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(I) fsciori wtod. ■  5* vpjVoa d  experts q%a Ufi«d by sdaettAc raising ud exp* ri roc* to mleata tfci safety if food end food lA '̂odJntt. tti gtumfiy recognised it appropriate.
to passing tb« Toni AddKtvaa Amendment 0/ 1H& Congress recognised that It la Impossible to establish with complete carLaLnty lb« •boohitt harmJeeeneti of u y  chemical eubttaacs. The eoocopt of safety u«d la the amendment involve* reducing 

uncertainty about tba aaftty of aa additive to tha point where tha agency can reasonably eoododa that 00 harm will result from its propoaad om.Thia objective eaa ba achlsvad ia a variety of wejre. To determine whatbar coneumpdoo of a lubeianca la aafa, tha agency eoneidere tha amount and 
tdantitv of tha aubatanca ingested ia light of what la already known rtf ardlnf 
ita toxldty. Ordinarily, animal feeding teats art taicndal for aaacaainf toxicity of a aubatanct. Not afl situations require the aamt amount or typt of taatinf. bowtvar. to datarmina whathar tut of an addJUva Is aafa. Tba degree of effort expended In reducing uncertainty about the safety of an additive must refats la 
■ome way to the likelihood that uae of the additive posea a potential health risk 
to the public Teitinf that la onllkely to provide Information that would reduce 
uncertainty regarding safety should not 
be required. To do otherwise would waste scarce scientific resources that 
could be used for more productive purpose*.
Q. Comments

The agency received over 5.000 
comments on the proposal. Many of tha commenti simply stated opinions for or sgtinil permitting food irradiation or 
requiring special labeling but identified no substantive issues to which the 
agency can respood. For example, soma comments expressed concern that food might becomt radioactive, bul non* 
provided factual support Other comments acknowledatd that 
Irradiation of food will not maka the 
food radioactive. Hie agency believes 
that the proposal adequately iddresaed the Issue of induced radioactivity in 
food (aee 49 FR at 5710). Became no 
avidance haa bean submitted to contradict FDA’s finding that tba irradiation of food does not causa the food to become radioactive, no farther dlscuislon of this iisui it Decenary.Many of tba comments ware concerned about the formation and the aafety of radiolytic products, and tha affect of Irradiation on nutrienta In food 
A majority ot thoaa comments stated

that more sradJe* wars waded because 
(be long-term effects of these radiolytic 
products have not been ascertained with enough certainty to fortify tha 
conclusion that the ue of Irradiation Is 
safe, l i e  aebeiaatira comments ud  FDA’s response to each era discussed 
below.
A. S a fttj

Before responding to tha substantive comments rale tine 10 safety, tha agency believes it would be useful to explain again Its icfsty assatoment of food irradietioo and Its condusices concerning the safety of foods irradiated in compliance with this regulation. A 
summary of FDA’s position 00 aafety is •at forth below.hi the proposed rule, the agency 
stated"* ' * that the safsty of food irradietioo below 1 kCy (100 krad) haa bean established ' * * because: (1) Irradiation wiD not oaks the food radioactive, and thus cannot expoae tba 
consumer to radiation: (21 tha chemical differences between Irradiated fooda procaisad at these doses ud  nonlmdJated fooda are too small to affect tha safety of the foods; (3) food inadiated at doses ap to 1 kCjr (100 krad) will hove tha same nutritional valua as almilar foods that have not ■ bean irradiated; ud  (4) tha balance between microbial spoilage organisms 
u d  pathogenic organisms li not adversely affected by radiation doaes 
below 1 kCy (100 lend)" (49 FR 5718).The agency hit followed the same genera! procedures in the development 
of regulations for the use of sources of radiation is are followed In the development of regulations for other food additives. Under the act. the agency's primary responsibility ia to 
determine that the additive is safe undar the propoaad conditions of use. Since the 1900's when the tint petition for the treatment of food with radiation aourcas waa submitted, the agency has been 
confronted with tha question of what teat procedure* are appropriate to establish reasonable certainty of no harm for use of radiation aourcas In tha treatment of food, la tha absence of 
adequate data on tha chemical changes In food tnaltd with radiation ud  
information on tha nutritional quality of 
auch food. FDA concluded that petitioners should submit long-tinn animal feeding studies to demonstrate 
tha “wholasomsnau" of tha inadiated food, in those Instucea wbara petitioners have provided adequate 
chemical and nutritional data to tha agency, FDA has not required petitioners to submit long-term animal feeding studlei. For example. FDA has isiusd regulations authorizing the uia of

s-rayi far b spsr tas affaod 
■Jcrowivea for boating food sad 
lhrortoJet radiation for testing food 
based oe chemical oaalyeai (ave B C7t
ITS21.171 JO. ud  ITUT raapactmiyj.

In 1V7V. FDA established Its Bums d  Fooda irradiated food Committee 
(BFIFC) to review As existing agency 
policy concerning fee bradlatian at foods. BFIFCs main task was to oaks recommendations regarding the establishment of Bom toxicolopc tasting requirement! appropriate for 
assessing tha saiety 01 bradieted foods. BPIFCl racommeadatton focused on 
making tha degree of tasting compatible with tha potential risk as Indicated by 
the level of aatidpetad humu expo—r». BFIFC recognized that safety 
sc casements of hredUtad food should ba baaed on: (1) Projected levels of 
humu exposure to tba food: (2) estimates of tha identify, imoum. ud  potential toxicity at new chemical 
constituents generated in the food by die irradietioo process: and (3) state-of-the- art sensitive toxicological teats. BFIFC complatad ita review aad submitted its 
final report ia July 1980 (Rat IV

BFIFC recognized that no tingle approach provided sufficient data to 
astimtta the percentaev of food consumption that night consist at inadiated food. Hence. In projecting 
humu exposure to irradiated food 
BFIFC turd estimates oi total food consumption, dietary item! proposed fc* irradiation, and the percent of each 
dietary item which may be im d u te c  Using a rough estimate besed 00 le v  
factors. BFIFC loggeited that u  mucz ai 40 percent of the total diet cxx.d ne 
Inadiated. but utidpated that ecr-x. humu exposure would not excetc :: 
percent of tba diet

Further, tha committee considered those chemical constituents genr red 
by Irradiation, also known as adntyoc products. BFIFC assumed that some 
radiolytic products may be muqw to irradiated fcodi. and created the 1trz  
"unique radtolytfc products" (UR7«i x  mean substances not known to be present in oonimdiatad food. How eve 
BFIFC recognized that sdentists de ar* 
know the axtut to which thesa 
subtleness, although characterized u  
URPs. may actually ba present as common constituents of the humu c r .

BFIFC reviewed the available literature dealing with radiatioc chemistry, the identification and quantification disbalances prodoced = 
fooda aa a result of irradiation, ud found that the amount of rediolyoc products gensrattd Is primarily dependant upon tha amount of e*T 7
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wd bg adequate to e<ta«pHth 4m Intended microbial dtetefecttea rf I r j  *  
da hydra tad vegetable robe tones*. Tba 
t j i o q  ecrphailne* that although 
toxicoiofkaJ data nay soma f a s* ha 
helpful la evahattai AM aafety if 
bradlatod fooda, nek data an aot 
edeotifltsOv neceieary for fetarmtoirq 
tha salary u  radiation (or tha am  am) 
doaaa ucoopaisod by thla regulation.b  addition to studios avallula to tha pvbUahad Vtaratura. tha U&  Deportment of Agriculture (USOAJ baa made availabta through tha national 
Technical Information Service (41 PR 40023; October 17,186<1 final rtparti of certain contracted animal tiudcobfical 
a todfafl of redJation-etarillsad chicken aad reports oo dhamloal ehasftiiB bod caused by Irradiation Tba ajvncy baa 
reviawed studies Involving mice and 
dog* fad redJation-steriliiM chicken meat and conclude* that thas* itodlas do not show any treatment-relited affect* (Raft. 8 and 6). These itodl*s art discussed In farther detail In the naponaea to thota commute which 
rafaronca tha USDA studies.
1. Radiolytic Product*

1. Many commenti expressed the opinion that the radiolytic product* produced during bridle bon would made 
the food harmful. Some comment* stated that the rtdlolybc product* in  free 
radical* and that togeition of these free radical* would be harmful. Other comment* stated that the free radical* 
may later form toxic lubttancei.The agency diiegreei that free 
radical* or toxic *ub«tance« will be produced in food at unsafe lertl* under the condition* prescribed by Chi* rule. 
The iaina I* not whether free radicate, hypothetically, can later form toxic lubituces. but whether tha formation of a toxic nbitance ia sufficiently probable to raise question* about the safety of tha irradiated food Although the generation and subsequent re action 
of free radical! comprise tha major root* by which radiolytic products art formed, 
such rtactiooa are alto common during conventional food processing and itonge operation*. Aa was discussed 
•bora, eubatancaa that are chemically similar to radiolytic prodact* art often formed or are present in foods that are not IrradJatadTba Important la sue the agency must 
cona(dar with regard to radiolytic product* la tha probability that a toxic 
radiolytic and product may ba formad and whaihar ruch a prod act would ba pro*ant to sufficient amount* to make the food unsafe. The agency haa no evidence to causa It to chang* its
Ceition that tha chemical dffsrenc** twean foods Inadiated at the doeea

eflcrrw) by (hie regulative tad 
aonl/radlated foods are too smafl to 
u m  oonearB about tea ufaty ol tha 
liradlaud bods.1 t a x  aonsreeate ra rsp r i tha 
optnJoo dwt bradlatad mods an  enaafa 
beeanae Ingestion if brtdtoad fcods 
mar result directly la texfc We radical 
and peroxide farm dot wtlhto tha body.lha agency dingreen. Although (Radiation produces (roe m/Mada aa 
nadlre Intermediala* to tha iood tteaff, tha high water eoetant of all frmh lood prorides a medium for their rapid degrodation after irradiation. Thus, they an not Hhtly to parsiat er be present at all to food by tha tin* that bod reach** 
the costumer. However, hrsdleted dry rplces and saasonlngs are examples of fooda to which free radicals an knows 
to persist fgr long periods of tima. 
Nonathetaii, the manner to which these foods art used—a* ingredlsnts in other fooda that contain water—provide* a means for rapid dissipation of tha free radicals, thereby precluding thair Ingestion.while peroxide* an sometimes 
formed in irradiated foods, they an also formed to fooda that an not Irradiated. Tha agency has oo rvtdeno* to suggest that hradialed food* would ba raatabohied differently from nonimdleted food* end thus form unique or toxic free radicals or peroxide* within the body. Therefore, the agency believes that concerns about the safety of Irradicted food* e* expressed to these comments are unfounded.3. One comment stated that ‘ jajny preservation of foodstuffs by irradiation at u y  dose may be unwise," ud  that gaseous oxygen from air gives rise to free radical*, peroxides, u d  
hydroperoxide*. The comment also itatad that increased concentration of 
hydrogen peroxide ordinarily results tram irradiation. Tba comment noted that “jtlht addition of hydrogen 
peroxide to food as a preservative has been prohibited to a number of countries, notably japan, as a 
contributor to cardnogeneai*."Tha formation of detectable quantities 
of hydrogen peroxide, organic peroxides, u d  hydroperoxides during 
Irradiation of foods to the presence of oxygen Is weQ documented, ud  food processors normally try to mlnlmlia 
contact of their products with air during processing u d  packaging. Peroxides result from free radical chemistry, as discussed earlier, between oxygen u d  the primary radiolytic products from tha carbohydrate*, fell and oils, and water present to food. Tba potential biological 
consequences of the thermal degradation of the intermediate

peroxides sad bate reaction* srlR fra 
mafiltotis d  bod component* bars tea 
eddrwed fa a amber of rssaarchen (Kefs. 7 .8. asd t\.

FDA acamdmd be potential 
cudnegtsdty of hydrogen peroxide k 
its final ride permitting be tse of hydrogen pmrodde as as kxhrod bad 
sddftfra far storfitxta Dotpthyleoe fas <eatict ivfacas seed for foodpeekafk 
(46 FR 041: (unwary t  V t lf . Tne agon had spedflafly addroesed a jipue*: 
raped of a h o ou y  of hydrogen peroxide pariormtd with (376 mice ta 
which the anteor* had tedteatid that 1 chemical m q have oaurod duodenal cancer. Upn review aad after consuhatta m b the authors of the I tody, the agency stated that ths 
evidence wso tosuffldut to conclude 
that hydrogen peroxide la a cardnoge (46 FR 2341: faouary g, 1991).

to that document, tha agency also considered fra issue of humu expos* to bydrogct peroxide ia food and 
concluded frat mUk packaged to materials fWri&xed by hydrogen 
peroxide would contain bydrogta peroxide at a level no greater than IOC 
parts per bfflou at tha time of packaging, Moreover, after 24 hours, t hydrogen peoxide coocentratloD woe fall to abaci 1 part per billion, i.e. ma thu WJ peccant of the hydrogen proxlde wH no longer be preseat in t

Similar cauiderations leads the 
agency to ocodude that u y  bydrogr: peroxide produced during lrradiatioc fruits ud  vegetables or meats in compliance with this final rule would rapidly degraded to negligible leven ; natural tairnea u d  natural utioxiduo a  the food. Furthermore, uy  residua, hydrogen peroxide, if present, woud be coMiderably leu 
thu that eoauntered ordinarily in foods and srrironmulaJ sources.

Organic hydroperoxides, fanned by reaction of radical* resulting from ruction of ccyjQS with pnmii7  radiolytl* products, am both thermi£* 
ud  chsmicaly unsteble u d  decompc 
to various a&hydes, katones. alcobo u d  hydroccboM which constitute a 
primary reddytic end products also Identified as components of both 
tuiprocissac end conventionally processed boda.Tbc yields of the** substances farmed uniter the oonditc of this regulsdoo an sufficiently low 
to reisa no cmcenu regarding uftryFinally, aaroWological studies ths 
have reported toxic effects o f brodit: aqueous rug* solutions to which peroxides aid paroxo radicals are 
generated era discussed to paragnpi 
n  and 22 of fris preamble. The tgem
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has coododed that (torn iti*d)«* in  
inappropriate model* for iucm 1̂  Aa 
m iera ef Irradiated food*.4. Sow* comments stated Aat so 
ndsdytk product* in  wJqui u d  noted 
Dui A* U5. Am ; Netick Laboratory 
found so anJqua product* to tmdiatad meet*. Than comments todkatod that 
Dm tarns “iniqut" la mialeattaf u d  abfflcW aotba ued.TVe BFIFC report toad tha tarn mtoqoa redloiytic product* (URP’s] to 
deacriba substances produced la rood dunng irra die ti oo which hava not been shown to ba present la aoolmdlatad food. Tba BFIFC raport recognised, however. Hut aubatueai chanctarlud aa URFa say ba soraal aloor constituents to tha humu dlat that hava aiapjy cot baan detected through routine analysis of noninadieted foodA j ttattd la Aft propoieL tha agency agraaa that h o i  radiolytic product* aasuncd to ba unique may well ba natural or comm on component* undetected la nonirradlated food.Bow tv sr. H Is impossible to 
demonstrate with abeolut* cartalnty that that wifl always bo tha cate for tO 
radiolytic product*. Therefore. tha agency cannot be certain that *11 radiolytic products an normal 
components of the humu dial To ba prudent. ths agency bai assumed. for purposes of safety assessment, that 
some minor radiolytic products present may not be normal components of tha huaan diet and. thus, may be unique to the process. Baud upon such conservative assumptions, the agency concludes that the amount of potential URP’s would be so low as not to pose a aa/ety problem.5 One comment askea “what happens to pesticide residues on produce when they undergo Irradiation treatment? What an the health risks tobamanar

A pesticide chemical. like u y  other chemical component of food will 
poetess a certain level of sensitivity to locking radiation. The detree of 
sensitivity of a pesticide uimica! to the primary ionizing many and to chemical reaction with primary radtdytie 
products from other constituents of a food matrix wtO depend on the molecular structure of tha pesticide. At is tha case with other chemical component! of a food the total yield of radiolytic products bom irradiation of any given pastidda will ba a function of the amount of peetidda present, aa wall aa its sensitivity to radiation.Tha BFIFC estimated that tha sum of aO radiolytic products produced by Irradiation at 1 kGy (100 krad) would be so more thu 30 parts per million in food This means the cumulative

ooncontratico of aO radlofytia srodacts boa a pestidda residue would 
corratpood to a ooocrotratioo af Waa thu 30000 times smaller thu the 
coocaatraticB of the poattdde residua Itself. Itcasaa such low Irrsls ef 
paetidds reddoes are expected In food iht agency bellavM that the total 
amount of rtdioljrtk product* boa a 
pastidda chemical that may ba consumed boa fooda Imdiatod to eoapiluce with this regulation at doses 
below 1 kGy (100 krad) will be virtually nil. Therefore, tha agency eoochdos that tha potential toxldty ef each redJoJytic product bom a peitidd* ehamJeal residue an fooda that ire brsdletad would ba nrgllfibU and that such pastidda residues dr not pose a hazard to b u tt .
2. Spices

0. One comment stated that fooda such ai spices comprise more thu 0.01 percent of tha daily dlat u d  that tha proposed rule waa Inconsistent with BFIFCs recommendation that Irradiation of (bods constituting less that0.01 percent of the diet bo considered safe up to 80 kGy (8 Mrad).The agency agrees that spices, to total, may constitute more thu 001 percent of tho daily diet. Tha agency has 
estimated a probable Intake of dried spices and culinary herbs of up to I grsms per penon per day. For tha 
general population, this constitutes 0.1 percent of the total diet of 3 kilograms.The comment was apparently confused by terminology in the BFIFC report recommending that a "food clasa" which contributes 0.01 percent or lese to the daily diet be considered safe for Irradiation it doses up to SO kGy (5 Mrid). The 041 percent in the 
recommendation was intsnded to refer to the dietary contribution of a  individual spica (e.g., nutmeg or 
turmeric) u  a "food data," not aB 
spices as a "food dess." Because radiolytic product! from different splcea 
an likely to ba different there ts no 
reason to add tha amount of radiolytic products bom one spies, such at nutmeg, to uothar spica, such as turmaric when evaluating safety. Tha intent of BFTFCs recommends tioo waa not to sat a predsi dietary percentage limit of 041 perca.nl but rather to acknowledge that ths amounts of radiolytic products that would potentially ba consumed bom irradiated dried spices u d  seasonings are so small that such irradiated foods can ba considered safe as ordinarily ssed Neither the proposal nor the final regulation permitting tha irradiation of ipicas at 3Q kGy (3 Mrad) la inconsistent with BFIFCs recommendation.

7. &oa ena med* a  to  icopmw Stale expressed ooeoan tint Urge amounts ef kradiatod sptcas and 
tattooing* wed by ortato ethnic groups to Amr lood woold exceed uJs 
consumption krais. Tba ornaments 
provided bo ■forwrtea aa which to 
mss nch a c m o a

Tba agvacy m ap tm  that diru.-y patterns dlfiir hetman groups of psnpk 
and that reran peeps caaiuma nan spice* ud  awsnrrhygi than do othw 
groopo- Ntvwthalaaa. ba agency has te reason to bchrri Am any ethnic jpoop 
wtO eoosuwe say bradUtod spice or eeatoelng to tmounto that would rviat uy  safety o c r n , m e  considering 
dietary nftafioea saocg ethnic pomps. A single apis or i greening would stiC ba a minor tapodtax to the diet. Moreover, a  discureed to Aa previous response. Aa redlofytic products bo® ooa spica are dlffanst bom those of anothar'tpice therefore, Aair effect*. if uy . wtO not ha ematlativa.

& Tha agscy hrrttad comments ea Aa Bat ef spiers thefts considered appropriat* far trredUBoo. Co mm eat* recommended bdedtog thoaa 
substance* triad to 1 14110 Spiaa and 
other Batumi teatoaingt and fo ro r is p  (21 CFR IBJOt u  vnO is oAar epics*, steds. aad herbs commonly used as minor Savoring ingredients, and 
Including tea and other vegetable seasoning*. Soma comments also stated Aat a ipadfic list of spica* was unnecessary and a phrase such as "herbs, seeds, ind •picas" should 
replace As individual listing of spice*. On* commec stated Aat to prohibit treating ■ spore mix because one turner 
ingredient is sot on (he list la not loprej u d  suggested an alternative epproeca 
of granting overall approval to seaioning and Havering substance* currently eoesderad generally 
recognized a  safe because their safety 
would not hr significantly changed by irradiation.

Tha agency disapaei Aat natural flavors ibonjd necessarily be included 
in At list and la not permitting the a»  of Irradiation tor natural flavor* at Are time Nature Savon are components d  food Ingredients that hava undergone 
soma preeeesag. Soda flavors may be a solid or tiquii form. Tha agency's co Delusion Aat minor ingredients rx±■a dried spices and seasonings msy be 
trradiatad saaely was based on At Ear: Aat Aa amost of chemical changv to At solid, dry state ef a food Is lass then would occur when substantial portico* 
of liquid an present and Aat diry Ingredients would not support At growth of miroorgtnisms Aat might survive lmdetion. Th* agency has re
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Wovms tfon bom which to coocfodetoi 
flavors Lb Uqtld fom c u  b« trradletod so/ely. Alia to  i|tacy has to 
Information indicating to t procaaeod flavors requin treatment far 
disinfection. Anyone tolare itad la punuing thJbi as tor Imtor nay do bo 
by submitting u  appropriate food 
additive petition.

Tba agency i |n u  (hot a ipedflc Oaf of spices tad seasoning sputa ia eanaeaaca/y. CeDsctivs tormt art aaad 
to dsscibe different groups of tbaaa minor ingrtdieoti and each tanna nay ba son  appropriate thaa a dataOad 
listing. AJthough faerbe nay ba aaad for both culinary and medicinal purpose*. a 
food additive regulation applies only to tba irradiation of cuflcary barba. Therefore. tba agency ia now modifying 
tba regulation to permit Irradiation of 
dry or dehydrated aromatic vegetable * rubataocee: culinary herfac. seedo, apices. teas, and vegetable aeaioningi.

9. Some comment!) apparently 
aisumed that tbs propored regulation would not permit Irradiation of i)?ice blends and requested modification of tha regulation to permit ruch irradiation.

The lime la twofold; (1) Whether blend# can be irradiated and (2) whether the regulation authorizes tha Irradiation of enough Ingredients to make tha irradiation of commercial Wends practical. Tba regulation rioee not preclude the irradiation of ipice Wends. 
The agency recognizes that the limited number of apicea lifted in the proposed rule would I. ave prohibited blends containing other Ingredient!. As explained above, the agency agrees that 
the description of the substancen that may be inadiated as dry or dehy drated 
aromatic vegetable substances should be more comprehensive than that listed 
n ths proposed rule. In addition, salt and other adjuvants or minor 
ingredients (such ax uticaidng and free flow agents) may ba used in • blend of 
seasoning substances. Under roch 
limited conditions of uas. tba bndlatioB of thste minor dry Ingredients woold pose no concern Therefore, the agency 
ia describing h  this final rule tha apieaa and aeaaonhema to general terms and (a explicitly authorising tba use of blende 
of aromatic vegetable substances, aa 
w«U u  aalt and other dry fooda ordinarily used aa minor Ingredients in 
eueh bltnds.
3. Other Minor Foods

10. One comment stated that color additives are important Ingredients in 
the manufacture of processed foods, as well aa dniga u d  cosmetics, u d  are used In minute amounts In tha dirt This comment further stated that turmeric and paprika are color addltivaa that are

also facMed la die 1st tf sptcae ud  vegatabto asaacuings that oai ba 
tnitotod and rogpcted that tba final 
regulation be epanded la laetoda other listad color additives.

The agency dcos sot spree to t this regulation should tochdt ookr 
edditlm. In preparing Its proposed nik  
tbs trescy bad net considered the ramifications of approving h i irradiation of eaior addttivaa Soch 
consider a tfon woaid tectodi whether specifications astabilsbad for a color additive based oa current manufacturing processes would ttiS ba adequate fat 
tbs color addibva after inadUtioa and whet doses woold ba needed to accomplish the hitondsd sffacti. Fsrsoo* ■ able la document tba sals aae of a to urea or radiation to imdlale oolatr 
addltivaa may submit a petition to tb# agency. Tba agency agrees that tnnaarte 
u d  paprika are both spices ud  color addltivaa. However, their major use ia as lessoning agents, ud  the agency aaei bo reason to precivde irradiation o f these aromatic vegetable substucna who they are also ued as color 
addltivaa (Ret 10).11. Ona comment stated that tba rale obodd tilow for tba irradiation of dry enzyme preparations for microbial 
disinfection at a dosage up to 30 kGy (34 Mrad) because they are minor food Ingredients.The agency hid not considered this 
specific osa of Irradiation in developing 
the proposed rule. However, tha agency received n petition to treat dry enzyme preparations at doaea up to 10 kGy (1 Mred), and in the Federal Register of )unt 10.1MS (50 FR 24100), the agency 
amended } 17942 to permit this use. fo this document, the agency is deleting 
1 179.22 u d  is incorporating that authorization for Irradiation of dry 
enzyme preparations la aew 117948(b). 
Parsons aWe to.documen! tba aafa aae of a source of radiatioa at dosage level* higher than 10 kGy (1 Mrad) is authorized in new 117940(b) to control 
mioobfaJ contamination In dry enzyme preparations may submit •  petition to 
tba egancy.
4. Destruction ol Nutrients

12 Several comments stated that 
destruction of nutrients should ba a 
concern la this nilamaldaf. Tba 
conunoats stated that many vitamins are light or beat sensitive, u d  that 
Irradietioo will destroy them. Cm  comment stated that nutritional 
problems may develop for consumaa because of nutrient kiss when tn entire 
dess of foods is Irradiated.Tba proposal discussed this blue and explained that tha available Utaratura indicated that there an so autritioual

differs* cm Wwaan aoLnedUtod Woo u d  food brads tod at torefo WW* I 
kCy (10P kredy Tba mine? Irgrs H—  
tllowad to ba rradlited at higher km  
are sot soars ef mtriaati. Tbcretoe. 
tba tgnacy bauavee U is sppvoprioo to onodurie tot destruction ef M tnas a 
not aa lane a  tide rolosaklag. Tbwv have beoa &a adAtiresel data eabaartrc to change t o  aandusfoa
2 fielactiva Dwtrectioo af MJcrocrgaazans

11 One a— seat todkatad tot l/rodfctioo m id contribute to iemxse- eflatooda a**ainatien ef Goods. Tba 
comment chad a series of stadias published to 1879 aad 1S79 by retaarcfaats bon t o  National lnstitofie of Nutrition «f to  fodkaCcundlef 
Medical Research which reported t o t  
wheat iTTtdlatad at doae lavala up to 21 kilorads shared a dow-depended 
susceptibility to aflatoxin productiaa (Rtfs. 11 ud 12).

fbe agency dbajreaa tot tmdirtioc would ooctritets to tocreueed efliVnoi 
conUmine'fon of bods. The etudes 
referenced de act rep&cate actual food 
handling practices, to tba studies, to  wheat was irradiated. eutocJaved. end 
than In&ocaLrttd with u  aOaloxin- produdng cepniam. The agency has oc 
avidnca tot would lead H to condadi that food irradated u d  stored undo normal bufiag practices would afcn* 
Incnised ebtorin production. FDA 
does not be5m (hit the resulti atrd justify a modScatioa of this rule.

14. Sevml comments stated tha; 
irradiation tended to eliminate oc* food hazard may affect the microbii. 
spoilage patterns of food, thereby creating a anr hazard. There mm-#-- 
expressed carjam that C. botubnuz sports wouJd mrviva intdiatioo and 
would product botulinum toxin wuhjui 
typical signs af food spoil age.

Tha agency egress to t this Is a 
legitimate concern in some situations, 
but it doca not apply to irradiation of dry foods or foods Imdktsd belo* I 
kGy (100 kndV Irradiation of food below 1 kCy (100 krad) will destroy k < 
spoilage bacteria ud  thus will oot 
chugs norms! spoilage patterns. Furthermore, stradiatibd of minor IngrodJuts oi high dot as, as allowed i  
this rule, woeud pote no problems 
because these cdnor Ingredients ere dr 
u d  dry foods do not provide a gro«rh 
medium for G botulinum spores.

12 Soma oanments stated to t food Irradiation auy deete or prodaca
GtntiaOy btsnful radiation-resiitam ctarie, new bacteria, or virei matxzc 
One comment raised to  possibility t t  mutated deoxyribonucleic aad (DKA1



frwgjTxmts might be incorporated by hwcterto. vira***. or csOs of tba human 
<faf«ava tne is bo cnau other harmful va lu ta .Mutant* produced during the 
tmdlatioo of food in  essential}? Aa 
v a e  •• Aoea that occur latursliy. Tha oafy n il difliraaca to to A* rat* al 
which nutation* sens. Radiation may 
le o itM  Ihe frequency of mutations u d  tWraby toerstta the rata of evolution to 
bacteria or virtue* that would occur otharwlM through natural evolutionary procttML Howavtr. then to oo naaoo to oxpoct that tha resulting mutuu wooMba different or aorv virulent than thooo era*lad to nature fFirf. 1JJ.BacaiM bacteria an hlfhhr avohrod oryultaa, w«D adaptad tit their environment, tho vast mafiofity of 
Butations would tand In btdetrioentrJ lor tha organisms. Mutant org inisii* that an mon radiation militant than 
their pannta may aurviva and ba present In in environment exposed to trecuant tubleAal doaea of radiation. Soch radiation-resistant bacteria, however. would be a problem only if irradiation wart essential to produca a 
m /c food. This to not the case u d  not 
permitting tha use of food (radiation would not prevent such a problem from occurring.

Furthermore, tha agency does not believe that such radiation-resistant 
bacteria or viruses. If they were produead. would be more rasistut to other antibacterial agents. Although it is 
possible that specific conditions u d  mdisaixninate irradiation might produce 
mutants, the agency concludes that the poasibility that auch mututs would ba 
more virulent or more harmful is remote(Kef. 13).

There are only a few reports of 
genetic exchange between bacteria in the mammaliu gut (Ref. 14). A few 
theories atata that boat cells may incorocrat* prokaryotic DNA. but It ia 
Dot claar whether such genetic 
information Is expressed. The agency tees no reason to prevut irradiation of food because of such speculations.
6. Toxicological Studies

10. Many comments claimed that It to FDA's first responsibility to ensure tha absolute aafety :f  all food produced u d  
consumed in this country, not limply to make tha process of production easier and/or cheaper foe producer*. .FDA agre«< that its responsibility is to 
enaura that a food additive ba demonstrated to ba safa under tha propoitd conditions of use (21 U.S.G 348(b)), bat ths agency does not balls vs- 
that H was ths intent ot Congress, when formulating the act that FDA ensure the consumer ofabiolut* safety of aD fooda.

