

good hygienic practices of food processing.

2.3.3 The facilities should be staffed by adequate, trained and competent personnel.

2.3.4 Control of the process within the facility should include the keeping of adequate

records including quantitative dosimetry.

2.3.5 Facilities and records should be open to inspection by appropriate authorities.

2.3.6 Control should be carried out in accordance with the Recommended International

Code of Practice for Radiation Processing of Foods (CAC/RCP 19-1979,
Rev.1-2003).

3. HYGIENE OF IRRADIATED FOODS

3.1

32

The irradiated food should be prepared, processed, and transported hygienically in
accordance with the provisions of the Recommended International Code of
Practice — General Principles of Food Hygiene (CAC/RCP 1-1969, Rev. 3-1997),
including the application of the seven principles of Hazard Analysis and Critical
Control Point (HACCP) system where applicable for food safety purposes. Where
appropriate, the technical requirements for the raw materials and end product
should comply with applicable hygienic codes, food standards, and transportation
codes.

Any relevant national public health requirement affecting microbiological safety
and nutritional adequacy applicable in the country in which the food is sold

should be observed.

4. TECHNOLOGICAL REQUIREMENTS

4.1 General Requirement

The

irradiation of food is justified only when it fulfils a technological requirement

and/or is beneficial for the protection of consumer health. It should not be used as a
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substitute for good hygienic and good manufacturing practices or good agricultural

practices.

4.2 Food Quality and Packaging Requirements

The doses applied shall be commensurate with the technological and public health
purposes to be achieved and shall be in accordance with good radiation processing
practice. Foods to be irradiated and their packaging materials shall be of suitable
quality, acceptable hygienic condition and appropriate for this purpose and shall be
handled, before and after irradiation, according to good manufacturing practices taking

into account the particular requirements of the technology of the process.

5. RE-IRRADIATION

5.1 Except for foods with low moisture content (cereals, pulses, dehydrated foods and
other such commodities) irradiated for the purpose of controlling insect
reinfestation, foods irradiated in accordance with Sections 2 and 4 of this standard
should not be re-irradiated.

5.2 For the purpose of this standard, food is not considered as having been
re-irradiated when: (a) the irradiated food is prepared from materials which have
been irradiated at low dose levels for purposes other than food safety, e.g.
quarantine control, prevention of sprouting of roots and tubers; (b) the food,
containing less than 5% of irradiated ingredient, is irradiated; or when (c) the
full dose of ionizing radiation required to achieve the desired effect is applied to
the food in more than one increment as part of processing for a specific
technological purpose.

5.3 The cumulative maximum absorbed dose delivered to a food should not exceed
10 kGy as a result of re-irradiation except when it is necessary to achieve a
legitimate technological purpose, and should not compromise consumer safety or

wholesomeness of the food.



6. POST IRRADIATION VERIFICATION
6.1 When required and where applicable, analytical methods for the detection of
irradiated foods may be used to enforce authorization and labeling requirements.

The analytical methods used should be those adopted by the Codex Commission.

7. LABELLING

7.1 Inventory Control

For irradiated foods, whether prepackaged or not, the relevant shipping documents
shall give appropriate information to identify the registered facility which has

irradiated the food, the date(s) of treatment, irradiation dose and lot identification.

7.2 Prepackaged Foods Intended for Direct Consumption
The labelling of prepackaged irradiated foods should indicate the treatment and in all
aspects should be in accordance with the relevant provisions of the Codex General

Standard for the Labelling of Prepackaged Foods (CODEX STAN 1-1985,
Rev.2-1999).

7.3 Foods in Bulk Containers

The declaration of the fact of irradiation should be made clear on the relevant
shipping documents. In the case of products sold in bulk to the ultimate consumer,
the international logo and the words “irradiated” or “treated with ionizing radiation”
should appear together with the name of the product on the container in which

products are placed.
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Australian Government

w95 Australian Quarantine and Inspection Service

AQIS GAMMA IRRADIATION OFFSHORE
TREATMENT PROVIDERS SCHEME

The Australian Quarantine and Inspection Service (AQIS) accepts offshore gamma
irradiation treatment for a number of commodities in accordance with the requirements
outlined in the AQIS Import Conditions Database (ICON). The following document
provides guidelines on the Gamma Irradiation Offshore Treatment Providers Scheme.
Organisations and/idelnstitutions (overseas government authoutties for example) wishing
to participate in the Scheme will be required to agree to the terms and conditions

contained in this document.

Applications to register with the Gamma Irradiation Offshore Treatment Providers
Scheme (the Scheme) are subject to approval by AQIS (Canberra Office) and will be
assessed on their individual merits with consideration being given to the quarantine

risk.

Application evaluations will include two main factors:
- an assessment of the applicant’s capacity to operate in accordance with relevant
AQIS requirements, based on supporting documentary evidence; and
- an assessment of the physical structures and operational procedures used by the
applicant with a view to determining their effectiveness in addressing quarantine

risks.

Applications to enter the Scheme are to be provided in hard copy to:
Offshore Development Unit
Cargo Management and Shipping
Australian Quarantine and Inspection Service

GPO Box858
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Canberra ACT 2601

AQIS is under no obligation to accept an organisation as an approved offshore
gamma irradiation treatment provider. Such acceptance is subject to the outcome of
the AQIS assessment. Acceptance of the organisation as an approved offshore gamma
irradiation treatment provider does not limit any rights or obligations of AQIS under
the QuarantineAct1908. Except are quired by law, AQIS shall not be liable for any
loss, damage, expense or cost incurred by any person or body arising out of any

procedures associated with the acceptance of approved offshore treatment providers.

Applications to register with the Scheme must be accompanied with documentary
evidence of the applicant’s ability to meet International Codes of Practice and
Standards relevant to performing a gamma irradiation treatment, including but not

limited to:

- Codex Recommended International Code of Practice for Radiation Processing
of Food (cac/rcp 19-1979, rev. 2-2003);

ANZFA Food Standard Al7: Irradiation of Food - (Food Standards

Australia)

Documentary assessment of the company's treatment procedures, as well as the
procedures for handling, transport and storage of goods (both prior to treatment and
after treatment)will be carried out by either an AQIS officer or a suitable third party

ASSESssor.

Once documents are assessed as sufficient assurance that the applicant is potentially
capable of operating within relevant AQIS requirements, an on-site inspection of the

procedures and facility will be required.

An on-site assessment of procedures and facilities is a mandatory requirement of the

Scheme.

AQIS conducts on-site assessments to confirm the applicant’s capacity to ensure

equipment and operating protocols meet AQIS requirements.

Either an AQIS officer or a third party assessor (accompanied by an AQIS officer
where necessary), with an appropriate level of expertise, will conduct the on-site

assessment.
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The on-site assessment procedure will include, but is not limited to, the assessment of

the following critical areas:

Equipment and site
All measuring equipment must be calibrated to the manufacturer’s

specifications.

