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Re: Food Additive Petition 9M4697, Use of ionizing radiation for pre-processed meat and
poultry; both raw and pre-processed vegetables, fruits and other agricultural products of
plant origin; and certain multi-ingredient food products; Food Additive Petition 1M4727,
Use of ionizing radiation for control of foodborne pathogens in crustaceans and processed
crustaceans; Food Additive Petition 9M4682, Ionizing radiation for the control of Vibrio

_.and other foodborne patho 10gens in fresh or frozen molluscan shellfish; Food Additive
Petition 9M4695, Use of ionizing radiation fo treat unrefrigerated (as ‘well as refrigerated)
uncooked meat, meat products, and certain meat food products; and Food Additive
Petition 9M4696, Increase the maximum dose of ionizing radiation permitted in the
treatment of poultry products.

Greetings,

The FDA is considering the five above-referenced food additive petitions to irradiate a much
greater portion of the food supply, such as ready-to-eat foods, including some food items
regulated by the USDA Food Safety and Inspection Service. On May 14, 2001, our organizations
filed comments opposing these petitions on the grounds of serious safety issues stemming from
scientific studies indicating that certain irradiated foods may cause mutagenic, genotoxic and
cytotoxic effects in lab animals as well as in humans.'

On behalf of the more than 150,000 members of our two organizations, this is to request that you
fully consider the enclosed new evidence: Hidden Harm, a report on the toxic properties of a
class of unique radiolytic products formed in irradiated foods called cyclobutanones. This new
evidence supplements our previous comments in opposition to the pending petitions and is being
submitted to the appropriate dockets.
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In experiments conducted by German government scientists and released in 1998, one type of
cyclobutanone, 2-DCB, was shown to cause genetic damage when given to rats, and genetic and
cellular damage to human and rat cells. At an international conference held earlier this year, the
scientists announced that two other types of cyclobutanones, 2-TCB and 2-TDCB, were also
shown to cause genetic and cellular damage to human cells. Additional research into these and
other types of cyclobutanones is ongoing.

Cyclobutanones are so easily detected and remain in food for so long — in one case 13 years
after irradiation — that they are used as “chemical markers” to determine whether food has been
exposed to ionizing radiation.

Despite a growing body of evidence that cyclobutanones could be harmful to human health, the
FDA has not publicly acknowledged conducting an analysis of the potential toxicity of these
chemicals in foods that the agency has already legalized for irradiation — including fruit,
vegetables, beef, pork, chicken, turkey, eggs, and spices and seasonings. Neither has the FDA
publicly acknowledged conducting such an analysis for foods that the agency is currently
considering for irradiation — including shellfish, and ready-to-eat foods such as frozen dinners,
luncheon meat, baby food, pre-cut salads and snack foods (which, according to the National
Food Processors Association, comprise 37 percent of the typical American’s diet.)

Allow us to remind the FDA that the agency’s own threshold for justifying a legal challenge to a
food additive approval is “some evidence that suggests that there are significant toxicological or
chemical differences between radiolytic products and known natural food components.™
Because cyclobutanones have never been found to occur naturally in any type of food — or in
any other substance, for that matter — this threshold has been met. Additionally, the FDA’s
long-held position that “there is no evidence, or any reason to believe, that the toxicity or
carcinogenicity of any unique radiolytic products is different from that of other food
components™ is false.

Moreover, the FDA has not publicly acknowledged determining a 100-fold saféty factor for
cyclobutanones, which, in the absence of an equally effective standard, must be determined
before a food additive can be legalized for human consumption.*

The FDA simply cannot ignore the fact that irradiation results in the formation of chemically
unique compounds that clearly have toxic properties and could be harmful to human health.

Today, people throughout the country could be eating irradiated foods that contain
cyclobutanones without realizing it. Though irradiated whole foods sold in stores must be labeled
“Treated by Irradiation” or “Treated with Radiation,” there is no such requirement for non-meat
irradiated ingredients, such as spices in canned soup and vegetables in frozen dinners. Nor is
there a labeling requirement for irradiated food served in restaurants, schools, hospitals, nursing
homes, day-care centers and other institutional settings.

Many of the concerns raised in Hidden Harm were referenced in our comments filed on May 14,
2001, in relation to the above-referenced food additive petitions. Additionally, these concerns are
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confirmed in a sworn affidavit filed Oct. 29, 2001, providing the opinion of Dr. William Au, a
Professor in the Division of Environmental Toxicology at the University of Texas Medical
Branch. Dr. Au is an internationally recognized expert on the toxicological mechanisms for the
induction of human disease.

The concerns raised in Hidden Harm are not the only concerns being put forth by the public. As
stated in our earlier comments, 26 medical experts and many other prominent individuals
endorsed a detailed warning published in a health journal on the dangers of food irradiation.

Based on this new evidence, plus the scientific documentation we submitted in our earlier
comments, we strongly urge you to deny the above-referenced petitions. Approving them in the
absence of thorough, food-specific, published studies of cyclobutanones and other potentially
toxic unique radiolytic products plainly would constitute arbitrary and capricious actions on your
part due to the serious public health risks raised.

If you would like further information, please contact Peter Jenkins of the Center for Food Safety
at 202.547.9359 x13, email: peterjenkins@icta.org; or Mark Worth of Public Citizen at
202.547.5123, email: mworth@gcitizen.org.

Sincerely,

< 4,>Z e Wt A HMZ AN
Ancigwﬁnéb?éﬁ Executive Director Wenonah Hauter, Director

Center for Food Safety Public Citizen, Critical Mass Energy and
660 Pennsylvania Ave., S.E. Environment Program

Suite 302 215 Pennsylvania Ave., S.E.
Washington, DC 20003 Washington, DC 20003

Enclosures

[~
ce: FDA Food Additive Docket No.s: 99F-5522; OiF«GOé?;L?QF-%?Z; 99F-5321; 99F-5322
Secretary Ann Veneman, USDA
Under Secretary for Food Safety Elsa Murano, USDA
Acting Administrator Maggie Glavin, USDA Food Safety Inspection Service

_ "Copies of these past comments are available on request or they can be accessed on the CFS website at
www.centerforfoodsafety org under Legal Initiatives, and on the Public Citizen website at www.citizen.org under

Food Irradiation Index.