Connies recognised that It would not ba possible to determine with absolute cartalnty that no ham ahaO result from ths intended use of a food additive. Ths 
Senstt report stated: “Safety raeuirt* proof of • nisoesble csriilnty that no 
harm will result from tha proposed ue  of an additive. It dots sot—u d  cannot—require proof beyond uy  
poasibla doubt that no ham will reialt 
under u y  conceivable drcumitucae."S. Rapt 2422, tflh Cong., Id So aa. • (1291). As stated sariltr. this to the standard ef safsty applied by FDA Is ita rulemaking for food additive*.Oo ths other hud. ths legislative history makes eliar that Congress did not Intend FDA Is aaka regulatory dadaloos oo tha n# of an additive based on u  arbitrary opinion aa to whether the additive should ba sard. Thus, ths agency, in approving tha uia of a food additive, consider* wbtthtr the food additive Is aafa u d  affactivt ud  not whether such approval will ba bcnafldal to tha producer of the additive.17. One comment assarted that FDA’s proposed regulation was illegal because It waa not based os animal testing.While recognizing that neither the Food Additives Amendment of 1958 nor its legislative history ipedfits the exact 
types of testa that must be conducted to establish aafs conditions of use of an additive, the comment claimed that a recurrent lhamt in much of tha 
legislative history is the need for testing in animals to establish the safety of a particular additive.The agency agree* that much of the 
testimony before enactment of tha Food 
Additives Amendment of 1698 discussed animal testing of additives. This could 
be expected because most of tha testimony about testing concerned direct food ingredient* of unknown toxidty. 
Congraa* did not discuss how 
Irradiation of food should b« tasted for safety. Furthermore, there ia oo indication in the legislative history that Congrats expected every additive, 
whether u  Ingredient, a so area of Irradiation, or u  Incidental additiva. to b* tasted the same way, nor does tha act require such (eating. Such a requirement would result In u  unnecessary expenditure of resources. Consistent with this view. FDA haa ntvar required ths yams tasting regimtn for all tyjpea of •dditivei.FDA bsllsvas that ths testing requirement envisioned by Congress was that there be suffldint tasting to support tha conclusion that there to e reasonable certainty of no bam from the expected uia of tha additiva. Tha agency baliavaa that any taat that would not contribute to this conclusion should

s*t ba required Ths agency has act rsquired animal M ag ta As past undar 
thou situations wtora. by cbralcaJ or other tatting and rand reasoning. It 
could conclude A r Ae tee of on additiva was uia srtthout animat 
Kiting. Therefore. FDA eroded** that available snlmal mat data era aot o<ternary for deerainmg dw safety of 
thoaa uses of raAadoo Bcoopaised by this document Anna] testing la too • 
toieaaitivt to tow n  effect from irradiation of feed at tha doees allowed 
and thus, would not contribute additional t&fomnon to tha evaluation 
of tha safety of awA cses.Nevertheless. Aa agency reviewed all 
available animal toadfc* to datarminc their adequacy nd to evaluate Aa toxicological evidence. FDA’a 
•valuation of that studies confirms At agency's earlier oochuiooi Aat such 
data would not ecrtribute further assurances of safety ef fooda inadiated to compliance r-*\ this rule

18. One co rn e l ruled Aat food 
tmdiatioo should ba presumad dangerous until adequate scientific information to enilibta for rtiponslble 
dedalonmaldag od  Aat FDA ihould make no dedaioe otti more information 
oo hazards vans benefits of food 
irradiation to tradable.

For reasons c o a s te d  earlier in thii 
sectioa Ae agency h u  determined Aat 
adiquata inform non on radiation 
chemistry of foods is available to 
conclude A at foodj irradiated in . 
compliance with Ail regulation are safe, 
and that the in tcdsd  effects are 
achieved. Aus emptying wtA section 
409 of Ae act19. One c om m et was concerned 
about As ralisbry of studies where animals ware fed an abnormal die' a.-.d stated Aat reruin from these studies, 
positive o r negirre. may be misleading

Ths agency agrees that standard toxicology test* when targe percentages 
of At dialer* ccepoaed of a tingle food. aiAer Irra sa ted  or otherw ise, may 
give results thst amid be misleading.The major dlfBe£y in toxkslogicai testing of irradind foods has been to 
design testa Aat would provide useful end meaningful rfonnatico regarding 
safety. It would to difficult to design a test that would euggerati greatly the 
level of radiolytic produds Alt will be ingested from indiittd food because, to accomplish Aa. Aa amount of irradiated food—A* test substance Aat ' will ba Ingartad-cuy also need to be increased. This oovasn <o dietary intaka may not to tolerated and may Aarsby become c  added stress to Ae animal. A substantial change A diet may also create ntritiooaJ imbalances
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among either cucTo- or aricronutritnts 
of the dial

FDA believes. however, that uaful 
information haa b»en learned from those 
feeding atvdJta whan than haa been 
some exaggeration of dose relative to 
that praecrtbed bv thla regulation. Thla information toeether with knowledge of 
tha chemical changes that occur at low 
doata of Irradiation la sufficient to oatabllah tha safety of food Irradiated la accordance with this regulation.20. One comment auagaitad that FDA ihould require animal feeding atudiaa ia which tha animala art faad food 
Irradiated at exonerated doaaa to obtain an adequate aafaty factor.FDA acknowledger that food addltiver have typically bean leated in animala at lavtls that greatly axnggarett the propoaad levala of uae of the 
additiva to aatabllib an adequate margin of aafety. Thla traditional 
method of ostablishing a margin of aafaty ia inappropriate whan the additiva It a aourca of radiation. FDA 
haa examined many early atudiaa in which food fad to animala waa irradiated at exaggerated dcaea to determine the effect of {creating Incrttiing amounts of radiolytic products. Tha agency ootad that treatment of food with Increasing doies 
of radiation can destroy essential components (e g., nutrients) of the food or make the food unpalatable. These factors can confound experimental result*.

Because these effects on food do not occur at the lower doses, exposure of 
the fooda to exaggerated radiation doses would not in these instances represent a 
valid test for determining the safety of 
Toods inadiated at the level* of use prescribed by this regulation. The agency baa. therefore, concluded that 
exposing food to avir increasing doaaa of radiation at a means of increaaing the amount of radiolytic products ingesttd ia generally not appropriate21. A number of comments ob(«cted to approval of Irradiation of any fruit or vegetable because of reports that 
inadiatad eocrosa solution caused toxic effects. The comments suggested that 
sucrose solutions would serve as good models for avalueting tha safaty of 
inadiated fruits and vegetables and that the reported toxic affects were reason to disapprove this use of irradiation.

The egency agrees that irradiated solutions of sugars have bean shown to cause biological affects in vitro. Certain studies have shown: (1) Abnormal anaphase formation In bean root tips treated with sucrose solutions Inadiated at 2 Mrads (Kef. IS), (2) decreased growth in carrot tissue cultures grown In sucrose solution inadiated at doaea

ranging from 101 to 2 Mrad (JUf. 11), 
end (2) fecmsed rvwiants in £ 
typhimm'um afUr tecahatice with 
Irradiated solutions of suooee and 
Ins dialed solutions o l glucose and 
riboea (Kefs. F and IF). (Tha agency point* eat that Its tse of the term 
"auger'* In thla response is generic.
Where appropriate, specific sngara an mentioned by same.)Tha biologically active eospouads 
formed during irradiation ef sugar solutions in the prer of oxygen an predominantly dJs myl tsgirs produced by reietu at peroxy radicals with auger molecule*. These dicarbonyl 
tugart can than be converted to alpha, beto-tmsaturated carbooyl sugar* which an also present to no nine dieted foods. The yield of biologically active carbonyl tugars will b« Itea in inadiated complex 
food matricca than in inadiatad aimpia sugar solutions because ef reactions with subtleness such as metal Iona and oxygen present in foods (Rsf. 9). iThe authors of the study using bean root tipi (Rtf. 15) postulstsd that tha incmsed amount of abnormal anapbaaa was dut to a drop in tha pH of tha 
Imdiated sucrose solution, fas a eubiequent axpariment reported in tha same paper, the authors concluded that the low pH cauied by Irrsdletion of tha sucrose solution alone was the cause of 
the mutagenic effects.In feeding studies where sugan are present in a typically complex food 
matrix there Is no Increase in 
mutageaidty after irradiition. For example, direct Inidiation of mango pulp to 20 kCy (2 Mred] produced no 
mutagenic effect (Ref. 7). This study demonstrated that when a food containing sugan ia irradiated, the food 
does not produce the tame toxic effccta 
that occur when (heat lugars are inadiated In simple solution. There is ample evidence (Rtfs. 7 ,18. and 19) that the types and quantities of radiolytic 
products from irradistion of sugar solutions are not only dose dependent 
but are also dependent on specific conditions euch as oxygen concentration and metal Iona pretent la foods but not 
present to simple sugar solutions. Other studies on inadiated foods such as 
strawberries, dates, and mingoet likewise show no evidence of toxic 
effects (Refs. 20 through 28). Tha othar 
studies that tha agency reviewed regarding the toxldty of Inadleted 
ruaoit were of such poor quality that the agency does not believe that tha data can be evaluated to a meaningful 
way.Tha agency therefore concludes that Inadiated aqueous sugar solotions are unsuitable modela for predicting and axtraoolatlna toxidtv of Inadiated

food* Therefore. toa affects oba these types ot steSaa an act cs 
by tba agency to ba a reason lor 
ooochxftxg that the me of Irrod •et forth a  thla refiUnoo an w 
Tha agency also condsdes that 
ao rrideace that rsdotytic prod from sogan sn»«8t to irredist* 
ause tone affects to or
21 One comment mud that i 

to S c o n  aagaxtoe (JUf. 19) bd that eating rug an trrsdlatad it < ranging from 008 to 2 Mrad can tha same fanatic chaagts to ha exposure to irradiation ttseli
The agency has reviewed this 

and disagrees with toe comma iatarpntsdoo of what toe shady 
Indeed the authors dsariy did ■ tba coocksioni attributed to tin 
the comment Furthermore, tf bt animals were irradiated at doee
1.000 times lower than the level this study, not only sterility but 
would revolt within boon. On ti band, hasani and animals her 
consumed food irradiated at up Mrsds (Rnfe. 27 through 12) will 
indication of advent effects of kind. The study the comment re Involved 6s effects of radietior 
carrot tissue to liquid culture in 
at 20 kCy (2 Mrsds). This study others concerning the effects al 
Irradiation on solutions of suga. discussed to the respocse to the 
previous comment.The agency recognls* that b- sugar sofetiona have produced 1 
to vitro. The agency cccdudn. that tirade tad sucnee solution 
unsuitabla models for predicts extrapolating toxidty of irridii 
foods. Additionally, no nndeoo Indicates 6at Irradiated foods, those coeiining sugars will a  
advene toxic effects to immali 
humans.21A few comments stated th study involving hundreds of tbo 
of humans over 20 ot X  yean u necessary before FDA an say 
irradiated foods an safe.The agency has never require 
long-tare testing to humans io i 
the use of a food additive and c 
that such a study is necvary c 
appropriate. The agenc, .<ccgr 
It cannot uy with absolute cer 
that any fool Inadiated or not. abiolataly ufa for all people <n conditions. The agency believe, diffartncas between foods trrac 
prescribed by this regulation ax nonirradiated foods art m ids parti ad any compared to uonni variations to 6e dirt, that oo t : ixpected to be observed The s



b*b*rn that tha wbettntiaJ imount of avufUbU lexicological Wormatioet support* &• csndualoQ #iat tha 
urwduboo of food ii tat forth balow, la 
aafa. Tbarefoe*. than la no bails for dalaraag for decades a dodslon to 
refula a* food irradiation to ceodect tha trps oi  study suggested by these commen ts

24. Soane corns rota also til tad that many otf tha long-term toxldty studies oo food irradiation wan performed by Industrial Blo-Tast Laboratoriaa (IBT) aad afaoold thanfon. ba oooaldcrtd lovelid bacauia ouch of the data gwaerwiad by IBT had bacn falslfladFDA agrees that studies eoolalnini fabaflod data perform ad by IBT should 
ba rwjocted. Al) atudiaa Identified la tha agency's raviaw of available toxicol Of! ca] literature oo food 
irradiation that had bean parformad by IBT wwre rejected. Much of tha data 
coopUcd by IBT bad beto falslflad or wea proven invalid due to flaws In data 
c&Oac&otw data reporting. and/or in experimental design. Thua tha agency consider* auch data unacceptable to support aafaty.2 i  Several comments itatad that 
thera are only a limited number of adecoaU chronic feeding atudiai on irradiated foods and that tasting of tha kxsg-tenn heallh’effecls of coniumin| 
irradiated foods has been Inadequate.Tha agency baa determined that because only minor chemical changei 
may result in food trestcd with low doses of radiation, animal feeding 
studies art oot necessary to establish the saiety of foods inadiated under conditions prescribed by this regulation. Therefore, it believes that the number of 
adequate chronic feeding studies on irradiated foods is irrelevant to its 
safety conclusion. The agency haa evaluated those chronic studies that hava been properly conducted and art 
considered (o ba adequata by current itnndardi. None of those studies show 
adverse effects from the ingestion of irredii tad food.
7. Alleged Advene Effects

The agency reviewed Ml toxldty studies on irradiated foods (Refs. 1  3, and 4). Forty-five of these atudiaa dealt w'.th snbacute toxicity, 38 with subcfcronic toxjdty/128 with reproductive (oxidty, 14 with teratology, 110 with nhronic toxldty. and 102 with genetic toxicity or inadiatad fooda. Only 5 of tba Ml atudiaa reviewed (3 chronic feeding studies (Raft. 20,33, and 34),4 
reproduction study (Rif. 35), and 1 combined chronic, reproduction, and teratology study [Refs. 38.37, and 38) w are considered by agency reviewers to b« properly conducted, fully adequata

by USD toxicolofka) standards, ind able te stand aleoe in the mu?crt af 
safety. The reports of fetes firs studiaa In diesis ao savena effects bom tha inadiatad foods fad to last aetmsls.

Although most af the studies w ii 
generally inadequate by present day standard! and could not stand aloes to support aafaty. many contaload Individual component! which, whan examined either to Isolation or 
coOectively, allowad tha eooduaion that consumption of foods treated with low levels of bradJation did net appear to causa advana toxicological affects. Further, many of tha (todies wan desmed assfal for resolving certain quaatioua. For example If a potent toxk material ware present at any (aval of loxlcologlca] significance In Irradiated 
foods Ingested by teat animals, soma consiitenl toxicological signs would ba manifest la tha studiaa reviewed. 
However, agency (dentists have seen oo such affects that present consistent patterns or trends or advene effects Ifaat 
might ba attributable to exposure to food irradiated at low dose lavala. Tba agency, therefore, dondudes that Irradiation of foods as prescribed by thia regulation la safe.28. One comment referenced a book. “Consumer Beware" by B. Hunter, which slated that rets red Irradiated 
be con and Irradiated bacon and fruit 
mixtures showed Increased mortality and an increased Inridenea of tumors. The author stated that tha tumor incidence was increased and longevity was decreased.Summaries of these studies were submitted in an tariy petition for 
stenlization of bacon by irridiatioo.FDA originally issued a regulation based on this petition (28 FR 1485; February 15. 1983). However, following evaluation of 
the complete reports of this study. FDA concluded that tha sponsor bad not mat its burden for demonstrating safety (33 FR 12055; August 24.1968) end rescinded the bacon regulations (33 FR 15410; October 17,1968). Although previous 
reviewers asserted that tha irradiated 
bacon atudiaa may hava shown adverse affects, tha agency, after extensive 
reexamination of the study, now concludes that tha claimed adverse affects cannot ba substantiated because: 
(1) Tha atudy was of poor quality. (2) tha numbers of animala examined wen too 
small (three rite oar group par generation) to have any statistical significance concerning tumors or longevity, and (3) tha “total" Incidence wae only slightly Increased in tha low* doee group with no apparent doaa dependence. Moat national and international scientific bodies do not consider an inmate in total tumors

spprepctate atsra mdcadre ef« 
oaretaogenk nmymem  TVeImportant eoostdrsBaa far dsuroining 
If mere la a carcmogwoc mpcose la 
whether there Is a  ascsate i  the 
number of toman at a spedfic ay in site. The Armed Fvcaa toititote of Pathology report l U D n k l i  study 
maintained mat fee >aw i "showed no predeUctioo for sty angle organ." Tba numbers of anbna a  rtak wars too faw to conclude that te *  was aa effect on tumor Incidence «r loagarlty. V roch effects bad been awed by Inadiated bacon, that should here bats reproduced In tha other irradiated feeding atudiaa. todudna C'ow the 
agency considers property conducted (Refs. 30 and 33 fcromph 38). However, such advana effects ware not observed

27. One commed-referenced a statement in the book "Tating May be 
Haxardous to Yoc Health." by). Verted and j. Carper thr. 1i>redlatico at high 
levels haa been mows not only to 
severely destroy rdasini and minerals In food but also to crue reproductive problems, a ahorteria| of the life span 
and other oompbatkns to laboratory animala. In tome aotannts fee 
example. In insisted Jams and fruit compote—cenor a ■ suspected result" 
Tba comment aim vtamd that Or.Verrett was a biacheaist and researcher 
with FDA for 15 jure.

Tba agency apae* hat Irradiation at 
high dose levels feu keen shown to destroy vitamins end sther nutrients in 
food. As discussed in paragraph 11 of this preamble, bcwem. destruction of 
nutrients is not a pubic health problem under the conditions d  use approved for 
sources of rediaca by this regulation.

It is not antireli dear which studies 
the authon were refeing to in the statement from tber book. The agency acknowledge* the Dt Verreti was an 
FDA employee dating which time abe reviewed many of the early petitions on food irradiation. Tba agency has 
reevaluated bar review* of tha studies contained in these petitions. Judging from tha trradieted foods mentioned in 
the statement qucted 4om her book and in tha memoranda in fan petitims. it appear* that ehe s reining to two studies in which rets vert red t  diet of (1) Irradiated bamn md fruit compote 
(mixtures) [Rtf. S) and (2) Irra dieted pork, peaches, Jen. carrots, and flour 
(Ref. 41).The longevity end tenor (cancer) questions referred to in etady 1 an addreiied to paragraph 28 of this preamble. The agracy haa stated that in 
increase In “iota." ttmore la not indicative of a cxreiscgenJc response by 
modem atitasla for judging
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c»reA©tenidty *rvd Ae numbars of animals it Hik win too tow to conclude 
that (hart wai either a tumor or 
longevity concara.

During III evaluation of lexicology 
data in 1M& tha Talk Crave bated raaiona for difficulty in evaluating tba 
reproduction data (ram tbii itudy. Tka 
rtaiofli fatduda: (1) Incorviiitant re oorOn* ef A* "unUn of animala 
aaad in each rapllcata experiment in several lunuaary tablaa. (2) itiUbom animal data not reported for every feneratibn. (3) number of prefnant ftmalai not reported for ail icnerationi. (4) number of Utters cannibalised only reported for the parental generation. (3) 
b o  Indication flvto aa to now or from which Utten subsequent generation! 
ware choeen. and (6) rapllcata experimenti net comfitently identified u> the lummary table*.

In the second study (Ref. 41). the authon stated that there waa a higher 
growth rate in tha 2d and 3d generation animala and inferior breeding performance. Dr. Verrett was also concerned with reproductive and longevity questions In this study. FDA'a 
reevaluation of this study cannot support Dr. Verrctt'a claims because (ha •tudy was of very poor quality. The study pathologist specifically detailed many of the study's shortcomings and stated in the final report that “any 
conclusions resulting from this work should be drswn from the overall 
picture rather than the detailed studies 
of isolated aspects or organs" (Ref. II).

The egency agrees with the 
pathologist's statement and haa attempted to evaluate the overall picture 
referred to by the pathologist. As stated earlier. 3 animal feeding studies (Refs.
20 and 33 through 36) concerning ' brevity and/or reproduction (out of 
441 toxicological studies reviewsd) ware considered by agency reviewers to be well designed, properly conducted, and reported. The reports of these five studies indicate no adverse effects to teat animals fed irradiated fooda.

The agency review included reports of 44 chronic studies. 60 reproduction studies, and 66 combined chronic 
reproduction studies. Although most of these studies have been considered less than adequate for a variety of reasons, 
the agency has beeo able to conclude 
from them collectively that no 
trestment-related adverse effects on the longevity of teat animala or their 
reproduction ware evidenced by thus studies.

26. One comment referenced the report of a study (Ref. 42) in which statistically significant chonges in the w sights of ovaries and tastea ware

observed whin Irradiated onlooa were fed to mica.
FDA bn avaluatad th* report of thle multigencration reproduction study end note* that it was only an abstract from ' 

Ihe World Health Ottaauatloo (WHO| 
and hae saver besn published as a complete report. Tba effects reported were ■ decrease is ovaries weight. iignUleaist when compared to both the some! control (oo onion dlat) and the onion contra) (unirradiated onion diet), and a decrease in testaa weight significant es compared with the norms I contrail only. Histological txamination did not tcvacJ any particular changes ia the ovary aad iastti of tha group fad IrradJetitd onions. No affects ware observed on reproduction, fertility, or other perametsre observed, in 1077, a WHO committee reviewed a draft of tha manuaeript and reported that because 
there were no observed sbnormal 
hiilopsthology changes or delatsrioos effects oti reproduction, these organ weight changes, tf real affect* ware not 
regarded as being treatment related.Other reproduction, subchronic. or chronic studies on irradiated onions (Refa. 37 land 43 through 47) at comparable or higher doses of irradiated 
food administered to other animals did not report any changes In ovarian or testicular weights. These findings lead 
(he agency to agree with the conclusions of the WHO committee.29 One comment, citing • review 
paper (ReJ. 46). staled that "when dogs have been fed irradiated egg solids, 
reproductive failure has occurred, and chicks and rats have died as the result 
of hemorrhage due to lack of vitamin K."This statement haa been taken out of context. The authors were actually referring :to the nutritional Imbalances 
seen in some of these inadiated food studiaa. Tbs entire quote reads:

Despite As fact thsi Ae txpariaeatal 
animils srv provided w iA diets of known 
autritioaiJ requirements for sdequats growth 
and development Ae high level of test food 
which is iacorporaltd A A t diets any 
present s completely unrealistic situation 
which c u :plaee s nutitiooal stress on Aa 
eium ilt u d  nsuit ta nutritional habalanctt. 
An example of this situetion hss bees 
obesrved in feeding of high levels of 
IrriA e lrd ngg solids to doss whan Aa 
(ntim litiauhJp between wotin u d  avidin 
was found Ho exert a rein A causing 
reproductive failure. A related example of 
difficulty which h it been experienced A 
separating potential toxicity and nutritional 
adequacy ef i/radlaled foods was As 
previously isintioned sfftct of radiation 
itenU iatin on vitamin K (antihsmorrhaglc 
fsctor) A curtain foods, which resulted A  

hemorrbtftt u d  dieA A chicks u d  rats. 
Careful u d  de tiilid  studies art nsceiury A 
olucidils Ae mechanisms Avolved A 
physiologies! Abnormalities of A il nature.

FDA agrees with the authors tba I nutritional imbaiancai resulting from 
fending larpt (mounts of a single food to urtmala cocJoxad Ihe results of these atudiaa.

30. One ecouwot stated All 
pdypiofdy (dnmoenail changes) has 
bean shown «  < ionic cooesauinca to animate tod banana fed Irradiated wheel.

The agcacy dots not believe that A is ia a coma euwment. The agency is aware Aat to several experiments 
conducted by Ae National Institute of Nutrition [WNi Indian Cound! of 
Medical Res—rdh. Hyderabad, India, the tavsstigitas d aimed Aal 
polyploidy (chromosomal changes) was 
a toxic eoaeequroce In animala and human* ted Irradiated wheal A committee ef Indian scientists critically 
examined the tochniques. Ae appropriateness of experimental design. Ae data coflacasd. and Ae Interpretations d  NIN sdentista who 
claimed Aal tagretioo of irradie led wheat caused polyploidy In rata. mice, and laalnouriabrd children. After careful deliberations, ths committee coododed Aat At bulk of heat data are not ooly 
mutuaDy contradictory, but are alao at variance wiA mil-established fade of biology (Rd V , Tha commilteo wai satisfied Aal acce Aese data were corrected for buses which bad given 
rise to Aese oazaadictJons. no evidence of Increased polyploidy could be 
associated with jigestion of inadiated wheat.

The agency agrees wiA Ae conclusionj of ze committee of Indian scientists that ±e studies wiA 
inadiated foods do ao! demonstrate Aat adverse effects would be caused by ingestion of irradiated foods.

31. One comment diaagread wiA FDA's concJnaica Aat foods irradiated at doses bolow 1 kCy (100 krad) an safe 
and statad Aat here is little reassurance in ft* /act Aat unidentified 
radiolytic products an present A inadiatad foods at low concentrations, particularly if ssgi* exotic molecules 
may b* capable d  causing carcAojemc chromosomal aberrations.

Tha agann recognizes Aat radiolyoe
□‘ucta will be Sormed A Inadiated . lonixAg radiation results A Ae formation of soreble free radicals and 
oAar reactive ebrmJcal Atsrmcdiaua 
which normally sndergo rapid reaction to form more stable molecules. Of As total radiolytic products formed, a small fraction may be tseumed to be unique or "exotic." Radjolydc product* and UV s hava been defined both earlier A this lection and in As BFIFC report (Ref 1). Certainly some IRP’i will be forme i



left o n  rtrwctunDy i typical of ptnm 
d ■sftmilis. Such URFe ruy b* 5m deal CMpUng product* of lipid end 
tste-derlTtd redlcak dlwn. ind tt-ttahd  products. However. 
rytfcatK hydrolyite ef h d i  ef ft tie npcn^ift by normal digestive 
rytao* ■ expected to yield normal lirwla,: rob units nch u  fatty adds, loo sods. monosaccharides. end •mai emabolic prodocti of these 
iqmte which would be the seme muJl from the normal digeeUon of the

rnaJ parent molecules, w ent molecules ef the extreme Jdty aapUed by the comment were 
Mot at u y  level ef toxJeological n t f t fm  in irredleted food* Ingested test animala, tome co rut i tent doofey c aJ trends end patterns would 

mcnoeet In die etudlee reviewed. 
u o m  It bee ecert no coneletent trende petterm. the agency concludee that •de trrsdJatad ee preecrlbed by thie fuJecuz ere eefe.12. One ooausent referenced e etudy Knitted to FDA by USDA on fruit fliee oeoptie) fed Irredieted chicken. Tfcde 
■dy eftewed e doae-releted decreeec In ipring (Kef. 30), u d  the comment ted that thie effect Is eonetetent with romasaal dtmt|e.PDA aotee that In the eex-llnked w n  lethal etudy In Droeophila 
•re r o  no evidence of mutegenicity. Id ibcui data on fertility end 
-untfcry were aleo Included In the 
dy. aad a doie-rtliled decrease in 
ipri=* wee noted. Although there 
re fe-**r offspring in the group* led c= irradiated diets thu in 
ocurt a a t controls, the egency icJcded that thie effect could eriie m a boat of eaueet unrelated to •nxhiravt toxicity, u d  ie u  
re liab le  indicator of u  edveree irodaebve effect. Mtmmellu data on irodacbon are more relcvut to mans, and thee* ehidie*. a* stated rller. demonetrat* oo consistent tteraa or trends indicative of a 
11 tire reproductive effect 
U. Ose comment referenced a etudy bmittcd to FDA by USDA u d  stated 
it mica fed radiation-etirillxad ickes acat showed a significant 7tase u  testicular tumors, increased ath re a , increased kidney damage 
omanionephropathyV ud  decreased rvtrei In addition. the comment plied that male dogs fad radiation* rilisK chicken had ii|nlficutly lower dy w-eghta throughout adulthood thu gt fed a froteo control diet u d  timed that thie showe toxldty of tho idle ted chicken diet The agency disagrees with the 
mmemt that these studies demonstrate ressjemt-related Inertaee in testicular

rumen. Tba itadiuv tnrohrins vice and dogs fad radiatioo-etertlkri? ukhaa 
wen tarried out et Halted' IVJutiflc Sendee* (Reltech). Tbaae etudlee were InLtiatsd under the eponaenhfp of the 
UA Army u d  completed tndar the sponsorship, ef USDA.Th* report prepared by Hal tech 
edantiete sucgcited the postibllity that chiekeo Irredieted 3t epproxlautely • meg trade produced tHtfcnltr tuaore la 
CD-l mice la lifetime feeding etudlee (Kef. II). Agency sdeotieta have independently examined the 
histopelhology slidat to determine whether testicular tumors ware induced by ingestion of Irradiated chicken. They concluded that Ihe total hietopatholoflca] evidence did not support e treatment-related Induction of tceticuler tumon (Kef. IVThese data were also referred to the National Toxicology Program'* Board of Scientific Counielon for peer nvlaw. The Board concluded alto that the data do not allow the study to be categorized •a one demonstrating a carcinogenic response in mice fed chicken meat treeted with gamma or electron beam radiation (ReI.SLAll mice fed chicken meet diets (both nonirradieted frozen chicken meat control diets u d  Inadiated ehtcku meat diets) showed signs of extensive mineralisation u d
glomerulonephropelby u d  decreased survival compered to mice fed chow 
control diets. After cartful examination of the etudies u d  companion of data between the mice fed chicken meat control diets u d  the mice fed chow control diets, the agency concludes that the effects were due to the high protein content of the chicken diets rather thu to the fact that some diets were 
inadiated.The agency ooted decreased survival in the female mice of the group fed lamma.tmdialid chicken. However, because the decreased survival occurred 
only in one m x group, u d  the result was only marginally significant 
(pa0.04V >he agency doee not eoneidtr this effect to be treatment related.With regard to the dog feeding study, lht egency does not consider the body weight decreet* to be of toxicological significance because ot the nature of tha protocol that wee followed. Tba maximum quutity of dial provided for each dog waa originally limited to 900 gnme par day (approximately 300 grama 
dry matter par dayV Howavar. soma doge fed chicken meat diets (irradiated, frozen, or thermally processed) consistently consumed tha entire daily 
ration u d  coneequentiy had higher body weightj thu doge fed chow control diets. This difference in body

weights between ft* t few i diet poep* ia attributable ta orMalve 
caloric taiaka of ft* top bd ehlcJreo 
bool Assuming that ft* doge should 
malaiaJn ta *MeaT weight, tha oootraci laboratory restricted fte hod brisk* for 
•selected" overwdgbi doge is required to Ifttiaie weight leas a  til acceptable 
body weights ware otaaad. The few dog* considered under* debt were allowed to feed until ftefr body weight trcreased to u  ace^tabl* level Because tha dial was warn puis ted tn 
thla way. tha agancy dees not consider the chugee4n body woght to ba 
treatment related

94. Severe] commenti referenced two Rusalu reports (Rafi B ud  S3) that 
found damage to kidneys and teatee ta 
rate fed irradiated faad Tbs authors reported doea-depemdat hietopathological changes In the kidney 
u d  tastes of rats fed krsdistsd lab chow. The changes wee daiaed to ba similar to those changes seen in humu autoimmune disease involving these 
tiseuee.FDA haa found that information on 
critical details of the experimental design of tha etudlee is either Incomplete or mining. The reproductions of photomicrographs are erasable, and tha 
numerical data are Incomplete aerosa 
dosage group*. There is so Information on the survival rates of rata to the end of the experiment. The total number of rats 
sctually examined for histopathologic observation Is not stated nor is the 
scope of euch observations. There ia e general lack of incidence values u d  survival information that art critical (nr Interpreting the findings m the kidneyi 
ud  teste*.

The egency notes that tb< authors had not published u y  prmous sriidiei m 
which rats were used as experimental model* ud . therefore, chess authors may not have been faaffisr with common progreeeive nephrosis of the rat 
kidney. Tne qualitative description of the Iddnay changes reported is generally 
consistent with kidney disease 
commonly seu in aged laboratory rats. Many of the features of chronic progressive nephrosis (Del 94) common 
to aged rata an identical with the microscopic changes described in 
kidneyi by the Ruwien eolhore. Without Information on the comparative 
Incidence u d  itverity of the kidney lesions In all groups, the agency cannot 
verify that theM reported effects are tree tment-rele ted. especially considering 
the Inevitability of these types of kidney 
changes tn rata as a result of old age.

