




-2. . Subchronic and chroni-:: feeding stud-ies-in rats, L-----L- mice and dogs: _"_ ^---- -.---. .-_.----,- -,_ __ _._--._ . _- 

= 97: %iti-' gene-ration s,tud- in r~ats with radiation-pasteurized 
:-h&ken; .Etc tine&t-t-an. Fekejen, A.; Van der ?Jeu,l.en, H;C.:'ril. 
H.P.& 4e c;rc.:~t, ;-5.P.; 19Ti;.%lip0 Tec:h.Report R3622. 

This multigeneration reproduction study i-n rats .fed diets 
r;it.h 35% chic:kcn irradiated up to 6 kG,v :600 kkadl was well. 
conducted and did not shot; ,any ad*:erse effects' of feeding 
irradiated chi‘cken on reproduction,param,eFersY &go-day 
su'bchroni,c study perfdrmed'with third generation 'offspring 

.reported slight changes in heart, liver and kidney weights 
and-a d.ecrease of serum g'lwtamic-pyru<& a&id transferase 
(SGPT) and. alkaline phosphataae (A-Pj-. These..observations were 
not considered to be of toxicological slgnifdctince. 
The Agency requested, received and.reviewed the working 

-s,heets of individual animal observations (including 
histopathology) . These records wer&,"nbt useful for 
'\erifi.cat.ien -of the ,repo&d resultsr~'~,Howe~ei-2 in view of the 
escelXen,t reputation of 'the performing laboratory, and the 
excellent design o'f tb;e study TiTRE cotisiders this study 
acceptable as part of the safety evaluation. 



.This special study t;as designed'to evabate @het,her rats fed 
a diet with 35% chicken irrad-ia&d at. 47 key (4700 kRad) 
tcould'devel.op signs of th,iam&e defici+cy. The activity of 
the thiamine dependent eirzyme, &an,sketola'se in ‘erythrocytes' 
wa'h-.not significantly 'alte'red~ 612~ feeding rats diets with 
irradiated chick& indicating:th&t the rats,' thiamine status 
vas sufficient, However, since the duration of this study was 
not.'reported this finding is of li,mited value foi- our safl*Y 
evaluation. 

=%a 8. a.- 
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T!:1 cs r (” I-‘3 t I, i >gJ- 5 1. uds- b-as ret-ierced in-depth and, although 
sa;rj f‘j*ke :-'a s per formed '1 day earl:- [da)- 20 of ge-station), no 
e=*- Lde!lr7t) !>f tecato~'enicits-uas found? The study ther,efore 
5 u p pc.’ 1‘ IF 6 the absence of teratogenicitg. 

I- ._ . Potential l'or Genetic Toxicity: -.-___-__-_- --.--.- -L 

I 45 Dominant lethal study; Black, C.S. et al.; no date reported; 
Contract. 

This dominant iethal study in mice fed 35% of their diet as 
irradiated chicken was rejected, because no i~~&%iia~~on dose 
was reported a-nd because the positive contro,l 
itrieth>=ienemelamine.J =as found to be negative. . 

199 EL-a1uatio.n of the mutagenicitY,of irradiated sterilized = 
chicken br the ses-linked recessive lethal test in Drosophila 
melanogaster; Lusskin, R.N.; 19i9; Contract Rep. 

Raising Drosophila on a medium containing extracts of chicken 
irradiated at doses up to 55;8 k&e (5580 kRad) resulted in a 

decrease in the &umber of offspring.-However, the control -3-.- 
with estr-acts of unirradiated chicken was also toxic to 
Drosophila (see memo Benz, November 8, 1988). The 





_I 

; -: I radiation 
no 8 t utly s pt:'c i3s .dose .' effects "durLat,ion _~ 

.--k--L-- ..-- - . . . .---___..__ _ kRad .^.. . . _-.-____--i_ --.. -.-- 
: 

z 97 sybchronicjrepro rat ., .96# none 
38 chronic rat' #" _, T30, none 
iY chr$*nie/reprr:s mouse '. a 

2"ii chronic .':~~O 700~ 
kidney &a 

muusc none 
16 chronir:/repro dog 9.99 '5igOO -, serum glob. 

334 chronic dog 365 6'00 none 
21.8 snbchr.ispecial ra,t 4500 none 

90. teratology hamster - 4500 none 
90 te.ratoiogy rabbit .li 4500. none 

S53' trrat.oio.~?- mouse 18 4500 none 
i9 terato1og\ rat 20 5900 

139 mutat ion Drosophila 
; . 

558-c) 
none 
estract toxic 

15 kmes S.thyphim 590-O none 
265 Ames S.E.l;phim 2 TOO nune 
305 SC'E~micyonuc/spe rat,mou&e -# TOO none 

The above studies were tholrough.ly reviewed and when necessary 
indix-idual animal data or microscopic slides were reviewed by FDA 
scientists. Ke hav,e not identified any studies that indicate 
adverse reactions to the consumption of irradiated chicken-upto- 
a radiation.dose of 59 kc:- 15900 LRad). It has been established 
that the formation o:f radiation;, products has a linear 
relationship to the radiation dose ,(-Bureau of -Foods Irradiation 
Committee Report, 198-I). The innocuousness in animal studies of 
chicken irradiated at doses up to 59 kGy (5900 .kRad) Provides 
sufficient evidence for the safety of irradiating poultry at the 
petitioned level up to 3 kCy (300 kRad). 
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fresh shell eggs is safe.. 

