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NTRODUCTI oN

ar
xiuc ég:rproducts Development Irradiator (MPDI) is one of a family of irradiators built or funded by the
thi&md togy Commission (AEC) in the early to mid 1960's. It differed from its predecessors in that it was
Qﬁon betbe a development rather than research irradiator, and it was the first of its kind. The dis-
aml Semj, Ween development and research irradiators is one of size and purpose. The development irradiator
&y P OMmercial size and can irradiate 2000 pounds of product per hour at a dose of 200,000 rads. The
me the research irradiator at the same dose level is only about 375 pounds.
1o, Pur
Q;e Sszsg of the MPDI was to determine if it was commercially feasible to irradiate fresh seafoods on a
“tftill rei“d ship them by common carrier under prevailing conditions of transportation to distant markets
Wsa Olagy, ain a high degree of freshness. Equally important was the desire to determine the reliability of
%d%rc A § the cost per pound of product to a full scale irradiator. On the other hand, the purpose of a
ty, Aty Tadiator was that being small, it could be established at any of several universities to provide

¥y On
tney, Serzices of a strictly research nature in the very early part of the AEC program on low dose
Oods,

Tst
Q
d%oqwra gart.of this report describes the prototype irradiator and its main objectives. The second describes
“;‘ es Ve international fish irradiation program and the current status of irradiated seafoods. The last
dlati € Versatility of the MPDI with respect not only for irradiating seafoods but also for low dose

o
%S n of fresh and processed chicken and meat.
CRIPTI

)
bey N AND OPERATIONS OF THE MPDI
thy, ative
s
tgiﬁprincince 1965, the Marine Products Development Irradiator (MPDI) is a one-story building which features
&neese arepal areas--a refrigerated storage room, a product conveyor, and gamma radiation cell. In addition
rale K the auxiliary supporting features consisting of office, health physics, dosimetry laboratory, and

| ! and storage areas.
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|
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| (320 lfille °f commercially prepared fillets packed in 4.54, 9, 13.62 kg (10, 20, or 30-1b.) capacity conven-
1rQd§°33 BchaHS, they are immediately placed in the refrigerated storage room which is held at 0° to 1°C

| E%v Ateq Before processing, each fillet can is tagged with an indicator that changes color when

‘ tmoﬁmr fér The cans are fed into the irradiation cell by a fast conveyor which transfers them to a slow

‘ %nﬁgh o ithe actual irradiation. To ensure correct dose uniformity, each can makes two complete round trips
%tgsted £ Tradiation cell on each of both sides of the source center line. The source itself originally
%r Nay G 35,000 curies of cobalt-60 and is made of six replaceable units, each containing 16 Brookhaven
”h{hthm °Tatory Mark I strips of cobalt-60. The rated source utilization is about 21% using target overlap

s amQXime_ffiCiency. The normal dose for fillets is about 200,000 rads at a production rate of one ton/hr.
&eMPDI UM to minimum dose ratio of 1.3 (Miller and Herbert, 1964).
\(

8]
Y i hfirzirams were based upon the assumption that irradiation of fresh seafoods significantly extends the
sMppstudied the food under laboratory controlled conditions (Proctor et al., 1960). The first question then,
N edlmde Was whether fresh fillets irradiated on a commercial scale at low-dose levels of irradiation and
£ Cayy, Commercial conditions would exhibit a commercially significant extension of shelf life.

t le

t d
u%u;)be uhut this work in three investigations. The studies were of such nature that if the first had turned
QeSSfu SUCCeszul, we would not have undertaken the second, and if the second had turned out to be
> W€ would not have undertaken the third.
to
Pr OPerate successfully, any industry needs a supply of suitable raw material. Irradiation, like other
SerVation, such as freezing, does not improve the freshness of food. It merely helps to preserve

q
dm%k aidneSS is present. Accordingly, a purpose of the first study was to determine the freshness level
Cod,

&y, , 301
lrlrldirning :hto Simplify the study because haddock and cod are handled similarly so that general conclusions
| ) ngs0f € freshness of one species will apply to that of the other. Boston was the port of greatest
%lh addock ang cod, and therefore we chose haddock as the species to be studied.