FDA reviewed the kidney data in 13 chronic studies (Raft. 3.33.34.53 through 62) ia which ran wen fed
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various rfkia constating of food or feed irradiated it vartoua dotes undar a 
variety of conditions lo Me If II wovJd 
be possible to confirm the findings of ths 
Russian authors. An •xamioetioa of 
iheaa results ravaalad to findings or 
evidence of tnatmant-ralatad kidney changes ai ware reported by lb*Runlen authors. Ooe of (ba 11 atudiaa 
reviewed. which moat closely raaamblod tha Russian etudy (Ref. 28). had alao invMiigatad rata fad a diet consisting wholly of chow irradiated at both a lower (2 kGy. 0.2 Mrad) and higher (25 kGy. 2.5 Mrad) doee. The agency reviewed thla nudy and found oo 
evidanca of treatment-related kidney changea at reported la tha Russian etudy.Further, tha treatment-related kidney effects claimed by the Runian authors hava not been reported in any other 
mammalian studiaa ai an affect caused by ingestion of Irradiated food. Also, data available on irradiation of animal feeds where the whole animal diet ia irradiated have not shown comparable pathology (Ref. 27).Bastdon the descriptions of tha finding* of tasticular effects. FDA believes that such findings are probably not indaced by radiolytic products in the irradiated diet. Extreme size ind weight differences between right and left testes can ariae from trauma (e.g.. fighting) or may be present from birth. II is not clear whether some of the microscopic 
changes that are discussed affected both testes or were a feature of the smaller 
testes. FDA also reviewed 11 studies to 
venfy the testicular lesions reported by Russian authors, and none of the studiea 
reviewed revealed treatment-related testicular changes similar to those 
reported in the Russian reports. One of the 11 studies reviewed, which most 
closely resembled the Russian study (Ref. 28). found no evidence of 
treatment-associated testicular changes similar to thoae reported in the Russian study.The agency concludca that, givan tba paucity of data from ihtaa two reports 
and tha considerable, more substantial evidence from other studies, die resuta of these Russian reports do not raise 
valid questions concerning the safety ot food irradiated under ths conditions of this regulation.35. One comment claimed that threa reports showed dominant lethal affects of inadiated foods (Refs. 63. 64. and 85).The egency haa reviewed those studies, and two of these three studiaa - hove been addressed (Refs. 64 and 85) in the response to paragraph 30 of thla preamble, tha third study (Raf. 83) claimed to hava demonstrated an increase in preimpitntation deaths. In

thla study, sake ware fad 10 percent of their standard chow diet frradiitad al a 
doee of 10 kCy (I bfrad). Thera was ao 
increase ta postiapUntation Ioims. Poettmplantation losses, determined by 
counting deed oabryoa. are bettered to be the moat reliable and sensitive 
Indicator of dominant lethality. The 
authors found only preiaplantatlen bases. which are Bach lets sensitive then po* tire plantation losses and sorely 
a measure of tote) implants dead or alive sub traded from tha total number.In addition to tha possibility that results of the study could be sporloua. any number of factors other than dominant lethality may ta w  pro implants boo losses, auch ae a decrease ta tha number ef eggs ovulatedIf these effects were ruL one woold expect to see soma effect ass 

stimpleotetion loeses at a lower dote cause postlmplantatlon losses are e much man sensitive indicator than pretmplantatkm tosses, as mentioned above.
Although the findings reported may be statistically significant, the authors wsre uncertain as to what to attribute these results. They coododed that ths moat probable cieehanism by which these effects could be producad would ba vie chromosomal aberrations. Tba studies necessary to establish an association between these effects and chromosomal aberrations wsre not conducted. 

Additional treatment levels below that conducled as mentioned above to detect 
postimplantatioii losses or examination of the 24 to 48 hour fertilized eggs could 
have provided better evidence of 
causaJity: but these studies were not conducted. Thus. although 
preimplantatioo losses were observed. FDA concludes that there ii no biological significance to this observation because it waa not 
reproducible. In three comparable studiea. two in mice and one in rata (Refa. 68,87, and 68), where 100 percent of tha chow dial waa inadiated with 25 kGy (2.5 Mred) giving comparable radiolytic products is those found In Raf. 63. no praimplantation losses ware 
demonstrated.
9 Labeling lstuu

Under currant regulations (21 CFR179.22 and 178.24), several specified foods are permitted to be Inadiatad 
provided that tha label bears the following statements: (1) 'Treated with ionizing (or gamma or electron) radiation" on retail packages, or (2) ‘Treated with ionixinj (or gemma or electron) rsdladwi—do not irradiate 
again" on wboitMle packages and on Invoices or bills of lading of bulk shipments. In tha proposal. FDA stated

that It was tauraaid ta racthfeg additional oaasMsa discuMtag; |1) 
Whether FDA tacsld require cry rype of 
label ttataaai m food diet has bees 
irmdiared (T /  aa. whether tas ita la mart ahead ba required aedy os 
labala of bod feat has been bmdiatad 
(first pn tiatas bods) or tiaa on tat label of Batted foods vhJd say contain trwd wd tagxtdUots (second 
feneratioe betas); (I) whethv any required label aataasnt should remain tha same as fcat provided order existing 
regulations (la- Treated with ionizing 
(or gafitae or atadron) radiation*) or whether soar char phrasing wvdd be more appropnsts (eg- "processed erilh Ionizing cairp' )  and (4) whether 
consumers wwtad ba mors Bisled by lha presence of some type of retail lake] 
statement or fcy tha absents of such a statement 

Tha (abating provisions of tins final 
rule differ true that in the proposed rule and from tha earent labeling regulations 
as follows: Tfes regula tioo reqeirts that 
the wholesale label bear either the statement Treated wtth radiation, do not Irradiate again." or tha statement 
Treated by krsdiatkm. do aot irradiate again,” and that tha retail label bear the following fofu

along with fitiar the statement Trre ltd 
with radiation.* et tha statement "treated by tnwSatioa." Throughoat the remaining dlsasrioo In the preamble 
about the labdag provision*, tha agency haa aaad tha terms "treated with radiation—do set irradiate tf am.* sod 
"treated with rotation." to represent 
both altematira that the manzfacturer 
may use in ita vhoteMle or re ted 
labeling In order to simplify tb» discussion. In addition to the mandatory 
language, tha Becu/acturer may also state on tba wholesale or retail label the purpose of lha reatment process or 
expand upon the kind of treatment used. That Is, tha nuauficturer may mchde in tha labeling arj phrase, ruch si Trailed with radiation u control spoilage.* or "treated with radiation to exienc ihelf



■fa." o* "trailed with rtdlsoon to 
n h ih tt  mature boo*««long m the phreea 
ruthfufiy daaolbsi the primary purpose 
ml the treatment. Similarly. the manufacturer say choose to state more 
voedflcaUy the type of radiation used In 
a e  treatment I.e. "treated with a- 
radiation." or "treated with ionizing 
radiation." or "treated with gamma radiation." If more specific description la ■tdeed applicable.

The agency rtcognizea that because this <e a new technology, manufacturers may want to ««e additional labeling •tatemcnte aa pert of a conionvtr education effort For example, ia addition to the required language, tha 
Arm may wish to iteta that "this treatment does not Induce radioactivity." The agency wlO permit ouch educational itatementi If they are truthful u d  not miiteadlng to oonaumera.In lieu of labeling Individual llama of 
ampackaged irradiated foods. FJA ia allowing the required logo end label to be displayed to the purchaser ai a point* of.purchese counter aign or card or on thu labeling of the bulk container.Half the commenti ipedflcaUy addressed the retail labeling lnue. u d  over 10 percent of those comments urged that retail labeling be "required to prevent consumer deception." The 
remaining comments opposed any retell labeling of inadiated foods. Most 
commenti. however, were In favor of some sort of labeling for wholesale packages of foods still in processing to prevent reirradiation.In addition, the large number of consumer comments requesting retail Labeling attest to the significance placed on such information by consumers. 
Moreover, several comments argued that irradiation of food altered the 
organoleptic properties of food, thereby reducing ita nutritional value. Thsit change# tn the food the comments asserted make the irradiation of the food a material fact that must be 
disclosed under sectioa 403(a) and 
20l(n) of the act Bacauaa of thaaa commenti. FDA had decided to require that the label and labeling of food 
product! bear the appropriate statement! to inform consumers that tha 
food haa bean inadiated The agency emphasizes, however, that tha labeling requirement ia not based on uy  concern about the safety of lha uses of radiatioo 
that ore allowed under this fined rule. 
Further responses to these comments are contained In paragrapbi 38 through 49.

38. On* comment stated that FDA did not have the authority to require a retail label atatement on fooda that bad been inadiated beearse such labeling was

sot a prerequisite for tafs ue ssder 
section 409(e)(1) ltd |d) ef the set This comment aryied that where safety la not 
at UeiM. FDA'a aathority to require 
special labeling la each leas expansive. This comment eiso stated that If tha 
standard for misbranding indar section 
409(a)(1) of the ad Is whether aa additiva affect* organoleptic prepares of food (U . taste, color, imai or 
texture of foods), the presence ef many additives sow commonly used In foods 
should be highlighted on current product 
labels because moat addltivaa affed these qualities to some degree. This comment also stated that coaventtooel food-processing methods also affed the organoleptic properties of food.The agency Is ef tha opinion that there ia adequate statutory aathority radar 
lections 403(a). 201(d). and 409 of tha ad to require a retail label statement oo fooda that have been inadiatad even though there is ao concern eboet tha safety of such treatment at the dotes 
prodded by this final rqJa. Sectioa 409(e)(3)(B) of tha ad prohibits the 
approval of a food adaitivt if a fair a valuation of lha date before the Secretary “shows that tha proposed use 
of tha additive would promote deception of tha consumer In violation of thla Act. or would otherwise result In 
adulteration or to misbranding of food ' within the meaning of thJi Act” Jn this 
case, the standard for misbranding under sections 409(a) and 20i(n) of the set Is whether the changes brought about by the safe use of inadiation are material facts in light of the representations made, including the failure to reveal materiel facts, sbout such foods. Inadiation may not change the food visually so that in the absinca 
of ■ statement that a food haa been inadiated. the implied representation to 
coneumcrs ia that tha food haa oot bean processed.Food Ingredients, including food 
additives that have e functional sffect is 
food, are required to b« disclosed on food labels. Food additives such as 
aspartame that are present aa Ingredients in foods are required to be 
included on the ingredient labeling statement on the food's labaL Therefore, the consumer ia Informed of the presence of these ingredients and tha 
repreientation ia not misleading.Tbs agency agrece that conventional food-processing methods also affed tha 
organoleptic properties of food in material ways but In these cases tha proeeaiing ia either obvious to tha consumer or conveyed to constuntra through labeling or packaging. Canned foods have obviously bean cannad and frozen fooda bava obviously bain frozen. Pasteurized milk ia not obvlously-

pasteunred bto Ai* lad la kdared ae 
tba labelg frarfng. aad MttiorUatioo 
are. of spare*, wefl-«zjbcihed orocsasea wtd which Ae coaiumwr la 
familiar Whether Information Is 
materia: rader mctim *n(n) ol the set depends set oo Ae nbectd worth of lha laformemn bet on whether eonfumera 
view nek information as important and 
wbethar te  amMaa af label 
inform*tea may milked s consumer 
The Urpt number of ceramer eoommm requesting retail labeling 
attest tr'Ae signAeaaci placid co such 
labeiiai by coonmereFDA haa ktetorlcally required tha 
disdoomv of a food peocnalng agent 
wbaoevv it la material to tha processing of foods For cum pit. Boor Is required to be mcsfiflad by tra term "blticbed" if bieachiaf ageete are ae«d In processing 
and modified by the term “bromated" ti 
poUuisa broasate In o*<l In tba procauag of the floor. Throe requirements tn  pari of die standard of 
identity for various floss (set 21 CFR 137-236>

Than are many other examples where processag most be diidcswd. Several 
standards ef identity require label disdoetrt if the product ku been enriched or fortified {«* 21 CFR 137 X6. 
enriched fryiaa). Several standards of Identity for Jukis require that the label 
Indicate when Ae prodoe! is made from a previaoly concentre ted ingredient 
(see 21 CFR 148145. cringe juice from concentrate). Orange jtca mutt also be 
labeled peateunzed when pnteumanoe 
Is pari a  the prce's processing (see ri CFR 14814a pasteurized a:sage rjcel

Foods cade in sembonce of s traditions] food must dsdoie the 
procesesg difference. Potato dups mid- from derydrstad potatoes, onion rn g s  made from minced onions. and isb  sticks made from mtew-pd fish irt lU 
required v  dtedose these caatenai 
dJffareaas la pocssasag.Tha agency conclude* tfo.it requiring s 
retail label statement that» food his bean imiiited is ooowtanl with the agtncy’s statu toy authcr.ty end curreci 
labeling practice.37. Srierai ccmmena irjued that a 
retail label rtqrinmer: van inappropcatt because imdiation was 
uicd tn piaet ef ehenriad famigint* sod 
FDA does not require that these chemic&j be Identified on the retail 
labeL Ore cotsctni stated that ‘ there u 
no more rational btsia for labeling Irradiated foods (at tha retail level) than 
for labe^tg pesticide residue* present ie sgricultmJ conmodifcea. indlncl 
additives from packaging. Dour uid bread from fuegeted wheal or the
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cun-cil ftueift 1*4 epitet Aaseetvec" AxoAir eoeusvst pointed rot that PDA 
U i  bag bald A* poultice A*1 
nonfunctional aeccodary additive* wed 
not be declared «  A* Abel tod Out &• 
policy codified a! D  CFR W110D should 
apply u  beds Aat baee been ImdlatedTha tocut hurt A wbetb* Aa irradiation d  food la a malarial bet that ■oat ba diacfoeed to Aa consumer to prtvanl decaptiaa. Aa atatad tariJtr. irradiation nay change Aa charactedatJca of a food is a manner 
Aat A not obvtoua A Aa supermarkat Packaging materials and Isddsaid 
additives wch as preceding tida Aat hava ao technical or hmctiooal eflad ta 
Aa food aad Ana da not ordinarily affed Aa characteriitlca of Aa food may ba exempted under 21 CFR 101JOQ from Aa normal labeling requirements 
under Aa act Furthermore. Congreai specifically axcmptad peiticide ehemicali under sactioo 403(1) of Ac ad from a retail labeling requirement when Ac food haa been removed from its shipping cootatner.

As stated earlier. FDA believe* Aal Aa irradiation of food A a material fact Aat mud be disclosed The egency 
recognizes, however. A d  Ac irradiation of one ingredient in a multiple-ingredient food A a different situation, because 
such a food has obviously been 
processed. Consumer* would not expect it A look, tmed or taste Ae same aa 
fresh or unprocessed food, or have the 
same holding qualities. Therefore, FDA 
advises Aat Ae retail labeling requirement applies only to food Aat 
has been Irradiated when Alt food hat been sold •• such (first generation food), not to food Aat contains an irrtdiated 
ingredient (second generation food) but Aat hss not itself been irradiated.3& Ons comment stated Aat a retail label requirement would Imply Aat 
Aera A a hazard involved in radiation 
processing and Aat such a atatamant would mislatd At public about Aa aafaty of tha procesa and have a negative Impact on Aa davalopmant of Ail technology.

Although FDA ncoftiiec At potential for consumer confusion, 
because there A no safety problem wiA food inadiatad in accordanci wiA AA final ruJt. any confusion created by Ae presence of a retail label requirement can ba corrected by proper consumer 
education programs, and Ac preeence of a retail label statement should not detar 
Ae development of thie technology. Consumer comments reflect e growing awareness of Ae procesi of food irradiation. Many consumer latter* acknowledge Ast food Irradiation, aa preichbed by Ae proposed regulation, will not cause Ae food to become

rail— tthe. TV agtscy has ttae received m h m c s  Mating fret 
cxperftncM ta Mb* epvtrtee. each aa Aa NeAerUntk fkaoeetnta that 
consumers do not Mcmarily refect Irradiated bods urban they c i  propoiy 
labeled.A recast Good Housekeeping Institute Surrey seema to support Ato view flSii 
W). ta addition iliewhen hi this document tba agency has Bade It dear that itantfactertn hate the optica ef providing additional labeling to describe Ar rpadflc purpose of tha tmtmcnJ provided that nek addition (abating ta truAful and not Misleading.Tha agency hss also however. Aat tha original Abating 
terminology required by existing 21 CFR
179.22 and 179.24 may ba orsriy 
technical and Aat Aa type of radiation being used A not necessarily mttrdngfid 
to consumers and Aat Ac retail label would be just as informative if tba required retail statement war* “treated 
wiA raAlban." The regulation has bee* modified accordingly.39. Other comments suggested Aat A* 
retail label statement be revised ta state: “traatad wiA kmrang radiation toprolong shelf lift to (Insert
data).”As explained above, any confoeion 
created by Aa teraa “radiation* or 
"Inadiation” required to eppear as part of retail labeling can be corrected by 
appropriate consumer education 
programs. Recognizing that labeling 
itself ia a valuable source of consumer education. FDA eocounges optional 
statements to b« included on Ae retail label Aat expand upon Ae kind of treatment used or Ae purpose of Ae treatment Such additional explanatory language may be used whenever Ae additional language ta appticable and not misleading.For example, 'trusted wiA radiation to control insect Infestation." “treated wiA radiation to inhibit maturation." and “treated vriA radiation to tahfti! ipofling” are afl example* of acceptable 
alternatives drscribing Aa pcrpon of At treatment if is fact Aa additional 
statements reflect Ae purpose of At treatment. ‘Treated wiA election beam 
radiation* is an example of an acceptable expansion co the kind of treatment, if in f a d  as electron source 
was used. These optional statements would not only have an educational benefit, but would also avoid any poasible mistaken Inference by the 
public Aal Ae required labeling (a a warning statementA manufacturer who wishes to label its product u  “trested wiA radiation to extend Ae shell life to ——  (insert 
dolt)" would, of course, be required to

poweu id s  MbMutkfei hot Ae 
relation teatmcd would to tact 
extend shelf Ms mtil Am del*.

ta addition, a manafact** who fiadi 
that Ae terms “treated wtA radiation* 
or “treated by Irredtatim* m  misetovpreted by • slgtafieut tuab* 
of conewan nay petition FDA for approval af alternative tosgMgc. 1 4 . 'freshness sreatmd by brediiticn.* However. At nam/act** would ba 
reqand to provide adequate rridsncr doanonetntiag that Ae aitersitire 
language la boA store rwdiy accepted 
by toe pebfic end lot usletdhg is ts Ae aature of treatment as a fora of radiation.

«a Several comments took the position that food trradtatico ia ■ food- preservation process end should be wondered a process instead ef a food 
sdAtive, at wist for labehsg purpose*. Those supporting this view slated Aat 
other food crocuses are not required to 
be revealed on Ae label tad Aat lood 
Irradiation should be similarly exempt (roa label declaration. Hie comments slso stated Aal a retail label statement 
la not justified 00 the basis of dsL

The agency agrees Aal irracDation 
usee permitted by this final rale art safe. The retail label requirements of existing 
21 CFR Part 179 wore baaed on misbranding considerations and not oa 
food safety or heal A risk considerations. At haa bees explained 
before, section ffll(s) of Ae set 
spemfically includes a source of radiation ts 1 food additive (21 U S C  
321U)).Nar ia then any statutory provision 
Aat exempts processes from being 
declared oe a food label (49 FR srii) and Ae agency must examine whether 
Ae failure to declare tech process*1* * misleading to consumers, ta this coo ten 
It ia sot relevant whether njsdiatioc it considered ■ process ta. determining whrher null labeling ia appropriate.

41 Moat comments written A rapport 
of a retail label requirement far 
Insisted foods stated Aat the 
Irradiation process has not btei demonstrated to be sail, ad  Aft rf 
Irradiation tmtinant of food ia permitted At food label should infooe 
consumer* sboot which bods hive been Irradiated to that consumers can make 
Informed dedsisos about Aa kind* of 
fooda they buy.As dlicusjed elsewhere in this document, tha sgency has concluded 
Aat the imdiation of foods at a macuinm dose of li) kGy (100 krad) is safe when rued to control arthropod pest mfeaUtioo or to Inhibit Ae grow* ind maturation of fresh foods. A new of ths fact Ae irgumants m favor of a



retaJ label requirement, besed seiety aa 
the jrtwmdj Aat Ae Imdteied food le no* nfe. Bust be discounted,C  Several coma mu ta favor of a 
rotafi Label requirement iryued Aat 
lrr«d>atiofi of food altered An 
orfuoleptic properties of food aad 
reduced Ita nutritional vale* ud  Aat 
(bee* changes are material facta reqortag disclosure under sections 
cm  a ) aod JDl'oJof A e ic lTV  
aommmxM itatsd Aat coeeumtrs hava a ngs: to know wbeAsr such processing haa aaktn place.

A food la eonaidsrtd misbranded uaser aecrion 4C3(q) of Aa act If Ha Ubefcn* ia falas or misleading is any parsxaJar. ta daiarmlning whether Ubohrig ia misleading A* agtocy most take into account Aq extant to which the Labeling fails to reveal material facta 
id  h g b t  of repressntationi made about Ae food or consequences Aat may resell frora Ac uae of rueh food (section 
201(3) of Ae ad). Therefore. Ae agency m at detide wbiAnr Ae changes A the organoleptic properties of irradiated foods constitute a material fad or whether th* Information Aat a food has bees irradiated constitutes Information the: to materia) to i consumer even if the organoleptic changes were not gjfsaficantThe agency agree* Aat Irradiation canes certain changes A foods and Aat eves small changes Aat pose no safety haxard can affect Ae flavor or texture of a I n i  in a way that may be 
unacceptable to some consumers. Even l i s t  opposed to a retail labeling rec_irement e|,ree Aat under certain 
conditions irradiation causes substantial 
cha-nge* A Ae organoleptic properties of seme fc-ids. Moreover, as discussed A 
Ae response to comment 36. irradiation m i  not change Ae food A any way Aa: is visible to Ae consumer, so a label 
sta*ament provides Ae only means of lerssg consumers know Aat e food haa 
bees irradiated. Thus, Ae absence of a label statement on retail foods may incorrectly suggest Aet an irradiated 
food is essentially unprocessed. Therefore, this regulation provides Aat 
tbs retail label contain a statement Ait the food haa been inadiated.43. The agency baa also reviewed ccro-nente Aat argue boA for end 
s recast Ae substitution of Ae ten "ior.iang energy’’ for Ae term “Ionizing 
rsdejtion" In Ac proposed wholesale labeling requirement and A any retail Libeling requirement Aat waa contemplated but not proposed. Most of 
th* arguments for Ae substitution stated that Aey favored use of Ae ten "iceizing energy” to reduce Ae problem of confusing Irradiation with nioactlvlty and argued that use of Ae

tana "taaidag energy” would be Waa 
likely to b* misunderstood by 
consumers. Other comments argued (hat both terms are Ukaly to b« 
misunderstood by consumer*.

ta vtrw of A* (act that the tan 
■energy" could b* confused wiA Its 
more ordinary meaning aa applied to foods, namely, a eapadty of the food to provida caloric energy, the agency does 
not agree Aal aubetitatlaa of the term “loflirin* energy* would be leee Ukaly a  
be misunderstood by consumers. Furthermore, non of tha comments offered any rube Unlive evidence that one tan  would more Misty be 
understood than another, either at Ae wholesale or retail total.Tbs agency dot* recognize Aat boom population groups may harbor a prejudice against anything trailed wiA radiation but Is of Ae opinion Aat wtth Ae labeling flexibilities provided A this regulation, manufacturers will be able A overcome Aese prejudice* ae consumers become more educated about Ae process and Ae advantage* Alt technology hae over alternatives 
existing A Ae Adustry.

44. One comment nigflested Act the agency use As term “picowav* treatment” in order A parallel Ae term “microwave treatment” that is 
commonly used for taoAsr form of food processing.The egency gave careful consideration to Ae use of Ate term but it finally 
concluded Aal II should reject Ate suggestion because the term “picowave treatment" Is not A common use A Ae 
Adustry or A Ae scientific community and would be neiAer more informativo to Ae consumers A an Ae label 
statement "treated wiA radiation" nor more understood by Aose A At food, processing Adustry. A addition. Ae 
microwave terminology Is associated wiA complete cooking of At food which 
A no way parallels irradiation treatment of food as permitted by this final rule.43. Several comments suggested alternative language for Ae wholesale 
label statement baaed oo Ae assumption Aat As uency would permit reinadiation of e food provided Aat Ae total absorbed dose did not exceed Ae permitted amount These 
comments suggested statements such u  
“ionization processed wiA a maximumof kGy" re "processed wiA
electromagnetic energy (or picowaves) or electron beam energy (aa appropriate) 
A Ae range of 0J MtV to 10 MtV wiAt dose of (blank to be filled A by
processor)."Elsewbera A Ate document Ae agency bee addressed Ae Issue of rairradiation and has concluded Aat multiple exposure of foods to radistioo -

to Inappropriate. TWtfon. there la to 
ated to discuss Am  oooraeata.

<A A few connwrts ruggwted that Ae wholesale label statomeet ba 
replaced by a code stamp that would reflect the perttaeto toformation about Aa treatment rtsQ* to that b o w  used 
for the place aad dsn of production for 
eanaed foods.The agency has reacted this approach 
because Aa purpose ef requiring a wholesale label to to alert other food 
processors Aal a food has been irradiated The coda stamp currently 
used la ft* production of canned foods ia informative only to tba Individual eaontr. Different firme as* different 
codes for their owe speda! tracking of food Iota. For • code stamp to be useful at all Aere would have to be a universal coda ttted bv aB manufacturers. Even Ala approach, howivot, is arise tisfa clory when 
compared to labeling because Aere to a 
greater chance for error tn Atsrpratiag a code stamp Aon b  reading a statement 
Aal Ao food baa been bra dated47. A fow comments suggested Aal 
Ae agency permit alternative language to be Substituted for any required 
statement to refleel Bore accurately A* 
type of processing torolved ta place of the phrasing "treated wiA Ionizing 
radiation.” Aa comments suggested statements such as "(rested wiA x- rays" or "treated with gamme radistioo from cobaJt-60” or "treated wiA electron 
beam energy."

A Ae Federal Register of January 7. 1967 (32 FR 140). Ae sgency proposed 
Aat terms such bj "processed (or treated) by s-radiation” and “proceised (or treated) by aamaa radiation'’ could 
be substituted for "processed (or treated) by ionizing radiation" st Ae option of the processor, whenever Ae 
more specific treatment was applicable

The agency coodade* Aat Ae option to desaibe the type ef radiation should 
still be made available to food 
processors. Tba agency is of Ae opinion Aat It is in Ae public Interest for Labels 
to bear a statement Aat Is as descriptive 
of Ae process as possible. Permitting Aese alternative labeling statements 
will also serve to edacate A* general 
public about Ae various types of treatment used by food processors.

46. Several comments recommended 
Aat FDA require a logo to represent 
"radiation” instead of a worded statement on A t label of retell foods 
Aat have been imdated. These comments pointed to Ae fact Aat Aere Is a symbol used internationally to convay Aa fact that food hss been inadiated. A comment from Ae U.S. Environmental Protection Agency (EPA).
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although set opposed to tba as# of a 
lofo to rapreseot i n  of the Irradiation process oo food predict labelina, 
expressed concern that the symbol Hut 
hat bun aaad bUmtiooaOy closely ruamblet SPA'* eflcUl fofo. IPA asserted that net of 4m symbol might 
u o m  consumer cenfatfca iboit 
whether EPA tad endorsed tuo of I product tint canted nch ■ logo.

The agency beUevas that tho are of a 
lofo tn conjunction with a descriptive label of tha precis* would aarvt to 
edueate tba atnsraJ public that it? logo and tha label are tyoooymou. Thus, tha agency la requiring that tha label and 
labeling of retail package! of fooda Irradiated shall Mar tha following logo

along with the statement "treated with 
radiation." This logo derivea torn tha 
symbol that haa been uied internationally to convey tba fact that 
the food bai been irradiated.

For inediated food* not in package form, the required logo and phrase "treated with radiation" shall be diiplayed to the purchaser by other means as discussed elsewhere in this 
document In addition, the label and 
labeling and invoices or bills of labeling; shall bear tha statamsnt "treatad with 
irradiatioo—do not irradiots again" whan shipped for further processing, labeling, or packaging.

With industry uniformly using this 
logo in con|unctioo with ths wording 
"treatad with rtdlatira" oe "treatad by irradiation" and aa educational effort to inform eoniumara about the meaning of 
tha logo, the agency has modified this rule to require 2 years a/tar its 
publication only tha uss of tha logo without the accompanying terminology. Tha agency will astass tha need for the mandatory language to eccompany tha logo during this 2*year period. Any txtension of the wording requirement will be established through notice and comment rulemaking.

49. Several comments argued that even if a retail label requirement war* a part of iba regulation that this

requirement should sot apply to treih 
fruits and vegetables because sock 
labeling was Impracticable. Other comments simply aaksd how uy retail 
label requirement would apply to fresh 
fruits and vegetable* sold in bulk retail 
food atom.

Tha agency does not agree that retail labeling of fresh fruits and vegetables would be impractical The final regulation u  modified states that 
packaged fruits and vegetables Include 
the logo and the statement "treated with radiation" oo tha tabaL For Irradiated 
fruits and Vegetables not in packaga form, the regulation provides three altaraativss for meeting the Is be ling requirements. As tn altornativa, itch 
lisa of trrediitsd food may be IndJvidoally labeled. The agency has 
been Informed that some companies plan to label each piece of (rridiatad 
food. Tha required Information may be 
displayed to tha purchaiar wtth either.(1) Tha labeling of th* bulk container plainly tn view or (2) a counter sign, 
card, or other appropriate device 
bearing tba logo and tha (arm Treated with radiation" In ordat to Inform the 
consumer that this product haa bean 
treated with radiation. This approach la 
consistent with tha exemption provided In 21 CFR 101.22(a) fofbuik fruits and 
vegetables that may hava applied waxec 
or coatings and for processed fooda sold 
In bulk without packaging.
C. Current Good Manufacturing Practice

FDA has issued general regulations 
regarding current good manufacturing 
practices (CGMP) (21 CFR Pari 110) aa well ae specific CGMP regulations for 
some types of food [21 CHI Parts 113, 114,118,123. and 129) or food additives 
(21 CFR 172.3, 174.3.132.1. 1B4.1). Such ,S|uIation» are based on standard practicerof responsible manufacturers 
in tha industry.

Tba CGMP regulation for inadiated 
food could not ba based aolely on 
currant radiation practical because of tba lack of substantia] experience with food inadiation. However, th*re haa 
bean axtanaiva experience with other 
types of radiation processing (e.g., 
hospital supplies), and the industry baa established standards tn toms cases. 
FDA considered both the experienca and standard practice* In the nonfood radiation processing Industry and CGMP In tha food industry In divcloping ill proposed regulation for Irradiated food and In evaluating comments.