? 53 Federal Register 53180, Dec. 30, 1988.

? 52 Federal Register 5451, Feb. 23, 1987.

“U.S. Code of Federal Regulations, Title 21 §170.22.
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In 1971, two University of Massachusetts
food researchers discovered that when certain
fats commonly found in food are irradiated, the
resulfing byproducts include a class of chemi-
cals that had never before been found in food.
These chemicals — called cyclobutanones —
are not just unique to food, they have never
been found to naturally occur in any other
substance.

Thirty years later, the discovery of these
chemicals lies at the center of an international
debate that could have profound implications
for the future of irradiated food.

In recent experiments conducted by
German government scientists, one of these
chemicals, 2-dodecylcyclobutanone — or
2-DCB — was shown to cause genetic damage
when given to rats, and genetic and cellular
damage fo human and rat cells.

Two other chemicals in the cyclobutanone
family — 2-TCB and 2-TDCB — were also
shown to cause genefic and cellular damage
fo human cells.

These revelations about cyclobutanones
are both ironic and dangerous. The irony is that
cyclobutanones are so easily detected and

remain in food for so long that they are used as

“chemical markers” to determine whether food
has been exposed to ionizing radiation. The
danger is that cyclobutanones are found in
many foods that can legally be irradiated and
sold to the American public — including beef,
pork, chicken, lamb, eggs, mangoes and papa-
yas. '

Thus, the very chemicals that could help
regulators and scientists identify whether certain
foods have been irradiated may be hazardous
to human health.

Today, people throughout the country
could be eating irradiated foods that contain
cyclobutanones without realizing it. Though
irradiated whole foods sold in stores must be
labeled “Treated by lrradiation” or “Treated with
Radiation,” there is no such requirement for
most irradiated ingredients, such as spices used
in canned soup, and vegetables used in frozen
dinners. Nor is there such a requirement for
irradiated food served in restaurants, schools,

Executive Summary

hospitals, nursing homes, day-care centers and
other insfitutional settings.

Despite a growing body of evidence that
cyclobutanones could be harmful to human
health, the US. Food and Drug Administration
has never publicly acknowledged conducting a
formal analysis of the potential toxicity of these
chemicals in foods that the agency has already
legalized for irradiation, including fruit, veg-
etables, beef, pork, chicken, furkey, eggs and
spices.

Neither has the FDA ever publicly acknowl-
edged conducting such an analysis for foods
that the agency is currently considering for
irradiation — Including shellfish and ready-to-
eat foods such as frozen dinners, luncheon
meat, baby food, pre-cut salads and snack
foods, which, according to the National Food
Processors Association, comprise 37 percent of
the typical American’s diet.

Moreover, high-ranking FDA officials admit
that they have not compiled a list of foods
defined as “ready-to-eat” One agency official
said the category could include virtually “any-
thing.”

Additionally, FDA officials legalized irradia-
fion for eggs last year shortly after attending an
international conference where the toxicity of
2-DCB was discussed

In the interest of protecting the health of
Americans, and in order for the agency fo fulfill
its federal mandate fo protect Americans from
dangerous food additives, Public Cifizen and
the Center for Food Safety are calling on the
FDA to:

+ Conduct a comprehensive analysis of
the fat levels of all foods the FDA has legalized
or is considering to legalize for irradiation, and
the cyclobutanone levels of these foods after
they are irradiated,;

¢ Refrain from legalizing the irradiation of
any additional foods until comprehensive,
published, peer-reviewed research is conducted
info the likelihood thaf cyclobutanones could
cause health problems.

¢ Convene public hearings to thoroughly
explore the potential health effects of cyclo-
butanones.



‘Since we would like fo know whether,
in the case of cyclobutanones,
DNA [damage] has any significance,
.the results urge caution, and should
provide impetus for further studies.’

- Henry Delincée,
Federal Research Center for Nutrition
Karlsruhe, Germany




Hidden Harm

How the FDA is Ignoring the Potential Dangers

of Unigue Chemicals in Irradiated Food

Three years ago in Germany, government food
researchers made a significant discovery. They found that a
unique chemical formed when food is irradiated — a
chemical that food chemists had known about for nearly
three decades — caused genetic damage to rats, and
genetic and cellular damage to human and rat cell cultures.
The researchers went on to discover that fwo other unique
irradiation byproducts also had toxic characteristics.

These chemicals are so prevalent and so persistent in
certain irradiated foods that they are used as ‘markers’ to
certify that food has been exposed to radiation. More
important still, these chemicals are found in foods that can
legally be irradiated and sold to the American public —
including beef, pork, chicken, lamb, eggs, mangoes and
papayas.

In the wake of these discoveries, the Food and Drug
Administration has not responded in a way that one might
expect of an agency charged with protecting Americans from
hazardous food products. So far, their official response has

been to ignore the issue alfogether.

In 1971, University of Massachusefts
food researchers Paul Letellier and Wassef
Nawar discovered that when certain fats
commonly found in food are irradiated, the
resulting by-products include a unique class
of chemicals called cyclobutanones. These
chemicals are not just unique to food, they
have never been found in any other sub-
stance.

The structure of each cyclobutanone
was very easy to predict, Letellier and Nawar
wrote, because each particular type of

cyclobutanone corresponded to a particular
type of fat, based on the molecular structure
of each.! (See chart, p. 9.