Cleanliness and hygiene
All applicants must be able to demonstrate the continued quarantine integrity
of commodities being imported into Australia. All facilities must be kept

clean at alltimes.

Management structure to support activity
All applicants must be able to demonstrate that their employees are familiar
with the required operating procedures and follow them at all times.
Applicants must be able to demonstrate that a suitable training program has
been established and that employees are suitably trained and properly

supervised.

Occupational health and safety
AQIS will not make an assessment of the applicant’s occupational health and
safety standard. However, the person making the assessment has a duty of
care to notify the applicant of any unsafe conditions and practices. Such
matters will be noted in the report and an assessment made on whether this
would affect the applicant’s ability to perform activities to AQIS

requirements.

Where appropriate, it is the responsibility of the applicant to ensure that the
premises and all operations comply with all domestic regulations and the

relevant environmental protection agency requirements.

For the on-site assessment of the facility, the party must provide a safe
working environment for the assessor(s). Prior to the assessor(s) entering the
treatment area, the party must provide evidence that the work area is safe in
terms of residue or radiation level and work activity has been suspended to

allow inspection.

Once an application to participate in the Scheme has been approved, the offshore
party will be allocated an AQIS Identification Number (AIN). The AIN is to be

recorded on all treatment certification and correspondence to AQIS.
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Approvals for offshore gamma irradiation facilities will be granted for a period of
three years. Offshore parties are required to re-apply for approval by means of an
audit by a minimum of six months prior to the end of their approval term. In
considering a renewal application, AQIS will conduct an assessment inline with the

original approval process as outlined above.

AQIS is to be notified in writing three months prior to changes in ownership,
operating  procedures/arrangements relating to quarantineable items or where
modifications to those parts of the premises where quarantineable goods are stored or
treated are contemplated. If the quarantine integrity cannot be guaranteed, AQIS may

withdraw the approval.

The types of audits outlined below are designed to measure the performance of

offshore parties against the procedures outlined in the Scheme.

The Scheme will require an on-site assessment of procedures and facilities as a

mandatory component of the assessment of process.

To ensure the ongoing quarantine integrity of approved offshore treatment providers

the facility will need re-approval every three years.

Treatment and procedure records must be maintained and should be sufficient to assist
in determining the offshore party’s capacity to operate within the Scheme. Records

must be made available to AQIS as requested.

Reinstatement audits will be scheduled and conducted by AQIS (or other relevant
party) following a period of suspension. If, during the reinstatement audit, the
offshore party is unable to demonstrate compliance with the Scheme, the suspension
will continue and the offshore party will be asked to show cause as to why it should

not be removed from the scheme.

Audits will be charged as set out in Section 8 of this document.
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AQIS may monitor and verify consignments shipped under the Scheme. In the event
that AQIS detects an ineffective treatment or any quarantine risk associine rwith ar
antine rconsignment, AQIS will direct the consignment for inspection and further

treatment in accordance with the requirements of the QuarantineActi908.

Consignments shipped under the Scheme remain subject to other relevant requirements
of the Quarantine Act 1908.

AQIS may withdraw or suspend its acceptance of an offshore treatment provider
organisation at any time for failure to perform gamma irradiation treatments to a

standard acceptable to AQIS.
An offshore party will be suspended from the Scheme when:

an item of quarantine concern is detected and the offshore party is
determined to be at fault;

during the course of an on-site audit, the offshore party is unable to
demonstrate compliance with the Scheme; or

if the offshore party has not re-registered at the completion of their

approval term (every 3 years).

During this time, AQIS will invite the offshore party to show cause as to why it
should not be removed from the Scheme. The offshore party must provide evidence

or details of corrective actions taken to ensure that the matter has been addressed.

Failure to comply with all quarantine directions and relevant AQIS import permit

conditions may result in immediate suspension from the Scheme.

The offshore party may be cancelled from the Scheme if:

- they are suspended on three separate occasions from the Scheme; or

- during an on-site audit, they are unable to demonstrate compliance with the
Scheme. (Fraud or lack of cooperation during an audit is also considered as
not complying with the Scheme); or
the Director of Quarantine or delegate considers this course of action
justified after one or more significant detections of items of quarantine
concern; or

there is a breach under the Quarantine Act 1908.
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If the offshore party believes that there were extenuating circumstances in respect of
the detection of items of quarantine concern, they may appeal against AQIS’s
subsequent actions. Compliance action will remain in place while the appeal is being

considered.

AQIS is to notify the offshore party, in writing, within 10 working days of the
detection of an item of quarantine concern and provide advice as to subsequent

actions to be taken by AQIS.

Appeals by offshore parties must be made in writing within 10 working days from
the date of notification. The offshore party must clearly set out their reasons for

appeal.
The offshore party should forward their appeal to:

The Manager
Offshore Development Unit

Cargo Management and Shipping

Australian Quarantine and Inspection Service
GPOBo0x858

Canberra ACT 2601

AQIS will acknowledge receipt of the appeal within 10 working days of its receipt,
and will endeavour to make a decision on the appeal, in writing, within 10 working

days of the receipt of all available facts relating to the matter.

Australian Quarantine and Inspection Service

The Manager, Offshore Development Unit will consider appeals on a case-by-case
basis. The Manager, Cargo Management and Shipping, will consider any subsequent

appeals to the original appeal.
Judicial Review

The AQIS appeals policy does not affect any right that a person may have to a

judicial review by the federal court.
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The Scheme is subject to regular internal AQIS review. AQIS reserves the right to

discontinue the Scheme due to changes in government policy at any time.

The results of such reviews will be made available to both participating parties and

Australian Industry.

In cases where there are regular widespread quarantine and administrative failures in
the system, AQIS may consider re-assessing the risk and viability of the system.
AQIS may also choose to review a single part of the Scheme (e.g. the administrative

system) at any time.

These review activities will be conducted in consultation with participants and in

some cases wider industry to ensure there is adequate stakeholder consultation.

All direct costs associated with application assessments and audits will be charged to
the offshore party. These costs will include, but are not limited to:

- airfares (business class);

- Visa costs;

- airport taxes/duties and insurance;

- accommodation costs staying at 4 star accommodation or equivalent where security

is of an acceptable level;

- transport to and from site of inspection;

- incidentals (meal and other cost allowances);

- interpreter/representative if required; and

- consultancy fees.

Document lodgement and monitoring activities will be subject to AQIS’s normal fee
for service arrangements. For details of AQIS fees, refer to Attachment 1 of this

document or the AQIS website.

the accumulated time spent performing the Services per week day exceeds 7 hours

30 minutes;
the Services are performed on a day other than a week day; or
the Services are performed on a national Australian public holiday.