In general, comments were supportive of the proposed provisions ta 1 179.25, Including the proposed requirement for a scheduled food Irradiation procsss, to 
establish I standard opening

pnxjwftn  spocfAc to each bod and rsdlinae fadttty Marry eoaments 
ruppcrtod recor&arpteg requirements 
and amphastxad the ared hr penoonel 
training and FDA Inspection

IQ. Ona flrwwwt en proposed S 17925(c) wu unearned about th# trainizg that wodd ba required of ths "ouafiUd penal wtth expert knowledge 
of relation proaNtag* mi wfeai Fedwal or Siato sgency would license or otherwise certify ■ redSatfei proceiring 
specialist who to aetdad to establish scheduled procunei AnoAsr comment tuBcstad that FDA cravat i pansl of experts to develop • protocol for th* 
eitabfahmaai of scheduled practises for food Irradiation toetaad tf Waving It 
to industry expats. Tha comment also suggested that ths Codex Standards and 
tha Coda of Practice for Irradiated. food ba Incorporated or identified ai a 
guideline for the asmbtlshaent of a scheduled process (Ret 70). (These 
docunenta ware developed by tha Codex AUmantariua Commission of tba 
Food and Agricshura Organlxation of tha Uailed Nation* and tha World 
Haahh Organization.)

TIm agency has no jurisdiction over tba barns Ing or certification of redistioo 
processing speoahstx. (However, see 
comment* regarding the training of 
radiation safety personnel required by 
the Nidear Regmatory Commission 
(NRCj in the section on eorironmenlaJ 
Impart elsewhere in this document) Dm manufacturer is rtspensibh for ch0011m 
Individuals wbc are qualified by appropriate sdersfic training and •pplieid experience to ensure the inte£*.ty of tilt food irradiation process 
FDA believes that there is eufficient Inceccve for food manufacturer! 10 
select qualified people and that FDA need lot Interns* ThareJort. each manufacturer to expected to select 
personnel baring expertise and experience in the radiatioa processing 0 food and knowledge of the require menu 
of tba particular facility. Ike specialist’) work experience mat be documented 
and oust demonstrate training and 
expcr.enea In relation procening of 
food FDA believes that 1 harkr mind 
check for such personnel would be doci In ar? case. FDA has so plans at this 
time o  require (ha Bcensing of such 
Indlvuduala or tc convent 1 panel of •xpcra to dtvalcp a protocol for the •stafcushmsnl of scheduled processes. Tha agency agrees that the Codex Allmtntirius Standard and Coda of Practice to a ^  guide bat sees 00 need to require compliance with that code by regula ties.

51. One comment on proposed 1 17923(d) asked if food processors wfc



w  Irradiated tagrvdluti la toetr relifl prsduda in  aubjeci to tba 
roecnflteeptag requirements af thla 

atiott•  proposed rule aad thla regulation Lxut tha maintenance of records to tba food Irradiation processor. TWafora. • food anano/actirtf who u h  bra dll ted isj^edJeota tn fooda designed for retail 
troda la not required to naiataia racorda related to trredtatioo treatment.S2. One comment on propoaad 1171.29(d) requested dariflcatioo a boat the length of tea  that racorda a  oat ba 
maintained. The comment dated that aoma dry fooda. neb aa apices. aay b an  • vary Jong ahalf Ufa that cannot 
ahvava ba prtdlelad by the procaaoot. Aaothar comment suggested that rocerda ba maintained onh J years.Tba propoaad rala would hava required tha recorda to ba kapt for a period that txceeda the tbcll Hfe of the irradiated food by 1 year. IDA afreet &at thia requirement la oot dear and ia amending thia rtfulation to require that th* indicated recorda be retained for a period of time that axcaeda tha abelf Ufa of the lrradlatad food by 1 year, or for 9 years, whichever period li shorter.

59. One comment itated that the allowed uaca of irradiation should ba 
specified In luffidtnl detail so thct Federal and State offidala say accurately determine whether a processor ia complying with the 
regulations. The comment suggested that FDA consider specifying sampling procedures to monitor whether a processor ia complying with the regulations.Aa explained in thia document rradiation of food at the permitted safe >vels does not produce amounts of 
unjquc radiolytic products tuffiriant to be detected using conventional food sampling and analysis tsehniques. Nonetheless, the agancy agrees with the comment that specificity of procedures a  essential to insure that radiation processing baa been properly carried cu t That ia why this final rala Usts the permitted uses of irradiation and requires that a processor have a scheduled process for each food established by a qualified person with expert knowledge of radiation processing. The scheduled proctrt must specify a dose range that wtU insure 
mat tha absorbed dose will achieve Its intended technical affect on tha food being Inadiated. The final rale also requires that recorda be kept diet include, among other things, evidence of compliance with tha scheduled process, 
source calibration, and dosimetry. Moreover, these recorda are to be made available for Inspection by authorized employees of FDA. Tba agency belitvea

that tod* b sufficient information a  de termini whether processors tn  
complying with the regulation.M. One comment stated that ao 
■ration ta asde In tha regulation regarding the role of Stata official*. The comment axpreiaed concern about pooaible questions refardlag 8lats activities ta the area. Tba comment said 
that Stata offldaJe night bo called tpoa to aiftat FDA la rnfofdng tha final 
regulation u d  wondered whether the final regulation ought ta apedfy whether Stata activities involving food tmdlatloa processing would bo 
preempted under the regulation.Tha act contains no ipedfic provision preempting the field of bod Irradiation. The tail of whether a State activity ia preempted by Fedaral law ud  regulations la whether the Stata activity conflicts with ud  stands aa an obatada to the Federal program. Tba comment appeared to be concerned about wbirlher State inspections or other actions in rapport of this Anal regulation would be preempted by this regulation. FDA notes that State officials routinely assist FDA In Inspecting certain 
facilities that are within thrtr State ta 
order to conatna scarce agency 
resources. Tba agtney haa. for muy years, worked closely with the State* through cooperative work-altering agreements affecting compliance with 
the act and Ita Implementing regulations. These cooperative afforta would further the goal of this regulation ud  would not be precluded under u y  preemption doctrine.55. Some comments itated that • regulation requiring access only to records la not adequata to tniure compliuct. u d  that FDA should alio propose strict monitoring or aome degree of offidaJ Inspection.The agency has authority to conduct plut inspections for all food-processing plant*. FDA did not intand to imply that compliuce would be determined solely by Inspection of recorda. FDA official* will Inspect food Inadiation pluta u d  win copy u d  review required recorda to 
si sum that the processor ia complying with these regulation*. The agency would hkt to clarify that it considers inspection of recorda to Include copying oi the recorda for further review, u d  1*. therefore, adding the words aud  copy" afitt "Inspection” tn new 1l79.2S{e) for the same reasons itated In the proposal 
for recorda Inspection requirements (41 FR at 5719) based on sections 409,703, ud  704 of the act Thu*, if a food muufacturer ehoosei to engage ta radiation processing of food. FDA will consider that processor to hava waived any ob|ections to the ■gency'i requirement of inspecting and copying .

s*r . w w tg r T ^ - r"»f«- ^ a m v s i .  j

pertinwl raeoTis «Hto reaped to 
tondutod foods

to  Ooe ooraao* Krtod gut totting ef 
food bradJatici fenge ta tatted by toe 
accuracy ef (fat toottte drains try. The comment rtatod toes toe regulation ■«*( 
provide Bdfaods k* determining tot 
absorbed does vtato eta be directly 
related to atudrafa ef radiation 
maintained by to* Rational Burses ef 
Standards.

The agency apura toot to# accuracy of the tasting doefe try to Important Assuring accurate doetaretry la a part of 
developttg a ethwMad proem. Navtrtoelesa. ey d i a  procedure* far dosimetry may drags, rad FDA doee 
not tetrad to am* doafaratry to u y  rat specific system et tola time. FDA would 
consider B t d jp to t of bod without adequate doataetry to be a violation d  the currant good manufacturing practice 
regulation*.•7. A few com sects requested that tho regulation pewit msdtiple 
(rradlatioea of bod provided that to* maximum doee Satetioo prescribed by regulation ia not exceeded Th* 
comment* arrord toil tom an 
conditions wbm a second radiation 
treatment wcmid prodwet a useful effect 
without exceedbg to* maximum doe*. Ona commut Kited that toe Ccd£ Alimentariua raadard far Irradiated fooda doe* permit rtirradiition of foods under limited c q m atucea.

The agency dsegrtca that the regulation sbotaf permit the oultipl* 
lRsdlation of fooda for the following reasons:

(1) An Irredind food that ia properly 
packaged u d  svsrrd should not require 
further irredJatno to be marketable. 
Inadiation prncnxng of food ia ooi so be used as a sob* state for good food 
aenitation praecra.

(2) When a bod la irradiated more thu one*, the esadativa radiation does cannot exceed toe naxtnrum allows hie dose prescribed la (he regulation. Tbs determination of whether those foods thatars irradirad mors thu once tn  tn 
compliance with tba ragulation would be 
difficult u d  tapncticuL if not impossible. Inspection of irradiation records alone to determine compliance would be inadequate. Recorda maintained by different irradiation
fa ditties with respect to the reirraAeted food would not be available for Inspection atanitotaously. Moreover, if a food wan irradiated in a foreign country u d  anbeecomstiy Irradiated in the United States, toe absence of records from the foreign radiation fadfity would a determination of compliance wito the regulation 
impossible-.
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(3) PDA It tw in  ot tba Codex 
Ailmentarius standard conetrainf 
ralmdlatloD of foodt fRsf. TO). Tba 
Codtx AllaenteriM standard doea sol permJt re lrradiatics of fooda, txeapt for 
fooda wtth low moisture con tint
(cartalt. pallet. dthydrtUd fooda, u d  
othar auch enmmoditiae), Irradiated for 
tba purpoae of oofltroOlog Insect ra infestation. This mat itandard. 
bowsvar. itataa that a food ta not 
oontidarad to hava barn ratmdiatad whan: (1) Tha food prtpartd from malarial*, which have bean irradlattd at low doaa levtle. la irradlattd for uothtr 
tachnolofical purpose: (li) tha food, containing Ittt thu 3 parcant of u  irradiatad Ingredient. la Inadiatad; or (ill) tha full dota of lonixing radiation 
raqulrad to achitva tha dttlnd effect la applitd to tht food la taort thu  ona 
Inatallmant ta part of procesing for a 
tpaciflc technological purport. In accordance with 21 CFR 130.1 FDA will 
review all food atudarda adopted by tha Codex Aliment trim Commission. 
Tha agency la not required, howtvtr. to 
accept then standards.

Although the agency may, on Ita own 
initiative, propose adoption of a Codtx standard under section 40? of the act (21 
U.S.C 341), u y  Interested person may petition the agency to adopt a Codex 
standard (21 CFR 130.8). Because the agency hat not proposed adoption of the 
Codex standard regarding reinadiation of foods at part of this rulemaking, this 
Issue requires no further discussion at thia time.

(4) The agency acknowledges that then could be certain circumstuces 
where a useful effect could be produced by reinradiating a food without exceeding the maximum dote limitation 
prescribed by the regulation. However, ■a discussed earlier in this response, tha 
agency believes that efforts to monitor compliance with this regulation through recordkeeping u d  records inspection 
would be difficult ud  impractical u d  may tvan ba imposalbla in certain 
Instances. A further complication that would arise should rtIrradiation of 
fooda be permitted involves the difficulty of complying with the labeling requirements prescribed by the regulation. Complex labeling at the wholesale level would be needed to ensure that the maximum cumulative 
dosa absorbed by the food does not exceed the maximum dose limitation prescribed by the regulation. Wholesale labeling would also have to convey to 
what txtent a previously irradiated food was treated. Furthermore, such cumulative dosta would have to be the 
minimal radiation dose reasonably required to accomplish tha intended

technical affects. This minimal redU&oa 
doaa would ba vary difficult to 
determine If It la tdmlnisltred la multiple dotes. These complex Issues 
would requin careful eoosldarattcu by 
tha aaascy during a separata rvafoea*. For aQ of these raisons, tha agency haa 
concluded that rtiritdlatiod of food should oof ba permitted tfider this regulationSt Some comments questioned the 
need for a S million electron volt Umri for x-ray sources end stated that this •nargy Unit should ba tncmeed to 1£ million tltctron volts.Tba 6 miiUoo electron volt Umltattoa for x-ray tomcat wee based on data ■ an eariJtr petition and ia consistent unth recommendations of tba Codtx Allmentarios Commission. FDA has aa date demonstrating the safety of sources operating at higher energy {avals; accordingly, this regulation •'>provts tha use of x-ray sources of no more than I million electron volts. The agency r u  consider changing the limitation If data 
supporting the sale use of x-raya produced by machines using energy 
sources greater (had 5 million electros volts are submited is a food td&tirt 
petition.
D. Other TtchnJcaJ Effects.

59. Several comments were opposed to food Irradiation because 11 can 
theoretically affect the metabolic processes of fresh foods, and thereby conceivably make them less resiiUc to 
spoilage by vinous fungal diseases.The sgency recognises that irradiscon affects the metabolic processes of Ereu foods and may sometimes make them less resistant to spoilage. Irradiation, like other processes, will not solve al food-prestrvation problems and will sometimes be impractical. Food processors would probably not Irra&tt rood if Irradiation causes tho food to spoil mors quickly or to become leas marketable, in such cases. Irradiating 
food would be contrary to the processor's self-interest. Because the practicality of using food Inadiation makts this process somewhat self- limiting, tha agency concludes that it 
need not restrict the inadiation of fresh fooda merely because some foods mxy be unsuited to such processing.60. Many comments requested that 
FDA take a more general approech tc permit Irradiation op to a dosa of 1 kGy on any food for any purpose consisted with currant good manufacturing practice. One comment itated that tha rule should ba extended beyond fonts u d  veistables to mushrooms u d  peek. Several comments asked that lha sail dose be reissd lo 1.5 kCy (150 bed). Tht commsots stated that 0.7S kGy (73 krad)

ia necessary for maximum the If) extension of pa per a tad the 1J safe doaa would allow for some I 
tn designing a ammcrdai food 
Irradiator. Ona comment itated i 
term Trued control" may be too 
restrictive u d  suggested "peat o Several comments stated teat a 
maximum dose ot 1 kCy la effect trichinae control and for micro bt 
control to soma foods. i

The agency intended the Una fruits aad vegvtables’ ts Include mushrooms, which are foil ting b 
ta fL  The ascncy now belltves ' 
(arm "fresh foods" msy more ed> describe foods such u  fruits, 
vegetables, u d  mushrooms that capable of additional growth aa maturation but that msy be tree 
lonixing radiation (o Inhibit thoa procstM*. FDA la revising the n 
accordingly. In addition, the age 
agrees that tha term "buret coo’ may be too restrictiva. Therefor 
agency la substituting ths term ,ij 
"arthropod pests” to Include Ins spiders, and mites, but to txduc 
such as bacteria, molds, mice, a:

Although the agency believes 
safety of food Irradiation below (100 bad) baa been established, 
agency proposed to hmJt the us< irradiation according to Inlende 
technical affect rather thu iim| 
dose. This was done both to iv< Indiscriminate use of Irradiatiot aid enforcement of dose limjts t 
there would be no reason to exc permitted dose for the iliowcd effects. For ixample. overman: fruits u d  vegetables may adve affect their marketability Thui 
exceeding the permitted dote * 
result in a substudard product, afflict compU&nce occurs due tc 
limiting factor.fa thia specific case of papaya 
agency beliavas that u  adequi commercial radiation facility u  
designed for papaya with the r. limitation. Alternatively, the ag review a petition to increase th< maxima permitted dose for fo 
foods.Ths agency is aware that the 
pannittad dosa may alio be soc affective for other usts. such as decreasing tha microbial burde 
meat fish, u d  poultry. FDA di< propose these usis, however, b irradiating at such low doses » 
ba sufficiently effective for mjc control to be self-limiting The stated to tha proposed rule tbs' consider other uses below i kC krad) if a petition supported by that a specific technicsl effect



•ceoorpllshed below 1 kGjr (100 bed) u 4  V an appropriate bod additive regulation can be pcomuUatsd and can be enforced. Tba I fancy m i  received prshona (or the use of irradiation to 
ccctrol trwhtoae In perk at dote* below 
1 kCy 100 krad). Aa discussed earlier ta 
thro preamble, tba (fancy Issued a final note on July 22.1H9. la reipoaae to one 
pmtion to control Trkhinatfa ipirolit ia perk (SO FR 29051). In thia document, tba 
agency la deleting 1 179.22 and la oksrporatina that authorixatios for tha eradiation o l pork ia new 117928(b).

n .  One comment itated that FDA's prapoaed rule would hava rtlativtly b=je impact on eoivtng tha ovtral! problem of food spoilage and cootanded that FDA la apparently waking to avoid, deiay or otherwise shelve indefinitely tbe approval of Irradiation at hither dcse levels. The comment stated there (a cc reason for FDA’s reluctance to prmcaed on Ita own initiative to approva food Inadiation at doses above 1 kCy, iacluding radiation sterilisation of cajcken. Other comments itated that FDA should permit dows up to 10 kCy based on tha Codex Alimtnlarius 
scandard.

FDA'a traditional approach to Issuing a food additiva regulation has been to respond to a properly documented petition. FDA Initiated this rulemaking tc penult food Irradiation because It believed that an agency-initiated nJemaklng would be more efficient for —rse uses where the agency needs no hr*Jier safety data.
Two considerations prevent thesncy. at this time, from proposing a f-r-.eral regulation allowing higher c roes. First, at higher doses, irradiation c s  significantly retard microbial spoilage without killing all spores of C. 

xnjlinum. Under some conditions. C. 
z'tulium can grow and produce a toxin cu t constitutes a health hazard. Basad 
cz current information, the agency is 
smsble lo prescribe safe conditions of rradiation at higher doses for foods that »  mild ensure C. botulinum organisms would not devslop.

Second, at tha doses permitted in thia regulation, the total amount ot radiolytic p-oducts consumed Is too small to be of srncem, either because of low dosee or because foods so treatsd are a minor pu l of tba diet. Further, safety ^formation from animal feeding studiea b unnecessary under these circumstances. Tha proposal itated that FDA ia reviewing a number of studiaa to 
determine whether fooda that are eradiated at dosts above 1 kGy (100 and) can be considered safe without additional toxicological studiaa. As silted elsewhere in this document, the sgency has reviewed these studies and

food that five wen acceptable by current standard*. Thla data base ia Inadequate to support a broad dedsloo 
that «Q foods ray ba Irradiated safsly st 
htdvsr dosn up to 10 kCy (1 Mrad)-therefore. FDA does sot (stand to 
initials further niiamoklng oo food Irradiation bawd on tba In/ormsUoo 
before It at this tins. Tha agency will ot course, continue to evaluate tnd respond oo a caw-by-caw bails to aQ 
food additiva petitions tovoMng 
irradiation.52. Savers) eemmsnta discussed using Irradiation to control microbial contamination of animal feeds. One comment stated that tha agency should consider the use ef Irradiation to beat all animal feeds up to a maximum does lava) of 25 kGy (22 Mrad).The egency sgrecs that Irradiation of animal ftsds to control microbial contamination eouJd be addretssd. but not necessarily as part of thia ruiamaklng. Ralston Purina Co. filed a food additiva petition (FAP 2108) (December 1ft. 1064:49 FR 49101) proposing that tha refutations be amtnded to provide for microbial disinfection of laboratory dials for rata, mica, and hamsters by radiation 
treatment. Ths agency responded to this petition In the federal Register of 
February 19. 1980 (51 FR 5992). Any interested person able to document tha 
safe use of a source of radiation to treat 
animal feed* rosy submit in animal 
food additive petition for that use 
under the provisions of 21 CFR Rut 
571.83. One comment stated tha* the 
■geney should permit the use of 
radiation to sterilize meals to provide a mors nutritious and palatable diet for persons who require sterile meals.i The agency Is considering s separate 
rulemaking to permit tha investigational use of unapprovtd food additives under 
itction 409(1} of tha act (21 UB.C 348(1)). That issut Is not relevant to the ases of food irradiation permitted under this 
regulation.84. Severs] comments stated that there were other alternatives to inadiation for insect control or for growth and maturation inhibition of reeh fruits tnd vegetables ud that, therefore, there was no need to permit food inadiation.The agency agrees that there are other methods both for towel control and to 
Inhibit the growth ud  maturation of 
fresh fruits u d  vegetables. However, the existence of inch methods Is not a reason to prohibit squally tafa alternatives, nor does ths ad authorize FDA to arbitrarily limit the safa alternatives that are to be allowed. The agency believes that tha marketplace should determine which alternative

treatment method is wed vrW la 
not u  to***.
t  PocJujfwg

U. One commas; stated that FDA 
should oontodw ths poasibls xtigntSoc 
ot toxic snbeUoeH from packaging materials to food drag Irradiation. 
Severn] comments anted that tba 
propoaad rnlt dow not discsw packaging malariajs ud  that thia omission any crews confusion sritk 
respect to 1 179.41 k addition, oo* comment asked speaflctDy whether the IrradtatiodTef bulk packaging materials 
such aa fiber drams tnd burlap bags la permitted arte tfaengh they are not listed Ib 1 179.41 Tht comment 
questioned tba need for 8 179.45 and sugpated. at u  alternative, granting approval for InaiEeton of all substances that are currently generally recognised as sals as packaging materials.

FDA potato out ftal all pa ekiftag materials or compocmts of packaging 
material that may reasonrbfy be expected to migrate to food must comply with appropriate regulations authorizing their use. Compoaete of packaging meteriala Aat bare been irradiated may 
migrate to food to a different degree thu components at u  unlira dieted 
material

There are two srpects to this problem:(1)A packaging material that is inadiated before bod contact msy degrade or undergo oosilinking or icae other change so An it is significantly 
different from the amirrediated maienaJ 
and (2) packaging catena! Irradiated while in direct food contact may 
product low moceaJar weight 
materitia that migm migrate into the 
food.In the first case, at Irradiated 
material may ba tested to see whether it ia suitable for use ■ contact with food 
ud  compiles with ippropriatt regulations. If the indisted material ■ 
itiJJ suitable for ssa ud compiles with the applicable regulations, no additional regulations an rr ,u td. If tha irradiated 
material no longer mmpliss with applicable regulation, interested persons may ruber s food addJtirs 
petition to amend toe regulations 
accordingly.In Aa second cue. volatfls materials 
migrating into prepackaged fooda during Irradiation wodd sot have been considered ta a relating whether the 
packaging material was safe for its Intended use. union At packaging 
material had bee to*ofi«^7 authorised under 1179.45. Sectioa 179 *5 
lists packaging manriali Aat msy be formed into contersn for holding or packaging food fauecded lo be im d iited
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tod which a iy  be nbhcted to 
©odeoiaf Irradiation aunn| the 
mdtoioo tm tm«t ef prepackaged fooda. Thia regulation wu tewed ia 
rwpcnaa to petitions far packaging material* tuad wiA food during 
irradiation In antidpetlofl ef expanded 
uses of food iaTidialioo la the 1180*I. Therefore. At agency diugnii wiA Ae comment Aat 1 179/45 li unntcetianr.Section 179.43. bowtvir. doei not aet packaging materials Aat are genaraUy recognised aa life (e.g.. glass, wood, namral fibere) but which may inhibit different charscteriatica of migration to food during Irradiation. FDA knows of oo information on aucb material! during irradiation by which Aty could be generally recognized ai safe. Therefore. 
FDA doee not conaidtr inch materials to be generally recognizad aa aafa when ux*d A packaging Aet la irradiated A 
contact wiA food. Tbe agency Avitea pestiona to amend 1 179.43 to Include generally recognized at safe packaging 
materials and ether peckeging meteriala not currently A 1 179.45.The agency agreei Aat Ae failure to 
addreu packaging A Ae proposal may cause confusion. Became of Ae possible confusion. FDA Is adding a new paragraph A 1 179.28 clarifying Ae Atended requirement Aat packaging materials containing food during 
irradiation must comply wiA 1 179.45.
f . Public Education

66 . M any comments slated A a l a need 
e x is ts  fo r a pub lic education campaign sc; ported  by  A e  government and 
ic c js t r y .Tbe sgency agrees Aat Aere is a need for public education A this area. 
Hrwever. the agency li responsible for ensuring Aat food additive* Acludlng a 
source of radiation are safe: FDA has no proper role ai a promoter of a specific food additive or food process. Tbe agency believes Aat Aa primary responsibility for such educational 
activities remaAa wiA Adustry A Ala instance.
G Impact Ana/ytet

Tbe agency stated A Aa proposed rue Aat existAg safeguards A rerJitions issued by At Occupational Safety and HealA Administration (OSHA), Aa Nuclear Regulatory Commission (NRC), Aa Department of Transportation (DOT), and FDA are 
adequata to ensure Aat Aere will be no adverse environmental affect However, many comments expresitd concerns about Ae environmental impact of Ait regulation. These comments can be separated Ato three categories: (1) Radiation safety wiAin the facility (worker safety), (2) waste storage end

disposal, and (5) tunapartetioa. FDA requested i response A &*m eooatnts from OSHA (taf. 71). NRC (Ret 72V tnd 
DOT (Rat 79) and haa lummerixod their mcponsei below.•7. Several oommentj wart concerned 
wiA worker exposure aad wiA plant 
safety and claimed Aat current sa/sty 
standards an Inadequate to protect workers employed A industrial handling radioactive metarule.A facility ojAg radioactive malarial 
must first obtaA s license from NRC or At corresponding agency A an agreement Stata. NRC hae Informed FDA Aat A order for a firm to ba licensed to poteen end use radioactive material A an Irradiator. Aa firm must file tn application wiA NRC or the corresponding State agency. The Information that needs to be submitted Includes At tninAg and experience of Adividuali responsible for At radiation safety programs. Aa training providtd to 
pereone who will work under Ac supervision of Ae responsible Adividuali, a description of Ae fadlity. Ae safety systems designed to protect personn'.'i from exposure lo radiation, and Ae radiation protection program.NRC etatas Aat Aa regulatory “Guide for Aa Preparation of Application! for Licenses for Ae Uoa of Panoramic Dry Souree-Storage Irradiators, Saif* 
conlaAed Sourca-Sloragt Irradiators, aik 'anoramlc Wet Source* 
Storage Irradiatora" (Ref. 74) provide! guidance to potential applicants about specific details needed A an application for possession and use of radioactive material A an irradiator. Tha NRC staff reviews Ae application to detcrmAe Aat (1) Ae applicant's proposed equipment and facilities are adequate to
Erotect healA and minimiE* danger A ft and property. (2) At apptlcant ii qualified by training and axperianca to 
uia Ac radioactive material for Aa purpose requested and A such a manner as to protect hcaJA and minimiza danger to Ufa and property, and (3) Aa program described will result A compliance wiA NRCs regulatory requirements. If As A/onnstioa provided A on application ia satisfactory, a license is issued. After Issuance. NRC conducts periodic inspections of irradiator facilities. A 1978 and 1979. NRC collected exposure data from all ilccnsaaa. Tha avarage annual maaiurabla dosa for persona engaged A irradiation operations was 180 millireme. (Ths maximum permisiibla ionizing radiation dost for workers ia 5.000 milllrem* par ye*r.)68. One comment stated Aat OSHA's Ionizing radiation standard (29 CFR 1910.98) would apply to worker exposures from machina-productd -

radiation* bm mrtaeed Ac 
ortaAluttoa'l aoflry to tenure worker 
aafaty.

A response a Aa comment. OSHA 
confirmed Aat m an  eat iodising 
radie See Kxmkn .31 CFR 91018) 
would apply to wwkar expert arts to 
radiation from aanins pmrlnrtrl 
sources. Aa to tor p i t .  OSHA will 
concentrate tfi a^Kticnal resoureae on high priority prialeaa. aad will consider addxtmoa sction should 
Information drreks Adicating a aewd 
forpooctn.

08. Many ccmiamtt ware concerned about Aa safety rf Tens porting 
redloactiva a t i r k i  A general. aad 
also arguad that taplamretatioo of tka 
regulation wwbd lad to Increased 
amounts of redoodva materials being 
transported.

Both DOT aad NRC hava responded to this comrrvrd Ttay stated that the 
transportatioB of ndioactiva materials 
Is in activity whid la highly regulated 
by boA Aa Fsdara tnd Stata 
govemman A Both DOT and NRC bare 
regulatory reqiixenente Aat govarn all aipeels of trecsprratlon A detail from 
quality asiureaa h packaging A requirements fcr porting In/ortnatice 
Aat to deariy riafli* on transporting 
vehicles.

The overall mhq ot trmj porting radioactive materuls was evaluated a  
Ae NRC repor. entiled "FAal Environmental Statement on Aa Transportatiae of Ladloactiva Material 
by Aix and Omar Modes" (NUREG- 0170) (Rtf. 75). Tba report concluded Aat Ae total rai horn all transportetic: of auch materai «u  acceptably krw NRC has concrete, a/tar review of Ae subject. Aai At repletion* an 
adequate to prctac At public against unreasonable cab Srom Ai transport of radioactive mcenaa (48 FR 2i619: April 13.1981). NRC btbma such shipment* can ba made acfth becauae iletnseee shipping rediaactiva material for us* to food irradiators an required to comply 
wiA an NRC regnkory program.

Food inedianoc smrcaa are held to 
At form of wwdad waled loorcea and are transport*: z  cddant-resistant 
packaging. Thee bu navar baan a rtlaasa of redieactra matariaJa from 
ona of Acte package* A Aa United Stataa aa a resit tr a transportation 
acddent even vha transporting powders, tiqnitis. cr gases. Tha transportatioe of aalad aourcas would 
make a reltiis* eres more unlikely.

70. One commas itated Alt DOT. NRC. and tha SUtm are Aeffactiva to Aelr regulaticz of rmiporiation of radioactivi i u x i u .



D O T  disagreed u d  itated tn a totter 
lo  FDA thet tha approach bain* used by 
N R G  DOT, and tha Stataa baa naan 
a f la c S r t  tn ensuring safety.

rL  Om  comment itated that tha • basnet af effective regulations for 
traaaporting radioactive materiel* haa proopud over 300 toes! oaomnlUas to tin poo* bona or nitrictiooa c* ttdear earpo traniportation ia daffaaca af Fedtnl preemption.