Of
ﬁesu Tresn Haddock
Tty
the ‘&
?“SeDrinzas Made during the winter, summer, and autumn so as to reflect the effect of temperature differences
Qasurgffreipal Seasons, with spring and autumn being considered equivalent. Criteria for subjective measure-
Emhmssg¥ess were developed and applied to over 4,500 individual samples of haddock. Objective

fish temperature were made by a carefully calibrated electronic thermometer.
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s
All data were fed into a computer that was programmed to give correlations among the temperature measufemenzghw
and the expert subjective judgments. The computer showed that subjective examinations had significant tO b
significant correlations at the l-percent level of probability. Our data showed that 78.6 percent of the

d
haddock examined by us at the Boston Fish Pier was fresh enough to justify the use of irradiation (Kaylor e
Murphy, 1970a).
Distribution Survey
s to

Having satisfied ourselves that there was an ample supply of haddock and cod of a high enough freshnes
justify irradiation, we turned our attention to fillet temperatures during distribution. We were concerné
whether the temperature of the fillets when shipped by common carrier was sufficiently low to ensure that ing
irradiated fillets would arrive at distant points in the nation in a fresh condition. We investigated, dut
all seasons of the year, the temperature of fresh fillets shipped by two means of transportation: truck 2% \
train. We found that shipments by truck could be divided into four categories: 1) processor-distributo?r ‘
shipments, 2) frozen-food shipments, 3) refrigerated fresh-fish shipments, and 4) nitrogen-gas refrigerat®
shipments.

One method of shipping by truck for short distances by processors was found to be too short in duration tolwkﬁ
achieve the maximum cooling of fresh fillets under the conditions of shipment. Shipment by refrigerated an0?
designed for transportation of frozen foods resulted in partial freezing of the fresh fillets. The most ced
method of shipping fresh fishery products using a combination of ice and mechanical refrigeration maiﬂFain
the fresh fillets at optimum temperature. One study of a more recent method of truck refrigeration Us}ng
nitrogen gas showed that it had no advantage over the dominant method of mechanical refrigeration and icé:

re?
Three studies of shipment by rail showed that fresh fillet temperatures were maintained at optimum temperatzn
by a method of refrigeration that was in long use (now unavailable)--namely, shipment of the fresh fillets
cans packed in ice in wooden barrels, which were re-iced in transit when needed.

re
The survey showed that all the common commercial methods of transporting fresh fish fillets interstate'enjk of
fillet temperatures of 4.5°C (40°F) or lower. This temperature would be sufficiently low to permit ship® 107

irradiated fresh fillets in good condition to the most distant parts of the continental United States (x2y
and Murphy, 1970b).
Commercial Benefit Study
te
) rsté
Having shown that there was an ample supply of high quality of fish and that the present commercial intiti t0
tte

movements of fresh fish would not be a limiting factor for irradiated fresh fillets, we turned our 2
the commercial benefits to be derived, if any. With U.S. Food and Drug Administration (FDA) consent, we gt
furnished commercial size samples of irradiated and nonirradiated haddock fillets to several of the 1arges

supermarket chains for laboratory testing (not for sale to the public). Spokesmen for eight of the larg® whﬁe ‘
chain supermarkets in the nation stated that they could and would sell irradiated fresh seafoods in ared |
fresh seafoods were not then sold. {

d
Producers who followed our work indicated that irradiation processing would help to smooth out the higbs wlhﬁ |
lows of availability of fresh fish supplies and would help to ensure a steadier market. Retailers Clalmeaﬁed
using irradiated seafoods would permit holding of the fillets after the peak demand day in the week had P
rather than having to mark down the price or discard the fish due to spoilage. The process would enabl® 214°
retailers to offer fresh fish throughout the week to a degree greater than was then possible. Producer® ‘
claimed that these savings could be passed along to consumers. Another advantage to all segments wa$ C |