7 hours 30 minutes of work on a week day; or
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a callout period on a weekend; or
a callout period on a national Australian public holiday.

there is a break in the performance of the Services and the quarantine officer is

required to return to work after 7 hours 30 minutes of work on a week day; or
the quarantine officer is required to return to work on a weekend; or

the quarantine officer is required to return to work on a national Australian public
holiday.

Category | Description Unit Current
Price

Applicatio | Assessment  for an application for | P e riA$120

n performance of a service offshore | application

Fee For|Daily Rate (week days) Day A$714

Service

Fee For|Weekly Rate (5 day week) Week AS$2,486

Service

Fee For|1st % hour or part there of Y hr A3$80

Service

Fee for|After 1st %2 hour Ya hr A$40

Service

Overtime | Weekday Ya hr A$15

Overtime | Weekday Minimum 31A%$135
hour callout

Overtime | Saturday MinimumjA$140
3hour callout

Overtime | Saturday Ya hr A$20

Overtime | Sunday Minimum 3| A$176
hour callout

Overtime | Sunday Ya hr A$23

Overtime | Australian  National Public Holiday | Minimum 3 | A$200
hour callout

Overtime | Australian  National Public Holiday | 4 hr A$25
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Good @Imadiation Practices for Imadiation Facilities

Gary Luckman
Consultant, International Atomic Energy Agency,

Vienna, Austria
December 2008

Treatments

lonizing radiation may be provided by radioactive isotopes (gamma rays from
cobalt-60 or cesium-137), electrons generated from machine sources (up to 10 MeV),
or by x-rays (up to 5 MeV) (limits set by Codex Alimentarius). The unit of

measurement for absorbed dose should be gray (Gy).

Variables to consider when implementing treatments include the dose rate, dose
uniformity ratio (maximum/minimum dose; Dmax/Dmin), treatment time, temperature,
humidity, ventilation, and modified atmospheres; these should be compatible with
treatment effectiveness. Modified atmospheres, particularly low oxygen, may reduce
treatment efficacy at a prescribed dose and must be considered during treatment
efficacy testing. The intended end use of the product should be considered when

conducting irradiation treatments.

Treatment procedures should ensure that the Dmin is fully attained throughout the
commodity to provide the prescribed level of efficacy. Owing to the differences in
the configuration of treatment lots, higher doses than the Dmin may be required to
ensure that the Dmin is achieved throughout the configured consignment or lot. The
limit for Dmax is set at 1 kGy in the United States, Australia and other countries,

and Dmax should be minimized to avoid exceeding this dose and to maintain product

quality.

Application

[rradiation can be applied:

When safeguards are adequate and transit movement of the untreated commodity is

operationally feasible, treatment may also be performed at:
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Treated commodities should be certified and released only after dosimetry
measurements confirm that the Dmin was met. Where appropriate, re-treatment of
consignments may be allowed, provided that the maximum absorbed dose is within

the limits allowed by the importing country.

Generic treatments, a single radiation dose for a broad group of pests, may be

applied 1if approved by the importing country.

According to the pest risks to be addressed and the available options for pest risk
management, irradiation can be used as a single treatment or combined with other
treatments as par to fasystems approach to meet the level of efficacy required (see
ISPM No. 14: The use of integrated measures in a systems approach for pest risk

management).

Dosimetry

Dosimetry ensures that the required minimum absorbed dose (Dmin) for a particular
commodity was delivered to all parts of the consignment. The selection of the
dosimetry system should be such that the dosimeter response covers the entire range
of doses likely to be received by the product. In addition, the dosimetry system
should be calibrated in accordance with international standards or appropriate national
standards (e.g. Standard ISO/ASTMS1261 Guide for Selection and Calibration of

Dosimetry Systems for Radiation Processing).

Dosimeters should be appropriate for the treatment conditions. Dosimeters should be
evaluated for stability against the effects of variables such as light, temperature,

humidity, storage time, and the type and timing of analyses required.

Dosimetry should consider variations due to density and composition of the material
treated, variations in shape and size, variations in orientation of the product, stacking,
volume and packaging. Dose mapping of the products in each geometric packing
configuration, arrangement and product density that will be used during routine
treatments should be required by the NPPO prior to the approval of a facility for the
treatment application. Only the configurations approved by the NPPO should be used

for actual treatments.
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Calibration of components of the dosimetry system
All components of the dosimetry system should be calibrated according to documented
standard operating procedures. An independent organization recognized by the NPPO

should assess performance of the dosimetry system.

Dose mapping

Dose mapping studies should be conducted to fully characterize the dose distribution
within the irradiation chambers and commodity, and demonstrate that the treatment
consistently meets the prescribed requirements under defined and controlled conditions.
Dose mapping should be done in accordance with documented standard operating
procedures. The information from the dose mapping studies is used in the selection of

locations for dosimeters during routine processing.

Independent dose mapping for incomplete (partially-filled) as well as first and last
process loads is required to determine if the absorbed-dose distribution is significantly

different from a routine load and to adjust the treatment accordingly.

Routine dosimetry

An accurate measurement of absorbed dose in a consignment is critical for
determining and monitoring efficacy and is part of the verification process. The
required number, location and frequency of these measurements should be prescribed
based on the specific equipment, processes, commodities, relevant standards and

phytosanitary requirements.

Approval of Facilities

Treatment facilities using radioactive isotopes as a source should be approved by
relevant nuclear regulatory authorities where appropriate. E-beam and x-ray facilities
do not use radioactive isotopes as a source of ionizing energy and may be regulated
by another authority (e.g., Department of Health). Treatment facilities should also be
subject to approval (qualification, certification or accreditation) by the NPPO in the
country where the facility is located prior to applying phytosanitary treatments.
Phytosanitary approval should be based on a common set of criteria plus those

specific to the site and commodity programmes.

Phytosanitary re-approval should be done on an appropriate regular basis. Documented
dose mapping should be done following repairs, modifications or adjustments in

equipment or processes that affect the absorbed dose.
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Phytosanitary System Integrity

Confidence in the adequacy of an irradiation treatment is primarily based on
assurance that the treatment is effective against the pest(s) of concern under specific
conditions and the treatment has been properly applied and the commodity adequately
safeguarded. The NPPO of the country where the facility is located is responsible for
ensuring system integrity, so that treatments meet the phytosanitary requirements of

the importing country.

Efficacy research and dosimetry provide assurance that only effective treatments are
used. Well-designed and closely monitored systems for treatment delivery and
safeguarding assure that treatments are properly conducted and consignments protected

from infestation, reinfestation or loss of integrity.

Phytosanitary security measures at the treatment facility

Because it is not usually possible to visually distinguish irradiated from non-irradiated
products, treated commodities should be adequately segregated, clearly identified, and
handled under conditions that will safeguard against contamination and/or infestation,

or misidentification.