DOT advlatd FDA that thia la a «uafro*dint atatamanl DOT baa ao 
m daoca that tha traiuporutloa of radioactive material* baa caused any aairry problem. DOT poiotad oat that thor* nay ba a myriad of raaiooa balkitai the** local restrictions, many of which nay ba aaralatcd to aafaty. naally, the existence of local restristioni against tba transport of 
radioactive meteriel provider ao evidence that Chart la or baa bteo a 
safety problem aaiociated with such transportation.71  One comm,-Metaled that tha hisinry of monitoring transportation of radioactive materials Icavts much to ba 
desirad. Tba eoctuncot died Inddanta reported over th* past 3 years where (1) sources were simply lost** or were 
fooad by children ta public onrestricted a m a  (2) sources were accidentally mixed with scrap metsl: or (3) offsite contamination from radiation byproduct 
fadStie* resulted ta widespread coctamiaation. Tba comment further 
questioned what wouid happen when 
mifjons of curies are added to the coemercial lector, tf the Federal government cannot keep track of the approximately 17.000 sources in the 
Dieted States.DOT advised FDA that ihe references 
made by the comment to lost sources are misleading. Tba Incidents referred to 
did not involve sources as large n  those to b* used ta e food irradiator. Sources that have been lost ta transit in tha Darted States have been those of very low activity or empty packages that pot* relatively small risks. High activity scenes such aa Iboas used for food irradiatloQ are transported ta latfc beery packages which are oot Hkely ta be easily lost Additionally, DOT* 
revelations require that the shipper of auch packages notify tha eouipea 
wtaea a shipment is mada so that tha cocsignte axpecta it and can taka prompt action If it la not dtlivsred on tiae. Tha comment about radioactlva material being mixed with soap metal refers to an taddent ta which a reductive source was Incorporated tats steal mada from scrap ostaL Thia Instidant tavolvtd tatamationa] licensing acthoritles end bed nothing lo do with dcsastlc transport

Tba egancy baa determined that tha 
axlstlng controls over tha transportation of radioactlva malarial* are adequts tn 
ensure aafaty tvan sshan tha number of 
radiation aourcas Increases, aa might ba 
expected •• a reach ef thla rala.71 Many commaota txpraised 
concern that aa tacreaaad uae of radioactive meteriala will leed to e corresponding Increase ta prnblama regarding proper disposal of radioactive weate* aad possible environmental 
contamination.Under NXCTa regulations, sealed sources aaad la ae irradiator mar be dispoeed of by transfer to on authorised recipient as specified ta 10 CFR 30.301(1). Aa authorized recipient could be th# original euopUar of tba sealed source*, another nwaseg which to 
authorized to possess ths sesled sources, or a facility licensed to recr'va and dispose of radioactive wastes.In practice, a cobalt-00 tailed source is usually returned to tbe original 
supplier it tba and of ita useful lilt. Disposal of tha sealed sources coufd be accomplished by transfer to one of tha existing facilities authorized to dliposo of radioactive waste materials, ta tht 
United Stataa. these facilities art located ta tba Stataa of South Cantina. Nevada and Washington. With respect to tha cealom-137 capsules which the Department of Energy (DOE) haa 
avatlabla for uae tn irradiators. DOE will lent the eapaulea to Ucenieea and tha 
capaulea will be returned to DOE at the end of their useful life.Tbe agency beUeves that these measures are adequate (o safeguard 
againat possible environmental 
contamination.74. Many comments were concerned that food irradiatioD might cause tha formation of mutant pathogens. On* comment stated that an environmental 
impact statement moat ba filed for thie reason by the agency before further action la taken.The egency considered tbe potential environmental toped of permitting food 
Inadiation tud concluded that an environmental Imped statement was not required, and submitted this finding of no lignifieant toped and anrironmantal assessment to the docket for public revisw, is noted ta die 
propoeai No new Information or comments hava bean received that 
would altar tha agency'! previous determination. A response to tha comment that mutant pathogens may result during food Irradiation baa bten provided earlier ta this documant75. Various comments on tha •conomie topad of thia process stated that thie proceaa would provide consumers with a greater variety and

gMAtity ef fcode i a  le t now 
available ’.s c n a  4  pwraaUai restriction* *  taOto Raff lift. Other 
commants stated Rd Re process to 
expansive and thaa wraJd toeniM the price ef food. Cut— ta from Industry 
itated that tha earn (evolved ta commissioning • tadry would require i 
broadar range of » to mah* tha operation flnanctafg viable.

Tha agency befim  that tha markatpfaee wtD dearmina whither 
irradiation of food s  acoooeucaily ftaaibU.<No lafar— Son wu provided 
to suggest that to n r a  of this final rxk would poa« aa uesoptable economic 
burden on aodaty.
□I Objections

Any person who rtB ba adversely 
iff act ad by this rtytiatiou may at any 
time on or before Mey 111988 submit lo 
tha Dockets Maaapraent Bruch (addrese abort) uerttaa objections thereto aad may Baa a written request 
for a public btaring m  the stated 
objections. Each obesticn shall be 
separately lumbend and each numbered objection shall specify with 
particularity tba prorrioa of the regulation to which sfajection la made. 
Each numbered ebfcetion oo which a 
bearing to requested shall specifically so 
itate; failure to reqwt a bearing far any particular objection dull coostituta a 
waiver of the right u a bearing on that 
objection. Each ninhered objection fcx which a hearing to squealed shall 
Include a detailed Ascription ud  
analysis of the specie factual Information intended to be presented m 
support of tha objecon ta the event tie I a hearing to bald tousn to include such 
e description end asafysii for uy 
particular objactiac dial] constitute a waiv*r of th* right n a hearing oo the objection. Three enpa  of all docuaeru 
•ball ba nbmJttad ed shad ba Identified srilh tha fockrt number fosad 
in brackets ta tha bandiw of this regulation. Recahwi objections msy be aeen in th* office a im  between 9 t x . 
and 4 pm. Monde; trough Friday.
IV. RaftnncM

Tha following tone** referred to in this document are toad below. Documents with ax utartok (') have 
bean placed on dtopay in tbe Docketa Menagemknt Brana (address above), 
ud  may ba sees bewten I am. u d  4 pzu Monday throcgh Friday. All tba referancaa oot sa dip Lay tn  avaitobk si published artkaeu teporta. and 
books.

1. •Braw flt A F . r  «L *Reoooa«odjcx=Bj 
for kvihutiai the Sstay e/bndisttd



FwtortJ / Vol. 11. No. 71 / Friday. April It . 1966 / Ruto usd  t a f i a  fow
1

foods.* fina l report prepared h r ha 
Director. k w u  W foods. FDA, fx/y 1MB.

L 'food Additiva tvshu tiM  fortaeL 
" fina l Report ter the Thai Croup far tha 
Review of Textcetoc Data m bred la tad 
foods* Masoranduu la W. Cary fkm o . 
April 1 1N2.

1  tib llo fre phy aftaporU evaluated by ha 
T«»k Gravp.
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a and January 1 IMS.
& 'National Tosj oology Propria Board of 

SciontiAc Counselor!. fina l Summary 
M1m 1m  for the “Peer It arts w of tba Data 
boa tba Raltech Ufatiaa feeding Study w ith 
trradiatad Chicken Meat In CD-I Mice by tba 
Technical Reports Rertaw Subcommittee and 
fin a l of Experts." bald et Raeaercb Triangle 
Part. NC March 36 IMS.

7. Bsytrt. M L  at al.. “Chemical 
Coniaquancai of ImdiaUon of Subtropical 
fru its" in “Recant Advances In food 
Irradiation.* P S Elias snd A). Cohan, eds. 
B u r in  Biomedical Prats Amsterdam. pp. 
171-1811983.

a Boston. RA  “Advance* In Radiation 
CbemJatry of Food and Food Components— 
An Overview,* iti “Recant Advaneaa ta Food 
Irradiation.* PS. Bias and A.). Cobra ada. 
B a rte r Biomedical Press Amsterdam. pp. 7- 
25.1983.

9. Schubert. |, "IrradJstioa of food and 
Food Constituents: Chtmical and Hygienic 
Consequences.* in "Improvemtnt of Food 
Quality by Irradiation.* Proceedngt of a 
panel. Vienna. June 18-22.1973. InternstiooaJ 
Atomic Energy Agency. Vienna. 1974. pp. 1- ».

10. Commute* on Food Additives Survey 
Data. *19&2 Poundage Update of Food 
Chemicals.” Food snd Nutrition Board. 
Commissioner on Life Sciences. National 
Research Council. National Academy Preu. 
Washington. DC 1964.

11. •Priyadtrshini. E, tnd PC. Tulpule. 
'A ilstoxjn Production on Irradiited Foods.* 
Food and Cottnttia Toxicology. 14:233-83, 
1979

12. Priyadsrthlni. E. and P C. Ttdpulc. - 
*ElTtct of Crtded Doss* of Gamma Radiation 
on Aflatoxin Production by Atptrgillui 
porantieut in Wheat,” Food end Coaaatia Toxicology. 17306-407,197*.
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V, Agency Actioa
FDA haa tvahatad ovar SAOO commas!* ai vraD ai Information alraady lo FDA'i fllti and condudai that tha proposed os* of Ionizing radiation ta ufa and that tha regulation* should b« amended as sat forth oalow.Tha agency ajsessad tht Imsaet of the proposed rule on currant and future am  of Irradiation technology [February 14. 1984:49 Fft 5714) Thla assessment 

demonstrated that tha proposed nilt waa oot a major rule aa daflnad by 
Exacutiva Order 12291.Further. It was determined that the rule would not hava a significant Impact on a substantial number of small entities

ender the JtiyMatory fkxtolHy An. la 
order to aecvctah raflod du i«*o h thla BaaJ nla ta«M to ftoiyaeae to
comment*. FDA U i prramsJ i rwteed

Bt M%» SCOthmbeld i ie a e M t af toe Kocomkifftcta ef All rtoR TW itodtogi of Ihl*
UMMEMflt do art * f»  toe agency's 
prtrloo* aaoeoatoeaL TW tfor*. the 
agency henby tod* tool tote la aet a 
major rata s* tkfisad by toat Order tnd 
cartflaa to acsordaaoi vtik tectiaa 
106(b) rf Ae XMitatory Ftax/bfUty Act that to* rata w « art k m  a ii#iific*ni 
eoonomk Impart m a scJbetantlal mmbar rt w a i aaHoa.

The afeocy has prrriaaeh cooaldarad 
the eartrocma—*1 tfiacta rt tota rala aa 
enaMDced ta toa prapeoad rata (Ftbrury 16. t m  •  f%  C14). No new inform* Boo or commenti hart bao  
rocslved that would cSad to* agency'* 
proviou* datarsfnatioa toat than U no significant Impart oa toe human environment and that an nrlroomantai 
impart itataasen! I* art required.

Section 17fJS(t)rt tota Sail rata ooaUina a eoOoetion rt Information requirement FDA whmltted a copy of 
the propoaad rd* ooatatadag th* tame requbvmant to to* Office m 
Management and Budget (OMB). Thla coflectico rt teforaaBoo requirement 
wa* opproved fcr taa toroogh March 31. 
1987 (OMB Cootral N& 0910-0186).
Ltat of Sabjaeli k  21QA Furl 176

Food addHtim. Food packaging. ImdJatfon of food*.
Therefore, under tha Federal Food. Drug, and Coaaatic Art. Part 1791* amended as folowa:

PART 17A—IRRADIATION M THE PflOOUCTJOR PflOCtSStoQ, AND 
HANDUNO OF FOOO

1. The suthocity dtatiaa for 21 CFR Part 179 It revtead to rend a* sat forth 
below and the authority dtationa under n  CFR 17121 sad 17R43 art ramovad.

Authority: Sco. SDl(s). ICR 72 SteL 1784- 
1781 a* amended (21UAC 3S(i), 348): >1 
CFR 116  I f  17129 sad CRJB tlso tn  Issued 
under saca. 40103,70.791 S3 SUL tOSOr 
1048 as wended 1097. 9  SUL 477 u  
i  mended (21UAC 34130 173.374): 21 CFR 
3.16 9.11.
1 17929 (Removed)

L 9y removing 117129 Comma 
radiation for tin tnatixaat of food.
1 17824 (Removed) *

3. By removing 1 17*24 Low-doia 
alactnn beam radlatjae fo r tha 
treatment o f food.

4. By adding sow 117921 lo read as follows:
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For tht purposes of 1171.2a. current 
good manufscturing prtdJct it dtlbtd 
to includt tht following restrictions:

(•) Any Ann that treats fooda with 
ionizing radiation shall eomply with tht 
rtquirtmanta of Part 110 of thia chapttr and olbtr applicabts regulations.(b) Food treatsd with Ionizing 
radiation ihail rtctiva tht minimum radiation doit rtaiontbly raquirtd to 
accomplish ita Inttndtd ttchnical tfftct and not non than tht naxlnum doit iptcifitd by tha appUcablt regulation for that oat.(c) Packaging materials iub(«cttd to irradiation Incidental to tht radiation Irtauntn! and proctiiinf of prepackaged fooda ihail comply with ! 17p.«.

(d) Radiation trtatmenl of food ihail conform to a tcheduled proctit. A 
tcheduled procen for food inadiation ia a written procedure that tniirei that the radiation doit range leltcttd by tht food inadiation procenor li adequate under commercial procening condition! (including atmoiphen and temperature) for tbe radiation to achieve ita intended effect on a iperfic product and in a 
ipeeiftc facility. A food inadiation procesior shall operate with a 
scheduled process established by qualified persons having expert knowledge in radiation processing requirements of food and specific for 
that food and for that inadiation 
processor's treatment facility.(e) A food inadiation processor shall maintain records as specified in this section for a period of time that exceeds 
the shelf life of the inadiated food product by 1 year, up to s maximum of 3 
years, whichever period is shorter, and shall make these records available for 
inspection and copy by authorized, employees of the Food end Drug Administration. Such records shall include the food treatment lot 
identification, scheduled process, evidence of compliant* with th* scheduled proceit, ionizing energy source, source calibration, dosimetry, dcse distribution in the product and the date of inadiation.
(Collection of information rtquirtmenls approved by the Office of M»ni|ement end Budget under control number 0910-0180)

S. fry eddlng new 1171-28. te read as 
follows:
117VJC lenttng rwfrSoo ftr ta

^  I n  j  *

Ionising radiation for trtatmsnl of 
foods may b« aiftly ued under the following conditions:

(a) Energy sources. Ionizing radiation 
ia limited to:(1) Comma rays troa sailed units of ths radionuclides cobalt-00 or cislum* 
137.(2) Electrons gsosratsd from mschina 
sources ot entries not lo exccsd 10 millloo electron volts.

(3) X-rays gsosratsd from machine sources al energies oot to exceed S millloo slsctron volts.(b) Limitation*

*m M l  *  Tmtmn c n «  
n eon a r :w n  •  h e i /w» rm » ■■■!!< %*% t  fort

ft* **•« H  Ntnfen rlW 
Ia n  d  M i  t a t *  

ta  ArMUOi Rt 'jtwvaot iwm m ta* 
far w itaM ***c*on d  *y

kxii |neb*| wnwUtal *
fw  mereM darhcIon *  ta  k**»| fff e enrnw ew
adrary tat*.
tnd tare* d  taaa rata* regvuta utwica Ti»m«pe
mo eacrta « jt  tao t* rod- •ted *rm t»j n  ■ M jmo

Tht

Unrun m  0.3 tQfao «re*. uaaru*
Mf <100 I Htf ttwcwdtlOv(100 1 0*

Mm*

e r t e n d t  rd - t o  r o o m  d | rt tad ngrrtara adrarh  j aMd n wen tana*

alaeq with rthrr ths i tat invent Tn* 
wtth radiation* or ths statement 
Treatad by SndJitiotj* fas sddltioa to 
la/ormatioo required by other 
regwtion* Tbs logo shell be pieced 
praeuently and ooosplcaousfy ta 
cocquctioe wtth ths required lUtrtaeat

(2) For Inediated foods oot la peelagi 
form, ths required logo end phrase 
Trietsd with radiation* or Treated by 
IrmdUtion" shall be displayed to the 
pteefcaaer with either (I) the labeling of 
the^elk container plainly la view or (ti) 
a coeater stgo, card, or other 
appropriate device bearing the 
information that tbs product has been 
treated with radiation. As aa 
alternative, isch Item of food msy be 
Individual); labeled. In either ease, the 
Information must be prominently snd 
conspicuously displayed to purchasers. 
Tbe labeling requirement applies only i. 
• food that has been Irradiated, oot to s 
food that mertiy contains aa Irradiated 
ingredient but that has oot Itself bsco 
inediated.letovti

MM *  caoxd X  *Cf 0

(3) For e food, any portion of which 
Irradiated to conformance with 
paragraph (b) of this section, the libel 
and labelini and tnvoicea or blile of ledmg shaD bear either the statement 
Trotted with radiation—do not 
irradiate ailin'* or the statement 
Treated by inadiation—do not 
Irradiate agiin" when shipped to i focc manufacturer or processor for furthe' 
promising, labeling, or pa clung

(c) Labeling. (1) The label and labeling 
of retail packages of foods irradiated in conformance with paragraph (b) of ibis section shall btar the following logo

(4, Tbe wording requirements of 
psngraphi (e)(1) and (2) of thi iecro- pemning to the label and labeling cf 
reud packages of food shall expire 
AprJ 16.1988. unless extended by tk e 
Food end Drug Administration by 
publication for notice and comment n 
the Federal Register.
Frufc L Yoatg.
Cozens tone oi Food or.d D r.ft

Dated- Mari 29. W  
Otis L Sown.
S e s ito ry  o f Health an dH u re r . Servica. 
fFR Doc 8 8 -O M  Filed S -13- 86. 11-OS im | 
saxMQ coot ixMia
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re to r t - tha p ost-h arvest ripening o l food , and to  improve ch« food 's  
fun ction a l p rop e r tie s . Tha Food sad Drug Adm inistration would reealn i t s  
au th o r ity  to  r s g u ls t t  food ir ra d ia t io n  aad no s ta ts  o r  p o l i t i c a l  
subd iv is ion  would be allcrvsd to  wstabllsh any food lr r a d ia t lo a  
re t irem en t which ia  “in  add ition  to  o r  d lffa ran e  fron" any FDA 
rsqulrananes.

H .R . 696 a ls o  would croa ta  a Jo in t Operating CosBlsslon fo r  Food 
I r r a d ia t io n  w ithin tha Dapartnant o f A g ricu ltu re . Tha Commission would 
ba composad o f a lg h t nanbars including raprasantativas of savan 
government agendas and ona person representing tha in ta re s ts  o f the 
general p u b lic . The Commission would eoordlaaea and review a l l  fede ra l 
research , developnent, and demonstration a c t iv i t ie s  re la tin g  to  food 
I r r a d ia t io n  and c o l le c t  and conso lida te  tha data concerning food 
ir r a d ia t io n  produced by fede ra l agencies. In add it ion , the Commission 
would coord inate in form ational exchange and educational a c t iv i t ie s  
concerning food ir r a d ia t io n  w ith appropriate fede ra l agencies, s ta te s , 
p riv a te  organ isa tion s and the general p u b lic . Tha Commission would a l s o  

promote investment by priva te  companies in  the development and 
a p p lic a t ion  o f food ir r a d ia t io n  and attempt to  fo s te r  g rea te r public 
understanding o f  the process o f food ir r a d ia t io n . F in a lly , the 
C on is s lo n  cou ld  p e t i t io n  tbe FDA to expand tbe scope o f  regu lation  
allow ing f o r  commercial a p p lic a t ion  o f  food ir r a d ia t io n .

The m t  supports H .R . 696 . Masv years o f ia te ra a e le a s l experience 
have demonstrated th a t roods Irrad ia ted  a t le v e ls  o f  up to  10 k llogreye  
(1 ,0 0 0  k ilo ra d s ) are eafe to  e a t . In f a c t , in  1980, tha Jo in t Expert



food  ir r a d ia t io n  nay a l i o  ba a v iab le  a lte rn a t iv e , l a  tba 
poet-harvest d ls ln fa a ta tion  o f f r u l t a  and vegetab les, to pestic ides ' about 
vtxleh hea lth  concerns hsvs been rs ls e d . Moreover, 1C may ba a f fe c t iv e  in 
c on tro llin g  tr ich in ae  in  fre sh  pork sad salmonella in  red n ea ts , pou ltry  
snd fish *

Zn our view formal o f f i c i a l  r e c la s s if ic a t io n  o f  food Ir ra d ia t io n  is  
important in  t o n s  o f  public, acceptance o f the fa c t  that food ir ra d ia t io n  
i s  a sa fe  process, not a p o ten tia lly  hsssrdous food add itiv e . I t  is  
important to  note tha t food ir r a d ia t io n  doee not make the ir red ie ted  food 
rad ioac tiv e  since i t  la  done a t  energy leve ls  v e i l  below thoae required 
to  induce r a d io a c t iv ity . Wn be lieve i t  i s  spp rop ria ts , however, tha t ths 
b i l l  would not e lim inate thu FDA's author ity  to  ragu lata food 
i r r a d ia t io n . This would  o f fe r  to tha public assurance o f continued 
p ro te c tion .

The AKA supporta ths establishment o f tha Jo in t Operating Commission 
f o r  Food Ir r a d ia t io n . Tha Commission would perform tba v i t a l  function  o f  

coord inating research concerning food ir ra d ia t io n  tha t cu rren tly  is  
fragmented among many federa l agencies. The Cosaleaion would also hava 
the important function o f promoting pub lic understanding and acceptance 
o f  food ir r a d ia t io n . This would e n ta i l informing the public o f  tbe many 
p o te n tia l benefit* o f  food ir r a d ia t io n  and addressing any unwarranted 
conesrna regarding the process . F in a lly , we be lieve i t  ia  sppropria ts  
f o r  the Commission to  have the au thority  to p e t it io n  the FDA i f  i t  
be lieves that the commercial ap p lica tion  o f food ir ra d ia t io n  should be 
expanded.
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Dear Ms. Rhodes:

I  am w rit ing  in response to your l e t t e r  o f December 30, 1986, to the 
American Medical A ssociation . In  your le t t e r  you asked whether the 1985 
testimony o f Dr. Lubin to the Subcommittee on Department Operations, 
Research and Foreign Ag ricu ltu re  o f the U.S. House o f Representatives 
represents the current pos it ion  o f  the AMA.

AMA policy concerning food Irradiation has not changed since 
Dr. Lubin's testimony in 1935. In addition, we would have no objection 
to your utilizing a reprint of the AMA statement in informational packets 
for parties interested in irradiation.

Please feel free to call oe if you have any questions concerning this 
letter.

Sincerely,

«' / / *• *• -
Thomas M. W o lff /
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WHOLESOMENESS OF IRRADIATED
FOOD

Report of i  Joint FAO/IAEA/WUO Expert Committee
A  Joint F A O /IA E A /W H O  Expert Committee on the W holesom e­

ness o f Irradiated Food m et in Geneva from 27 O ctober to  3 N ovem ­
ber 1980. The m eeting was opened by D r T. Fiilop, D irector o f the 
Division of Health M anpower Development, on behalf o f  Ihe D irec- 
lors-G eneral of Ihe Food and Agriculture Organization o f Ihe United 
Nations, the International Atomic Energy Agency, and the W orld 
H ealth Organization. He m entioned that, as a result of recom m enda­
tions from previous Joint Expert Committees and o f the conclusions 
of o ther technical o r legal expert consultations organized by these 
agencies, the F A O /W H O  Codex Alimentarius Commission had 
adopted a general standard for irradiated foods as well as a code of 
practice relating to food irradiation facilities. Once the recom m ended 
general standard is accepted by Governments, foods evaluated by the 
Expert Committees would be perm itted to be irradiated. These would 
include chickens, papaya, potatoes, strawberries, wheal and ground 
wheat products, cod and redfish, onions, rice, mangoes, dates, cocoa 
beans, spices, and pulses. A  num ber of these products are of special 
interest to developing countries.

1. INTRODUCTION
T he world’s food requirem ents continue to grow, but in an environ­

m ent o f scarce resources and of limitations on m ethods of food produc­
tion. In addition, the problems of food storage and processing make 
it necessary to  search for effective alternative methods of food preser­
vation, particularly where existing methods are costly because of the 
energy requirem ents and may be difficult lo provide in some areas. 
Accordingly, it is reasonable to consider Ihe use of ionizing radiation 
for food storage and preservation as one alternative, provided that it 
does not adversely affect the wholesomeness o f food.

Tire need to consider the wholesomeness of food processed by 
irradiation was emphasized at an international level at a meeting 
sponsored by FA O , IA E A  and W HO in Brussels in 1961 ( /) .  The 
studies required to ascertain the wholesomeness of irradiated food 
were discussed by a Joint FA O /IA E A /W H O  Expert Committee on  
Irradiated Food in Rom e in 1964 (2). Taking as a premise that the
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irradiation o f  food resulted in the production o f  radiolytic products 
in Ihe food, the Committee adopted the view that these products re ­
presented additions lo  Ihe food . It there fore concluded that the es­
tablishment o f  Ihe sa fe ly o f  irradiated foods should fo llow  procedures 
sim ilar to those generally used fo r evaluating the safety o f food add i­
tives and shou ld be pursued on  a food -b y -food  basis.

A subsequent Joint Expert r r ^ ^ g t le e ,  which met in 1969 (J), 
had available for consideration "ph 4-sults o f a num ber o f toxicologi­
cal studies carried ou t on three $#,cific foods on the basis of the re ­
comm ended procedures. It reviewed the com parative data on several 
varieties within a m ajor crop, and accepted extrapolation o f  data from 
a m ajor variety to  all varietr of that crop. The Com m ittee recom ­
m ended tem porary acceptance j f  irradiated wheat and potatoes as 
wholesome, and specified further studies on  onions. The next Joint 
Expert Com m ittee, convened in 1976 (4 ), reviewed a large num ber 
of animal studies o n  various irradiated foods. Unconditional or p ro ­
visional acceptances were recom m ended for most o f them. The C om ­
m ittee also reviewed the results o f radiation chemistry studies on the 
m ajor com ponents o f  food; it noted that many o f the radiolytic p ro ­
ducts identified were present in food treated  by heat and o ther p ro ­
cesses and considered that the health  hazard from the concentrations 
found was probably negligible. It therefore encouraged further studies 
on the chemical changes in food com ponents associated with irradia­
tion.

A  large num ber o f  data on  irradiated foods and food com ponents 
have since been generated. T he present Com m ittee was convened to 
evaluate me w holesom eness of the irradiated foods for which data 
were available. It was also asked to  review the acceptability of irrad i­
ated food in general, in the light o f  all Ihe toxicological da ta  and the 
data from radiation chemistry studies, and lo m ake suggestions for 
further studies where desirable.

2. G E N E R A L  C O N SID ER A TIO N S

2.1 . Principles

T he principles and guidelines set out in the reports o f the 1964, 
1969, and 1976 Joint F A O /IA E A /W H O  Expert C om m ittees formed 
the basis for the present C om m ittee’s approach to  its consideration 
of the wholesomeness of irradiated food.

2.2. Reasons for Ihe use of food irradiation
T he Com m ittee was aware that irradiation of food may be used lo 

achieve a variety o f  desirable objectives including the following, which 
are classified according to the average radiation dose required to 
achieve the objectives in question:

Low-dose applications (up lo about I kGy)
Inhibition of sprouting 
Insect disinfestation 
Delay of ripening

Medium-dose applications (about 1-10 kGy)
Reduction of microbial load
Reduction in the number o f non-sporing pathogenic m icroor­
ganisms
Improvement in technological properties of food

High-dose applications (about 10 -50  kGy)
Sterilization for commercial purposes 
Elimination o f  viruses

The sections that follow (3 -7 ) summarize the evidence which 
enabled the Committee to assess the effect of the irradiation process 
on the wholesomeness o f food and to arrive at conclusions on the 
acceptability of irradiated foods.

3. TECHNICAL ASPECTS

3.1 Radiation sources
The Committee stressed the importance of using appropriate rad ia ­

tion sources. From the point of view of safety, the energy level of the 
radiation applied lo food is the most important characteristic that has 
to be regulated in o rder to  prevent the possible formation of induced 
radioactivity in the irradiated material. In practice, this is only of 
importance when considering machine sources, since the most com ­
monly used isolopic sources (i0Co and ,J7Cs) emit radiation o f a 
maximum energy ( S  1.33 MeV) which is lower than that causing 
induced radioactivity. The Committee examined a recent unpublished 
report (5) showing that, with machine sources, induced activity is 
negligible and very short-lived below an energy level as high as 16 
MeV. In this respect the Committee reconsidered and endorsed a
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statem ent (in  the report o f  a Joint FA O /IA E A  Advisory G roup on 
International Acceptance o f  Irradiated Foods (6 )) that the radiation 
perm itted for food irradiation should have a maximum energy level 
o f (a ) 10 M eV  for electrons and (ft) 5 M eV for gamma rays and 
X-rays. O n the basis of that statem ent and the report o f the Expert 
Com m ittee that m et in 1964, which indicated X-rays as a suitable 
type o f radiation, the present Com m ittee decided to  recommend the 
inclusion of X-ray sources in Ihe list o f acceptable radiation sources.

3.2 Absorbed dose
T he present Com m ittee re iterated  the view of the Expert Com m it­

tee o f  1976 (4 ) that, as a m atter o f principle, Ihe applied dose of ioniz­
ing radiation should not be higher o r lower than is needed to achieve 
the desired effect. Finding and applying Ihe appropriate dose level is 
the key to the  technologically and economically proper application of 
the irradiation process to food.

It was stressed that the application of the correct dose would be 
taken care of, w herever there  was good irradiation practice. It was 
recognized that advice on the doses necessary for the treatm ent of 
specific food items and the procedures involved would assist those 
concerned. Such advice could be included in a code of technological 
practice.

T he Com m ittee noted that no new m ethod for the determ ination 
of absorbed dose in the food itself, o r  indeed for the identification of 
irradiated food, had become available since 1976. It therefore upheld 
the view of the  Expert Com m ittee tha t met in 1976 (4) that effective 
dose control can only be exercised in the irradiation plant. The opera­
tion o f  irradiation facilities should be subject to supervision by the 
appropriate national authorities in o rder to  ensure that proper dose 
control is exercised. In (his respect it was noted that assistance in the 
calibration o f  dose control is offered by Ihe IA EA  through its p ro ­
gram m e on High- and Low-Dose standardization and inter-com pari­
son for industrial radiation processing.

A s regards setting an overall average dose1 for the process of 
irradiation, it was considered that, contrary lo the opinion expressed

1 The oveiall avenge dose is ihe ariihmclic mean value o ( all dusenieler leadings 
in a given irradiation lun. T o determine Ihis mean value, an adequate number o l dosc- 
metcrs must be randumly distributed in the lood as it is erposcd to Ihe rudiaiion. The 
number o l dusemeters is considered adequate if it permits estimation o l the duse distri­
bution in each portion o l the food material o l  different density and if the measurements 
ire representative for all dose and density fluctuations during a usual run.

10

by the Expert Com m ittee that m et in 1976 (4), it is practical (for 
reasons such as the technical design o f the irradiation facility) lo 
stipulate an average value rather than lo require that no part of the 
food shall receive less than a minimum, or more than a maximum, 
dose. Taking into account the ratio  o f maximum to minimum dose 
absorbed by the product (i.e., the “dose uniformity ra tio") in pilot 
and currently used commercial facilities, Ihe overall average dose 
may result in a small fraction o f Ihe food receiving a maximum ab ­
sorbed dose up (o 50%  higher.

3.3 Processing conditions for irradiation
It is expected that, with wider application of food irradiation, p ro ­

cessing conditions will be designed to m eet specific technological re­
quirem ents. Plant design should attem pt lo minimize the dose uni­
formity ratio  to ensure appropriate dose rates and, where necessary, 
lo perm it tem perature control during irradiation (e.g., for the trea t­
m ent of frozen foods) and also control of the atm osphere. It is also 
necessary to  minimize mechanical damage to the product during trans­
portation, irradiation, and storage, as well as to ensure the maximum 
efficiency in the use of the irradiator. W here the food to be irradiated 
is subject to  special standards for hygiene or tem perature control, the 
facility must permit compliance with these standards.

3.,4. Packaging of Irradiated food
The packaging m ethod and the packaging m aterial used must be 

safe and appropriate to the food to be irradiated. Irradiation must not 
adversely affect the functional properties o f the m aterial chosen, nor 
must it render Ihe m aterial unsafe as determined by appropriate test 
m ethods o f Ihe kind applied to (he unirradiated material.