obvious expansion of sales of fresh seafoods to areas not then available. h&
p1i®
The results of the foregoing tests involving irradiating on a commercial scale, shipping by already ?Stiioué
interstate carriers including cross-country shipments, indicated that the process was definitely efflcase
and that many economic benefits could accrue to the consuming public and industry as the cost of 1loW do
irradiation was estimated to be about two cents per pound (Ronsivalli et al., 1970).
INTERNATIONAL FEEDING STUDY
h
wi

thags
In 1972, MPDI personnel became involved with the International Project in the Field of Food Irradiationa ﬂﬁ?g
respect to irradiation of fish. At a meeting in Paris in that year, it was agreed that cod Gadus Egihggsof
ocean perch (redfish) Sebastes marinus, European plaice Pleuronectes platessa, and an unspecified spec*
flounder should be the species of fish given priority in the feeding studies of irradiated fish.

of
i ocessiﬂgreg
Members of the MPDI were instrumental in establishing the specifications for fish caught at sea, PT rocedu

land, packing, and randomization into "control" and "irradiated" lots prior to irradiation. Strict P

were established for temperature control from trawler to the point of irradiation and beyond. Rigid,
irradiation procedures were established for the expected irradiation series. These guaranteed identlzzcayo
conditions of Co-60 source configuration, size of container, mass of fish, dwell time correction for

Co-60, dosimetry, and maintenance of records covering each irradiation series.

¢
3

the
T
Following irradiation or sham treatment of control samples, both lots were held under refrigeration 0

prescribed length of time and then frozen and shipped via interstate carriers of frozen foods to the
appropriate organization conducting the feeding studies.

The fish involved in the long term feeding studies were cod and ocean perch (redfish). A short ter®
study was conducted on yellowtail flounder, Limanda ferruginea. All fish were irradiated at a dos€
175 kilorads.
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of HPErsonnel performed the above services for a period of over three years and in that time irradiated 7 tons
F&he. and Prepared an equal amount of control samples. All services were freely given by the National Marine
€rvice., All costs for the 14 tons of fish were borne by the U.S. Atomic Energy Commission and its
adiaoF dgency, the Energy Research and Development Administration. The value of the fish purchas?s and
Ojecy O Series well exceeded $50,000 thus reducing the cost to the 24 member nations of International
n ‘D the Field of Food Irradiation.

|

mmeﬁﬂal fesults of the wholesomeness feeding studies may best be judged in the light of the recommendations
Nop my the FAO/IAEA/WHO Joint Expert Committee on Food Irradiation (JECFI). This international committee does
%ﬂeso cannot speak for any particular country. It makes its recommendations after careful review of the
DmviSWEHESS data. In the case of cod and ocean perch (redfish), it has placed these fish in the category of
b ‘ona] acceptance." This means that some more wholesomeness test data are required.

iiF
1t ish

{ry
PI‘

&
tesu € required wholesomeness data are eventually supplied to the complete satisfaction of JEFCI so as to
hqd Unconditional acceptance of irradiated cod and ocean perch (redfish), it does not mean that FDA would
%Oumre Same view. The difficulty is that other countries properly regard irradiation of foods simply as
?Ud w_form of food processing such as canning, freezing, etc. The United States is the only country in the
elhm “th a law that defines any source of radiation as an added substance within the meaning of the 1958
" ®ndment to the Federal Food, Drug, and Cosmetic Act.