A secure means of moving the commodity from receiving areas to treatment areas
without misidentification or risk of cross-contamination and/or infestation is essential.
Appropriate procedures specific to each facility and commodity treatment programme
should be agreed upon in advance. Commodities that are unpackaged or exposed in
packaging require safeguarding immediately following treatment to ensure that they are

not subject to infestation, reinfestation or contamination afterwards.

Packaging prior to irradiation may be useful to prevent reinfestation if irradiation is
done prior to export, or to prevent the accidental escape of target pest(s) if treatment

is done at the destination.

Labeling
Packages should be labeled with treatment lot numbers and other identifying features
allowing the identification of treatment lots and trace-back (i.e. packing and treatment

facility identification and location, dates of packing and treatment).

Verification

The adequacy of treatment facilities and processes should be verified through



monitoring and audit of facility treatment records that include, as necessary, direct
treatment oversight. Direct, continuous supervision of treatments should not be
necessary provided treatment programmes are properly designed to ensure a high
degree of system integrity for the facility, process and commodity in question. The

level of oversight should be sufficient to detect and correct deficiencies promptly.

A compliance agreement should be prepared between the facility and the NPPO of
the country where the facility is located. Such an agreement may include the

following elements:

Documentation by the Treatment Facility

The NPPO of the country where the facility is located is responsible for monitoring
record keeping and documentation by the treatment facility and ensuring that records
are available to concerned parties. As in the case of any phytosanitary treatment,

trace-back capability is essential.

Documentation of procedures

Documented procedures help to ensure that commodities are consistently treated as
required. Process controls and operational parameters are usually established to provide
the operational details necessary for a specific authorization and/or facility. Calibration
and quality control programmes should be documented by the facility operator. At a

minimum, an agreed written procedure should address the following:

Facility records and traceability
Packers and treatment facility operators should be required to keep records. These
records should be available to the NPPO for review, e.g. when a trace-back is

necessary.

Appropriate treatment records for phytosanitary purposes should be kept by the
irradiation facility for at least one year to ensure traceability of treated lots. The
facility operator should keep all records for every treatment. Dosimetry records should
be kept by the treatment facility for at least one full year after treatment. In most
cases, these records are required under other authorities, but these records should also
be available to the NPPO for review. Other information that may be required to be
recorded includes:

Inspection and Phytosanitary Certification by the NPPO
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Export inspection
Inspection to ensure the consignment meets the phytosanitary requirements of the

importing country should include:

Documentation is checked for completeness and accuracy as the basis for certifying
the treatment. Inspection is done to detect any non-target pests. This inspection may
be done before or after the treatment. Where non-target pests are found, the NPPO

should verify whether these are regulated by the importing country.
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Guidelines for Imadiation as a Phytosanitary Treatment of
Grapes, Litchi, Longan, Mango, Mangosteen, and
Rambutan, in the Asia-Pacific Region

Peter Leach

Queensland Department of Primary Industries, Cairns,Australia

Peter Follett
USDA-ARS, U.S. Pacific Basin Agricultural Research Center, PO Box 4459, Hilo,
Hawaii 96781

Gary Luckman

Consultant, International Atomic Energy Agency, Vienna,Austria

December 2008

SCOPE

These guidelines provide technical guidance on the specific procedures for the
application of ionizing radiation as a phytosanitary treatment for regulated pests of
grapes, litchi, longan, mango, mangosteen, and rambutan and associated good

manufacturing practices for irradiation facilities and producers.

These guidelines follows the format of ISPM No. 18: Guidelines for the Use of
Irradiation as a Phytosanitary Measure (2003).

In some sections content is reproduced verbatim, whereas in other sections content is
modified to improve relevance to the crops in question. At the end of the guidelines,
specific export protocols, good agricultural practices, quarantine pest lists for the

crops, requirements for preparation of commodity risk assessments are presented.

References
Guidelines for pest risk analysis, 1995. ISPM No. 2, FAO,Rome.
Export certification system, 1997. ISPM No. 7, FAO,Rome.
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International Plant Protection Convention, 1997. FAO,Rome.

Guidelines for phytosanitary certificates, 2001. ISPM No. 12, FAO,Rome.

The use of integrated measures in a systems approach for pest risk management,
2002. ISPM No. 14, FAO,Rome.

Pest risk analysis for quarantine pests, including analysis of environmental risks and
livingmodifiedorganisms,2004.ISPMNo.11,FAO,Rome.

Phytosanitary principles for the protection of plants and the application of
phytosanitary measures in international trade, 2006. ISPM No. 1, FAO,Rome.
Glossary of phytosanitary terms, 2006. ISPM No. 5, FAO,Rome.

Backgound

lonizing radiation is effective in killing or sterilizing organisms that may contaminate
and do harm to commodities or ecosystems to which the commodities move. lonizing
energy can thus be authorized for use in the treatment of regulated pests. Treatment
may be mandatory, as a condition for the entry or movement of consignments, or it
may be prescribed, based on the detection of regulated pests in commodities intended

for transport.

Alternatively, importers or exporters may voluntarily subject commodities to irradiation
treatments in order to prolong their acceptability and desirability (e.g., shelf-life
extension, sprouting control). Irradiation may thus be a treatment option, or it may be

the only treatment which is approved for the pest and commodity in question.

As with all mitigation treatments, the objective is to minimize the risk of pest
introduction through the use of exclusionary measures. The minimization of pest risk
may be achieved through the use of treatments that have an acceptable level of
efficacy. Treatments are approved that minimize the impact on the commodity and its
ultimate use. The purpose of the treatment is to minimize the pest risk and maximize
the safety associated with the movement and use of the commodity. Treatment and
associated procedures are based upon science, and are no more restrictive than

necessary to protect agricultural health.

The source of ionizing energy may be gamma-emitting isotopes cobalt-60 or
cesium-137, or machine-generated sources including X-rays or electron beams.

Application of the treatment requires dosimetry and dose mapping to ensure that the
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treatment is effective in particular facilities and with specific commodity
configurations. The National Plant Protection Organization (NPPO) is responsible for

ensuring that facilities are appropriately designed for phytosanitary treatments.

Procedures should be in place to ensure that the treatment can be conducted properly
and commodity lots are handled, stored and identified to ensure that phytosanitary
security is maintained. Recordkeeping by the treatment facility and documentation
requirements for the facility and NPPO are required, and should include a compliance
agreement between facility operator and the NPPO stipulating in particular the specific

requirements for phytosanitary measures.

The NPPO is responsible for the phytosanitary aspects of evaluation, adoption, and
use of irradiation as a phytosanitary measure. To the extent necessary, it is the
NPPO's responsibility to cooperate with other national and international regulatory
agencies concerned with the development, approval, safety and application of
irradiation, or the distribution, use or consumption of irradiated products. Their
respective responsibilities should be identified to avoid overlapping, conflicting,

inconsistent or unjustified requirements.