3.5 Repeated irradiation
While adhering to the view that irradiation of food should normally 

be curried out once only in each case, the Committee agreed that in 
certain circumstances repealed irradiation might be justified. This is 
a departure from the statement in the report of the Expert Com m ittee 
that met in 1976 that any repetition of irradiation is lo be avoided. 
In deciding upon this change, the present Committee took account ol 
Ihe following findings: (a) Ihe concentration of radiolytic products is
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a linear function of dose; (b) there is a considerable and rapid reduc­
tion in Ihe concentration o f some of these radiolytic products follow­
ing irradiation; and (c) an overall average dose based on toxicological 
and o ther considerations could now be established (see section IU). 
Consequently, a repetition o f irradiation within this overall average 
dose would not be harmful, provided that no significant impairment 
of nutritional or technological properties occurred. The Com m ittee 
agreed that, at the present stage o f knowledge, the acceptability of 
repeated irradiation should be limited to  the case of food commodities 
o f  low m oisture content, in which reinfestation by insects could not 
be effectively prevented under practical conditions o f  storage and 
transport.

Tw o o th e r types o f repetition o f  the irradiation process were also 
considered acceptable: (a ) when Ihe food lo be irradiated is a proces­
sed form o f food that has already undergone low-dose treatm ent (for 
example, dried onion prepared from onions treated  to inhibit sprout­
ing): (fr) when it includes irradiated m inor ingredients (for example, 
m eat products o r  dehydrated soup containing irradiated spices). In 
bo th  cases, it was considered that the additional am ounts o f radiolytic 
com pounds form ed in the final products would be insignificant.

By analogy with tyndallization, fractionated irradiation (i.e., when 
the full dose has lo  be applied in two o r m ore instalm ents) should not 
be considered as repeated irradiation.

3 .6  Technological efficacy

The Com m ittee stressed that, like o ther food processing techniques, 
food irradiation is justified only if it serves a useful purpose. Results 
o f  studies on Ihe efficacy o f the irradiation of the food items specifi­
cally exam ined by the present Com m ittee clearly showed that the 
applications in question are technologically justified and effective.

3 .7  R equirem ents of quality assurance and labelling

T h e  use o f sound raw m aterials and proper handling and proces­
sing techniques, as well as strict m aintenance of the wholesomeness 
and other desirable qualities of foods are a necessity when irradiation 
o r  any o th e r form  of processing is applied. Furtherm ore, users and 
consumers are entitled to expect that Ihe quality and safety of food is 
not adversely changed either by irradiation or by o ther currently 
accepted forms o f  treatm ent.

i

The Com m ittee understood that irradiated foods would be subject 
to  regulations covering foods generally, and to any specific food 
standards relating to individual foods. It was therefore not thought 
necessary on scientific grounds to envisage special requirem ents for 
the quality, wholesomeness, and labelling of irradiated foods.

4. ASPECTS O F R A D IA TIO N  CHEM ISTRY

4.1 Chemical analysis and wholesomeness evaluation *

Treatm ent o f foods with electrons (o f energies up to 10 M eV) or 
gamma-rays and X-rays (of energies up to 5 MeV) does not produce 
radioactivity in Ihe foods so treated. T he need for toxicological eval­
uation of irradiated foodstuffs stems from the fact that Ihe application 
o f radiation energy results in chemical changes. The nature of the 
radiation-induced compounds depends primarily on Ihe chemical com ­
position o f the food. The concentration of radiation-induced com ­
pounds generally increases with increasing radiation dose, but can be 
modified by factors during irradiation such as tem perature, presence 
o r  absence o f air, and Ihe water content of the sample. The energy 
taken up by Ihe irradiated food is much less than that taken up by 
healed foods. It is therefore not surprising that chemical changes 
caused by irradiation are quantitatively much smaller than those caus­
ed by heating. For instance, an absorbed dose of 10 kGy (1 M rad) 
corresponds to a tem perature rise of only 2.4 °C  in a food having the 
heat capacity of water (4.184 J /° C ;  1 cal,h/°C ). This is about 3%  of 
the energy needed for raising the temperature of water from about 
20 °C  to  100°C.

The Expert Com m ittee that met in 1976 concluded that the radio- 
lytic products detected in Ihe wide range of foods and individual food 
constituents that had been studied did not appear to pose any loxico- 
logical hazards in Ihe concentrations at which they were detected.
That Com m ittee also accepted (hat, for doses below 10 kGy (1 M iad), 
data may be extrapolated from one member of a food class lo related 
members (p. 10 in that Com m ittee’s report (■/)) and, furtherm ore, 
that if certain studies in radiation chemistry and toxicology were 
continued, a purely chemical approach to the wholesomeness evalua­
tion of irradiated food may prove to be possible (p. 11 in the re ­
port (4)).
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4 .2  R ecent studies

The above proposals stim ulated a great deal of chemical research 
on irradiated foods and on m odel systems, which has confirm ed the 
earlier assum ptions and enabled m ore radiolytic products to be iden­
tified and quantitatively determ ined. Thus, the mechanisms o f radi­
ation chemical reactions in carbohydrates, lipids and proteins are now 
known in g reater detail.

A  study o f the radiolytic products in beef, pork, ham  and chicken 
has shown that form ation o f volatile hydrocarbons depends on (he fat 
content o f the m eat, regardless o f  origin. The electron spin resonance 
spectra from the four types of m eal irradiated at - 4 0  °C  were identi­
cal, indicating the production o f  common free radical interm ediates 
(1. A. T aub  & C. M erritt, unpublished observations).

A nother study showed radiolytic products from various starches 
(derived from maize, amylomaize, waxy maize, wheat, manioc, po ta­
toes, rice, and beans) lo  be qualitatively identical. Small quantitative 
differences were related to  known properties o f these starches, such 
as the ratio  o f amylose lo  amylopectin. These results were confirmed 
by electron spin resonance which showed that Ihe nature of the radical 
interm ediates is the  sam e in all the irradiated starches (J. Raffi & L. 
Saint-Lfcbe, unpublished observations).

A  study of radiation-induced changes in a fruit m odel has shown 
that the extent to  which these changes lake place is in accord with 
well established kinetic laws. These changes may be calculated using 
digital com puter m ethods to solve the differential equations which 
describe the reaction probabilities. Chemical analysis confirm ed the 
prediction that the  radiolytic products present in greatest yield in Ihe 
irradiated fruit w ere derived from  the m ajor constituents of the fruit,
i.e., from sugars. Yields o f  products derived from m inor constituents 
such as protein, malic acid, phenolics, and nicotinamide were much 
lower (R . A. Dasson and co-workers, unpublished observations).

T he products o f  radiolysis in beef (irradiated with an average dose 
o f  56 kG y (5.6 M rad) at - 3 0 ° C  ±  10°C ) have been studied in detail. 
O ver 100 volatile com pounds have been identified at concentrations 
varying from 1 to  700/rg/kg, with a total yield of 9 mg/kg. Most of 
the com pounds are  known to occur also in unirradiatcd foods. The 
C om m ittee noted that this subject had been reviewed recently (7, 8) 
and agreed that there w ere no grounds for suspecting these products 
o f  being a hazard to  the consumer.
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4 .3  Conclusions

Since similar radiolytic reactions occur with Ihe same constituents 
of different foods (protein, fat, carbohydrates, water, etc.), com m on 
radiolytic products are form ed in roughly predictable yields when 
these foods are irradiated. A lthough only approxim ate predictions of 
product yields are possible a t present, these are sufficiently accurate 
to enable estim ates to  be m ade o f the upper limits o f yields. Thus 
there is now considerable additional evidence to support the view that 
information obtained from toxicity tests on one irradiated food can 
be extrapolated to o ther foods of similar chemical composition, o r to 
other processing conditions for the same food.

5. N U TR ITIO N A L ASPECTS

N one of the evidence published since 1976 necessitates a change 
in the advice on the nutritional aspects of irradiated food given by 
the Joint Expert Com m ittee that met in that year (4). T he salient 
points are as follows:

Evidence from most studies suggests that in Ihe low-dose range 
(up to  1 kGy) used for the irradiation of food, nutrient losses are 
insignificant. In the m edium -dose range (1 -1 0  kGy), losses o f some 
vitamins may occur, if air is not excluded during irradiation and sto r­
age. In the high-dose range (1 0 -5 0  kGy), Ihe technology used to 
avoid effects on organoleptic quality (i.e., irradiation at tem peratures 
below freezing and in the absence of air) also partially protects nutri­
ents, so that losses may actually be lower than in the medium-dose 
range if such precautions have not been taken.

Conflicting results have been reported concerning the effect of 
radiation on vitamin C  levels in foods. Some authors have determ ined 
only ascorbic acid, without taking into consideration that radiation 
converts some of this acid to  dehydro-ascorbic acid, which is also 
biologically active. In future studies, both ascorbic and dehydto-ascor- 
bic acid should therefore be determ ined.

The extent o f  losses o f  nutrients due to the irradiation o f  foods 
depends on many factors, such as Ihe composition o f  the food , the 
radiation dose, the temperature, and the presence o r absence o f aii 
during irradiation and storage.

W hether or not the loss o f a nutrient in an irradiated food is of 
im portance depends on circumstances, such as the contribution that
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this food m akes lo the total diet. For instance, a partial loss of th i­
amine in fish would be of concern if that was Ihe key source of th i­
amine to a particular population. O ther relevant factors include the 
nutritional status and requirem ents o f  the population for which that 
food is intended. Som e o th e r areas o f uncertainty (i.e., folic acid 
losses) require further investigation.

In 1976 Ihe Joint Expert C om m ittee suggested that the reduction 
of nutritional value produced by irradiation alone should be com pared 
with that produced by o ther processes and during storage, and by 
combinations o f  irradiation with o th e r processes (4). A considerable 
body o f evidence is now  available in this regard and Ihe results give 
no cause for particular concern.

6. M IC R O B IO L O G IC A L  A SPECTS

The microbiological safety achieved by the food irradiation process 
is fully com parable w ith that o f  o ther currently accepted food trea t­
ments. No findings have been published during the past four years 
which would necessitate a reconsideration o f the views expressed by 
the Joint Expert Com m ittee in 1976 (4) regarding the microbiological 
implications o f  irradiation o f  food. T he results o f theoretical and 
practical work carried out since 1976 have not revealed any new 
microbiological problem s besides those already reviewed.

The results o f both field and "inoculated pack" studies have 
shown that the microbiological safety evaluation of a specific irradi­
ated food can be based only on studies that have specifically been 
designed to reflect all the circum stances encountered in commercial 
irradiation. Furtherm ore, it is im portant that the hygienic aspects of 
each individual com m odity should be exam ined separately and that 
the post-irradiation storage conditions should be carefully and ade­
quately designed to control microbial growth.

6.1 Variations in radiation resistance
The natural radiation resistance o f microorganisms and the conse­

quences of their possible survival after irradiation have been re ­
investigated with regard to som e highly radiation-resistant micro­
organisms. No new health  hazards arising from these organisms have 
been identified.

Additional experience has also been gained in the application of 
potentially useful and technologically acceptable combined treatments. 
For example, it has been dem onstrated that the use of irradiation, in 
conjunction with heat and/or salt treatm ent, achieves a more efficient 
reduction in the number of organisms, especially the highly radiation- 
resistant organisms.

6.2 Kadiulion-induced genetic variations
Since 1976 there have been no reports to justify the concern, 

expressed before that time, about the development o f irradiation- 
induced m utations under good operating conditions. As already stated 
in 1976 (4), the risk of inducing greater radiation resistance has only 
been shown under laboratory conditions.

Changes o f laxonomically relevant characteristics, due to  m utation, 
have not been observed under practical conditions o f food irradiation 
and thus do  not pose specific problems. M ethods for the isolation and 
enum eration of damaged cells from healed or dried foods may be 
used for these purposes in the examination of irradiated food, but 
their applicability should be tested in each case.

N o evidence has been reported of enhanced irradiation-induced 
pathogenicity of foodborne microorganisms, o r o f increased toxin 
formation, o r induction of antibiotic resistance in irradiated bacteria. 
Accordingly, Ihe Committee continues to hold the opinion expressed 
in 1976 that irradiation of food does not increase (he pathogenicity 
of bacteria, yeasts and viruses.

Because of the intrinsic genetic variability of moulds, experim ental 
results should be interpreted with caution. Laboratory experim ents, 
carried out under conditions which differed greatly from those oc­
curring in practice, have shown that mycoloxin production by moulds 
derived from irradiated spores may vary (in either direction) in com ­
parison with the parent non-irradialed strain. O ther laboratory ex ­
perim ents have shown increased mycotoxin production only if heavy 
inocula arc incubated in irradiated, auloclaved moistened foods. 
These observations have no relevance to food irradiat''*n under p re ­
sent conditions o f practice, in which increased formation of myco- 
toxins has not been found (see section 8.3).

6 .3  Microbiological alms of food irradiation
It has been dem onstrated that irradiation can reduce the microbial 

load of a food, thereby increasing the useful life o f a perishable food 
product. The efficacy of irradiation of spices for reducing microbial
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load is well docum ented and this process may be a useful alternative 
to  fumigation treatm ent. L aboratory  animal diets have been irradiated 
successfully for a num ber o f  years on a large scale to  render them 
commercially sterile. Salmonella occurs in livestock and is derived 
from  feed and o th e r sources. Since the incidence of such Salmonella 
can be reduced by irradiation o f Ihe feed, this process may afford a 
m eans o f  controlling Salmonella in poultry and some egg products 
and o f dealing with this com m on public health problem  in many parts 
o f the  world. T he on-shore irradiation o f fish and seafood has received 
m uch attention  because, am ong o th e r reasons, Vibrio paraliaernolyiicus 
is one  of Ihe m ost im portant foodborne disease agents in warmer 
climates.

In all, properly designed irradiation processes have been shown to 
be capable o f achieving their intended microbiological objectives 
(e.g., commercial sterilization, destruction of pathogens). Problems 
o f a  microbiological nature that had  before been thought might exist 
have not materialized. Nevertheless, in (he case o f  irradiation, as in 
any o ther m ethod o f food processing, the gains in microbiological 
quality must be safeguarded by p roper care of the product after p ro ­
cessing.

7. TOXICOLOGICAL ASPECTS

7.1 Re-evaluation of provisional acceptances and new evaluations
T he Com m ittee reviewed data  on fish, onions ?nd rice for re- 

evatualion and on cocoa beans, dales, mangoes, pulses, and spices 
and condim ents for evaluation. T hese data were developed in accord­
ance with the guidelines set out in earlier reports of previous Joint 
Expert Com m ittees. In m aking its evaluations Ihe Committee used 
the principles and categories o f  acceptance, as set out in the previous 
report (4).

T he Com m ittee noted that, in the case o f  cocoa beans, onions, and 
spices, the presence of natural constituents exerted  toxicologically 
significant effects when these com m odities were fed at high levels in 
the test diet. These effects were found, whether o r not the food had 
been irradiated. T he inform ation available on irradiated vegetables 
was insufficient lo m ake an evaluation, using the principles previously
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established. The data on all these commodities were also used in 
considering the acceptance o f  irradiated food in general (see sec­
tion 10).

7.2 Considerations arising from a review of data on irradiated 
laboratory animal diets and other diets

Concern was expressed by Ihe 1976 Joint Expert Com m ittee about 
(lie increasingly common practice of using irradiated prepared feeds 
for laboratory animals, because of Ihe possible effect on control groups 
used in toxicological testing (4). Data requested on animal colonies 
reared on irradiated diets were made available lo Ihe present C om ­
m ittee, as summarized below.

Studies comparing diets (sterilized by auloclaving o r irradiation at 
2 5 -4 4  kGy or treated  lo eliminate pathogens at 15 kGy) have been 
published by institutes in Austria, Denmark, France, Hungary, Ihe 
N etherlands, and Ihe United Kingdom. These included m ultigenera­
tion studies in rats (9-14), mice (15-17), and pigs (18). In two of the 
studies (10, 13), some o f the parent and F, generation animals were 
kept for the whole lifespan for information on carcinogenicity. The 
num bers o f animals examined ranged from 5000 lo 500 000.

The Com m ittee concluded from these data that the rearing o f  test 
animals on  laboratory diets sterilized by irradiation at doses o f 15 to 
45 kGy was unlikely lo  obscure any differences if a non-irradiatcd, 
nygicnically acceptable feed had been used.

The Com m ittee also reviewed information on the results o f feeding 
commercial livestock on feedstuffs irradiated at doses o f the o rder of 
8 kGy to  reduce organisms belonging to the Enterobacteriaceae, 
especially Salmonella. Breeding and performance studies in poultry 
(19), and pigs (20, 21) produced no evidence to show that feeding 
of irradiated diet to commercial livestock had any adverse effects.

The Com m ittee was aware of the practice of using totally irradiated 
diets for maintaining patients on immunosuppressive therapy as the 
only practical means of supplying palatable food under these condi 
lions. N o published systematic investigations or accounts were avail­
able lo  the Com m ittee for evaluation. The absence of icports of 
adverse effects suggests that this practice is not deleterious, and this 
fact was taken into account in the general assessment of the (oxico- 
logical acceptability of irradiated food. T he Committee recom m ended 
that if possible there should be a systematic collection and review of 
inform ation relating to the use of radiation-sterilized hum an diets.
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7.3 Toxicological evaluation ol radiolytic products
T he Com m ittee reviewed a study in which the principal radiolytic 

products from irradiated polysaccharides were fed to rats for 6 montlis 
at 1700 limes the concentration found after irradiation at 3 kGy. No 
toxic effects were noted (22). These data also support the conclusion 
set out in section 10 (See also section 4.2).

8. RE-EVALUATSON OF FISH, ONION, AND RICE1
8.1 Tcieost fish and fish products
Purpose o f  irradiation

(u) T o  control insect infestation of dried fish during storage and 
marketing.

(b) To reduce the microbial load of the packaged o r unpackaged 
fish and fish products.

(c) To reduce the num ber o f certain pathogenic microorganisms 
in packaged or unpackaged fish and fish products.

Average dose

F or (a) up to 1 kGy, and for (b ) and (c) up to  2.2 kGy.

Temperature requirement

During irradiation and storage the fish and fish products referred 
to in (b ) and (c) should be kept at the tem perature of melting ice.

Microbiological aspects

Vibrio parahaemolyticus is the agent, infectious for man, that is 
most typically associated with fish and other seafoods. However, in­
fectious agents derived from  the intestines of man or o ther w arm ­

1 Summaries o f ihe data used in the evaluations and the references aie given in a 
separate document entitled "Wholesomeness ot irradiated food. Summaiies o f d a la  
considered by the Joint FAO /IAEA /W HO Expert Committee, Geneva, 27 October 
to 3 November 1980". Copies o f this document arc available, on request, fiom Division 
o f Environmental Health, World Health Organization, 1211 Geneva 27, Switzeiland.
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blooded animals may be present in fish because these agents were 
present in Ihe water in which the fish grew or, as sometimes happens, 
because they were present in the only water that was available for 
cleaning fishing equipm ent (including holding compartments on the 
ship) o r the catch. In addition to infectious agents, toxigenic, spore- 
forming bacteria such as Clostridium botulinum type E  may well be 
present in the fish as caught.

No microbiological problem s arc likely to arise from irradiation 
for purpose (a). V. parahaemolyticus will be elim inated in Ihe pro­
duct by the doses recommended for purposes (b) and (c), while the 
levels o f o ther pathogens and spoilage agents will at least be reduced. 
Irradiation that does not exceed 2.2 kGy (average dose) is expected 
to  leave enough spoilage organisms to render the food unacceptable 
before cells derived from surviving C. botulinum spores can produce 
enough toxin to  constitute a hazard. However, m aintenance of (he 
tem perature of melting ice throughout the period of storage o f the 
product has been specified as an additional safeguard against botu­
lism; salting, drying, o r  o ther effective measures would have to be 
substituted if this tem perature could not be maintained reliably.

Nutritional aspects

M ore recent studies have shown (hat after irradiation at 3 kGy, 
about 15%  of thiamine and 25%  of pyridoxine is lost, while riboflavin, 
niacin and vitamin D,2 remain unaffected. Higher doses confirmed 
the particular sensitivity of thiamine and pyridoxine to  destruction, 
the o ther B complex vitamins remaining practically unaffected. Fur­
ther studies have confirmed the stability to irradiation o f the amino- 
acid content, particularly of tryptophan. The protein quality of m ack­
erel and hake remained unaltered even by doses of the order of 5 kGy.

'Hie lipids extracted from sailed dried irradiated mackerel showed 
no  evidence of adverse nutritional effects at radiation doses of up to 
8 kGy. Irradiation up to  a dose of 2.2 kGy does not appreciably 
change ihe usefulness o f fish as a good dietary source of protein, 
B vitamins, and iodine.

Toxicological aspects

The Com m ittee noted that the results of the studies (ongoing in 
1976) had now become available— i.e., short-term , long-term, repro­
duction, and dom inant lethality studies in mice; a short-term study in
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rats, investigating changes in serum  alkaline phosphatase levels when 
rats were fed on  mixed eviscerated cod and redfish; and short-term  
and reproduction studies in rats fed on o ther fish varieties. These did 
not reveal any evidence suggesting that the feeding of irradiated fish 
to  these animals caused any deleterious effects.

A large num ber o f o th e r feeding studies in which rats and mice 
w ere fed on o ther varieties of fish and fish products have also been 
reported  since 1976. These consisted o f short-term  and long-term 
feeding studies an d  also reproduction, dom inant lethality, and a num ­
ber o f m utagenicity studies. These new toxicological data, taken 
together with the  results o f  previously evaluated studies on various 
types o f irradiated fish, do  not indicate any adverse effects arising 
from  the adm inistration o f  irradiated fish to  test systems.

Evaluation

T he previous provisional acceptance for cod and  redfish is changed 
to unconditional acceptance for fish and fish products irradiated for 
the purpose of disinfestation, reducing the microbial load, and reduc­
ing Ihe num ber o f  pathogenic organisms, at an average radiation 
dose o f up to  2.2 kGy.

8.2 Onions
Purpose o f  irradiation

T o inhibit sprouting during storage.

Average dose 

U p to 0.15 kGy.

Microbiological aspects

No special microbiological problem s o f public health significance 
are known to be associated with irradiated onions.

Nutritional aspects

Recent studies have confirm ed the previously reported lack of 
effect of irradiation, with doses o f  up to  0.15 kGy, on the ascorbic 
acid content o f onions even after 10 m onths of storage. The content

of reducing sugars increased in irradiated onions lo a smaller extent 
than in untreated onions. No changes occurred in Ihe am ino-acid 
composition.

Toxicological aspects

The requirem ent o f the previous Com m ittee for a mulligeneralion 
study in rats, at feeding levels below that causing biological changes 
due to  Ihe biologically active substances that were naturally present, 
has now been met. In addition, a num ber of short-term , reproduction, 
teratogenicity, and dom inant lethality studies in rats have now been 
reported. None o f these fludies has shown any adverse effects when 
irradiated onions were incorporated at a 2%  level in Ihe d iet of rats 
and mice. A dditional corroborative evidence has been obtained from 
many mutagenicity studies on onions treated (for the prevention ol 
sprouting) with doses o f radiation of up to 0.15 kGy and from similar 
studies on dried onion powder treated with radiation doses o f  up to 
15 kGy.

Evaluation

The previous provisional acceptance is changed lo unconditional 
acceptance of onions irradiated, for the purpose of controlling sprout­
ing, at an  average dose o f up to  0.15 kGy.

8 .3  Rice

Purpose o f  irradiation

To control insect infestation in stored rice.

A verage dose 

Up to  1 kGy.

Prevention o f reinfestation

Rice, w hether prepackaged or handled in bulk, should be stored, 
as far as possible, under such conditions as will prevent reinfeslation.

23



Microbiological aspects

If Ihe m oisture content o f stored rice is loo high, fungi such as 
Aspergillus flavus, which are som etim es toxigenic, may grow. Such 
moulds cannot grow in rice that is stored in a properly dry condition; 
however, there has been concern over some results that suggested 
that irradiation could enhance the toxigenic potential of the muulds. 
It has been shown that toxin-producing fungi are m ore susceptible than 
o ther fungi to irradiation; that a higher w ater activity is required for 
the growth of toxin-producing aspergilli than for that o f o ther asper- 
gilli; and that, even at a high w ater activity, non-toxin-producing 
strains o f Aspergillus overgrow the toxin-producing strains and sup­
press their form ation of toxin. Storage o f rice at a sufficiently low 
level o f m oisture is critically im portant; the potential mycoioxin haz­
ard is not enhanced by irradiation under practical conditions.

Nutritional aspects

The loss o f thiam ine on cooking, noted in the report o f the 1976 
Joint Expert Com m ittee (4), may make any further losses due lo 
irradiation relevant where rice is a staple item of the diet and a m ajor 
source of thiamine. H owever, a recent study has shown that irradiation 
at dose levels up to  0.5 kG y did not alter the content o f D vitamins 
or the am ino acid com position.

Toxicological aspects

The Com m ittee noted  that the results of the long-term  study in 
rats and the short-term  study in monkeys, requested in 1976 (</), 
were now available. These showed that the  ingestion o f irradiated 
rice caused no adverse effects on the test animals. A nother multi- 
generation study and a dom inant lethality study in mice, as well as 
cytogenetic investigations o f the bone m arrow of mice and ham sters 
that had been fed irradiated  rice in their diet, showed no adverse 
effects. These additional results, taken together with the results of the 
previously reviewed studies, do  not indicate any adverse effects from 
the ingestion o f  irradiated rice.

Evaluation

The previous provisional acceptance is changed to  unconditional 
acceptance o f rice irradiated, for the purpose of controlling insect 
infestation, at an average dose of up to 1 kGy.
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9. NEW EVALUATIONS'
9.1 Cocoa beans
Purpose o f irradiation

(a) T o  control insect infestation in storage.
(b) T o  reduce the microbial load of ferm ented beans with or 

without heal treatm ent.

A verage dose

For (a) up to  1 kGy, and for (b ) up to S kGy.

Prevention o f reinfestation

Cocoa beans, w hether prepackaged or handled in bulk, should be 
stored, as far as possible, under conditions that will prevent reinfesta­
tion and microbial recontamination.

Microbiological aspects

M embers of 11 genera o f moulds, some of which are toxigenic, 
have been found to  be natural contaminants o f Ihe cocoa bean em ­
bryo and are a m ajor factor limiting the storage life o f the product. 
M ould growth flourishes at moisture levels exceeding 8% . Irradiation 
with doses of 0.5 kGy eliminates moulds in young (under 2 months) 
beans, whereas a dose o f 5 kGy eliminates moulds even in older 
beans. Pretreatm ent of cocoa beans with heat (10U°C for 10-15
m inutes) enhances the radiosensitivily of the moulds they contain.
•

Nutritional aspects
Beans irradiated with doses in the range of 0.1 to 5 kGy showed 

no significant differences from unirradiated beans with regard to their 
content o f reducing sugars, total amino acids, total fat, and protein. 
Analysis o f cocoa fat in the irradiated material showed no detectable 
chemical difference from that in unirradiated material.

1 See (ouinote I on page 20.
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Toxicological aspects

The available results o f  the short-term  and reproduction studies in 
rats do no t indicate any adverse effect due to the irradiation treatm ent 
o f the cocoa beans. B oth irradiated and unirradialcd cocoa beans 
depressed growth and reduced the food intake when incorporated at 
high levels in the diet o f  test animals. T he observed toxic effects of 
the cocoa bean d iet on fetal developm ent and survival are related tu 
Ihe high theobrom ine content o f  Ihe d iet. This has been confirmed by 
cross-fostering experim ents and  specific studies using theobromine 
alone. A  num ber o f m utagenicity studies have shown the absence of 
any m utagenic potential in irradiated cocoa beans.

Evaluation

Unconditional acceptance o f cocoa beans irradiated, for Ihe pur­
pose of controlling insect infestation o r o f reducing the microbial load, 
at an average radiation dose o f up lo S kGy.

9.2 Dates
Purpose o f  irradiation

T o  control insect infestation in stored dales.

Average dose

Up to 1 kGy.

Prevention o f  reinfestation

Prepackaged dried  dates should be stored under conditions that will 
prevent reinfestation.

Microbiological aspects

N o microbiological objectives are being pursued by irradiation ol 
dried dates and no public health problem s of a microbiological nature 
are envisaged.

Nutritional aspects

Irradiation of dried dates with doses in Ihe range of 0.3 to S kGy 
had no effect on the reducing sugar content and on m ajor carbohy­
drate com ponents. No m alonaldehyde was detected. No effect on the
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protein content was discovered. Irradiation o f dales with doses of up 
lo  10 kGy induced no appreciable changes in ihe am ino-acid com po­
sition.

Toxicological aspects

The available short-term  study in rats revealed no adverse effects 
that could be related to  ingestion of irradiated dales. The results of 
the reproduction study in rats and of many mutagenicity studies, in ­
cluding a study for induction of recessive lelhals in Drosophila, r e ­
vealed no adverse effects that could be ascribed to the irradiation 
treatm ent.

Evaluation

Unconditional acceptance o f  dates irradiated, for the purpose of 
controlling insect infestation, at an average dose of up to 1 kGy.

9 .3  M angoes

Purpose o f irradiation

(a) T o  control insect infestation.
(b) T o  improve the keeping quality by delaying ripening.
(c) To reduce the microbial load by combining irradiation and 

heat treatm ent.

Average dose 

Up to 1 kGy.

Microbiological aspects

Microbial species isolated from mangoes do not apjwar to be a 
threat to  human health. Germination of naturally occurring or experi­
mentally inoculated Gloeosporiutn fusarium and G. singulatu is re ­
duced by increasing the doses of irradiation, but complete inhibition 
requires a dose o f 4 kGy, which is technologically unacceptable.

* Nutritional aspects

Several studies have shown (hat irradiation at dose levels of up to 
2 kGy caused only slight losses in ascorbic acid and caiotene, com ­
pared with Ihe effects o f freezing or heat treatment. Ih e  contents of
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riboflavin, niacin and thiamine are not affected. T he levels of fat, 
protein, sugar, and minerals rem ain unaffected by irradiation.

Toxicological aspects

T he available investigations included short-term , long-term , multi- 
generation, and teratogenicity studies in rats as well as a num ber of 
mutagenicity studies. T he results indicated that (he incorporation in 
the test diets o r  irradiated mangoes produced no adverse effects.

Evaluation

Unconditional acceptance o f  m angoes irradiated for the purpose o f 
controlling insect infestation o r  for delaying ripening o r  reducing the 
microbial load a t an average radiation dose o f up to 1 kGy.

9.4 Pulses
Purpose o f  irradiation

To control insect infestation in stored pulses.

Average dose 

Up lo 1 kGy.

Prevention o f reinfestation

Pulses, w hether prepackaged o r handled in bulk, should be stored, 
as far as possible, under conditions that will prevent reinfestation.

Microbiological aspects

No specific microbiological problem s arise with pulses, whether 
irradiated o r not.

Nutritional aspects

Pulses are a m ajor source o f dietary protein in certain parts of the 
world. A ny deleterious effects o f irradiation on the nutritional quality 
of these crops would therefore be of importance. Conflicting results

appear in studies o f the protein efficiency ratio (P E R )1 and the e f­
fects on B-complex vitamins have not been well established for dif­
ferent pulses. These possible effects should receive consideration 
wherever irradiated pulses are used as staple items of the diet.

Toxicological aspects

T he available short-term  studies in mice and rats, as well as a re ­
production study in rats, did not indicate any adverse effects due to 
irradiation o f several varieties of dried beans and cowpeas. There was 
a reduction in the growth rate o f  rats after the ingestion of high 
dietary levels of both irradiated and unirradiated beans. A  num ber 
of mutagenicity studies, including a dominant lethality study in mice, 
did not reveal any mutagenic potential in several varieties o f irradiated 
dried beans.

Evaluation

Unconditional acceptance of pulses irradiated, for controlling insect 
infestation, a t an average radiation dose of up to 1 kGy.