Thirty years later, the discovery by
Letellier and Nawar lies at the center of an
international debate that could carry huge
implications for the future of irradiated food.

What, on the surface, seems like good
news for consumers is that cyclobutanones
have been identified as prominent chemical
markers that can persist in certain irradiated
foods for more than a decade. As a resulf,




tests for these unique radiolytic products
(URPs) have been developed fo determine
whether food has been irradiated, thus
reducing the potential that consumers could
unwittingly purchase irradiated food.

Beneath the surface is the bad news
that cyclobutanones may be harmful fo
human health, In 1998 one particular cyclo-
butanone, 2-dodecylcyclobutanone (2-DCB),
an irradiation by-product of palmitic acid,
was shown in experiments to cause genetfic
and cellular damage to human and rat
cells,? and genetic damage fo rats given the
substance.®

The worry is that palmitic acid is ubiqui-
tous in foods. And, in many foods — includ-
ing beef, pork, lamb, chicken and turkey —
its concentration is the highest or second-
highest among all fats. Palmitic acid also
occurs in high quantities in dozens of ready-
to-eat foods, including sauces, pizzas, baked
goods and snack foods.

More recently, two additional cyclo-
butanones — 2-tetradecylcyclobutanone
(2-TCB) and 2-tefradecenylcyclobutanone
(2-TDCB), which are irradiation by-products of
stearic and oleic acids, respectively — were
shown to cause genefic and cellular dam-
age to human cells.

More bad news could be on the hori-
zon: Several other types of cyclobutanones
identified as irradiation by-products of other
types of fats have never been tested for
damage they could inflict on cells or genetic
material,

Thus the irony and the danger: The very
chemicals that could help regulators and
scientists identify whether certain foods have
been irradiated may be hazardous to hu-
man heaith.

Amid growing evidence that cyclo-
butanones could be harmful, to the public's
knowledge the FDA has never conducted a
formal analysis of the potential toxicity of
these chemicals in foods that the agency
has already legalized for irradiation, includ-
ing fruit, vegetables, beef, pork, chicken,
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turkey, eggs and spices.

Neither has such an analysis been
conducted for foods that the FDA is currently
considering for irradiation — including
shellfish and ready-to-eat foods such as
frozen dinners, luncheon meat, baby food,
pre-cut salads and snack foods, which com-
prise more than a third of the typical
American’s dief.

Moreover, high-ranking FDA officials
have acknowledged that they have not
compiled a list of foods defined as “ready-to-
eat” One agency official said the category
could include virtually “anything.” Addition-
ally, FDA officials legalized irradiation for
eggs last year shortly after attending an
international conference where the toxicity
of 2-DCB was discussed.

The FDA has never formally examined
the question of cyclobutanones, despite the
fact that numerous studies conducted since
1990 have identified 2-DCB as a unigue by-
product of irradiated palmitic acid aft doses
as low as 0.5 kGy — far below the levels of
radiation to which many types of food may
legally be exposed. Beef, for example, may
be irradiated with doses 14 times higher.

In the process, the FDA has not lived up
to its own legal standards, which require the
agency fo determine a 100-fold safety factor
for food additives proposed for human
consumption.® (Under the Federal Food
Additives Amendment of 1958, food irradia-
fion is officially considered an “additive.”)

Additionally, the FDA’s long-held claim
that the URPs formed in irradiated food are
chemically and toxicologically similar or
identical to natural food ingredients no
longer holds water. The FDA made these
claims in several Federal Register filings
published during the 1980s and 1990s

In a 1987 filing, for example, the FDA
wrofe: “there is no evidence, or any reason .
to believe, that the toxicity or carcinogenicity
of any unique radiolytic products is different
from that of other food components.”” In
light of recent experimental evidence




indicating that three URPs have cytotoxic
and genotoxic properties, this claim is false.

And, in a 1988 Federal Register filing,
the FDA wrote that its rulings to legalize food
irradiation could not be legally challenged
in a public hearing unless the agency is
presented with “some evidence that sug-
gests that there are significant toxicological
or chemical differences between radiolytic
products and known natural food compo-
nents.”

Accordingly, given the growing of
evidence of the unique chemical nature of
cyclobutanones, future FDA rulings fo legal-
ize the irradiation of additional classes of
food without taking into account the poten-
tial health effects of these chemicals could
trigger the necessity of convening public
hearings.

The emerging problem of cyclo-
butanones is far from being resolved —
even as food and health officials in the
United States, in the European Union and
around the world consider legalizing more
foods for irradiation, and as the food industry
worldwide puts more hope in irradiation as
the answer to its food hygiene problems.

The issue is further complicated by the
fact that the German government, which co-
sponsored the recent cyclobutanone experi-
ments, is officially on record as opposing an
international proposal to remove the current
10 kiloGray dose limif®¢ — which would
allow any food fo be irradiated at any dose
of radiation. (German law allows only herbs,
spices and vegetable seasonings fo be
irradiated.®)

German officials have voiced their
concerns about the proposal af recent
meetings of the Codex Alimentarius Com-
mission, a highly influential, quasi-govern-
mental organization that sets international
food safety standards on behalf of more
than 160 countries. As of this writing, the
proposal is perhaps two or more years from
possible adoption.

The Search Begins

in the 20 years following the discoveries
of Letellier and Nawar, little scientific inferest
in cyclobutanones was expressed. Great
interest was expressed, however, in irradia-
tion — by the food and nuclear industries,
and by US. government officials. During that
two-decade period, the FDA legalized the
irradiation of pork, chicken, turkey, fruit,
vegetables and dozens of spices and sea-
sonings.

Eventually, the FDA would legalize
irradiation for beef, lamb, eggs, juice and
sprouting seeds. And, at this writing, the FDA
is considering proposals to irradiate ready-
to-eat foods (which, according to the Na-
tional Food Processors Associafion, comprise
37 percent of the typical American’s dief);
crustacean shellfish (such as crabs, shrimp
and lobsters); and molluscan shellfish (such
as clams, oysters and mussels).