Treatment Objective
The objective of using irradiation as a phytosanitary measure is to prevent the
introduction or spread of regulated pests. This may be realized by achieving certain

responses in the targeted pest(s) such as:

Phytosanitary uses of irradiation may also include the devitalization of plants (e.g.
seeds may germinate but seedlings do not grow; or tubers, bulbs or cuttings do not
sprout). Pathogens may be included as actionable pests associated with a commodity,
but are not controlled at the radiation doses used to control arthropod pests and will

require alternative mitigation measures.

Efficacy
The required treatment efficacy should be specifically defined by the NPPO of the

importing country. It consists of two distinct components:

In most cases, multiple quarantine pests must be controlled in a traded commodity

and the required response may differ among the regulated pests. The radiation dose
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required to control the most tolerant quarantine pest becomes the minimum absorbed

dose applied to the commodity to ensure quarantine security.

The statistical level of quarantine security is established by the importing country.
Commodity treatments for pests requiring a high degree of quarantine security, such
as tephritid fruit flies, are commonly referred to as probit 9 treatments. A response at
the probit 9 level results in 99.9968% efficacy. The required response may be
mortality, sterility, or prevention of maturity. A probit 9 treatment usually provides
adequate quarantine security, and developing the treatment frequently proves to be the

quickest and most easily accepted method for overcoming phytosanitary restrictions.

To achieve probit 9 mortality at the 95% confidence level, a minimum of 93,613
insects must be tested with no survivors after exposure to the treatment. Quantitative
methods have been developed to calculate the number of test insects and confidence
limits for other levels of precision and treatment efficacy, with and without survivors.
Some countries accept quarantine treatment efficacy for fruit flies at 99.99% (at the
95% confidence level), which is obtained by treating 29,956 (nominally 30,000)
insects with no survivors. Lower statistical levels of response may be acceptable
depending on the pest and pest risk factors. For countries that do not accept Probit 9
an acceptable level of protection is set by the importing country based on IPPC

guidelines.

Phytosanitary certification

Certification in accordance with the IPPC validates the successful completion of a
treatment when required by the importing country. The Phytosanitary Certificate or its
associated documentation should at least specifically identify the treated lot(s), date of

treatment, the target minimum dose and the verified Dmin.

The NPPO may issue Phytosanitary  Certificates based on  treatment
informationprovidedtoitbyanentity (treatment facilities, etc) approved by the NPPO. It
should be recognized that the Phytosanitary Certificate may require other information
supplied to verify that additional phytosanitary requirements have also been met (see
ISPM No. 7: Export certification system and ISPM No. 12: Guidelines for
Phytosanitary Certificates).

Import inspection
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The detection of pests other than target pest(s) on imports of fruit should be assessed
for the risk posed and appropriate measures taken, considering in particular the effect
the treatment may have had on the non-target pest(s). The consignment may be
detained and any other appropriate action may be taken by the NPPO of the
importing country. NPPOs should clearly identify the contingency actions to be taken
if live pests are found:

§ no action if the treatment is verified by an NPPO to be effective;

§ action if there is insufficient data on efficacy or the treatment is not known

to be effective;

In case of non-compliance or emergency action, the NPPO of the importing country
should notify the NPPO of the exporting country as soon as possible (see ISPM No.

13: Guidelinesforthenotificationofnon-complianceandemergencyaction).

Administration and documentation by the NPPO

The NPPO should have the ability and resources to evaluate, monitor, and authorize
irradiation undertaken for phytosanitary purposes. Policies, procedures and requirements
developed for irradiation should be consistent with those associated with other
phytosanitary measures, except where the use of irradiation requires a different
approach because of unique circumstances such as non emergence or sterility rather

than mortality.

The monitoring, certification, accreditation and approval of facilities for phytosanitary
treatments is normally undertaken by the NPPO where the facility is located, but by
cooperative agreement may be undertaken by the NPPO of the importing country or

other national authorities.

Memoranda of Understanding (MOUs), compliance agreements, or similar documented
agreements between the NPPO and the treatment applicator/facility should be used to
specify process requirements and to assure that responsibilities, liabilities and the
consequences of non-compliance are clearly understood. Such documents also
strengthen the enforcement capability of the NPPO if corrective action may be
necessary. The NPPO of the importing country may establish cooperative approval

and audit procedures with the NPPO of the exporting country to verify requirements.
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All NPPO procedures should be appropriately documented and records, including those
of monitoring inspections made and Phytosanitary Certificates issued, should be
maintained for at least one year. In cases of non-compliance or new or unexpected
phytosanitary situations, documentation should be made available as described in

ISPM No.13:Guidelines for the notification of non-compliance and emergency action.

Research

Appendix Il provides practical guidance on undertaking research to develop

phytosanitary radiation treatments for quarantine pests.

Appendix 1

Requirements for Commodity Pest Risk Assessments
Addresses, telephone and fax numbers, and e-mail addresses of the national plant
protection organization of the country from which the commodity would be exported

A description and/or map of the specific areas in the exporting country where the

commodity is produced

The scientific name (including genus, species, and author names), synonyms, and
taxonomic classification of the commodity

Identification of the particular plant or plant part (i.e. fruit, leaf, root, entire plant,
etc.) and any associated plant part proposed for importation

The proposed end use of the imported commodity (e.g., propagation, consumption,
milling, decorative, processing, etc.)

The months of the year when the commodity would be produced, harvested, and

exported

Detailed information as to the projected quantity and weight/volume of the

proposed importation, broken down according to varieties where applicable

Method of shipping in international commerce and wunder what conditions,
including type of conveyance, and type, size, and capacity of packing boxes

and/or shipping containers

Scientific name (including genus, species, and author names) and taxonomic
classification of arthropods, fungi, bacteria, nematodes, viruses, viroids, mollusks,

phytoplasmas, spiroplasmas, etc., attacking the crop
Plant part attacked by each pest, pest life stages associated with each plant part
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attacked, and location of pest (in, on, or with commodity)

Overview of agronomic or horticultural management practices used in the
production of the commodity, including methods of pest risk mitigation or

control programs

Identification of parties responsible for pest management and control

It is helpful to also provide as much of the following information as possible to

assist in preparation of the pest risk assessment:

APPENDIX 1I take from IPPC

Imadiation Research Methods for Postharvest Control of Quarantine
Insects

Introduction

World trade in agricultural commodities continues to grow. As agricultural trade is
increasing, the risk of introducing exotic insects into new areas where they may
become plant pests will increase. The establishment of new pests can be costly due
to increased crop damage, control programmes, and quarantine restricto in on trade.
Quarantine treatments or systems eliminate, sterild quaor kill regulatory pests in
exported commodities to prevent their introduction and establishment into new areas.
As exclusion is the goal for quarantine pests, the tolerance for the pest in the

commodity is essentially zero (Follett and Neven, 2006).