In addition, irradiated whole and powder eggs or egg prod&s at dose range from 3 to 10 
kGy were approved in Croatia (from ‘1994), Fran&(f?oti 19!%), Mexico (from 1995), 
South Africa (f?om~ 1989) and Yugoslavia (from 1984). This information was based on 
Food Irradiation Newsletter (Joint FAOUEA Divi$on of Nuclear Techniques in Food 
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II. 

e, FAIS Dakument TvDe“ ik Number’ 

Experimenta, Design 
I 

T.est Type/ Date/ FAIS Test Name Code ” ;q4 
__ 

Test Subject Species/- FAIS Test Subject Code ’ J&&S .’ 
‘. ,, .- AfY .L-- 

a. 

b. 

d. 

C;rou’p Size/ Sex IO- 36/x*/g e. 

Iyradiati.on,Conditibns: 

- .Type of, Food Irradiated . 

- Dose and Source 8% r 

fi 

- Time, after Irradiation 3 

- Atmosphefe - fwkp- &A& &- &i-/"/y. L9--- 

- Temperature 
bdL-4 iC- 



Commefits 

m ^_c : L . 

11. Experimental Design - 

_ a. Test Type/ Date/ FAIS Test Name Code I%%$&& . 

b. Test Subject Species/ FAIS Test Subject Code fig..-- 

C. Test Subject Strain ~&&w-S&&,C~&--~.-=G~~.K ?%U/cu / a- / 
d,. Test Duration, Specified in Days -‘/t_l/-L’ 

e. Group Size/ Sex +$-bP&4Q&/ - 5i&m?f sgii%hd f g //. 
f; Irradiation Conditions: 

d.~@P.& 
. L 

.Type of Food Irradiated m Qdk! . , : . / 

Dose and Source krad/ Mrad 

Time after Irradiation n3& *- 
Atmosphere - n,e 

Temperature 

.x-L- - 



I. 

k’ Study, Title I 

bi Author’s. mamil 
. . 

rs Tune nf k 

i- 

.1r. 
. - . . 

. 

Comments : . . ‘c’:. -- ._. 
_- - - . 

,. . 
- 

T 
-_ 

r 

4 . 
- . 

: . 
. 

L 
_ . 

. _ 

Expirlmerkal Desiqn 
/24f-&&Lcf;~~//Y .- _ 

zi-wLc-c‘~-ti~~ /e 

a’. Tei$ Typei’ Date/ FAIS Test Name Code us /v b? ‘, 

be Tes,t. Subject ,-Species/ FAIS Test Subject. Code. - ._- 
ci Test S,ubjeqi Strain :/ 1J tL-d.rrdk, I , i: 

_ 
d. T.est- D.uratiqn.; Specified;, !p Days f-s. - A&.&k 

V / f 
e I ‘Groi~p Sfte/ ‘Se? 20 6, 30 T=- 

f’. Irradiation Condstions:. 
. 

- Type ,of Ftiod .Irradiated ew 
. 

- - Dbse and source Q-4 JeSF/ Wad’- . y; 

- Time. after Irradiqjion 
-; 

R i . . . - 

‘rn - Atti0sbhei.e -. /I& . - 
.- ‘. : 

* 
- Temperature NR 

t.-.. __ 
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DeaiSkorMadam: ,, 

The undersigned, Food I&-adiatim Co&&n submits this petition pursuant to section 409(b)(l) 
of the ‘Federal Food, Drug, aad Cosmetic Act ‘with respect to the approved sourcesof ionizing 
radiationfor tbe.treatment of human foods consisting of (a) edible tissue of animal f&d sources, 
or @I) plant material (including seeds, sprouts, and the expressed or extracted juices of fruit or 
vegetables used as a beverage), with or without other approved food additives and ingredients to 
help control illness-causing micmbiai pathogens (e.g., Batik cereus, Clostridium perJ?ingens, 
.Campylobacter jej& lkheriehia coli 0157:H7, Listeria monocytogenes, Salmonella spp- and 
,Y$hige& spp., Sta&~~oc& : &eus and Ytir$nia spp.) and -infectious protozoa (e.g., 
&&spora cayetmem$ ; and C~~ftisp&-idiz&a panwm),: thereby reducing irelated ~ i&dents of 
foodbome i&es&% .and loss of -life. ~Fintber; achieving this primary ,obJective of ,pathogen 
cond , can also’, $;exfsect& I to result - in the conconmant ‘( extension of nonfrozen (i-e,, 
refiigeiated), edibl&n&ketable life. The +pif-life ,exteusion results firoin, the simuhaneous 
r&u&A in m&&s of thenon-patho&nic Goilage, mi@oflora that are common to such food 
materials, thus delay$g the. onset of typical;‘recogniiable”spoilage patterns by a matter of days to 
a -week or more ni the dose ranges of ‘intemst and under existing and anticipated packaging, 
handling, marketing and distribution/display ..systems. 

-.- 
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I. 

b.) Toxicological Significance 

i.) Processed Meat and Poultry ,:,,.,, 

Toxicologically, chemical compounds formed during fiod irradiation ‘at doses ,up io 10 kGy are 
insignif&utt and tie the same. as those a.@ady found in small quantities in foods or as formed 
during traditionil pl&ssses like heating and drying. (WHO, 1994). . As tithhdkg and drying, 
radiolytic products formed increzise ,+h dosage. Thus, frozen.. f& have fewer radio&tic 
products than those irradiated at room temperature. This accounts fdr the o&n $r&ferred utility 
of, irradiation Fder low temperature conditions, reduced oxygen, or in the presence of 
antioti~ts (WHO, 1994). 