As the number of food classes being
legalized for irradiation increased, interest in
finding technigues to detect whether food
had undergone the process also increased.
As late as 1988, however, the World Health
Organization (WHO) reported that there was
no “universal method” to make such detec-
tions.’ Accordingly, a search was inifiated fo
identify chemicals that could be used as
markers that, if present in food, would prove
that food had been irradiated.

In 1990, M. Hilary Stevenson and A.
Victoria Crone of the Queen’s University of
Belfast picked up where Letellier and Nawar
left off. In an article published in Nature,
Stevenson and Crone reporfed using gas
chromatography-mass spectrometfry to find
2-DCB in minced chicken irradiated at 5 kGy.
(The US. legal limit for chicken is 3 kGy)

Stevenson and Crone studied
2-DCB because its molecular strucfure corre-
sponds fo that of palmitic acid, which
represents 25 percent of the total fatty acid
content of chicken. They reported that 2-DCB
could be detected 20 days after irradiation.
Based on the ease in which this chemical




was detected, they concluded: “Our
technique shows that 2-DCB is a potential
post-irradiation marker for minced chicken
meat and possibly for other products.”’©

Over the next decade, Stevenson,
Crone and other food chemists broadened
their search for 2-DCB in irradiated foods that
contain palmitic acid. They also searched for
other cyclobutanones in foods that contain
other types of fat — mainly oleic acid and
stearic acid.

They discovered that the irradiation by-
products of each of these three fatty acids
include cyclobutanones, which have never
been found in any non-irradiated food
prepared or stored under any conditions.

Stevenson participated in two key
studies published in 1992:

* Stevenson and two colleagues dis-
covered that the 2-DCB concentration in
irradiated chicken increased in proportion to
the radiation dose (ranging from 10-60 kGy).
They also found 2-TCB, an irradiation by-
product of stearic acid, Additionally, they
discovered 2-DCB in chicken irradiated 13
years earlier by another group of scientists,
“making it useful as a qualitative marker on
long-ferm storage.”'"

+ Stevenson reported that 2-DCB levels
in irradiated chicken fell only slightly after 18
days of storage. Additionally, the chemical
was found in chicken irradiated at 1 kGy —
one-third the U.S. legal limit of 3 kGy.
Stevenson also found 2-TCB in irradiated
chicken, which, along with 2-DCB, had also
been identified in eggs and pork. “The com-
pounds,” Stevenson wrote, “were not de-
tected in the unirradiated samples.”'?

Three more studies were published in
1993, two of which involved Stevenson:

* Stevenson and several colleagues
found both 2-DCB and 2-TCB in liquid whole
egg irradiated at 2.5 and 10 kGy. (The US.
legal limit for eggs is 3 kGy) Neither chemi-
cal was found in unirradiated eggs. The
researchers concluded: “The absence of

background levels in unirradioted samples
should facilitate qualitative identification of
irradiated liquid whole egg at very low
doses.. [And] the method should be appli-
cable to a wide range of products of varying
composition.”'3

¢ Researchers at Berlin's Institute for
Social Medicine and Epidemiology found
2-DCB in irradiated whole egg, egg yolk and
egg white. The chemical was nof found in
any of the unirradiated food.'

+ Stevenson and several colleagues
again found that 2-DCB levels in irradiated
chicken increased in proportion to radiation
dose (ranging from 1-10 kGy). They also
reported, for the first fime, thaft cooking either
before or after irradiation did not remove the
2-DCB. They also reported that storing irradi-
ated chicken for 21 days in air, in a vacuum
or in carbon dioxide did not result in signifi-
cant reductions of 2-DCB. Additionally, the
researchers found both 2-DCB and 2-TCB in
liquid whole egg irradiated at 2.5 kGy, below
the U.S. legal limif of 3 kGy. “The method has
potential for the estimation of irradiation
dose,” the researchers wrote, “[And] cyclo-
butanones .. are likely to have potential for
the identification of a range of foods of
varying fat and faity acid composition.”!>

From 1994 to 2000, four more pub-
lished studies expanded the understanding
of cyclobutanones:

¢+ In 1994, Stevenson found 2-DCB and
2-TCB in pork, lamb and beef irradiated at
1 kGy, far below the US. legal limit of
4.5 kGy. Concluded Stevenson: “Since most
foods contain at least some fat, [this] method
should be applicable to a wide ringe of
foods.. 2-DCB has never been detected in
any unirradiated or microbiologically spoiled
samples, and has always been found in
irradiated samples even at doses as low as
0.5 kGy."'¢

* In 1995, researchers at Saarland
University in Saarbricken, Germany found a

variety of cyclobutanones in irradiated duck
(2.5 kGy), peanuts (5 kGy), pistachios (5 kGy)




and instant soup mix (2.5 kGy).'” Of these
products, only duck can legally be irradiated
in the US. (at 3 kGy). The other products
could legally be irradiated, under certain
circumstances, if the FDA approves a pend-
ing petition to irradiate ready-to-eaf foods.

¢ In 1999, researchers at the Universify
of Alexandria and University of Westminster

studies, the scientific community had
developed by the end of 2000 a strong
indication that cyclobutanones — particu-
larly 2-DCB — could be used as effective
chemical markers for certain irradiated
foods. Dozens upon dozens of foods for
which irradiation is legal or under consider-
ation by the FDA contain palmitic acid, as
well as oleic acid and stearic acid.

of Certain Fatty Acids »

Linolei¢! ———> 2-Tetradecadienylcyclobutanone
Myristic? > 2-Decylcyclobutanone

Oleic?