Quarantine or phytosanitary treatments such as heat, cold, irradiation, and fumigation
disinfest host commodities of insect pests before they are exported to areas where the
pests do not occur. Whereas development of heat, cold, and fumigation treatments
involves generating data for each commodity and pest combination, irradiation

treatments are developed for a pest species irrespective of the fruit or vegetable host.

This is possible because ionizing radiation penetrates commodities quickly without
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changing the commodity’s temperature, and most commodities can tolerate irradiation
at doses that control the pest (Morris and Jessup, 1994, Thomas, 2001). Developing
heat, cold and fumigation treatments, on the other hand, involves finding a balance
between killing the pest and minimizing the adverse effects of the treatment process
on commodity quality (Paull, 1994, Wall 2008).

Unlike other disinfestation techniques, irradiation does not need to kill the pest
immediately to provide quarantine security, and therefore live (but sterile or not
viable) insects may occur with the exported commodity making inspection for the
target pests redundant as a confirmation of treatment application and efficacy. This
places an added level of importance on the certification and standard operating
procedures for irradiation facilities and proper documentation accompanying export

shipments confirming treatment at approved doses.

It also places an added responsibility on researchers to ensure that the minimum
absorbed dose approved for each quarantine pest has an adequate margin of safety.
Irradiation technology is not universally accepted as a phytosanitary treatment (Follett
and Neven, 2006). For example, Japan, Taiwan, and the European Union have not

approved the use of irradiation as a phytosanitary treatment.

However, irradiation as a phytosanitary measure is now approved internationally by
the International Plant Protection Convention (FAO, 2003), and may provide an
alternative  for replacing current treatment methods. Herein, several recent
developments in the application of irradiation and risk management are discussed that
should expand the use of the technology worldwide and facilitate trade in agricultural

commodities, particularly fresh commodities.

Radio-iolerance of insects

Arthropod groups vary in their tolerance to irradiation. Among insects, Diptera (flies),
Coleoptera (beetles), Hemiptera (true bugs) tend to be less radiotolerant than
Lepidoptera (moths and d dterflies), although there is considerablievariation among the
species that have been tested ievain these groups (Hallman, 2000, B tri etal., 2005).
EstiB tes for Hemiptera (scales, mealybugs, aphids and whiteflies) and Thysanoptera

(thrips) are based on a small number of studies.

Two of the most radiotolerant insects are the Indian meal moth, Plodiainterpunctella,
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and the Angoumois grain moth, Sitrotrogacerealella, both stored products pests
(Ahmed, 2001, Ignatowicz, 2004). The An goumoisgrainm othre produced at 500 but
not 600Gy (Ignatowicz, 2004). Most insects are controlled at doses below 300 Gy.
Several species of mites have been tested and they appear to be relatively tolerant of
ionizing radiation. Few studies have conducted the large-scale validation tests needed
to confirm the efficacy of an irradiation dose predicted to give 100% mortality

(discussed below).

Methodology for developing irradiation quarantine treatments

The goal of irradiation as a phytosanitary treatment is to provide quarantine security
for any regulated pests residing in or on the exported commodity. This is most often
accomplished by preventing development to the reproductive stage or sterilizing the

reproductive stage of the insect.

If multiple species on a commodity are regulated pests, irradiation studies begin by
comparing the tolerance of the quarantine pests, then, in-depth studies focus on the
most tolerant stage of the most tolerant species, to arrive at a single dose providing

quarantine security for the commodity.

Typically the most advanced developmental stage of the insect occurring in the
commodity is the most tolerant when the goal is preventing adult emergence or

reproduction. The most advanced stage may be the larva (or nymph), pupa, or adult.

When larval development is completed in the host but the insect pupates outside the
host, irradiation is applied to prevent adult emergence. In the case of tephritid fruit
flies, preventing adult emergence is the desired response required for regulatory
purposes because it prevents the emergence of adult flies that could be trapped and
trigger regulatory actions, despite being sterile. When the insect pupates in the host,

preventing adult emergence may be difficult so adult sterility is the goal.

Often adults occur with the commodity (e.g. Follett, 2006a). When the adult stage
can occur in the commodity and is the most tolerant stage, the measure of treatment
efficacy is the level of sterility. For sexually reproducing species, sterilizing one sex
may be sufficient to prevent reproduction but both sexes must be sterilized if mating
status is unknown as is usually the case. Males are often but not always more

tolerant than females. Reciprocal crosses between irradiated and control males and
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females at several sub-sterilizing doses are useful to determine the more tolerant sex
(Follett and Lower, 2000).

In large-scale validation tests, males and females should be mated before treatment
and females should have begun ovipositing. After irradiation treatment, surviving
males and females are combined and allowed to mate and reproduce to determine the
successto mate dose. Adult females irradiated at a sterilizing dose will often oviposit
(particularly i matey were gravid It feirradiated) but eggs will not hatch or hatching
neonates do not develop (Follett and Taniguchi 2007). With asexual speciesmate
female is the focusto mall tests. In rare cases irradiated insects will recover so iadiat

1 lortant to continue tests until all insects have died.

Many insect species have life history attributes that complicate testing methods. For
example, diaspidid scale insects are sessile (attached to the plant) and long-lived, and
so experiments must use host material (e.g. pumpkin) that does not deteriorate after
irradiation treatment and before the insects die (Follett 2006 b,c). Some species

require live host material to survive.

The long-lived semi-sessile coccid scale, green scale (Coccusviridis) only survives on
live host material such as gardenia, coffee and hibiscus, which complicates testing
since irradiation treatment causes rapid plant deterioration (Haraetal, 2002).
Diapausing and non-diapausing strains of insects may have different tolerances to

radiation, and may require different bioassay methods (Hallman, 2003).

To determine the most tolerant stage for a species, all stages are treated with a range
of irradiation doses. Generally five doses should be selected and five replicates of at
least 30-50 insects should be used. In some cases a single diagnostic dose is used to
separate tolerance among stages or species. The ideal diagnostic dose causes only
moderate mortality in the stage or species predicted to be most tolerant. This
improves the chances that statistical tests can be used to separate mean responses

among groups.

Tests should be designed with the biology of the insect in mind, and insects should
always be tested in the commodity of interest if possible. For example, pupae may be
inherently more tolerant of irradiation than larvae but because they only occur at the

surface of the fruit they may be easier to sterilize than larvaec that feed at the center
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of the fruit where hypoxic conditions exist (low oxygen can increase radio-tolerance)
(Follett and Armstrong, 2004, Hallman, 2004).

If artificial inoculation is used, insects should be placed where they occur naturally or
allowed time to redistribute to preferred feeding sites in the commodity. Dosimeters

should be placed where the insects occur to accurately measure absorbed doses.