.*a.. i /;, j+ ., .’ 
Radioly& pKduc& oi any food product i&ad&ted up to IO l&$~&%e ~~e&&&miqed by the 
Joii&@od -gnd @r$#ure -lion--,?f the, Unit@ ~,&+/Jnt~mation$, ,A&& Energy. _. ,‘ -I ,“1, 
Agen#W&?~Expert~ C$x$tee on the ~~~~~so~e~ess,o:~~l~~~--~~ (WHO,<-1980) to be 
toxicor6g~&@$p&$i~~cant. ;, The,\Cp&&‘s op&ian ~~&~~~~~&~~~~~~ f&$&@&of a&-& 
fe&@$&j,@&&j& f+ q@j.$ferept~ cJs+s of fo&ari& ~&$t,&&+&&io~iof&e (&q&J & ri; ,;:, L .>, &P. ̂, 
cqmpotui& ‘f?r&ed by the irradiation of the principal compop+s of;fw3 \Th& .Committee also 
retie&d &e restilti: of studies of ,multi-generatio animal Colon% $&red & ,irr&iiated diets 
either @iliz&@ 25,+?4 kGy or treafed to.destroy pathog?!+! 15 ,tVF?$ .mO, 1994). . i _ ‘_ .f&cci;\” l,q;,-;,.$~ : ‘m R” I.,. “? , ) /I .1.’ ., j” ,: j.; ,; ‘L i’,. ~y.:p-;.sy ;,*t- ;q.,, -, J ,,, * !” 
-fj.,e,,J;~&,’ &+.t ,&$9$4 co+&s, tit ~ol~c’.~~~~~~~~-~~~~~~~v~,:ibeen we& 
inve&gat&i toxicologic&y, and the da&&se i&iicates r& ~~d+&&%ff&% :in t&adiation doses 
tested; The Joint Committed has reiterated its position (WHO, 1997)‘thqt~foodtiti+tion will not 
lead to toxidlogicai changes .+dverse to human health and wil~:,~~$ledd& ~&trient~:losses that 
have adverse heaIth effects. The WHO position on l&k o~&i@&, ~&$&i-s&~~l~ products in 
irradiated food #has a&o been expressed in.the review of~~~~~~‘~~~~r1~~~~j’-~y note 
that low to medium doses of irradiation have little ne&tiye effect ‘&I. vi&&i&s ‘and other 
nutrients. Further, they cite that world-renowned scientists, hea&.o~g~ti&s, arid agencies , 
agree that radiolytic products formed during the irradiation $r&ess fi ne danger to human 
health, Crawford ,and’Biff conclude that qt dosesup to l@kGy, irradiation of,food is safe and 
effi~ve. 

‘,L “$‘i* 2: ‘-’ ;, :irc. 
‘. ; .I _. ;: ‘; i.‘,, 8. ..? Y: ._, “-21;;;q;;.~~ T ,. ,I ._ r:,- 

A positive effect of &-&&hg &cm at 3 M& (30 ‘.;&‘&j’ :%& “no&d ~‘&“‘&&Q~, Gates, 

Pensabene, and : Wierbick (i980): the reduction of residu&&ri~ ~pii&‘:%.&:~$j, so that less 
nitrosation, of residual amine occurred. Dixon (1961)’ “te&ti ~ ,%or -form&&ti:5of toxic or 
carcinogenic co&qounds in fat of irradiatg bacon. Micq;+z& fed th&pid&of ijiradiated (56 
kGy) and: f&d bacon fat such that this constituted 20% of their dtet:’ ‘There WY no sigu33cant 
diff&r~ce between mice eating. lipids of u&radiated b&c@ dr iri%liated bacon. ‘Xraybill et al, 
(1958)~reported investigating. irradiated f+ (at comme@al ‘$r@es&ng dosageland twice that 
level) that inchided ground beet fresh ham,, sliced b;aF& @en ‘I&I& &~&?@ets, frozen 
strawberries, aqd’sliced peaqhes as dry solids fed to mtK :The di&s’%@re~s&factory as far as 
growth and feed efficiency and were non-toxic baSed & th&: 8 &%k trial an&d& continuation 
through two successive genewtions. A feeding study by Slood let al (1966) .ihowed that rats 
could be fkd up to two yea& on irradiated~beef as dry so&Is withno ad&se eff&ts,as evidenced 

* 
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by growth, hematologic change, 
..’ -. 

food efficiency, reproduction, mortality,:.,. ,~d psthologv. 
Genetic toxicology $i?ii&atcd, cooked chicken (7 kGy) and dried dates (I kGy) has been 
studied in small rod&“&nd Drosoph&z ni&Zanog&er by Penner et al (1982); None of the tests 
provided any evidence of toxicity induced by.irmdiation Ehas (1989) has written a good review 
“of animal feeding studies and rnu&genicity testing. 

ii.) Fruits and Vegetables 1 L._ 
.i. & -. ‘; i,.<. jr. --A ” _/ di” ..:xfl, * . The &e&wgmefi& &&&M apprmch k appli&e t; the safety ’ 0; $&&&&Y$f &&. 

According to Basson et ail+ (p983), d&a from fits is applicable among a# fi$ts: $#h& e&s, based’ , 
on their work on $he,mango, strawberry, and Iemon, the radioljrtic .,pr~u~ts:.~o~~~~-~~~~~~ very 
close +I spectra. Radioi$ic products in fruits otiginate from the carbohydrate f&c+: (B&son et 
al 1983). The result is.c+bonylic~compounds and hydrogen peroxide. Intere$$i$y~Beyers et al 
(1983) found three times&e carbonyls in thermally treated mangoesverstu -$$di$ed. ,, Kader 
(1986) noted that jomzmg ‘energy in the presence of ,&u$s and ‘vegetables produce~~&er&iicals 
mostly &urn water and cxygen because product is 80-95%.water and the iiitenZ@ri&r +aces are 
20% oxyggn. Free r&i&ls.lformed are the same as those naturally #jducedLm~$J$huin&body 
(Hassanand Schellbom~~~i~88; We&s and Sies, 1988) $ ,‘,... ,_ :;,... 