Palmitict———> 2-Dodecylcyclobutanone (2-DCB)
Stearic®—— > 2-Tetradecylcyclobutanone (2-TCB)

' Linoleic acid (C, ) is a polyunsaturated fatty acid
2 Myristic acid (C |, ) is a saturated fatty acid

3 Oletc acid (C, ) Is a monounsaturated fatty acid
* Palmitic acld (C,, ) is a saturated fatty acid

* Stearic acid (C, ) Is a saturated fatty acid

Cyclobutanone Irradiation By-products

The scientific community has
also identified cyclobutanone URP
by-products of other fatty acids.
(See table, this page.)

Problems Emerge

> 2-Tetradecenylcyclobutanone (2-TDCB) As the scientific community’s

knowledge of cyclobutanone URPs
advanced, so did the FDA’s ap-
proval of food irradiafion petitions.
By the end of 2000, the irradiation
of most classes of food had been
legalized: beef, pork, lamb, chicken,

found 2-DCB in freshwater tilapia and sea-
water mullet irradiated at a range of

2-8 kGy. The researchers wrote that scanning
food for cyclobutanones is among two
irradiation-detection methods that “have
shown promise.”'®

+ Last year, researchers at Queen’s
University of Belfast found 2-DCB in irradiated
mangoes, papayas, salmon and Camembert
cheese. Additionally, they found 2-TCB in
irradiated mangoes, salmon and
Camembert cheese.* A third cyclobutanone,
2-TDCB, was also detected in irradiated
mangos and papayas, which contain oleic
acid. As in several previous experiments, the
cyclobutanones were formed in proportion
to radiation dose.'?

As a result of these and other published

*in irradiated papayas, 2-DCB was “identified as the
principal iradiation marker” and was detected after 21
days of storage at doses at low as 2 kGy. In irradiated
mangoes, 2-1CB was “identified as the main marker” and
was detected after 14 days of storage at doses as low os
0.1 kGy.

turkey, fruif, vegetables, eggs, juice,
sproufing seeds, and spices and
seasonings.

At this wrifing, the FDA is also consider-
ing proposals to legalize the irradiation of
ready-to-eat foods (such as frozen dinners,
luncheon meat, baby food, pre-cut salads
and snack foods), and crustacean and
molluscan shellfish.?'

Also atf this writing, research into the
potential toxicity of URPs is continuing. The
initiative began in Karlsruhe, Germany in
1994, when the International Consultative
Group on Food Irradiation (ICGFl) recom-
mended that “the literature be searched for
idenfification and quantification of radiolytic
products” and that “the presence of such
products be evaluated for possible toxico-
logical concern.”??

ICGHF's recommendation carried a lof of
weight. The organization, which has more
than 40 member nations, was jointly created
and is jointly managed by the United
Nations’ Food and Agriculture Organization,
the International Atomic Energy Agency




(IAEA) and the World Health Organization
(WHO).

Following this recommendation, ICGFI
co-funded research into the potential toxicity
of 2-DCB at the Federal Research Center for
Nutrifion (FRCN) in Karlsruhe, Germany,
where approximately 100 food irradiation
experiments had been conducted since
1970 with funding assistance by the IAEA,
The lead researcher was Henry Delincée of
the FRCN's Institute of Nufritional Physiology.

FRCN's first experiment, published in
Radiation Physics and Chemistry and pre-
sented at the | 2th International Meeting on
Radiation Processing held in Avignon, France
in 1998, was an in vifro study conducted on
human and rat colon cells. The researchers
reported that “a cytotoxic effect with increas-
ing dosage lwas] clearly demonstrated” with
2-DCB. They also reported that the “results
clearly demonstrate a genotoxic effect of
2-DCB. However, concentrations tesfed are
very high compared with actual human
intake.” Delincée concluded that “more
experiments than these preliminary ones are
required.”?®

FRCN's second experiment, an unpub-
lished study delivered at the Fifth German
Conference on Food Irradiation in Karlsruhe
in 1998, was an in vivo study conducted on
male Sprague-Dawley rats. The administra-
tion of 2-DCB caused “no cytotoxic effects” in
the colon cells of the rats. However, “slight
but significant DNA damage” — specifically,
chromosome breakage — was detected in
the colon cells of rafs fed the higher of two
concentrations of 2-DCB.

The higher concentration of 2-DCB
corresponded to irradiation at 60 kGy, a
dose capable of completely sterilizing
chicken, and a dose that would be allow-
able under standards proposed by the
Codex Alimentarius Commission. The lower
dose corresponded to irradiation at 3 kGy,
the U.S. legal limit for chicken.

Delincée concluded that “further clarifi-
cafion is needed to determine whether these

resulfs are relevant to the safety of irradiated
foods.. The resulfs urge caution, and should
provide impetus for further studies.”

FRCN's third experiment, an abstract of
which was delivered at the 12" International
Meetfing on Radiation Processing in March
2001 in Avignon, France, tested the foxicity
of 2-TCB and 2-TDCB, irradiation by-products
of stearic and oleic acids, respectively. In this
in vitro study conducted on human colon
cells, Delincée found that both 2-TCB and
2-TDCB had “a slight cytotoxic effect” that
“became obvious by longer incubation
times.” Regarding “DNA fragmentafion,” the
substances caused “only very slight effects at
the highest concentrations applied.”

Delincée concluded: “Further studies are
progressing fo elucidate the relevancy of
these experiments for the actual human
exposure fo cyclobutanones by consuming
irradiated fat-containing food."*

In further discussing his findings,
Delincée said: “Since we would like fo know
whether in the case of cyclobutanones these
DNA strandbreaks have any significance, we
concluded that further experiments are
required. Thus, a large database with results
from both in vitro and in vivo testing is
needed, combined with the results of appro-
priately designed multilaboratory interna-
tional validation studies.”

The additional studies that Delincée
recommended are underway but have not
been completed or published.