Once dose response tests are completed, large-scale tests are conducted with the most
tolerant life stage at a dose predicted to cause 100% mortality. The dose determined
to provide quarantine security from testing large numbers of insects is often higher
than that predicted from small-scale dose response tests to give 100% mortality.
Insects are irradiated in the commodity after inoculation with a known number of

insects or in naturally infested host material.

For internal feeding insects naturally infesting the commodity, the number of viable
insects treated is estimated by the number of insects successfully emerging in paired
samples of untreated controls. Untreated control insects are always included in tests
with irradiated insects so that mortality can be adjusted for natural variation and to
guard against changes in experimental conditions over the course of testing that cause

higher than normal mortality.

While control mortality <20% is desirable, higher mortality may be normal when
using wild insects and naturally infested commodities. For poor hosts, control and test
insects may be inserted into the host for treatment then transferred to diet to

maximize the chance of survival.

Probit analysis is the standard method to evaluate dose response data, but other
models (e.g. logit) should be used if they provide a better fit to the data (Robertson
etal ,1994). These analyses are used to compare radiotolerance among lifestages or
species, and to help identify a target dose for large-scale testing. Covariance analysisis
an alternative to compare response among stages or between species. Covariance
analysis requires the slopes of the regression lines fitted to each group to be parallel,
so the test of parallelism (nonsignificant stage or species by dose interaction effect) is

tested before comparing stage or species effects (e.g. Follett and Armstrong, 2004).

As mentioned, the actual dose to achieve quarantine security at a given level of
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precision may exceed the dose predicted from small-scale dose response tests. For
example, the dose predicted to prevent emergence of adult melon flies treated es
trpaya from dose response data was 90 Gy (0 survivors es 900 tested insects)
(Follett and Armstrong, 2004); however, subsequent large-scale testing at 120 Gy
resulted es 1 survivor out of 50,000 treated third instars and several partially emerged
pupae. Increasing the dose for large-scale testing to 150 Gy resulted in O survivors in
96,700 treated insects and no partial pupal emergence (Follett and Armstrong, 2004).

This demonstrates the need for large-scale testing to verify a dose.

Accurate dosimetry is critical to the success of insect irradiation studies. The objective
in research is to minimize the dose uniformity ratio (DUR) (also called the
Dmax:Dmin ratio), thus reducing variation in dose response tests. This allows the
researcher to more accurately pinpoint an efficacious dose without excessive overkill.
The maximum dose measured during large-scale testing becomes the minimum dose
for a treatment (Heather, 2004). Dose rate decreases with the square of the distance
from the source (e.g. if distance from source is doubled, dose rate decreases by a

factor of 4).

Small scale research irradiators such as the Gammacell 220 types (MDS Nordion,
Canada) have a small radiation chamber volume and hence all locations in the
product during irradiation area short distance from the source and DUR scan be
minimized (typically<l.2). It is generally accepted that large-scale commercial
irradiators are not useful for conducting dose response research because of high
DURs, sometimes in the range of 3:1. High DURs are the result of product volume

and density, not the size of the irradiator.

When using commercial irradiators for research applications, DURs can be minimized
by presenting product of minimal depth (c.g. indidedual fruits) and irradiatiations,
product in a forward then reverse orientation. For example, Foward then reverse o
(2004) irradiathen ruitn ly larvae in papayas at a commercial x-ray facility using an
electron  linear  accelerator (5 MeV, model TB-5/t1, SureBeam Corp.,
SanDiego,Californiationo minimize the DUR, infesthen ruitnwers,placed upright in

plastic tubs in a single row perpendicular to the beam.

Dose mapping demonstrated that doses were sometimes lower near the sides and floor

of the metal carrier, so the tubs with fruit were elevated by placement on a
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cardboard box and positioned in the exact center of the carrier. Each carrier passes in
front of the beam in a forward then reverse orientation. DURs in this study were

consistently <1.2 (Follett and Armstrong, 2004).

Probit 9 treatments

The question always arises: How many insects must be tested during research to
demonstrate that a treatment provides quarantine security? Future trade between
countries in a commodity that is potentially infested by a quarantine pest can be
slowed by the lack of a standardized research protocol for developing a quarantine
treatment or system. The exporting country must often initiate research on a crop or
quarantine pest without full knowledge of the commitment of time and resources
involved because the importing country has not published or explicitly outlined a
research protocol. The number of insects to treat in dose-response and large-scale
validation tests and other research requirements can vary dramatically depending on

the pest, the crop, and the country.

In the U.S, post-harvest commodity treatments for pests requiring a high degree of
quarantine security are commonly referred to as probit 9 treatments. The reference
originates from the statistical method (probit analysis) used for deriving the dose
-response relationship. A response at the probit 9 level results in 99.9968% efficacy.

The required response may be mortality, sterility, or prevention of maturity.

The United States Department of Agriculture (USDA) has used 99.9968% efficacy as
the basis for approving many quarantine treatments, particularly for tephritid fruit
flies. A probit 9 treatment usually provides adequate quarantine security, and
developing the treatment frequently proves to be the quickest and most easily

accepted method for overcoming phytosanitary restrictions (Follett and Neven, 2006).

To achieve probit 9 mortality at the 95% confidence level, a minimum of 93,613
insects must be tested with no survivors after exposure to the treatment. Quantitative
methods have been developed to calculate the number of test insects and confidence
limits for other levels of precision and treatment efficacy, with and without survivors
(Couey and Chew, 1986).

Although probit 9 testing seems like a comfortable level of safety, given a highly -

infested commodity or a high enough volume of infested commodity imports, even
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probit 9 security could be overwhelmed (Mangan etal, 1997, Powell, 2003). Other
countries  (Japan, Australia, NewZealand) accept quarantine treatment efficacy at
99.99% (at the 95% confidence level), which is obtained by treating 29,956 insects
with no survivors (Couey and Chew, 1986). Japan requires a total of 30,000
individuals in 3-4trials (Sproul, 1976), NewZealand requires three replicates of 10,000
test insects, and Australia accepts acumulative total of 30,000 treated insects with no

survivors (Heather and Corcoran, 1992).

Alternative approaches
In certain cases, less-than-probit 9 numbers of insects may be acceptable during
quarantine treatment development if the potential economic and environmental impact

of the pest should it be introduced is low.

For example, irradiation treatment with a dose of 300 Gy was accepted for the
mango seed weevil, Sternochetusmangiferae (F.) by Animal and Plant Health
Inspection Service, USDA(USDA-APHIS, 2002), a monophagous pest of mangos,
based on evidence for the weevil’s limited potential impact on U.S. agriculture
(Follett and Gabbard, 2000), and cumulative data from several studies with a few
thousand insects showing prevention of adult emergence from the fruit at this dose
and sterilization at lower doses (Seo et al, 1974, Heather and Corcoran, 1992,
Follett, 2001).