‘~ ,. _,,_- 
Irradiation of &r&s is awell-studiedsubject because of the FDA +proval of i&$&ion up to 1 
kGy in 1986. I Irradiation is helpful in sprout inhibition, insect disinf~~o~;. and deIayed 
ripening. A dose ‘of 2125 kGy is generaily the maximum expostm? ‘tilerat@ .,by, fresh 
commodities (Kader, 1986). Mutagenic effects noted for carbohydrates alone insohttion are not 
observed W@XI the actual @cd ‘is irradiated, overi at higher doses,, as noted$or dates ‘(z&d cooked 
chicken ,and fish) (Renner et al., 1982)’ and f?u.its and their juices (Den:@jver et al,, 1986); 
Dilute sucrose solution (a mimic for whole grapes and strawberri&) ,iriadiatcd’:with20 kGy 
produced the toxic agents hydroxyalkyl peroxides. derived from, the interaction -‘of mdiolytic 
hydrogen peroxide and q. ~imsaturated,carbonyls Corn radiolysis of sucrose~(Schtibe& 1969). 
However, strawbe~es &radiated at 2 kGy (do not show any amounts of the pkrdxides or 
carbonyh. Similarresults have been noted by Basson,, et al,‘( 1979) with mangoes. 

iii.) FoFulated Foods h. 

To date, most food irradiation applications have been based on irradiating the food either in a 
whole ,form or the whole food divided into discrete pieces. Studies and~literatum reviews 
addressing the toxicological safety of irradiated foods have consequently focused cn the 
properties of whole foods. Petitions granted by the FDA, for the most part, involve, irradiating a 
whole food. This: petition is requesting approval for ready-to-eat whole foods and ready-to-eat 
formulated foods as we& Formulated foods would be mixtures of food components with added 
food ingredients. 

hi considering the toxicological safety of irradiated fomndated foods, we must rely-on any. 
available information and ,also consider the further application of any principles of irradiation 
chemistry to help us judge the safety of irradiated formulated foods. 

.- 
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II, Experimental Design J%qsw~~-~/ly - 

a. T.&t Type/ Date/ FAIS Test Name Code PL-A k--/h 
.'+ 

b. Teit Subjekt Specik FAIS Test* Subject Coda /tti I/O ,.:: '_ .' > 
ci '?kst Subject Strain pftt . 
d. Test Duration, Specified in Days 46 ; .i.+iL&A*h c/p dice 

ei Group Size/ Se'>! tw /',& I 
f*. Irradiation Conditions:, 

- p.y.-d.+> J -4-v, 4&"/m, JtL-+b 
- Type-of Food Ir'ra.diated fp&u~‘ wwd, Ah.., e&44 powdc, - 

- 
- Dose and Source 3 ;6.'W/,Mrad f-+3 . 
- Time after Irradgation m' . 

- Atmosbhere - flfi 
l 

- Temperature h/R --: ,- 

? : 
- 

i i .'- 



- -7-----... 

=Y=Basic Diet -. TFF 
-=7-i. 

:-- i Non-irradiated- Food . 
G--y, .,- ;l""m .- "-.T- 2 Y=r--.- 

- Antioxidants - 
.__ _ . 

;. Cooked Foqd(inci,microwave) ./3 - Palatability'- '.' - 

. -SOther’Lsp+fyI I .yJ ._ ,’ 
(ii .- Proces&g & Storage . -. 

- I > c A -- D&e t&Irradiated Food' 3k! 

ddmments: L&d -. :*p-kA y&L -&4&+&g ". * ? . . I . _,_ . 43 i 
. . 

._.' 

F&d Consuwtpt@n ’ rjd 

Hematology 5 ” /71 

&dd'ChemSstr~ ._. a . . -. 

.Teiatology 5 



II. 

ReSection' -. h, Reason for 

i - _ Submary. of 

CommenZs 4 

Experimental Design 

T*est Type/ Date/ FAIS. Test' Name Code * 
j&&g.#+ 

, a. 

b. 

C- 

d. 

e. 

fo- 

Test Subject Species/ FAIS iest Subject Code K-3, : 

Test Subject Strain /+&- c&yL4hNJ/r 

Test Duratibn, Specified in Days 2.y;- / l@-%a.4Fj”- pGzj 

i 
. - 

Group Size; Sex ‘. y/Ihqy-f+ . gl~q&L.~ z-74 
/ @ z~-&---d. G!a 

Irradiation Conditions: Lib.4 

--Type. of Food Ikradiated 

- Dose and Source-2 *79-57gg , r >-- CL Q&J-) 
/ , 

- Time after Irradiation L/ -h-Jk. -.I Yd 

- Atmosphere - a .- 

- Temperature s- "c 
_ '. 

c . 

: ; 
. . 



3. Food ‘Cpnsubption. 

4. Hematology 1 - 

L I_--- 5: Blood’Chemistry 

6. &inalysfs 

. 7.. MortalTty 

8. Crbss Pathology 

9. Organ Wei.ghts 

10.‘ Hiqto@athology 

11. Tumor Incidence 

-12* Reproduction 

13. Teratology 

14. Other(specify) 

Comments: 

.‘a 

. . 
. 

.‘..’ 

LT 

LDw 

u- L 

. 

c 

.: 

: 
.,... ‘1. :, 



f, Testirig, Faci’lityk F’AIs # 

.e 
c . _. r : 

II. Experimental Design 

a . . T-est 

b. Test 

c. Test 

d. Test 

Type/ Date/ FAIS Test-Name Code 

Subject Species/ FAIs Test Subject Code .,’ % 

Subject Strain p4L-b ‘ c_3 /y/f a c”pT. + 
/ / 

Duration, Specified’in Days c. cc. 75ody. ,. 

e. Group Size/ Sex I&. .C.‘jL f.Qi ri&lr;-d’w~4, s+/ $8, 
Lww.-cI = .==)I, csc, 

fl Irradiation Conditions: 

- ‘Type 

- Dose 

- Time 

of Food Irradiated /3&w? r, .~” 

and Source sais- &JZ+# M&j 

after Irradiation s- -ZZ. 