A Skepfical Response

When Delincée’s findings were brought
to the attention of international organiza-
tions including ICGFI — which co-funded the
experiments — they were met with skepti-
cism.

In a 1999 report on the wholesome-
ness of high-dose irradiated food, the WHO
stated that Delincée’s in vitro experiment
yielded “some cytotoxicity and an associated
but weak effect in DNA"? As stated above,
Delincée actually reported finding that “a
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cytotoxic effect with increasing dosage [wasl
clearly demonsfrated,” and that the “results
clearly demonstrate a genofoxic effect of
2-DCB.” The WHO report also stated that
Delincée used doses of 2-DCB “about three
orders of magnitude” (1,000 times) higher
than those found in chicken irradiated at

59 kGy. The report does not explain how the
WHO arrived at this calculation.?®

Regarding the in vivo study, the WHO
report stated that Delincée “found a small
positive effect.”?® Delincée actually reported
finding “slight but significant DNA damage.”
And, the WHO report stated that Delincée
used an “extremely high level” of 2-DCB.3®
Delincée actually used a level of 2-DCB
commensurate with an irradiation dose that
would be permifted under a pending Codex
proposal. Addifionally, when Delincée ap-
plied the FDA’s standard toxicological safety
factor of 100, 2-DCB was shown to have a
genotoxic effect, thus failing the safety test
required by the US. Code of Federal Regula-
fions3!

The WHO report also stated that the
method Delincée used to test for
genofoxicity, the “Comet assay,” is an
“unvalidated” technique. The technique,
however, was endorsed as an additional
method for detecting DNA damage at a joint
meeting of the Genetic Toxicology Associa-
fion and the Association of Government
Toxicologists in October 1998. Officials from
the FDA and U.S. Environmental Protection
Agency wrote in a report of the meeting:

“Most [attendees] said that Comet
data generated and submitted fo
regulatory agencies would be ac-
cepted and used along with data
from assays in the standard test bat-
tery, but would not replace standard
tests. Much of the success of this as-
say is due fto its simplicity, versatility,
reliability, and speed.. [l]t is becom-
ing a well used tool for pre-screen-
ing of potential DNA-damaging ac-
tivity.”32

The WHO report also stated that an
unpublished “Ames” test (which can defer-
mine whether a substance causes mutations
in bacteria) was negative. The report, how-
ever, did not provide any other information
on the test, such as who conducted it, or
when or where it took place.

Delincée’s findings were also met with
skepficism at several infernafional meefings
attended by food irradiation policymakers,
including several policymakers from the
United States.

At the 15™ meeting of ICGFI held in
Vienna in October 1998, lIrwin Taub of the
U.S. Army’s Soldier Systems, the author of
numerous articles in support of food irradia-
tion, was one of three attendees who “ex-
pressed their skepticism of the outcome” of
Delincée’s rat study. Other U.S. officials
present at the meeting were Peter Grosser,
Lioyd Harbert and Ralph Ross, ali of the US.
Department of Agriculture (USDA).%?

At the 16™ meeting of ICGFI held in
Antalya, Turkey in October 1999, all ICGFI
delegates received a peer-reviewed report
on the Delincée studies. Diefer Ehlermann,
director of the FRCN in Karlsruhe, stated at
the meeting that further studies into the
genotoxicity of 2-DCB would be conducted.®
Again, the Army’s Taub raised questions,
inquiring info the “purpose” of the studies.
Among other US. officials present were the
USDA’s Lloyd Harbert and Fritz Kaferstein.®

Delincée’s studies were then discussed
aft the 32" Session of the Codex Committee
on Food Additives and Contaminants
(CCFAQ) held in Beijing in March 2000. Also
discussed at this meeting was CCFAC's
proposal to change the Codex General
Standard for Irradiated Food by removing
the 10 kGy radiation dose cap and allowing
any food to be irradiated at any dose.

For the first fime, concermns over cyclo-
butanones led a country’s Codex delegation
to go on record opposing the proposal to
remove the 10 kGy dose cap. The country
was Germany, which had been
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co-sponsoring Delincée’s research af the
Federal Research Center for Nutrition.
(Among European nations, Germany’s food
irradiation laws are among the most restric-
tive, allowing only spices, dried herbs and
dried vegetable seasonings to be irradi-
ated.?9)

According to the official report of the
meeting: “The delegation of Germany stated
that Germany cannot support the [proposal
to remove the 10 kGy dose capl on the
basis of safety considerations arising from
the formation of cyclobutanones in irradi-
ated fatty foods and referred to a new study
being commissioned by the EU [European
Union] to examine the toxicological implica-
tions of cyclobutanones formed as a conse-
quence of irradiation.”

Meanwhile, the U.S. was among the
three countries that most strongly supported
the proposal to remove the 10 kGy cap. The
U.S. delegation included five officials who
work within the FDA department in charge of
food irradiation policy, including Alan Rulis,
head of the FDA's Office of Premarket Ap-
proval. Representing the USDA, which works
closely with the FDA and has a significant
role in regulating irradiated beef and
chicken, were David Egelhofer, Ellen Matten
and Thomas Whitaker.®®

On July 21, 2000, Rulis’ staff at the
Office of Premarket Approval approved a
petition to legalize the irradiation of eggs.®
The petfition was filed in 1998, the same year
that the first two Delincée studies were made
public. The approval came just four months
after the Beijing meeting, at which Delincée’s
toxicity studies were discussed.