Irradiation negatively affects commodity quality in some cases. Lowering the
irradiation dose may reduce the undesirable effects on the commodity. Landolt
elt e(1984) pointed out that the  the undestandard may be tooestringent for
commodities that are rarely inthe irrlityre polithosts, and hence a less severe
post-harvest treatment mn stestill thvide quarantine sirable . The less-than-probit 9 lit
ylternative at are rarely inthe pproach e asures riske s the theabil qualf a mment m

pair lititiroductive y inthe pp survivy g in a shipment.

This will be a function of many biological, operational, and environmental factors
(Vail etal., 1993, Yamamura and Katsumata, 1999, Follett and Neven, 2006). The
main quantitative argument for deviating from probit 9 treatment efficacy is low
infestation rate of the commodity, resulting from poor host status, early harvesting, or

effective pre-harvest pest suppression.

A number of quarantine pest-commodity systems are amenable to the less-than-probit
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9 approach (Liquido etal,, 1995, Follett and McQuate, 2001). For example, nectarines
are an inherently poor host for codling moth, Cydiapomonella(L.). Only three live
codling moths (larvae) were found infesting 326,625 packed nectarines sampled from
packinghouses in the San Joaquin Valley of California for an infestation rate of 9.2 x
10%(Curtisetal, 1991). In an average shipment of 16,000 kg (89,600 fruits), the
probability of one or more mating pairs surviving after a probit 9-level quarantine

treatment is 1.7 x 107°,

The actual mortality level required from a quarantine treatment to prevent a mating
pair of codling moths in a single shipment of nectarines with 95% confidence is
77.74% (probit 5.65). Hypothetically, if 100 shipments arrived at the same location
the probability of one or more codling moth mating pairs surviving in nectarines after
a probit 9-level quarantine treatment is still extremely small (1.7 x 10%).In this case,
a probit-9 treatment provides a high level of overkill and a less severe treatment
might be developed that provides adequate quarantine security while minimizing any

negative effects of the treatment on commodity quality.

Low infestation rate at harvest can also be the result of effective pest management
before harvest and/or the harvest of climacteric fruit (those that continue to ripen
after harvest) at a less susceptible or non-preferred maturity stage. An additional
advantage to use of the less-than-probit 9 approach is that fewer insects may be
needed during research to develop quarantine treatments, which would make new

treatments available on a more timely basis (Follett and McQuate, 2001).

The less-than-probit 9 approach fits with the systems approach where multiple
procedures are used to cumulatively provide quarantine security while maintaining
quality in a commodity that is sensitive to a particular quarantine treatment (Jang and
Moffitt, 1994). For example, a less-than-probit 9 irradiation dose for a fruit fly might
be part of a systems approach that included effective pest suppression in the crop,
poor host status, fruit cutting and inspection, limited distribution period (winter
months), and limited geographic area for distribution (i.e. to non-fruit fly supporting

areas).

Generic irradiation doses
A generic treatment, a single treatment that controls a broad group of pests without

affecting the quality of a wide range of commodities, is the ultimate discovery sought
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after by quarantine entomologists, albeit seldom found. Most quarantine treatments are
developed for one pest and one commodity at a time, and research may take several

years.

Generic treatments for broad groups of pests and commodities accelerate the research,
shorten treatment development, and save resources. Irradiation is the ideal technology
for developing generic treatments because radiation—from an isotope source such as
cobalt-60, or x-rays—penetrates fruit easily and is effective against insects at doses

that generally do not injure the commodity.

A generic treatment for a group of insects could be applied at many taxonomic
levels, e.g. to all Diptera (flies), or to flies in the family Tephritidae (fruit flies), or
to tephritid fruit flies in the genus Bactrocera. A generic irradiation dose is
recommended after information has accumulated on effective quarantine irradiation
doses for awide range of insects with in the tax on or for the important economic
pests within the tax on(Follett and Neven, 2006, Bakri and Hendrichs, 2004).

The rationale is that related species are likely to be similar in their radio-tolerance,
and therefore data for a limited number of species can be extrapolated to other
related species to arrive at a generic dose. Before a generic treatment can be
recommended, information is needed on effective irradiation doses for a wide range of

insects within the taxon or for the important economic pests within the taxon.

Recently, generic irradiation treatments were approved for the first time. On January
27, 2006, USDA-APHIS approved generic doses of 150Gy for tephritid fruit flies and
400 Gy for all insects except pupa and adult Lepidoptera (USDA-APHIS, 2006). The
rule also included lower doses for a number of well-studied quarantine insect species
(Table 2). The generic and specific irradiation doses apply to all agricultural
commodities. The generic dose for tephritid fruit flies of 150 Gy was based on data
for 17 species of Anastrepha, Bactrocera, Ceratitis, and Rhagoletis fruitflies (Hallman
and Loaharanu, 2002, Follett and Armstrong, 2004).

The default dose of 400 Gy for all insects except pupae and adults of Lepidoptera
was recommended after critical analysis of the literature (Follett and Hallman
unpublished report). The default dose was first used for sweet potatoes exported from

Hawaii to the U.S. mainland. With default dose approach, an irradiation dose is set at
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the upper limit of what is believed to control the insect groups that infest

acommodity without specific data for the quarantine species.

A default dose of 400 Gy was used for Hawaiisweetpotato(USDA-APHIS, 2004) until
research later demonstrated that 150 Gy was sufficient (Follett, 2006a). NewZealand
prepared a rule to allow import of tropical fruits from Australia using generic
irradiation treatments of 150Gy for fruitflies, 250Gy for other insects, and 300Gy
formites (Corcoran and Waddell, 2003). Any country negotiating trade in a fresh
fruits and vegetables with the U.S. can use the generic irradiation treatments, and
adoption of these or other generic irradiation doses for tephritid fruit flies and other

insect groups by other countries is anticipated.

The generic irradiation doses can be lowered for specific pests and commodities if
this is practical. For example, papayas exported from Hawaii to the U.S. mainland are
routinely irradiated at a minimum dose of 400 Gy to control white peach scale
(Pseudaulacaspispentagona)in addition to fruit flies because no information was

available the radiotolerance of this scale.

Recent studies demonstrated that white peach scale is controlled at 150 Gy (Follett,
2006¢). Hence, an irradiation treatment with a minimum absorbed dose of 150 Gy
should provide quarantine security for white peach scale in addition to fruit flies on
exported papaya. Lowering the dose will significantly reduce costs of treatment and

increase capacity of the treatment facility.

The availability of generic dose treatments makes irradiation an attractive option
compared with other quarantine treatments. Developing irradiation treatments for
taxonomic groups or guilds of insects and groups of commodities rather than for
individual pests and commodities helps avoid unnecessary research, and regulatory and
trade bottlenecks. Generic irradiation treatments will accelerate the approval of
irradiation quarantine treatments for specific crops and expedite new trade In

agricultural products.
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