., r 

- Atmosphere - 

- Temperature *4d 5 



III .ResuTtsi 

2. 

3. 

4. 

= .5* 

6. 

7. 

8. 

9. 

10.’ 

11. 

12. 

13. 

_,--_-r/ . -cm 
6% f---&--q i,+ 

Hematology ‘- /f :“, _ 
c : - 

Blood-'Chemistry. ,_ n . - 
Urinalysis Q' 

Mortality /7. :" :, ,/ 

Grbss Pathology .m . ~, ” 

Organ Weights’ Lx I. ; *~ \ _. ,.’ .vpe .” , ,-,;., 

Histofiatholbgy ".I5 "- m- ._1/ ,. ~_ ,, /b-4 &.j"f~t* dpp&l&&i',. 

f-Q-- P-$7- 
b& 

Tumor Incidence /x7, ~%34=~ A;-- 

Reproductiqn ,/7 
cd -is. 

I= 

Teratology _ n 
Oth&(specify) /1) 

. Comments: i, 

. 
is- 



i @@tt&?.o/ Biochetiistry, Federai Research Centre for Nutrition; Engesserstrasse 20, 
,, D- 7500 KarIsruhe I, Federal Repirblic of Germany, 

i 
‘. ,.: PP. 

.s 

., 
: ,.,,;+ 

Q.~&AF and F. E. W~RGLRR 
-, :-,-,y,;, .’ r-, 

In&t&e of To&ol~y, Swiss Federai Institute of Technoloa;and University 

./_‘, .C.,, “,“>. ‘,*. 

“‘. .‘_ 
‘iofogy; R.&orizh’ Centre’ Se$ertio$ i%terreichisches Forschungszentrunt 

1” \j *-~;&Zbe&o$GmbH, .&24+.Seibersdorf; Austria 
-,:-;. ‘.‘“- y 

k-E and f-. 
;. I 
* ,. i J.C.Aspvr?H$dP.S.Euz&. 

!nknatioHal Food &d&i& Project, Federal &search Cbntrefor Nutrition Poszfoeh 3640. 
r.. ,’ p?SOO ~Karlw~hk I. Fed&al Rep&k of Germany 

,, ._.. 
+- “, 

(Receiqi 20 November t!&f; revision received 29 January 1982) 

’ ” Absk~~t-Six in uiuo &et& tox35ty tests were carried out. on irradiated or upirra$iated cooked 
L chicken. dried”dates and,cboked fish. The tests were as follows: sex&&Xi ,recessive kzthal mUtatiOnS in 

P Drosophila mefanogaster (dried &&s only), chrotisome aberrations in bone IIMTOW of chin- ham- 
sters, micronucleus test in rats; ,mice and.Chinese hamster% sister-&romatid exchange-in bone marrow 
of’ mice and Chine& :hamsters and in spermatogonia of mice, and DNA metabolism lo @YU “F of 
Ch:nese hamsters. None of the tests provided any evidence of genetic toxicity induced by urahatton. 
However d&d dates whether irradiated or not, showed evidence of some genetic toxicity in their effect 
‘on DNA’metaboIism& ~@~FXI cells and-SCEinduction in bone marrow. Feeding irradiated fish affected 
DNA met&u&m in ‘the @in eeijs of Chin&.e banisters. This &ect could be interpreted as an induc- 

“- 
t-ion of an immunoajdtive c~i~pot&t, aMtough it could afso be explained Py ,the persistence- of aa 
immuooactive comp&md due to the removd by irradiation of spoilage orgarusms that would nom& 

1. degrade it. 
I 

INTRODU+lN described the in vitro short-term tests applied to irra-’ 
diakd hodstnffs including an in vi&o digestion pro- 

ith i:ang radiation for c&me phhlips & Elias, 1978) designed t 0 ow 

:omplex chemi- 
_ _ 

on food composition 
the special probieins presented by using food, corn-- 

Ident posed as it is of complex macromoIeeules and othtx 
(for a review see Eli & smaller chemical moieties, as a test stibstrate. Slice in j 
ion. of mutagenic and/or vitro tests alone cannot form a tota). genetic toxicit, v 
nn~t’ be exduded. ,There- screen, especiauy for a material such as food, in Z&Q “., 

ariety of short- investigaiions were also carried out at three European ‘. 
: included in a thorough 1aboratories, h collaboration with’ the International 
irradiated fad. ‘f%e prk- Foo&]~adi&on P&j&~ own la&atory .at IL&.- i 
(Phillips, Kranz & Elias, ruhe. These studieq which cover six short-teim tests 
s & Miinzer, 198Ob) have in, four different,species, complete the genetic toxicity 

screening of irradiated chicken, dates and fish as tip- 

deoxyuridinq CPA = c&o- 
resentatives of three different classes of food, and the 

LyYY“‘“-, -.T-mafional Food Irradiation 
resnhs are presented in this paper. 

jeet; MMS = methyl methanesuiphonate; SCE = 
a- -h----*4 exchange. EXPERIMENTAL 

;IS for repribts should be addressed. 
individu’ai research workers involved Because the investigations were carried out in three 

: given in Mble 1. different Institntesf on several animal species, some 



The results &the I@rOnUCieUS test a&&&, 
ized in Table 7. The counts-bf micronuc!ea*ed, eryth- 
rocytes per thousand were similar in the;eontrol and 
experimental groups and the means fell ~a the &ge 
2-4 to 39. Thus the level of mlcronucleus fOrmatiOn 
was independent of animal species. sex, test,die* and 
irradiation status of the test. diet. As expected. the 
positive contro~‘groups .of, +ce’ and hamsters treated 