9.5 Spices and condiments3
Purpose o f irradiation

(а) To control insect infestation.
(б) To reduce the microbial load.
(c) To reduce the number of pathogenic microorganisms.

Average dose

For (a) up to  1 kGy, and for (6) and (c) up to 10 kGy.

Microbiological aspects

Fungal contaminants, some of which are likely to be toxigenic, 
occur in untreated spices at an average level o f lOVg. O ther agents of 
possible concern to human heulth include the food-poisoning species

'The protein efficiency ratio is a  rough measure o ( the nutritive value o l proteins, 
obtained by dividing the gain in body mass by the mass ot the ptolcin consumed It is 
usually measured in young rats, ted on a diet containing 1(1% protein under Mandard 
Conditions.

1 Inclusive ot "dehydrated onion" and "onion powder".



Bacillus cereus and Clostridium perfr ingens; Salmonella and Shigella 
have been reported. Aerobic spore-form ers and therm ophilic bacteria 
at levels o f up to 10*/g must t*  dealt with by som e means o ther than 
heat. Because the m ajority o f the flora are radiosensitive, irradiation 
doses o f  4 - 5  kG y reduce the total bacterial counts lo less than 104/g. 
Commercial sterility can be achieved at doses o f  15-20  kGy, d e ­
pending on the initial microbial load. I h e  flora that survive irradiation 
have a lower heat and salt tolerance, so that the subsequent heal 
treatm ent o f  products containing the irradiated spices can be reduced.

Nutritional aspects

Irradiation o f paprika at tem peratures in the range of 0 ° C  to 22 °C, 
with doses o f  5 -5 0  kGy, and subsequent storage for 6 m onths had 
practically no effect on the carotenoid content.

R adiation treatm ent with 5 and 15 kGy affected the relative co n ­
centrations o f some fatty acids but not always in a dose-dependent 
m anner. In som e spices there is a small reduction in the proportion of 
some unsaturated fatty acids. Since spices do  not contribute signifi­
cantly to the nutritional quality o f  foou, these changes arc of no 
nutritional significance.

Toxicological aspects

T he available reports o f feeding studies in rats (including sho rt­
term, reproduction, and teratogenicity studies) are less com prehensive 
in Ihe case o f irradiated spices and condim ents than for o ther irrad i­
ated foods. Some o f Ihe adverse effects observed in the test animals 
are related to the ingestion o f  high dietary levels o f spices, both ir­
radiated and unirradiated. N o untoward effects, attributable to the 
irradiation treatm ent, were reported  in these studies. The results of 
several mutagenicity tests revealed Ihe absence o f any mutagenic- 
potential. In evaluating the safety o f  this com m odity, Ihe Com m ittee 
took into consideration Ihe low levels of spices used in the human 
diet.

Evaluation

Unconditional acceptance o f spices irradiated for the purpose of 
controlling insect infestation, o r o f reducing Ihe microbial load and 
the num ber o f pathogenic microorganisms, at an average radiation 
dose o f up to 10 kGy.
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10. CONCLUSIONS ON THE ACCEPTABILITY OF 
IRRADIATED FOOD

10.1 Toxicological acceptability of irradiated food
The Com m ittee, having reviewed new evidence, was able lo for­

m ulate a recom m endation on the acceptability o f food inad ia ted  up 
to  an overall average dose of 10 kGy (see sections 2 and 3). This 
developm ent follows logically from Ihe approaches lo the assessment 
of the wholesomeness of irradiated food adopted in ihe past by pre­
vious Joint Expert Committees, as described in the Introduction. The 
following considerations led to this development:

(а) All Ihe toxicological studies carried out on a large num ber of 
individual foods (from almost every type of food commodity) have 
produced no evidence of adverse effects as a result of irradiation.

(б) Radiation chemistry studies have now shown that the radio- 
lytic products o f m ajor food components are identical, regardless of 
the food from which they are derived. M oreover, for m ajor food 
com ponents, most of these radiolytic products have also been identi­
fied in foods subjected to  other, accepted types of food processing. 
Knowledge of Ihe nature and concentration of these radiolytic p ro ­
ducts indicates that there is no evidence of a toxicological hazard.

(c) Supporting evidence is provided by the absence of any adverse 
effects resulting from the feeding of irradiated diets to laboratory 
animals, the use o f irradiated feeds in livestock production, and the 
practice o f  maintaining immunologically incompetent patients on  ir­
radiated diets.

The Com m ittee therefore concluded that the irradiation of any 
food commodity up to an overall average dose of 10 kGy presents no 
toxicological hazard; hence, toxicological testing o f foods so treated is 
no longer required.

10.2 Microbiological and nutritional acceptability of irradiated food

The Com m ittee considered that the irradiation of food up to  an 
overall average dose of 10 kGy introduces no special nutritional or 
microbiological problems. However, the Committee emphasized that 
attention should be given to the significance of any changes in relation 
to  each particular irradiated food and lo its role in the diet.
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10.3 liigh-dose irradiation

The Com m ittee recognized that higher doses o f  radiation were 
needed for the treatm ent of certain foods but did not consider the 
toxicological evaluation and wholesomcness assessment o f foods so 
treated because Ihe available data are  insufficient for this purpose. 
Further studies in this area  are therefore needed.

11. F U T U R E  R E SE A R C H

The C om m ittee considered that future research is needed in the 
following areas in order to increase existing knowledge about the e f­
fects o l irradiation on food and to  facilitate future evaluations:

— The technological and economic feasibility o f  conducting food ir­
radiation on  a larger scale and  with a wider variety o f  foods should 
be established (see section 3).

— F urther studies in Ihe area o f wholesomeness assessment o f  certain 
foods irradiated at higher doses are desirable (see section 10.3).

— If possible, there should be a systematic collection and review of 
information on  the effects o f  using irradiation-treated  hum an diets 
(see section 7).

— The conflicting results published on the effect of radiation on the 
biological value of proteins and B complex vitamins in pulses should 
be clarified because o f  their im portance as staple foods in many 
countries (see section 9.4).

— As there is little recent information on  Che effect o f radiation on 
folic acid, future work should be carried out on representative 
folate-containing foods, since the diets in som e parts o f the world 
have a marginal folic acid content (see section 5).

— F urther work on Ihe effects o f  com bination o f  irradiation with other 
processes on the nutritional value o f foods so treated is desirable 
(see section 5).

12. R E C O M M EN D A TIO N S

The technological and economic feasibility o f  food irradiation on 
an industrial scale should be established. A wider variety of foods 
should also be studied with respect to their suitability for processing

by irradiation. IA EA  and FA O  should facilitate such studies and co l­
lect da ta  for the purpose of making recommendations.

The use o f high-dose radiation for the treatm ent of certain foods 
has been recognized as being technologically feasible. To assess the 
safely o f  this process, further information is needed on its nutritional, 
microbiological and toxicological implications. Such intormation is 
being generated  and should be brought together by FAO, IA E A  and 
W HO for fu ture evaluation.
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Food Irradiation:
What Is It? Where Is It Now? 

Where Is It Going?
by BERNARD S. SCHWEIGERT, Ph.D.

T h e  q u e s t i o n  w h e t h e r  i r r a d i a t i o n  is  a n  a c c e p t a b le  a l t e r n a t i v e  m e t h o d  o f  f o o d  
p r e s e r v a t io n  h a s  b e c o m e  a  d e b a t a b l e  s c ie n t i f i c  a n d  e n v i r o n m e n t a l  h e a l t h  is s u e  o f  g r e a t

p u b l i c  in t e r e s t .

Dr. Schweigert, Professor and Chairman, 
Department of Food Science and Technol­
ogy, University of California, Davis, re­
ceived three degrees at the University of 
Wisconsin and has served on the faculty 
of Texas A and M. Michigan State and the. 
University of Chicago. He has authored 
over 200 articles on nutrition, biochemis­
try and food science and has served as 
president of the Institute of Food Technol­
ogy and on innumerable scientific advisory 
committees to government and industry.

Renew ed  in terest in the p o te n ­
tial for the use of irradiation 
in the p reservation  of foods 

has been ev ident since the issuance 
o f regulations by the  Food and  Drug 
A dm inistration in  April of 1986, 
perm itting  the use  of irradiation  at 
low  levels to contro l insects, to ex­
tend  the shelf life of fruits and  veg­
etables an d  to control parasites. 
H igher dosages w ere app roved  to 
control m icrobial con tam ination  of 
spices, d eh y d ra ted  onions and 
garlic. In an  earlier article published 
in  Nutrition Today, W. M. U rbain 
described this technology  and  its 
prim ary role in  th e  killing of m icro­
organism s and  insects in  our food 
supply. Irrad iation  of food  has been 
extensively s tud ied  d u ring  the past 
40 years. It is un iq u e  in  th a t a tem ­
peratu re  increase of on ly  a few  d e ­
grees occurs w ith  the application of 
rad iation  to food system s. This has 
led to the  term  'co ld  sterilization ' 
fo r foods so trea ted  w here  the irra ­
diation dose is suffic ien t to kill all 
m icroorganism s th a t are  present. 
W ith appropria te  packaging p rio r to 
irradiation , foods so trea ted  are no t 
susceptible to m icrobial spoilage

w hen kept a t room  tem perature 
This led to som e of us carrying a 
beef steak  appropria tely  packaged 
and  irradiated in our su it coat pock­
ets as a dem onstration  item  when 
talks on  food irradiation w ere given!

WHAT IS IT?

Basically the process involves the 
exposure of foods to ionizing rad ia­
tions developed  either from radio­
nuclide sources (cobalt-60 or ce-

Irradiation involves the 
exposure o f foods to 

ionizing radiations either 
from radionuclide sources 

or from electron 
accelerators.

sium -137) or from  electron acceler­
ators (i.e., m achine sources) which 
generate electron beam s. The elec­
tron beam  can be converted  to x- 
rays w hich  are  com parable to the 
gam m a rays th a t are em itted  by co­
balt-60 and  cesium -137 sources 
The program  o f research earned  out
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Glossary
Irradfationt Exposure at foods to ionizing radiations from either radionuclide 
sources or from electron accelerators.
Radurization: Pasteurization of food3 with treatment with 50.000 to 200,000 
rads;
Radicidation: Treatment of food at a level to control food poisoning microor­
ganisms (200,000 to 600,000 rads).
Radappertization: Sterilization to kiU all microorganisms (1,000,000 to 
4,000.000).

over the past 40 years w as facili­
ta ted  by the  in terest an d  su p p o rt of 
th e  Atomic Energy C om m ission, 
im pressed w ith  the po ten tia l 'p eace  
tim e uses o f atom ic en e rg y ' in  food 
preservation . Sim ilarly the  U.S. 
A rm y saw  the  poten tia l application 
of rad iation  to the preservation  o f 
foods for th e  m ilitary. These sources 
of sup p o rt have n o t been available

in recent years an d  currently  very 
little research  is being carried o u t in 
th e  U nited S tates on the  preserva­
tion  of foods by  irradiation. This 
topic, how ever, con tinues to be of 
m ajo r in terest to  scientists, to the  
food  a n d  allied industries and  also 
to  som e co n su m er groups, w ho ex­
press concern relative to  the app li­
cation of th is technology  to our food

supply . These concerns will be e lab ­
o ra ted  or in th e  subsequen t d iscus­
sion.

T he am o u n t of radiation  ab­
sorbed  by the food item  is expressed 
in term s of rads, an d  m ore recently 
as G rays (100 rad  =  1 Gray). We 
will be  utilizing th e  term  rads 
th ro u g h o u t th is article, since it has 
been w idely used, particu larly  in 
the earlie r stages of the  food irra­
d ia tion  studies. In general, the  a p ­
plication of approx im ately  10.000 
to 50,000 rad  (100 to  500 Gray) is 
the effective d o se  range to control 
insects in  ou r fo o d  supp ly , to inhibit 
the  sp rou ting  o f  po ta toes and  o n ­
ions (Figure 1) a n d  to control para­
sites in  m eat p roducts. T he 'p a s ­
teu rization  le v e l' called  radu riza­
tion is applicable fo r foods treated 
in th e  range o f  50,000 to 200,000 
rads (500 to 2,000 G ray), for ex­
am ple, for the contro l o f  Salmonella 
in pou ltry  products. T h e  application
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of levels to provide control of food 
poisoning m icroorganism s (radici­
dation) is generally  considered to be 
in th e  range of 200,000 to 600,000 
rad and  for sterilization to ac ­
com plish th e  killing of all m icro­
organism s p resen t 1,000,000 to
4,000,000 rad  (radappertization) 
m ay be needed , depend ing  up o n  
the m icroorganism , the food a n d  
the technological circum stances 
used during  the  irrad iation  trea t­
m ent. Each food system  need s to be 
considered o n  a case-by-case basis 
to account for variables in th e  sy s­
tem  (species o r th e  na tu re  of th e  
source m aterial— plan t o r anim al 
for exam ple, m oisture content, tem ­
pera tu re  used  d u ring  the irrad iation  
treatm ent, fru it o r vegetable variety, 
desired  effect or effects to be 
achieved d u rin g  the  irrad iation  
treatm ent, etc.). Som e o f these 
points will a lso  be illustrated  in th e  
subsequent discussion.

T hus, w e have  available a tech ­
nology th a t m ay  h av e  the poten tia l 
to im prove food products available 
to th e  consum er an d  to fill a need 
in th e  m arketing  system , w hich 
may have considerab le  potential for 
application in this, as well as o ther, 
countries. M any o ther countries 
also have governm enta l approvals 
lor food irradiation, w hich are  con- 
stantlc u n d er review .

It couid well be asked w hy this 
technology has taken  so long to be 
considered for application, or in  
fact, if it h as  a place in o u r food 
preservation system . Factors in ­
volved here are  the decision of C o n ­
gress. th rough the D elany A m end­
m ent. to require th a t the irrad iation  
of foods be trea ted  as a food  ad d i­
tive. This, o f course, requires 1) 
long-term  feeding  tests, etc., to a s ­
sure w holesom eness of the process, 
2) assu rance  o f th e  s a fe ty  of o u r 
foods, particularly  w hen  a new  
processing technology is being co n ­
sidered 3) answ ers to questions 
raised during  the course of th e  
w holesom eness studies as to w hether 
an adverse effect h ad  occurred a t­
tributable to  the irrad iation  trea t­
m en t and  4) consideration  of th e  
uncertain ties that w ould  be  associ­
ated w ith m arketing  such products 
with respect to consum er accep t­
ance Also, precise costs are  
unknow n  un til we have actual com ­
m ercial in form ation  available, a s ­

sum ing the process proceeds to that 
stage.

MECHANISM OF ACTION

T he gam m a and  x-rays produced 
by radionuclides an d  m achine 
sources in teract w ith m olecules in 
th e  food by transferring  energy, 
form ing free radicals. These free 
radicals m ay th en  react w ith the 
nuclear m aterial o f the cell (deoxy­
ribonucleic acid— DNA), and  thus 
preven t th e  m icroorganism s, p a ra ­
sites or insects presen t from  rep ro ­
ducing. A s noted above, the  dosage 
required to achieve killing varies 
w ith  the m icroorganism  and  insect 
involved. The free radicals form ed 
m ay also react w ith o th e r chem icals

Free radicals react with 
DNA to prevent 

microorganisms, parasites 
or insects present from 

reproducing.

presen t in a food system . O f partic­
u la r interest have been th e  changes, 
if any, in the sensory  properties 
(p n m an ly  changes in flavor), in the 
nutritive value (p n m an ly  sensitive 
vitam ins) and  in anv o ther su b ­
stances th a t m av affect the w hole- 
sorneness or safety oi the  irradiated 
food. This concern hap evoked a 
great deal of research attention 
th rough the years. It is of interest 
th a t w ith the m ore conventional 
food processing m ethods (refriger­
ation  and freezing: heat treatm ents 
such  as canning  and drying) in 
m any  circum stances we d o  not have 
com parable and  as thorough  in fo r­
m ation available. We do, of course,

have the  experience o f consum ing 
these foods over a period of years, 
which is an  extrem ely im portan t ba­
sis for assessing the ir safety.

WHERE WE ARE NOW

Low level applications o f irradiation 
has been app roved  by the  Food and 
Drug A dm inistra tion  in  this country 
for inhibiting sp ro u tin g  in potatoes 
and  onions, for u p  to 3 ,000,000 rad 
controlling insects in g rains, such as 
stored w heat, a n d  parasites in pork 
products, for ex tend ing  the shelf life 
o f fresh fruits an d  vegetables and 
for controlling m icrobial con tam i­
nation in  spices an d  d eh y d ra ted  on­
ions an d  garlic. The only know n 
commercial app lication  in the 
United States is for controlling  the 
microbial con tam ination  of spices, 
dehydra ted  on ions an d  garlic. O th ­
ers are being explored , but are not 
as yet used  com m ercially. C om m er­
cial applications in o th e r countnes 
include control of insects in  grain 
(Russia), inhibition  o f  sprouting  in 
stored potatoes (Japan), and  ex tend ­
ing shelf life o f  certain  fruits and 
vegetables being  sh ipped  from 
South Africa to  Europe Several 
o ther governm ental approvals are 
available in various coun tnes. a l­
though are n o t in full scale com ­
mercial practice a t the present time 

With respect to the scientific in ­
form ation available, it is usctui 
review several kinds o f data in Ta 
ble 1, w e have docum ented  from 
the work of W. M. U rbain the eftee: 
of dose level a n d  storage times on 
the total plate count of microurca- 
msms present in irradiated b -n  
steak. This is a typical research rind­
ing in that the  microbial load in 
creases during  storage at refrigera­
tion tem pera tu re  (4°C) at each ot

Table 1
Effect o f Various Doses of Gamma Radiation on the Total Plate Count 

(TPC) of Irradiated Beef Steaks*

Dosa (rads)

TPC/g after Days Storage at 4°C

0 7 14 21

1.6 x 10* 1.0x 10' 5.6X107 7.0 x 10*
50.000 1 .8 x 10* 6.2 x 10* 7.7 x 10* 3.0 x 10'

100.000 8.0 x 10* 3.3 x 10s 3.0 x 10* 9.0 x 10*
250,000 1.0 x 10* 2.8 x 10* 8.6 X103 9.8 x 10*
500.000 60 1.0 x 10* 2.0 x 10* 2.2 x 10*

1.000.000 <10 <10 <10 <10

’ From Urbain WM. Food irradiation. Adv Food Res 1978:24:155-227.
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Table 2
Effect of Irradiation* Temperature on Thiamin 

Content of Ham
Temperature at 
Irradiation (°C) % Retention!

5 9
-20 53
-40 79
-60 87
-60 93

' Dose 3.000.000 to 4.000.000 rads, 
t  Initial content 3.67 mg/100 g.

Table 3
Threshold Dose for “ Radiation Flavor” *

Meat Dote

Pork 175.000
Beef 250.000
Chicken 250.000
Lamb 625.000

• Data from Thomas MH. Wiertxcki E. Effect of irradiation dose and 
temperature oo the thiamine content of ham. Technical Report 71- 
44-FL Natick. MA; U.S. Army Natick Laboratories. 1971.

the  i r  ad ia ted  dosages below  a level 
tha t resu lts in sterilization of the 
beef s teaks (1,000 krad; lOkGrav). 
Thus, v .'sj h av e  scientific dem onstra­
tion o f  the  effect of irradiation on 
killing m icroorganism s in a m ajor 
food product.

W ith respect to flavor changes, 
som e differences have been ob­
served w ith d ifferen t m eat p rod­
ucts, as  sh o w n  in Table 2. O b­
viously the detection of a 'rad ia tion  
flav o r' m ay be sufficient to lim it the 
m arketing opportun ities  for prpd- 
ucts w ith  th is dosage. It shou ld  be 
no ted  th a t the  effect on flavoc is 
m arkedly  sensitive to  the  tem pe£a-_ 
ture o f the  p roduct w hen  th e  ,ilfa?V 
d iation  is carried  out. A s n o te d  ea tfe  
lier, each  po ten tia l application  o t' 
food irrad ia tion  is assessed  o n  a 
case-by-case basis w ith  full aw are­
ness of th e  variables in  the process 
(tem pera tu re , packaging, n a tu re  of 
th e  food  p roduct, an tic ipated  stor­
age cond itions after processing, etc.) 
th a t n eed  to be  considered.

NUTRITIVE VALUE, 
WHOLESOMENESS AND SAFETY OF IRRADIATED FOODS
It is o f  in terest to n o te  in Table 3 
th a t irrad ia tion  reduces the thiam in 
co n ten t o f  h am  and  th a t the reduc­
tion is m arked ly  influenced by the 
tem pera tu re  in the food du ring  ir­
radiation. As expected, th iam in is 
rnucn less sensitive to irradiation

w hen  the process is carried o u t a t 
low er tem peratures. It is o f in terest 
also that vitam ins sensitive to th e  
presence of oxygen, [nam ely v ita ­
mins A, C and  E,| also show  in ­
creased losses du ring  irrad iaton . 
O th e r vitam ins are essentially  s ta ­
ble. In addition, no sign ifican t 
change has been no ted  in the  p ro p ­
erties and  nutritive value o f ca rbo ­
hydrates, proteins, fats a n d  m in ­
erals w hen the irradiation h as  been  
carried out a t a range of dosages u p  
to 4.000,000 rads. Som e changes d o  
occur that m ay be of interest. For 
exam ple, fat oxidation occurs m ore 
rapidly  w ith irradiation a n d  som e 
breakdow n of com plex ca rb o h y ­
drates occurs in p lan t tissues. T his 
la tter circum stance m ay lead  to a n  
interesting com m ercial ap p lica tion  
in th a t a 5% increase in juice yields 
has been obtained  o n  the irrad ia tion  
of citrus fruits.

O n an overall basis, the  chan g es 
in nutritive value app rox im ate  
those associated w ith  heat p rocess­
ing preservation  m ethods. It is re ­
alized that som e foods will b e  
cooked, as w ell as irrad iated , befo re  
consum ption so there  could w ell be 
som e additive effects on th e  to ta l 
nutritive value. T hese a re  n o t 
th ough t to be sufficiently  m ajo r to  
be a serious d e te rren t to using  food  
irradiation as a p reservation  
m ethod, assum ing o th e r aspects o f
u.a process are  in th e  best in terest

o f the consum er. No significant n u ­
trient changes have been observed 
w ith  th e  use of low levels of irra­
diation  o f  foods.

The ability to assess the w hole­
som eness and safety of irradiated 
foods h as  been a m ajor challenge to 
scientists in tha t every a ttem pt was 
m ade to  carry o u t parallel investi­
gations to  those used for food a d ­
ditives. This obviously w as not pos­
sible w ith  a food (i.e., to feed at 
levels o f  100 times the  intended 
usage level), an d  it w as generally 
ag reed  th a t such  feeding studies 
w ith  a t least tw o species of anim als 
fo r each  potential application 
w ould  be  carried ou t w ith  the food 
p rov id ing  35% o f the expenm ental 
d ie t as is noted in  Table 4. Most of 
these  stud ies w ere carried out using 
th e  ra t a n d  the dog  for th e  21 foods 
th a t w ere  selected for these  studies 
in the U.S. Arm y program . It will 
be  n o ted  th a t tw o fruits were in­
cluded  w h en  the ra t a n d  the m on­
key w ere used. The read er will note 
th a t for certain  of the foods it would 
be  a heroic accom plishm ent for the 
experim ental anim al to consum e 
w ith  good acceptance this quantity  
of food in  the daily diet! O th er s tu d ­
ies carried  out w ith irrad iated  o n ­
ions provided an  even g reater cha l­
lenge in this respect! To this date 
w e do n o t have ideal safety  p ro to ­
cols for evaluating  a process [such 
as irradiation] applied  to foods.

O th er studies to extract m ajor 
constituen ts w ith various solvents 
su p p lem en t these studies. An effort 
w as m ade to detect V r jq u e  radiol­
ytic p ro d u c ts ' in these an d  o ther 
foods. From  extensive gas ch rom at­
ographic  and  o th e r m ethods of 
analysis n o  new chem ical products 
h av e  been  detected  th a t are not 
p resen t in  our conventional food 
supp ly  ev en  though  som e increase 
o r  decrease in production  of su b ­
stances n o t norm ally found  in a 
specific food  product b u t in others 
w ere  observed. From  th e  extensive 
feeding stud ies carried o u t includ­
in g  those com pleted a n d  reported 
recently  w ith  irradiated chicken no 
significant public h ealth  problem  
h as been dem onstrated  w ith the 
feed ing  o f irradiated  foods to ex ­
perim enta l anim als. Som e specific 
stud ies raised questions which led 
to add itional research. It is recog
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Table 4
Foods Used in Long-Term Feeding Studies to 
Investigate the Effect of Treating Foods with 

Ionizing Energy
Food Test Animal

Beef, ground Rat. dog
Pork, lotn Rat. dog
Bacon Rat, dog
Shnmp Rat. dog
Codfish Rat, dog
Chicken Rat, dog
Tuna Rat, dog
Beef stew Rat. dog
Chicken stew Rat. dog
Carrots Rat, dog
Cole slaw Rat. dog
Com Rat. dog
Beans, green Rat, dog
Potatoes, while Rat. dog
Potatoes, sweet Ral. dog
Flour Rat. dog
Fruit compote Rat. dog
Evaporated milk Rat. dog
Peaches Rat. monkey
Oranges Rat, monkey
Jam, pineapple Rat. dog

nized  tha t th is  is no t a view  held  by 
every  scientist in the w orld and  we 
need to  keep an  open m ind to any 
new  studies th a t provide additional 
inform ation.

CONSUMER ACCEPTANCE
This aspect h as  attracted  consider­
able a tten tion , particularly  in the 
m edia, and has led to stud ies to 
ascertain  the degree o f potential ac­
ceptance or resistance to m arketing 
of irradiated foods On the  one 
han d , we have  inquiries asking, 
'W ill the food glow in the dark? ' 
w hen  extensive s tu p e s  h av e ... 
sh o w n  that th e  e n e rg r ’Ievel of ir­
rad iation  used does no t njfjiJ.t in  any-?-, 
increase in induced  radioactiv ity  ip; ., 
the  food product. Or. 'J  understand  ? 
all the  nu tritive  value is& St. antfcall 
of the  body enzym es a re  destroyed  
w hen  irrad ia ted  food is ea ten ! ' O b­
viously, consum er education  o p ­
portun ities abound! O n  the  o ther 
end  of the range, w e do  h av e  in­
quiries asking w hen  w e can use this 
un ique  process w hich will result in 
the ability to  keep foods fresh 
longer, or '.o control food poisoning 
organism s, o r to  be an  alternate  to 
fum igants such  as ethy lenedibro- 
m ide fbr treating  an d  im porting 
tropical fruits, such as p apaya and 
m angos. It is of interest tha t two 
dem onstration  projects in the  past 
year, one w ith the  sh ipp ing  o f irra­
diated  m angos from Puerto  Rico to 
Flonda, and  th e  o ther for sh ipping

irrad iated  pap ay as from H aw aii to  
C alifornia, resulted  in apparen t 
very good acceptance of the  irrad i­
ated  food p roduc ts  by consum ers 
and  they w ere judged superior in 
taste in th e  C alifornia study  as com ­
pared  to controls.

A n u m b er of groups have  been 
form ed a ro u n d  th e  United States 
equivalen t to 'coalitions against 
food irrad ia tio n ,' and have co n ­
tacted congressm en, as well as state 
officials, to seek legislation to delay 
th e  app lica tion  of the Food and  
D rug  A dm inistra tion  approvals for 
food ; irrad iation , o r to ban the dis-

Footi scientists and 
nutrition iducators are 
challenged to provide 

appropriate information to 
help consumers make 
meaningful choices.

tribution o f irrad ia ted  foods w ith in  
the state. T hese are challenging > 
times for food  science and  nutrition  
educators to  provide the ap p ro jir i- ; - 
ate in fo rm ation  to  interested ind i­
viduals, so th a t if a n d  w hen  irradi­
ated foods are  available for con­
sum ption . m ean ingfu l choices can 
be m ade by the  consum er based on 
factual in form ation .

S tudies a t the U niversity of C ali­
fornia at D avis, p rov ided  evidence

tha t ecologically sensitive co n ­
sum ers, as well as younger and  fe­
m ale consum ers ap p ear to have 
greater resistance to acceptance ol 
irradiated  foods than  o thers in the 
population . They also sh ow ed  thai 
consum ers were not well inform ed 
abou t irradiated  foods. H ow ever 
m any of the conventional co n ­
sum ers had  an open m ind  to the 
purchase of these food item s, if thev 
becom e available. They are cu r­
rently studying an o th er im portant 
aspect of consum er acceptance 
nam ely how  to appropriate ly  label 
irradiated  foods.

LABELING
C urren t Food a n d  Drug A dm inis­
tration regulations provide for use 
o f the in ternational sym bol for food 
irradiation (Figure 2) p lus a w ntten

Figure 2. International symbol for irraC' 
ated foods.

com m ent indicating the t. 'v J  ha; 
been  irradiated. T he Food an J Drue 
A dm inistration p lans to revi* 
a 2 -y ea rp e rio d . how  this sv»-« — i- 
w o rk in g  an d  if any  jn v d iii. • 
a re  m erited. Even though  w- • 
label foods processed b'. 
m ethods w ith inform ation tne 
m ethod  of processing, with »m- 
new  and ra ther com plex m ethod oi 
processing, inform ation indicating 
food has been in ad ia ted  is a p p ro ­
priate. C onsiderable difference of 

opinion exists as to the  b*>* a m ­

plest and m ost effective an d  v.<. 
m ethod  to achieve this objective !: 
is o f interest th a t seco n d an  u^age 
o f  irradiated ingred ien ts i>u, h a- 
spices used  in a form ulated  food 

does no t require labeling that a r 
ingredient has been irradiated  Ir 
th is  case, it is also of in te r s ;  trorr 
a safety standpo in t that the  ti'-agt 
of an  item  such as irradiated apices 
in  addition  to being technuiogn.all\
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Table 5
Promising Applications o l Irradiation to Foods

I Microbial control In spices and dried onions and game
2. Insect deinfestation of gram
3. Extending shelf life of fruits and vegetables
4. Controlling insects in imported fruits
5. Extending shelf life of manne food products
6. Inhibition of sprouting of potatoes

Table 6 
Food Irradiation Issues

1. Safety
2. Nutntive value
3. Costs
4. Community acceptance
5. Consumer acceptance

su ited , is also self-lim iting as to the 
am o u n t tha t a hum an  w ould be 
consum ing , in view  o f the flavor 
in tensity  of su ch  products. H o w ­
ever, som e ind iv iduals feel th a t 
foods using  irradiated  spices, o n ­
ions an d  garlic should  also be so 
labeled.