Additionally, by the time of the approval,
no fewer than five articles had been pub-
lished in scientific journals indicating that
2-DCB was a unique radiolytic by-product
formed in irradiated eggs. Despite Rulis’
direct knowledge of Delincée’s toxicity stud-
ies, no mention of 2-DCB was made in the
Federal Register nofice that announced the
egg ruling.*®
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Moreover, the egg petition included no
toxicological data on 2-DCB nor any other
pofentially toxic chemical formed in irradi-
ated eggs. Instead, FDA staffers relied on
three studies — conducted from 1959 to
1974 — that earlier had been criticized by
the agency’s own scientists,

(Though the studies vielded no evi-
dence of toxicity or carcinogenicity, an FDA
staffer wrote that the studies were inad-
equate for the following reasons: “there
were many studies in the report and each
study was not clearly stated and, thus, hard
to follow;” “only a few parameters [werel
studied;” and “it is a summary.”*")

At the next CCFAC meetfing, held in The
Hague in March 2001, the German delego-
fion once again opposed the Codex pro-
posal to remove the 10 kGy radiation dose
cap.

Once again, the Delincée studies were
discussed and, once again, the resulfs were
dismissed and misstated. WHO's representa-
tive at the meeting said “the available scien-
fific evidence did not indicate that 2-DCB
posed a public health risk.” And, ICGFI's
representative falsely stated that Delincée’s
“preliminary results were negative with
regard to genotoxicity and cytotoxicity.”*?

FDA and the Future

The FDA is considering petifions fo
irradiate ready-to-eat foods,*® crustacean
shellfish** and molluscan shellfish#* None of
these petifions, however, contain any data
on 2-DCB or any other cyclobutanone, nor
do they contain data on the palmific acid
content of any foods covered by the peti-
fions.

Moreover, the FDA has not compiled a
list of foods that are covered by the ready-to-
eat foods pefition**4 Accordingly, the
agency is not in the position fo know the
various fatty acid contents of food covered
by the petition.

This would be of great concern if the
FDA approves the petition, as palmitic acid




occurs in pronounced quantities in virtually
all types of meat (including fish and shell-
fish), vegetables, fruit, grains, dairy products
and vegetable oils.

Palmitic acid also occurs in significant
quantities in dozens of ready-fo-eat foods
that ostensibly are covered by the petition,
including sauces, pizzas, baked goods, snack
foods and many other foods.*®

The high concentrations of palmitic acid
in shellfish also give rise to great concern.

Among crustacean shellfish, this fat
represents 16 percent of the fatty acids by
weight in Alaskan shrimp, 14 percent of the
fatty acids in queen crab, and 9 percent of
the fatty acids in king crab.*’

Among molluscan shellfish, this fat
represents the largest percentage of fafty
acids in American oysters (29 percent),
ocean quahog (24 percent) and European
oysters (22 percent); and it represents the
third-highest percentage of fatty acids in
Pacific scallops (19 percent).5°

Moreover, the FDA has never formally
assessed the cyclobutanone content, much
less the fatty acid content, of foods that the
agency has already legalized for irradiation.
This is of great concern, due to the high
palmitic content of these foods — some of
which are on public sale in grocery stores
and meat markets.

Among red meat, palmitic acid is the
fatty acid with the second-highest concentra-
tion: 26 percent in beef, 24 percent in pork,
24 percent in veal, and 23 percent in
lamb.’!

Among poultry, palmitic acid is also the
fatty acid with the second-highest concentra-
tion: 22-25 percent in chicken, 21-22 per-
cent in turkey, 26-28 percent in duck, and
23-28 percent in goose.>?

Recommendations

In the interest of protecting the
health of Americans, and in order for the
agency to fulfill its mandate to protect

Americans from dangerous food additives,
Public Citizen and the Center for Food Safety
call on the FDA fo:

+ Conduct a comprehensive analysis of
the fatty acid and cyclobutanone levels of all
foods covered by irradiation pefitions al-
ready approved by or pending before the
FDA.

* Refrain from legalizing the irradiation
of any additional foods until comprehensive,
published, peer-reviewed research is con-
ducted into the potentfial genotoxicity, carci-
nogenicity, mutagenicity and cytotoxicity of
cyclobutanones known or suspected fo be
present in foods covered by petifions ap-
proved by or pending before the FDA. This
must include the calculation of a 100-fold
safety factor for cyclobutanones, which, in
the absence of an alternative safety factor
justified by evidence, the U.S. Code of Fed-
eral Regulations require must be calculated
before a food additive can be legalized for
human consumpfion.®®

¢ Convene public hearings to thor-
oughly explore the potential health effects of
cyclobutanones. The FDA's official legal
threshold for convening public hearings on
the potential health effects of irradiated food
is the presence of “significant toxicological or
chemical differences between radiolytic
products and known nafural food compo-
nents.” In regard to cyclobutanones, this
threshold clearly has been met, given the
vast body of evidence on the unique chemi-
cal composition of these substances, and the
growing body of evidence that these sub-
stances have cytotoxic and genotoxic prop-
erties.

Plainly, to adequately serve the Ameri-
can people, whose health and safety the
FDA was created to protect, the FDA should
not approve irradiation for any addifional
foods, and should order a suspension of all
ongoing food irradiation, until the agency
answers these fundamental quesfions.
Failure to do so could put the health of the
American people af serious risk.

A—




Nofes

i LeTelller, PR and Nawar, W.W. “2-glkylcyclobutanones from
the radiolysis of friglycerides.” Lipids, 7: 75-76, 197 2.

2 pelincée, H. and Pool-Zobel, B. “Genotoxic properties of 2-
dodecylcyclobutanone, a compound formed on Irradic-
flon of food confaining fat” Radiation Physics and
Chemisiry, 52: 39-42, 1998.

3 Delincée, H. et al. “Genotoxicity of 2-dodecyl-
cyclobutanone.” Food Irradiation: Fifth German Confer-
ence, Karlsruhe, Nov. 11-13, 1998.

4 pelincée, H. et al. “Genotoxiclty of 2-alkylcyclobutanones,
markers for an irradiation treatment in fat-containing
food.” (Abstract) Presented ot the 12th International
Meeting on Radiation Processing, March 25-30, 2001,
Avignon, France.