.- with CPA both showed an mcreased madenc& of s~$e- 
ronuc?ei in polychromatic erythrocytes bu*:,not ia 
normal mat&e &$hrocyteS. k*;.:. li- “-I 

2 5 The results of the SCE test in the bone marrow Of 
ZU mice and’ Chinese hamsters, summarized in Tabie- 8, 
,M 
CE show that the numbers of Sm.5 per c& were *he saine. 
‘Em for the control groups and those fed: u~nirra~ated a,i.ii 
.g f irradiated chicken and fish, irrespecttve,Of s@ies ~r=r 
$:g ‘yex. T& &ot&%f animals fed on date$ bothirra- 
2. & (. diated andunirradi&ed. ail showed an i;i’c;e&‘in the_ _. .- 

number of SC@‘$er -cell compared to +he ..othet ex-~:G 
perimentar ‘and $0n*rol groups. ,The’ inve$gations G 

ia% - y-r’ .” 

z 
i .- with-dates.wem:Xherefore, repeated usirig~~?: tic 1, 
0’;; 2.‘ Of ~unsulphiiriaed~‘ dates ‘and sulphurixed dates Tl 

a pa cz 2. results(no*~pre&ted~here) confirmed’that.\@ed SC 
a “g 
2 g y 

Ievels,aIso-occurred with those two new batches.. 
.s,..^” .,_: .s r 3, uatG3. 

4 -5 ;= I. In the spermatogonial SCE test in mice (Tab&L 
g 0.z ~ :y-& there was no increase in the number of .tic SC33pl .e -rcg f- 

e, cell i&Ken any of thetest diets were fed to *hesex 
8 f” mais. the numbers of SCEs in ait of:$re+test gro@i 
g -‘& g being very similar to that in the control ‘STOUT+ _,-_ 
3, WJ 5 7- number. of SCEs per cell increa&d wit-h mcn%sm 
s =r: E” CPA concentration in the positive pWof gri .. 
,I s.2 CQ thus confirming that for a pure &&i&this met] 
2 “E can be used fo; the measurement of ,St?Eti in af? 

& date-fed‘animal was there. a signifi+nt710sS -,m 
sx. 
WzJ 

weight compared to controls&n’%~~ ?-day, F 
50 ment period. ,F&d consumption was ,~Sqc*nsn 
.F kin 
D-0 

ably Iowerin da*&ed animals but ‘4 
_. 

EE- in chicken- and fish-fed ~FOUPS,W~F @ok- ‘I - . .*.:A^, .- ..s a g.zg controls DNA synthesis was mark! 

e % ‘?f 
the date-fed test groups independently of ma&at 

.- . I The degree of suppression was similai to that @ --,s.c, L: E” rjj 
“3 SO 

by CPA at tgmgjkg body wei, 
E”% chicken and fish (irradia*ed,e and ur@a&ateub V- 
0ll-e: 
z-z’ rate of DNA synthesis was marked@ increase d+j 

2 .% B the individua) s@eens of fish-fed anin& uoi d)hc?: 
gE”P pared to c&rtrOl’values~With chickenJfed animab.rm 

z *- > ence between irradiated and unirradtaied ,drets ,,z t seen. O&y with the pooled spleens frorn@i:fed ’ 
m& was *he $a*e Of DNA syrith{sis<~$gmfi@“‘ZZ 5 ? 
greater in the groups given the irradiated dte* *han.’ ,,‘r; h 7, 
the group given unirradiated fish. ” 

Autoradiographs exposed for 14’ days showed “‘IjT 
evidence of unscheduled DNA synthesis, 

e*n in thC .-y 

positive control (CPA-treated animals), although evi---.’ 
dence of incisions in DNA bad been seen tn sednneTi 

rmi 

-- 
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,+ -.’ .F E-Mail: office@ nfi.org 

Proposed The: Inactivation in shellfish of ali. vibr 
leveis of coexisting Salm0nelli-r and Listeriir:S.peci~~s,ihereby 
reducing the potential for ‘outbreaks of food poisoning from this 
f&j ,jourcey -- : :I: _ ., : 1:: : :“ 

_- Y- ,: 
Petitions Control Branch I:- ;.;:.* ., ,’ ‘--2% ‘. *~ 1 “,, ( ._ 
Foodand Drug Administration p.- z. 1.. _. -5 =o” 
Department of Heabb and Human Services .i 
200 C St., S. W., HFS 200 

,.;.,g 
=z 

Washington, DC 20204 ti 1)~ 
Attention: Hansen/Trotter “. i _. B .- 
Dear,Sir or Madam:.. 

The undersigned, Mr. Robert Collette, submits this petition, pursuant to section - 
.e 

409(b)(I) of the Federal Food, Drug and Cosmetic Act, with respect to the use of approved _. 
sourees of ionizing radiation as a physical process for the’pasteurization of fresh or .frozen 
shelbish to kill ali Vitjriu species and to reduce coexisting Sulmunt?Zh and ~Lisreriu species, 
thereby reducing related incidences of foodborne illness. The minimum radiation dose range we 
are @etitioning approval for is 0.5 kGy and a maximum not, to exceed 7.5 kGy. 