PROMISING APPLICATIONS
As w e look ahead , it w ould  ap p ear 
m ost likely th a t evolutionary, not 
revolutionary , changes to process­
ing foods by irradiation  will occur 
a n d  these will be particularly selec­
tive in the  U nited States w here we 
a re  considered to have a good sy s­
tem  of processing, sto rage and  d is­
tribution  of the  food supply . As 
n o ted  in Table 5, several prom ising

Evolutionary, not 
revolutionary, changes to 

processing foods by 
irradiation will occur.

applications of irrad ia ted  food are 
listed. T he econom ic significance of 
these  an d  the degree to w hich they 
m eet consum er needs, are still 
so m ew h at uncertain . T he m ost 
prom ising applications ap p ear to  be 
w ith  the  u se  of the  m achine sources 
o f gam m a irradiation, w hich can be 
tu rn ed  on  an d  o ff as needed  an d  
p resen t far few er difficulties in 
'co m m u n ity  accep tan ce ,' w hich is 
associated  w ith providing or tran s­
porting  the rad ionuclide sources 
tba? constantly  em it gam m a rays. 
We have good system s for w orker

protection, sh ie ld ing  radioisotope 
sources during  sh ipp ing , etc.; h o w ­
ever, it is an aspect o f h igh sensitiv­
ity to som e m em bers o f a com m u­
nity to have th e  po ten tia l or actual 
presence of a rad ioactive source lo­
cated in the com m unity . In cu rren t 
work, design a n d  cost estim ates for 
the use of linear accelerators (m a­
chine sources) are being  investi­
gated.

WHERE ARE WE GOING?
As noted  above, there  continues to 
be in terest in th e  issues ab o u t a p ­
plication of food  irradiation  in the 
scientific com m unity, as well as in 
the  consum er com m unity  (Table 6). 
Q uestions still occur relative to the 
safety of irradiated  foods a n d  we 
have lim ited h u m an  experience. 
These foods h av e  been fed to astro ­
nauts a n d  also  in m edical treat­
m ents w here the  reduced  im m une 
response of the  p a tien t requires 
feeding o f sterilized food  products.

The actual app lica tions of irradia­
tion to a specific food product will 
fu rther identify  any  changes in n u ­
tn tive value; how ever, this does not 
ap p ear to  be a m ajor d ifficulty  as 
com pared  to h ea t processing m eth ­
ods.

Until w e h av e  go o d  pilot p lan t 
an d  com m ercial experience, costs 
will no t be easy to define . From  the 
engineering a n d  econom ic litera­
ture", it w ould a p p ea r tha t o n  an  
overall basis, costs w ill be com par­
able to o ther processing  m ethods 
an d  shou ld  no t p rec lude  fu rth er ex­
am ination  of th e  value of using  this 
processing system  for the preser­
vation of foods.

The com m unity and consum er 
acceptance'issues will continue with 
considerable em otion. A nsw ering 
the concerns w ith facts is essential 
and obtain ing further research find ­
ings will be helpful in this connec­
tion. We also  need to enhance con­
sum er education activities, includ­
ing providing inform ation on the 
research findings obtained in m any 
countnes of the w orld w here this 
food processing technique is being 
studied. It is of interest th a t the 
In ternational Atomic Energy 
Agency in V ienna an d  the W H O / 
FAO organizations have indicated  
approval for the use of irradiation 
in the processing of foods u p  to and  
including th e  use of 1,000,000 rad . 
The International A tom ic Energy 
Agency is also  developing a 2-w eek 
training program  for scientists from 
n u m b e r countries to  ob tain  a first­
hand  know ledge on procedures for 
operating a food irradiator to  assure 
safety and appropriate  application 
to individual food products.

The question  has been asked if 
the federal funding  of food irrad ia­
tion by the Atomic Energy C om ­
m ission and  the U.S. A rm y can be 
justified in view  of the  very limited 
usage that h as  occurred on a com ­
m ercial basis to date. The use of 
these funds to obtain valuable in ­
form ation on  our conventional food 
processing a n d  preservation m eth ­
ods (i.e.. nutritional, sensory, m icro­
biological, physical and  chem ical 
and  toxicological characteristics) as 
controls have been very valuable. 
Also m any undergraduate, g rad u ­
ate e n d  postdoctoral s tuden ts re­
ceived financial support in their re­
search studies, w hich has added  
significantly to the pool of educated 
scientists continuing to m ake im ­
portan t contributions to ou r know l­
edge of the properties of foods.

M em bers o f the food science and  
nutrition  scientific com m unity  will 
find it of interest to continue to 
follow developm ents an d  provide a 
leadership role w ith respect to this 
un ique and  potentially im portan t 
m ethod  of food preservation.
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University of Alaska Fairbanks
Alaskan Commodities 

Irradiation Project:
__________________ An options analysis study

project objective
The overall goal of this feasibility study (which is being conducted for 

the State of Alaska) is to evaluate the potential social and economic benefits 

and risks that may be realized from the application of food irradiation 

technology to Alaska's seafood and agricultural products. Potential benefits 

include increased shelf life, allowing commodities to be shipped greater 

distances as fresh products without degradation of product quality, and 

decreased naturally occurring disease-carrying microorganisms that are of public 

health concern. Treatment of Alaska-produced food products may benefit the 

seafood and agricultural industries by opening new markets both in-state and 

worldwide for these value-added products. A potential added benefit to Alaskan 

consumers is a safer and more varied food supply.

project background and funding source
The U.S. Congress mandated a six-state research program with the ultimate 

objective of transferring irradiation technology to the private sector for 

commercialization if the net benefits are positive. Florida, Hawaii, Iowa, 

Oklahoma and Washington, as well as Alaska, are studying potential benefits of 

this technology. The funds appropriated by Congress have been transferred to 

the individual states by the U.S. Department of Energy. Alaska designated the 

Institute of Northern Engineering at the University of Alaska Fairbanks to 

conduct the feasibility study on behalf of the state.

research agency and project scope
The Institute of Northern Engineering is coordinating the efforts of an 

interdisciplinary team of researchers, including food scientists, economists, 

engineers and management specialists. This team is evaluating the technical 

(including safety), economic, financial, political and social feasibility of a 

food irradiation facility in Alaska. An advisory panel representing government, 

industry and the general public has been assembled to provide additional input 
and expertise.

final recommendations
At the conclusion of the feasibility study, which is expected by late 

summer 1988, the team, with input from the advisory panel, will make 

recommendations to the State of Alaska and the U.S. Department of Energy.

The State of Alaska will make a final decision regarding the implementation of 
any recommendations.

U n ive rs ity  o f Alaska Fairbanks_______
with campuses In Fairbanks, Bethel, Kotzebue and Nome



TJniversity of Alaska Fairbanks

FACT SHEET: Irradiated Foods

the process
Irradiation is a physical process like canning, freezing, drying and 

pasteurizing. It is used to reduce levels of naturally occurring disease-carrying 

microorganisms of public health concern and to extend the shelf life of food. Shelf 

life of perishable foods such as fresh fish, poultry and meats can be extended two to 

three times.

During the irradiation process, foods are exposed to an ionizing radiation 

source. Ionizing radiation passing through the food breaks chemical bonds in 

undesirable microorganisms. It destroys bacteria, yeast and molds. Irradiation can 

kill or sterilize insects, and it can retard further ripening of fruits and 

vegetables. Because irradiation increases the temperature of the food only a few 

degrees, fresh foods retain their appearance, texture and flavor. However, because a 

few (six out of 10,000,000) chemical bonds are also broken in the food, some small 

quality changes occur. For example, irradiated dried vegetables cook faster, meat is 

tenderized and solanin, a naturally occurring toxin in potatoes, is not formed. 

Potatoes, strawberries, mangoes, frozen fishery products and grains are among the 

food products irradiated in foreign countries.

energy source
Machine-generated beams of electrons or X-rays, or gamma rays from isotopes such 

as cobalt-60 or cesium-137, can be used as the radiation source. Machine sources are 

attracting increased interest because they eliminate many environmental and safety 

concerns.

approved uses
In the United States, the Food and Drug Administration determines what foods can 

be irradiated, at what levels and for what purposes. Approval for wheat, wheat flour 

and potatoes dates from the 1960s. Irradiation of pork, dehydrated spices, herbs, 

teas, vegetable seasonings and fresh produce has been approved since 1984.

current uses
Some spices are disinfested using irradiation. In test markets, irradiated 

tropical fruits have sold well; appearance and quality of these fruits encouraged 

consumers to purchase them. Labeling is required so that informed consumers can 

select among available products.
American astronauts have been consuming irradiated food in space since the 

Apollo missions, and some American hospital patients, who cannot tolerate 

disease-carrying microorganisms, prefer irradiated foods over the alternatives.

-more-

XJniversity o f Alaska Fairbanks _______________________
with c a m p v f t  In Falrbanka, Bathal, Kotiabua and Noma



food safety
Irradiated foods are not radioactive and the consumer is never exposed to

radiation. The approved processing procedure has little effect on nutritional 

quality. Recent studies show no harmful effects from eating irradiated foods even 

when 100 percent of an individual's diet was irradiated food. Scientifically 
conducted animal studies also show no toxic effects.

The World Health Organization (WHO), the U.S. Food and Drug Administration (FDA! 

and the American Medical Association (AMA) have endorsed the process. More than ?0 

countries (including Canada, The Netherlands, Japan, France and Australia) have 

approved the process for foods intended for human consumption.

consumer protection
The food irradiation process is regulated under federal and state food safety 

and good manufacturing guidelines. Workers and training and safety procedures are 

governed by state and federal guidelines. International standards for the operation 

of food irradiation facilities have been established by the United Nations.

potential benefits and risks to Alaska
The irradiation process could increase the quality and selection of available 

food products, especially in rural Alaska. Reduction o*f pathogen's' of public healt' 

concern would improve the safety of foods available to all Alaskans.

Extended shelf life may allow fresh Alaskan products to be shipped into new 

in-state, national and international markets without degradation of quality. This 

could benefit the seafood industry by increasing Alaska's share of the premium 

fresh-fish market outside of the state and by increasing the availability of fresh 

fish in in-state markets. Marketing underutilized fish species with limited shelf 

life may also become feasible. It may also allow fresh Alaskan reindeer products to 

enter the growing national and international game meat markets. Increased shelf life 

could also provide more consistent market supplies and avoid spoilage.

Utilization of presently discarded by-products from the seafood and agricultural 

industries would eliminate some environmental concerns and increase total product 
value.

Selection of a radioactive isotope as an ionizing source for the process would 

cause some low-level risks associated with transporting and using this material.

These risks could be mitigated by using an X-ray machine. Machines generate 

radiation only during periods of operation and can be turned off by simply flipping a 

switch. If a facility were to be built in Alaska, safety in design, construction 

and operation would be of prjmary importan c e  .............
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Food Irradiation and Alaska's Food Industries
By

Ruthann B. Swanson*, Carol E. Lewis'*, Charlotte I. Hok***, and Deben K. Das****

Introduction
Canning, freezing, drying, and pasteurization are familiar 

food-preservation processes. Recently, another food- 
preservation process, irradiation, hs.s gained attention in 
the American press. A study to evaluate the use of food 
irradiation is presently being conducted in Alaska by the 
Institute of Northern Engineering, University of Alaska Fair­
banks. The purpose of this study is to determine the poten­
tial social and economic risks and benefits that may occur 
in Alaska from the application of food irradiation technology 
to Alaska's seafood and agricultural products.
This technology has been a subject of worldwide 

research and development for over 40 years. It is used to 
preserve various products in many countries. For example, 
potatoes are treated in Japan to inhibit sprouting, fresh 
strawberries are treated in the Netherlands to prevent 
molding, mangoes are treated in South Africa for insect 
disinfestationr and shrimp are irradiated in Australia to ex­
tend shelf life (VanKoij 1986). In the' United States, it is 
primarily used to sterilize nonfood products, although 
selected food products have been approved for irradiation 
by the United States Food and Drug Adminstration (FDA).

Food Irradiation Project Background
The United States Congress in 1986 authorized research 

programs in six states, with the objective of transferring ir­

* Visiting Assistant Professor of Food Science, Institute 
of Northern Engineering, University o f Alaska Fairbanks.

* 'Associate Professor of Resource Management, School 
of Agriculture and Land Resources Manngement, University 
of Alaska Fairbanks.
* * ’ Laboratory Assistant, Institute of Northern Engineering,

University of Alaska Fairbanks.
" “ Assistant Professor of Mechanical Engineering, Institute
of Northern Engineering, University of Alaska Fairbanks.

radiation technology to the private sector for commercializa­
tion if net benefits prove to be positive. The states of Florida, 
Hawaii, Iowa, Oklahoma, and Washington as well as Alaska 
are evaluating the process. The funds appropriated by Con­
gress were transferred to the individual states through the 
U.S. Department of Energy (DOE).
The Alaskan study team is an interdisciplinary group of 

researchers which includes food scientists, economists, 
engineers, and management specialists. An advisory panel 
representing government, industry, and the general public 
has been assembled to provide additional input and exper­
tise. At the conclusion of the feasibility study, the team, with 
input from the advisory panel, will mak9 recommendations 
to the state of Alaska and DOE. The Office of the Gover­
nor of the state of Alaska will make a final decision regar­
ding the implementation of the recommendations.

The Irradiation Process
Food irradiation is a preservation process like canning, 

freezing, pasteurization, and heat sterilization, or chemical 
treatment that can be used to extend the shelf-life of food. 
Today, most food products, even when marketed fresh, 
have been processed to some extent. Chemical treatment 
of potatoes to inhibit sprouting, dipping of papayas in hot 
water to kill insects, and pasteurization of milk to kill natural­
ly occurring disease-carrying and spoilage microorganisms 
are examples. In some cases, irradiation has the potential 
to replace existing processing techniques. In others, irradia­
tion may be used in combination with these conventional 
processes. However, irradiation is not a panacea, and it 
cannot be used succesfully with all foods. Milk, for exam­
ple, is unsuitable for irradiation processing.
Foods that are exposed to an ionizing radiation source 

are described as irradiated. During this process, radiation 
is passed through the food product (fig. 1). Bacteria, yeast, 
and moldit are destroyed, and insects can be killed or 
sterilized. In addition, further ripening and sprouting of fruits
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Radiation Source
(Radioisotope or Machine)

Food
Figure 1. How irradiation works.

and vegetables can be retarded (fig. 2). Temperature of the 
food is raised only a few degrees during irradiation process­
ing; fresh foods, therefore, retain their appearance, texture, 
and flavor. A few (6 out of 10,000,000) chemical bonds in 
the food are broken causing small quality changes in some 
foods. Irradiated dried peas and beans cook faster, ir­
radiated meat is tenderized, and irradiated potatoes do not 
turn green after exposure to light, indicating that solanin, 
a naturally occurring toxin, is not formed (Loaharanu and 
Urbain 1982). Breaking bonds in the food also produces 
new compounds, known as radiolytic products, from the 
food’s natural components. Some consumers fear that 
these compounds are unnatural or hazardous. In fact, most

Figure 2. Effect of irradiation on conventionally processed super­
market potatoes after 1 month storage at room temperature; ir-

of these products have been found in the same or other 
foods that have not been processed using irradiation. Some 
radiolytic products are also produced when foods are cook­
ed or processed traditionally (Josephson and Brynjolfsson 
1987).
Irradiated foods are not radioactive, and the consumer 

is never exposed to radiation (Josephson and Brynjolfsson 
1987). Recent studies show no harmful effects from eating 
irradiated foods even when 100 percent of the individual's 
diet was irradiated food (Brynjolfsson 1987). Scientifically 
conducted animal studies also show no toxic effects (CAST 
1963). Under today’s processing conditions, the irradiation 
process has little effect on the overall nutritive value of the

radiated potatoes have not sprouted (Photographs courtesy of H. 
Farrar, IV and G. Subbararaman).
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food, although the level of some vitamins may be lowered 
slightly. The irradiation effect is no greater (and may be less) 
than that found when other commercial processing 
methods are used (IFT 1986, Josephson et al. 1978).
There are two major benefits from using the irradiation 

process on food products. One benefit is increased shelf- 
life that will allow commodities to be shipped greater 
distances as fresh products without degradation of product 
quality. A second is decreased levels of naturally occurr­
ing, disease-carrying microorganisms that are of public- 
health concern, such as Salmonella, Campylobactor, and 
Clostridium.

Labeling
Foods treated with irradiation look like or, in seme cases, 

look better (Bruhn and Noell 1987) than traditionally handl­
ed foods; therefore, labeling is required so that the con­
sumer is aware that the food has been processed by irradia­
tion (FDA 1986). The logo in Figure 3 is the international 
irradiation (radura) symbol used to identify irradiated foods. 
At the present time, the statements "treated with radiation" 
or "treated by irradiation" also must be used on the label. 
These labeling guidelines apply to all irradiated foods, in­
cluding bulk foods, sold directly to consumers. When com­
bination food products (cake mixes, salad dressings) con­
tain irradiated ingredients, the product does not have to be 
labeled because such small quantities are involved and 
because it is obvious that the product has been processed 
(FDA 1986). Any product that is irradiated for wholesale 
distribution must also be labeled. The statement "treated 
with radiation, do not irradiate again" or "treated by irradia­
tion, do not irradiate again" is required (FDA 1986).

Irradiated Food Products in the United States
The FDA has approved irradiation of a variety of food pro­

ducts for sale in the United States (Lecos 1986). This does 
not imply that these foods are currently available to retail 
consumers, nor that irradiated Alaskan commodities will bo 
available for purchase in the near future.

Approved products In United States
The FDA determines which food products can be ir­

radiated and at what levels and for what purposes in the 
United States (Lecos 1986). The agency has approved ir­
radiation treatment of the food products listed in Table 1. 
Except for spices and dehydrated vegetables, the irradia­
tion dose levels approved by the FDA are at pasteurization1 
levels. Therefore, although spoilage and disease-carrying 
microorganisms are reduced, the foods are not sterile. Pro­
per handling and such storage as refrigeration and freez­
ing remain very important in preventing the multiplication 
of surviving microorganisms. The USDA Food Safety and 
Inspection Service has requested that FDA approve the ir­
radiation of poultry to kill Salmonella, a common source of 
foodborne illness (food poisoning), and other disease- 
carrying bacteria present (USDA-FSIS1986). A similar peti­
tion to allow irradiation of fish for commercial sale is ex­
pected in the near future.

Current uses
American astronauts have been eating irradiated food in 

outer space since the Apollo missions (IFT 1983). In at least 
one American hospital, a variety of irradiated food products 
are served to some patients who cannot tolerate disease- 
carrying organisms. The patients prefer the irradiated foods 
over those not so treated (Aker 1984). However, the average

defined as a process which reduces the number of naturally oc­
curring microorganisms which cause spoilage and/or disease. The 
process does not sterilize, i.e., eliminate all such microorganisms.

Figure 3. International food irradiation logo (FDA, 1986).

Table 1. Fooda approved for Irradiation In United States.
Food Year Approved Purpose

Wheat, wheat flour 1963 Insect control
White potatoes 1964 Sprout inhibition
Pork 1985 Trichinella spiralis 

control; parasite causes trichnosis
Dehydrated herbs, spices, 
seeds, teas, vegetable

1986 Kill insects and
control micro­

seasonings organisms
Fresh fruit and 1986 insect control;
vegetables Maturation inhibition
(Lecos 1986, FOA, 1986.)
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American consumes little irradiated food, although ir­
radiated spices and dehydrated vegetables are increasingly 
available. There is some speculation that irradiated fresh 
--jits and vegetables may soon reach American grocers’ 
i.-.. res. Despite its limited use with food products, many 
products that Americans use every day are irradiated. A 
few reprasentative examples are listed in Table 2.
Labeled, irradiated, tropical fruits have been test- 

marketed in the United States (Bruhn and Noell 1987, Puzo
1986). Appearance and quality of the fruits encouraged con­
sumers to buy the irradiated products (Bruhn and Noell
1987). Although response was positive in these market 
tests, extensive test-marketing has not been done in the 
United States.

Food Safety
Food safety is a major concern for the consumer and the 

food industry alike, and, for the past 40 years, food irradia­
tion research has emphasized safety. The U.S. and British 
governments, like many consumers, have expressed con­
cern about the safety of irradiated foods. As a result, the 
U. S. Congress and the British Ministry of Health requested 
independent reviews of food irradiation research. Foods 
treated with irradiation are considered safe to eat if; (1) no 
significant toxic effects or radioactivity are produced by pro­
cessing, (2) nutritional quality is not significantly decreas­
ed when the irradiated food is compared to the fresh pro­
duct or the same food processed using conventional 
methods such as canning and freezing, and (3) harmful 
microorganisms and microbial toxins are not present.
Researchers involved in the United States’ review 

concluded:

from all the available scientific evidence that foods expos­
ed to ionizing energy under the conditions proposed for 
commercial application are wholesome, that is, safe to eat. 
Their nutritional adequacy compares favorably with that of 
fresh foods or with that of foods processed by well establish­
ed conventional methods. (CAST 1986)
British scientists also concluded that irradiated foods are 

safe, wholesome, and nutritious (ACINF 1986).
The World Health Organization (WHO 1981), the U.S. 

Food and Drug Adminstration (FDA 1984,1986), Canadian 
Government (1987), and the American Medical Association 
(AMA 1985) have also endorsed the process. Over 20 coun­
tries (including Canada, the Netherlands, Japan, France, 
and Australia) have approved the process for foods intend-

Table 2. Commonly used items that are Irradiated In the United 
States.1
Baby bottle nipples Nonstick cookware
Tampons Baby powder
Water Food packaging materials
Food containers Cosmetics
First aid packs Bum ointments
<40 irradiators are operating in the United States (Markovic 1985).

ed for human consumption. The food irradiation process 
is regulated in the United States under Federal food safe­
ty and good manufacturing guidelines (Engel 1987, FDA 
1986). International standards for the operation of food ir­
radiation facilities have been established by the United Na­
tions (CAC 1984).

Irradiation Facilities
The use of radiation sources in Alaska is not new. At pre­

sent, there are about 70 isotope sources, and licenses have 
been granted for approximately 1200 X-ray sources. These 
radiation sources are used for medical, industrial and 
research purposes (Heidersdorf, personal communication1). 
For example, Providence Hospital in Anchorage provides 
radiation therapy using a gamma isotope source. X-ray 
sources are used not only for medical purposes but also 
in airport security stations throughout the state.

The source
Three types of radiation sources are recommended for 

food processing: machine-generated 5 MeV X-rays and 10 
MeV accelerated electrons and gamma rays from isotope 
sources (CAC 1984). Cobalt-60 and cesium-137 are the 
gamma isotope sources commonly used in the food- 
irradiation process. However, machine technologies are be­
ing improved and are beginning to compete with the use 
of traditional isotope sources.

Source transportation

Regulations and procedures for transporting gamma 
sources in Alaska are in place (Alaska Radiation Protec­
tion Regulations 1978) because these sources are currently 
used for medical, industrial, and research purposes. The 
regulations are as stringent as those for interstate transport 
(U.S. NRC 1984). Interstate transportation of ail 
radioisotopes is governed by the U. S. Department of 
Transportation as well as by the Nuclear Regulatory Com­
mission (NRC). When machine sources are employed, 
there is no transportation involved because there is no 
source to be transported (Rodrigues 1985). Thus, transpor­
tation concerns are moot.

Potential Benefits to Alaska
There are a number of potential benefits that could ac­

crue to both the seafood and agricultural industries and to 
Alaskan consumers by extending the shelf-life of higher-

’Heidersdorf, S.D. 1987. Stale of Alaska Radiological Physicist. Spring 
1987, Juneau AK.
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valued products and increasing the value of now discard­
ed by-products. Problems associated with small markets 
within the state, long distances to markets outside the state, 
and limited or expensive transportation networks, have 
hampered development of Alaska’s food industries.

•The Alaskan consumer may benefit from an increase in 
the quality and selection of available foods. Reduction of 
pathogens of public health concern would also improve the 
safety of available foods. Not only are the numbers of 
spoilage microorganisms reduced by irradiation but the 
levels of naturally occurring disease-carrying 
microorganisms, such as Salmonella are also reduced 
(USDA-FSIS 1986).

•Extended shelf life may allow fresh Alskan products to be 
shipped into new in-state, national, and international 
markets without degradation of quality. This could benefit 
the seafood industry by increasing Alaska’s share of the 
premium fresh-fish market outside of the state and by in­
creasing the availability of fresh fish in in-state markets. 
Marketing of underutilized fish species with limited shelf- 
life may also become feasible (Kramer, personal 
communication1). It may also allow fresh Alaskan reindeer 
products to enter the growing national and international 
game meat markets (Drum, personal communication2).

•Increasing the shelf-life of fresh products could aid the 
Alaskan food industry by reducing market gluts, minimiz­
ing price fluctuations, providing more consistent supplies 
and reducing spoilage due to oversupplied markets. This 
should benefit both the seafood harvester (Nickerson et al. 
1983) and the vegetable producer.

•Utilization of now-discarded by-products from the seafood 
and agricultural industries would eliminate some en­
vironmental concerns and increase total product value. 
Seafood processing ‘ ‘wastes" are dumped into the ocean 
in many Alaskan fishing communities (Monsen 1987), and 
slaughter plant by-products (Olson, personal 
communication3) are also discarded. Such by-products 
have extensive uses in the cosmetic, pharmaceutical, and 
animal feed industries (AECL 1987) outside of Alaska. A 
research and development project to identify the quality ef­
fects on Alaska-produced commodities could be the next 
phase in the evaluation of the irradiation process.

Request for Input
At the conclusion of the irradiation feasibility study, the 

research team will make a recommendation to the state of

’ Kramer, D. 1987. Alaska Marine Advisory Program. June 1987, 
Fairbanks, Alaska.
2Drum, D. 1987. Indian Valley Meats, Inc., October 1987, Indian, 
Alaska.
3Olson, J. 1987. Mt. McKinley Meat and Sausage Co. October 
1987, Palmer, Alaska.

Alaska and the Department of Energy on the desirability 
of a research and demonstration irradiation facility in 
Alaska. Public comment is an important part of the study. 
Readers interested in making their views known to the study 
team should send written comments to:

Public Comment
Institute of Northern Engineering
539 Duckering
University of Alaska Fairbanks 
Fairbanks, AK 99775.
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because of the research interest, collections were also 
made in stands near the edge of the species' ranges. One 
collection of white spruce was from the Firth River drain­
age on the Alaska-Yukon border. This stand was first 
described by Dr. James V. Drew, dean of the School 
of Agriculture and Land Resources Management of the 
University of Alaska Fairbanks, and a colleague when they 
visited the area as members of a soil survey team during 
the summer of 1958 when Dr. Drew was Assistant Professor 
of Agronomy at the University of Nebraska.
During 1987, a forest tree improvement cooperative was 

established in Alaska. The School of Agriculture and Land 
Resources Management is among the organizations pro­
viding the early direction for the cooperative. Dr. James V. 
Drew is a member of the executive committee. Dr. Edmond 
C. Packee, assistant professor of forest management, is 
a member of the technical committee. Tree improvement, 
the selection of the highest quality genetic stock and 
maintenance of the gene pool, is an important aspect of 
any reforestation program and has been quite profitable in 
the Nordic countries.

Dr. Leroy B. Bruce, assistant professor of animal 
science, AFES, Palmer Research Center has been ap­
pointed to the screening committee for research proposals 
submitted to the newly created Applied Agricultural 
Research Account. This is a fund held and administered 
by the Alaska Division of Agriculture to support applied 
agricultural research in Alaska. Producers in the agricultural 
industry, individuals in state and local agencies, and Univer-
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sity of Alaska personnel may apply. These grants are to 
sponsor applied research to find practical solutions to 
agricultural problems. This type of grant fund is new to the 
state of Alaska and opens new doors to sponsoring 
agricultural research in the state.

Dr. Fredrlc M. Husby, associate professor of animal 
science, served in 1987 as chairman of the Western 
Regional Hatch Research Project W-166, "Characteristics 
and feed value of barley and western protein supplements 
for swine." Dr. Husby hosted the annual meeting of swine 
nutritionists in Fairbanks June 15-18, 1987. During this 
meeting, a five-year proposal for regional swine nutrition 
research was developed. Within the proposed study, two 
Alaskan barley varieties (‘Otal’ and ’Datal’) will be produc­
ed at six locations in the Western region to determine the 
effect of production location on chemical composition. In 
addition, Alaskan fish meal and fish oil will be included in 
future studies as both protein and energy sources for 
weaner pig diets.

Dr. Glenn Juday assistant professor of plant ecology, 
has been on special leave from SALRM. He is writing a 
book entitled Natural Areas in North America. Research for 
the book has taken Dr. Juday through western Canada in­
cluding Yukon, Alberta, Saskatchewan, Manitoba, and on 
to such locations in the U.S. as Indiana, Ohio, Illinois, and 
Kentucky. In Illinois, he chaired the Natural Areas Con-

. . . Continued on page 41

30 Agroborealis



Introduced: 1/22/88
Referred: Health, Education &
Social Services and Judiciary

5 -1 671A

IN THE HOUSE BY PHILLIPS AND GOLL

HOUSE BILL NO. 388 

IN THE LEGISLATURE OF THE STATE OF ALASKA 

FIFTEENTH LEGISLATURE - SECOND SESSION 

A  BILL

For an Act entitled: "An Act relating to irradiated food."

BE IT ENACTED BY THE LEGISLATURE OF THE STATE OF ALASKA:

* Section 1. AS 17.20.290(a) is amended to read:

(a) The following acts and the causing of the acts (THEREOF] are 

prohibited:

(1) the manufacture, or sale, or delivery, holding, or

offering of sale of a food, drug, device, or cosmetic that is adul­

terated or misbranded;

(2) the adulteration or misbranding of a food, drug, device 

or cosmetic;

(3) the receipt in commerce of a food, drug, device, or 

cosmetic that is adulterated or misbranded, and the delivery or prof­

fered delivery of the article [THEM] for pay or otherwise;

(4) the sale, delivery for sale, holding for sale, or

offering for sale of an article in violation of AS 17.20.050 - 17.20.- 

070 and 17.20.100;

(5) the dissemination of a false advertisement;

(6) the refusal to permit entry or inspection, or to permit

the taking of a sample, as authorized by AS 17.20.200;

(7) the giving of a guaranty or undertaking that [WHICH] is

false, except by a person who relied on a guaranty or undertaking to

the same effect signed by and containing the name and address of the 

person residing in the state from whom the person who relied on the 

guarantee or undertaking received the food, drug, device, or cosmetic
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(8) the removal or disposal of a detained or embargoed 

article in violation of AS 17.20.230 - 17.20.270;

(9) the alteration, mutilation, destruction, obliteration, 

or removal of the whole or part of the labeling of, or the doing of, 

another [ANY OTHER] act with respect to, a food, drug, device, or 

cosmetic, if the act is done while the article is held for sale and 

results in the article being misbranded;

(10) forging, counterfeiting, simulating, or falsely repre­

senting, or without proper authority using a mark, stamp, tag, label 

or other identification device authorized or required by regulations 

adopted under AS 17.20.230 - 17.20.270;

(11) the using, on the labeling of a drug or in an adver­

tisement relating to a drug, of a representation or suggestion that an 

application with respect to the drug is effective under AS 17.20.110 

or that the drug complies with the provisions of that section;

(12) the sale or offering for sale of frozen fish as fresh

fish;

(13) the improper labeling and drug substitution by pharma­

cists under AS 17.20.105^

(IA) the knowing sale of irradiated food; in this para­

graph,

(A) "irradiated" means treated with gamma radiation or 

other ionizing radiation;

(B) "irradiated food" includes spices that have been 

irradiated, and food that contains an irradiated ingredient 

unless the only irradiated ingredient is a spice.

* Sec. 2. AS 17.20.290(b) is amended to read:

(b) The commissioner of environmental conservation or a designee

i n  good f a i t h ;
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of the commissioner is responsible for enforcing the provisions of

[PARAGRAPHS] (a)(1), (2), (3), (4), (6), (7), (8), (9), and (10) of

this section, if the subject of the prohibited act involves food or

cosmetics, and the provisions of [PARAGRAPH] (a)(12) and (a) (14) of

this section. This subsection does not limit the authority of peace 

officers.
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