5 US. Code of Federal Regulations, Tile 21 §170.22.

¢ Food Addifives Amendment to the Federal Food, Drug, and
Cosmetic Act. US. Congress, 1958.

7 52 Federal Register 5451, Feb. 23, 1987.

8 53 Federal Register 53180, Dec. 30, 1988.

8 Symmary Report: Thirty-Third Session of the Codex
Committee on Food Additives and Contaminants. The
Hague, March 12-16, 2001,

8 International Consulfative Group on Food lrradiation,
Vienna.

9 Consumer Concems About the Safety of Irradiated Food
World Health Organization, Geneva, 1988.

10 Stavenson, MH. and Crone, AV “Irradiation defection.”
Nature, 344: 202-203, 1990,

' Crone, AV.J. et al. “Detection of 2-dodecylcyclobutanone
in radiation-sterilized chicken meat stored for several
years.” Infernational Journal of Food Science and
Technology, 27. 691-696, 1992,

12 Slevenson, MH. “Progress In the identification of irradiated
foods.” Trends in Food Science & Technology, 3: 257-262,
1992,

13 Crone, AVl et al. “Synthesls, characterization and use of
2-tetradecylcyclobutanone fogether with other cyclo-
butanones as markers for irradiated liguid whole egg.”
Journal of the Sclence of Food and Agriculture, 62: 361~
367, 1993

14 Helle, N. ef al. “Identification of irradiated pasteurized egg
products: A combined method for use in roufine control”
Zeitschrift fur Lebensmittel, Untersuchung und Forschung,
197:321-331, 1993,

15 Stevenson, MH. et al. “The use of 2-dodecyl-
cyclobutanone for the identification of irradiated chicken
meat and eqgs.” Radiation Physics and Chemistry, 42:
363-366, 1993.

18 Stevenson, MH. “Identification of lrradiated foods.” Food
Technology, 48: 141-144, 1994,

7 Lembke, P. et al. “Characterization of irradiated food by
SFE and GC-MSD.” Joumnal of Agricuitural and Food
Chemistry, 43: 38-45, 1995,

18 Tewfik, LH. et al. “A rapid supercritical fluld extraction for
the qualitative detection of 2-alkylcylcyclobutanones in
gamma-irradiated fresh and sea water fish.” infernational
Journal of Food Sclence and Nutrition, 50: 51-56, 1999.

9 Stewart, EM. et al. “2-alkyleyleyclobutanones as markers
for the detection of iradiated mango, papaya,
Camembert cheese and salmon meat” Jourmnal of the
Science of Food and Agricuiture, 80: 121-130, 2000.

2 Elliott, CT. et al. “Detection of iradiated chicken meatf by

-14 -

analysis of lipid extracts for 2-substituted cyclobutanones
using an enzyme linked immunosorbent assay.” Analyst
120: 2337-2341, 1995,

2 Federal Register, various filings, 1983-2001.

22 peview of Data on High Dose (10-70 kGy) lrradiafion of
Food, international Consultative Group on Food Irradia-
tion, Report of a Consultation. World Health Organization,
Geneva, 1995,

3 Op cit, note 2.

24 Op cit, note 3.

2 Op clt, note 4.

26 Personal communicafion with Peter Jenkins, Center for
Food Safety, Washington, D.C. Cited in written comments
to the FDA submitted by the Center for Food Safety and
Public Citizen, May 14, 2001.

7 High-Dose Irradiation: Wholesomeness of Food Irradiated
with Doses Above 10 kGy. Report of a Joint FAONAEA/
WHO Study Group. World Health Organization, Geneva,
1999,

28 Ibid.

2 Ibid.

3 Ibid.

3 S, Code of Federal Regulations, Title 21 §170.22.

32 Benz, RD. and Dearfleld, KL “Can the new genetic
toxicology tests be used for regulatory safety decisions?”
Genetic Toxicology Assoclation, Fall 1998 Meefing Repor,
Oct. 29, 1998. <www.ems-us.org/gtalfalird8.ntml>

3 Symmary Report: 15th Meeting of the International
Consultative Group on Food Irradiation (ICGF). Vienna,
Oct. 20-22, 1998.

3 symmary Report: 16th Meeting of the international
Consultative Group on Food Irradiation (ICGF). Antalya,
Turkey, Oct. 25-27, 1999.

35 ibid.

3 International Consuitative Group on Food Irradiation,
<www.laea.orglicgfl>.

37 Annual Report on Activities Under the 1999 Programme:
17th Meefing of the International Consultative Group on
Food lradiation (ICGF)). Geneva, Nov. 1-3, 2000,

38 [bid.

¥ ¢5 Federal Register 45280, July 21, 2000.

40 ibid.

41 FDA Memorandum from Isabel S. Chen, Ph. D. (Scientific
Support Branch) to William J. Trotter, Ph.D. (Regulatory
Policy Branch), Dec. 11, 1998.

42 symmary Report: 33rd Session of the Codex Commitiee
on Food Additives and Contaminants. The Hague, March

12-16, 2001.

41 45 Federal Register 493, Jan. 5, 2000.

44 66 Federal Register 9086, Feb. 6, 2001.

45 84 Federal Register 56351, Oct. 19, 1999,

4 personal communication with Alan Rulis and Laura
Tarantino, Director and Deputy Director, respectively, of the
FDA Office of Premarket Approval, March 19, 2001

7 personal communication with Laura Tarantino, Deputy
Director, FDA Office of Premarket Approval, June 27, 2001

8 Chow, CK. ed. Fatty Acids in Foods and Their Health
Implications. New York: Marcel Dekker, 2000.

“° Ibid.

5 ibid.

3 ibid,

52 [bid.

52 Op cit, note 26.

54 53 Federal Register 53180, Dec. 30, 1988,