Vibrio bacteria are namraliy occurring marine micrc&ganisms that are sometimes found in 
seafood. When present in sufficient numbers some strains of these bacteria can cause human 
iliness: Vibrios represent a, particular concern to high-risk groups, such ,as those with underlying 
chronic diseases an&or immune deficiencies, andcan inflict serious illness in these individuals- 
The use of this process, in conjur&on with HACCP and current reguhttory requirements for the 

Lp-c 
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individuals cannotbeignored&rt m terms of the general population this statement is 
. .r-d~s->.-<.--r, “, 

true. Thus concerns about .nutr#tIonaI value are presently unwarranted, -’ ’ ---’ :. 
,!;,: .& ,,.) *.,.; “, “’ .j& ,_‘i. . .,A’ + : ___ / ‘. , ,‘,(. ;., . $X ,%,;_. ::‘,.\i r A_ ., 
NetTertheless, a few gene&4 cknents are included below.,Tho effect&& other 

vitamins, proteins, fats,.and carbc&@rates sre as submitted in ,$ectkon E of the Egg 
Petition (Josephson 1997) and demonstrate that ionizing radiation, in the do&range 
re$uested has no significant impakt on’macro or micro nutrient levels; Josep+n:~~s 
ah provided an ov”view ,of this aspect Oosephson; Tfiomas, and -C~~~~~~~~~?~~‘~~.; ; ,- :’ ,-.!$ .c, i,. .:’ :’ .Lxf?” 1 i-.,i .,~~,,!,7 . . .c c s,, *y _,*;, .:‘“I” .,,~ .:‘ : “1.) ‘2. i & ,&:iL&:r9’& I “;’ : I . . :. 
Vitamins 

,F., -‘, -.. -11, i ..::: :( ;> L’“‘ .i _ i’ 
‘.,. f: ., .-. .,i ., 

.)’ 

. 

: : _ ,,, _ 1 I ; i r -’ 

Qrganoleptic asses&n +&& have~~de”“o~d:suggest that &.‘L;&tion 

dose up to 75 kGy can reasonabJy be k&rated for most ur&ucked shq;b$fore 
organoleptic properties begin to significanffy, diminish Urganoleptie. cokernsi*not : 
be a problem for shu&ed pro&& hause 10~~ d& & ~-rq@&& $t &$&&&& 

not d pro&& a, e*trnd ‘y-5, ,kGy, but e will, peht mm- .f&&@-~ i ‘. -_ 

nwobiz6 l&e inactivation of’other pathogens while retaining good organ&p&z I. 
properties. Evidence of the variable, response of different species, of shellfish;& $rovi#ed 
by Ro&.& ad man (1994) ,for two +,& of oysterss~ a .” ,- =+ 5’+,, ;,;‘ I:;?;, 

and appear-e: Adve ef.&ts on,thqse param@ers were species specific ti+i;tFh; 
depended upon :whether &&neat had‘ljeenhueked or was still in the she@CGk 
198). m&,ddhzpared &i& &$ated &&fi&, no :&&tic-$ @$$&&+~$?~~~~ ‘- 
differences were obtak+i for irradiated product (ICGFI 199&j at radiatio+~do&$“. “. ’ 
srxffkient to provide for completeinactivation of:Vibrio.’ ,. -“.g.c , ,“,. . ,. 

Toxicoiogkal Safety 
,, .,.,I-1 y,‘: .: :I .- .f:,-. 

., 

me .~~&enM~,question to be ad*eed in,tis secfioll canbe’.k&~~g.as 

follows: kes theradiation.pasteurization of molhrscan sh&h.~gen&te stab& 
radiolysis products that, by .virtue of their structure, reactivity and concentratipn pose 
significant toxicological risk? k a-- 

27 
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Th& questionhasbeen rather exhaustively, but indirectly addressed in recent 
decades by animal (including short-term human) feeding studies and .&&~&6 tests. 
Direct analytical chemical analysis has also been used. There are a lar& number of 
books, monographs and review &ticks that are &part or entirely devotedto the 
toxicological safety of ‘&radiated food. Several of the more authorit&iv&nd detailed of 
t$zse are cited and,listed’in recent overviews, (Thayer 1994), (Crawford and Ruff 1996) 
(Kaferstein and l’#oy ~9!B):~e re 
Petition (Joseplison%M7). 

rxmihing argtunents are as submitted:m .the Egg 

i‘ 
In addition, the WHO has recently stated that a review of the literature indicates 

that there is no toxico@[gical~problem with food ,&radiated to 70 &Gy ,@$I0 1997). As 
this is an order of h-ragnit;“de greater thanthe level we are requestig,t@re should be 
no toxicolo$xil consequence ,to the irradiation of fresh raw shellfish: ; t : 

._; 
Performance Cha.r+?ri+& ’ ‘,, )I. 

We refer here to the draft guidelines published by the b&+&iorial Consubative 
Group on Food Jrr$iation (ICGFI 199e), for,approximate.dose ran@& toobtain the 
greatest ba&rial reductiou with.the,least disturbance to desired organoleptic 
properties. It will be noted~ that thkse fall within the requested ra&ation;doses of 0.5 to 
7.5 kGy* 

Consider& ,the above. comments, we believe that there is not need to conduct 
toxicological studies of irradiated shellfish, especially in view of the low ‘dose requested 
for &is application. 

The joint FAO/WHO Food Standard Program was instituted for foods’in 
international trade. The Codex Alimentarhrs Commission developed two standards for 
irradiated foods: 

1. International General Standard for Irradiated Foods and 
’ 

2. International Code-of practice for the Operation of Radiation Facilities used for 
the Treatment of F&ds: 

These are accepted by GATT countries. 

We submit that on all the foregoing counts there are no significant toxicological 
safety implications in connection with the irradiation of shellfish to eliminate Vibrio. 
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Name of Petitioner: U 

National Fisheries Institute 
1901 J&& Ft, M& &. .: ,,‘ ::* ‘5 “.: . .I 
Arlington Virginia 22209 
Attn: Rob& Collette 

: ‘., _‘.. 

Kanata (Ottawa) ~Ontario, Canada.. .. ” : ‘- :; Memphis Term; 38320 _ -- 
jQKlX8 .: .,” .- 

- ^ 
state of Lou,isi~ha, 1_ I 

j’ I _ 
: ” ~ 

,_ .:; 

.i - .:: 
Department. of A&ultur0 and ~~o&try, ’ 

(. ,, _i. ;ji, 
,. .’ 