Pr
?&%iient’ the seafood industry in the United States is not prepared to present a petition to the FDA for
frﬂblzg irradiated seafoods. The organization of a petition involving such studies as mutagenicity,
o the &y, Multigeneration reproduction, toxicity, and all other studies required by FDA, is too formidable
. SMall fresh fish industry to prepare.
Qat
kl?ﬁidvances have been made in the chemistry of irradiated foods. This is particularly so with the possible
xmml z Df.extrapolating data from high dose levels to low dose levels. The research data ga?hered from many
Hatwereedlng Studies apparently are convincing enough to suggest new approaches to toxicological evaluation
\ndk1se ot worthy of consideration a decade ago. Yet, despite these advances, no irradiated food of any
W Teceived FpA approval in over 15 years.

Vi
Samelew of the
oy Periog,
th, d Seem

Q Dela tha

complete lack of progress in the United States in the last 15 years and the fact that in that
8 other countries have given restricted or unlimited clearance to over 20 different foods, it

t recent reports to the effect that FDA is to review its policy on the food additive aspects of

Vm Py Amendment is indeed encouraging.
SATILITY

he

i I . ;

a%ﬁmmplZYOVed to be a versatile irradiator because of its unusual design requiring a vertical labyrinth. As
q )

+

Sy O by Commercial irradiators use a horizontal labyrinth for the transport of material from the loading
i e

thmmm Tadioactive source. The undeniable advantage of this type of labyrinth is that standard conveying
yrhm fan pe used as purchased or with slight modification. The MPDI design that called for a vertical
mi ¥as based on the desire to economize on expensive floor area.

eSi
. Ign,reSUlted in storing the radiation source in a vertical position at the bottom of a 15-foot pool of
tk‘mper 1S raised by an elevator which positions the source in a final horizontal plane between the lower
m&m halVeS of the conveyor system. The horizontal position of the radiation source introduced a new

ah&gazhirradiators because paired containers are carried side by side under and over the source rather than
lnl it in a series of passes required by conventional irradiators.
fefrow d

%mwerzszdirradiation of dressed chickens, ice was used in the twin containers to keep the chickens

th, On th and to fill the voids in the containers. The chilling effect of the ice caused condensation to
the ° Outside of the containers. The drip from the condensate as it falls is more thoroughly irradiated
n toac 38e it falls on. Irradiation of dressed chickens in this fashion was very successful and posed no
0y, forma] operating procedures.

efoiy) the Mppr was able to irradiate one pound cans of bacon and No. 10 size cans of ham in the megarad
%atﬁﬁm SteriliZation studies. Naturally, the processing time was much longer than the low dose irradiation
ltems Ormal1y used for seafoods. No difficulties were experienced in irradiating either of these two
Frwp ®Spite the disparity in size of the units.
ag; Ps
Mhaﬁnnhe Most Outstanding versatile use of the MPDI is the ability to manipulate the six sub-units of the
%%ucﬁn Source underwater to change it from a production unit to a research irradiator with a higher
&kqmed fate thap is normally possible with a research irradiator. In this mode of operation, a special

N Qicxsealed, container lowered into the source pool by means of a metal chain affixed to an overhead

ty Wng MOtor

1y &quy an be used. When fully lowered into position, the sealed container is positioned.precisely at
%Unyﬂf UIdiStaﬂt from three sets of two radiation source plaques so arranged as to form an equllatefal
er“dc. € container is rotated by the low speed motor at two revolutions per minute so as to obtain a very
Se g4
b 1stribution
t .
be .
L Upy dt
h%h%s q 2 Studiesg have been carried out in this mode at very low dose levels on living plants such as cran-
H%mmmae Seedlings by the thousands. The sterile male technique for insects has been performed on gypsy
MQSHQS SO by the thousands. Conversely, it has been used to continuously bombard precious gems sucb as
4 ‘ Smeralqg over a long period of time (months) so as to accumulate a dose of about half a billion
3]
T {
Ry 4
ohy L1
m£ke; Our €Xperience indicates that this type of irradiator can be used for low dose treatment of meats
u

St as easily as for seafoods and fruits which we have irradiated by the ton.
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