P.OBox 3334 .i; 
5825Florida‘B0tilevard 

_ ; -., - ., _‘-, : :- 

Baton Rouge, LA 70821 _’ .: :, :. i) ..” :. ‘. 1: :.c 
i‘. :) ‘;, .:j i?, . 5 .,.?‘c I ; .: ,......, > , : .i _ 

Name of food, additive: Approv@ sources of ioniting radiation 
_ ) 

1, ,: “‘.’ ’ i_ “*) i 
Proposed Use: The inactivation, in en&a&w, of vibnb, ,,Sa/mone&+ a+i.G&fetia 
spp. and 0&wpathogens to a I&al iyhi& is not likely to cause food bon& illness'or to 
sufficiently 10~ numbers tom inhjbit their re0ovej and regrowth. The use of ionizing .: : 
radiation is inter&d to ~ignif’i~ntjy reduce the p0t0ntial for outbreaks of f0od borne ‘. 
illness fr0m this food source, and may-also re$ult in a axwom’kant reductioti in numbers 
of common food spoikigei microorganisms. Regardless of the reason for treatment, 
irradiated crustaceans must be’h&d under prober storage conditions d&ing the‘ : : .. 
refrigerator or free&i shelf life of the product, ’ ’ ..‘ 

; 2. , .; 

-“... 

6 
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: ., 

,. ,. :.,..: ‘.. 
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; ,, Crustacean Petition Section E 
‘, ,, 1. t.. ’ 1 e ‘, - ., _ 

.” -+ i-‘. : i 
2 kGy but th&Y&as&%d lower with higher dpses due to the peiceptibifQ of browning 
.$rom possible M&lard Reactions in the chemical mat& of ‘the crawfish tail :&&at 
(Andiews and C%tiner 199-l).‘: .- 

’ -“, _ 

From the above dibcussion, it is easy to see that the,.D, v@j:,+$&ff controlled by the 
,+= organofeptic effects of radiation and this varies by spedi,& &id &&&es. It will up to 

th$ process&o ‘detetiine the optir&m dose tind stora@ tihie $or the.:parti;wilar 
product to be ,irradiated. 

~ , .( ‘, ,_ :’ ‘. ;“: e 
,, : .%a , -. / , -, .~ .,, -, 

Toxicological~ Safe*. 
5,’ \ I( -‘.* ,.:,_ The fu”~~~&&pf:.&tin to b&.&addmssed i; this,se&n:&~ &.&x$res$sed,as folfows: 

Does the radi&$~++teuriz&iin of crustacezins =genei-$& :Fb[e,,radiofysis products * 
that; ,by .@h.q~$Qt$@ @pi% rea+W and concentratron,~~~~.~sp~~nt 
toxicologiCar .n.sti? “:‘-,-,I : ._ . C;” .:, ( z.. : ~ ,. -‘.j I _ : : ,(: ,;;~.Y:@z~!~::~~ ::. - .’ ?$?Y;~, , * 

‘. This qu&g&c&A $36 ,g&.&ttie; exhautib*, b~,~i~~~~~~~~~~~~~~~~an ;recent dt4cades 

by animal (including’ short - term human) feedt@ &g&&s atid.& V&o tests. Direct 
anafyti&f ch&mi&l analysis .has also been used. <The+ ar~~..~,~~~lrJe,number of books, 
monographs,and review, articles that are in - pa~‘&en@y d&Ned fo @ toxicological 
safety of ikadiated food. Several of the mprd ,~tith&it&iv~ a$&$&ifed of these indude ,~ . x;, L:“,h#+ 1-i 
Thayer, 1994; Crawford and Ruff,: 1996; ‘K&f&stefn snd: jWo$;, l$$dt ;WHO, ?9g9; The ” 
remaining .argumerits are ‘as submitted in the;:Egg’ PeTen :(Jo~e@hsonj$I~~].~, 

( ., 
fn addtion, the ,wo has recen,y stated that a .~e~~~,~~~;i~~.~~~~~~~,~i’fididates that 

there is no tOxicological problem with food irradiated ;fo;TO k?$ ‘(WHO 1*9997,1999). As ; 
this is an order of maQnitude far gpater than_ fhe level v@ are iequestin& there would 
appear to, be no ‘to&cofogicaf tinsequencetd tie’irradiation #of &u&aceans. 

,. _?J. 
Peiformanbe Characteristics 

/_ ..;i -_ :. i. 1- .i.;*, .,Tf .‘m 
.’ f‘.... _,,i I .,Z’ ., 

.’ I : :+ r * .” 
,* .&*‘a, .*..g; I j L 5. .,.: ,.i ,..,‘T,,‘“,: ‘** -. $‘< -, I , 

We refer ,here to the drafi,guidefines pubfi&d t$%e fnterh$onii Cor@f&&e Group 
.on Food ,frradiation (ICGFt 1998);for approximate,~~~~~e”rang’to obtain the greatest 
bacterial reduction @f~ the’ feast disturbance t~~4$?$-i& &tian&zpt@ properties. It will 
be ndted that these ftifl wittiin the request@ radiFti$ *d&es. _ I) 
Summary . . .&c %_ ,. ,&.;i 

,_ _- ._.. _ . . . -..- -- .-.. -. -.----. 
Considering -the above comments, we feel that there is no need, to conduct toxicological 
studies of irradiated crustaceans; especiafiy in view of the low dose requested for this 
appli&tion. > 

The Joint FAO/WHO Food Standard Program was instituted for foods in iritemationaf : 
trade. The Codex Alimenta& Commission developed two standards for irradiated 

L3-~.’ 

foods: : ., 
: : 
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