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I. FOREWORD

This report presents findings and conclusions from a study of prospective
costs and benefits of selected products within the Atomic Energy
Commission's low-dose food irradiation program. The objectives of the
study were to estimate the tangible and intangible benefits likely to accrue
as a result of commercialized food irradiation taking into account:

1. The value added by the process;

2. The expenditure of government funds required to achieve com-
mercialization; and

3. The costs to be incurred by private industry in establishing and
operating the process.

The imponderables which the study faced are formidable. Nevertheless,
the Atomic Energy Commission and the Bureau of the Budget must make
basic policy decisions about the food irradiation program. In short, the
justification for this study rests on its ability to narrow the degree of un-
certainty relative to the continued extension of the program, in terms of
time and dollars.

If the program is to continue, the questions are at what level, for how long
and in what manner?

Criterion for Mission Fulfillment

This study differs from the usual cost-benefit analyses of public investment
programs in a very fundamental way. Cost-benefit studies usually involve
appraisal of missions about which decisions to go ahead or not, or about
which of a number of alternatives to choose, are made within the province
of government; i. e. , decisions concerning water resource investments,
airport developments, military procurement, etc.

The mission of AEC's research and development program in food process-
ing is to assist in the commercialization of the low-dose irradiation proc-

ess of preserving foods. Success of the program is contingent on a series
of interrelated decisions to be made, not by government, but by business
firms throughout the producing, processing and distribution segments of
the food industry and ultimately by consumers. These are decisions the
AEC can influence but cannot make; in the final analysis, commercializa-
tion requires private, profit-motivated decisions that investment in this
field represents an attractive venture.



Whose Viewpoint?

Thus, the study had to come to grips with two fundamental questions: first,
can the public benefits associated with AEC's investment in research and
development of radiation processing of foods cover the public costs; and,
second, given a favorable answer to that question, what is the likelihood
that members of industry and consumers will behave in a way that will
actually result in commercialization.

This study looks at the first question from the viewpoint of the "American
taxpayer. " At this level the tangible economic benefits from commerciali-
zation of the food irradiation process have to be found in gains in national
economic efficiency.

These are gains that underlie improvement in economic well-being for the
citizenry as a whole. If gains from AEC's investment in radiation proc-
essing will accrue only to specific industries or segments of consumers at
the expense of other groups, then the government's participation is called
into question.

Radiation processing is a method of preserving foods, or put another way,
of extending the time available between harvest and consumption of per-
ishable foods. * The measurable tangible benefits from extending the time
available for marketing fresh foods, which may yield gains in economic ef-
ficiency, potentially take a number of forms, for example:

1. By reducing retail costs attributable to actual or impending
food spoilage which result in reduced-price "clearance" sales,
actual throwaways, and revenue foregone as a result of short
buying of perishables.

2. By making available a superior product to regional markets
which cannot now be reached from distant producing points;
that is, a product with a greater value added (or more con-
sumer utility) than the products it will logically displace
(fresh fish for frozen, for example).

3. By making possible use of more efficient (less costly) modes
of shipping (surface vessels for air freight, for example).

The second question, as to the likelihood of commercialization, has to be
looked at from the viewpoint of those on whom commercialization depends

* This is the major technical benefit from food irradiation; other bene-
fits include disinfestation, sprout inhibition, delayed maturation.
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-- that is, at the growers and fisheries, processors, and distributors
whose costs, revenues and net incomes are at issue.

Favorable answers to either one of the two questions do not assure a fa-
vorable answer to the other. Thus, considerations which may make invest-
ment in irradiation facilities attractive from a food processor's viewpoint
may, from the public viewpoint, simply improve one processing segment's
market position vis -a-vis other processors -- for example, if consumers
substitute fish meals for meat. This will have no effect (at least no clear-
cut tangible effect) on national well-being as reflected in economic
efficiency.

On the other hand, realization of gains in national economic efficiency, say
through reductions in food spoilage losses, may not constitute commercial
incentive for investment in radiation processing facilities, even if public
benefits exceed costs. This can be the case when the facilities investment
is made at one stage in food production, processing, and distribution and
the benefits accrue at another stage. This is not an unrealistic possibility.
Radiation facilities must be near harvest points, yet gains in marketing-
time will often be taken at retail in the form of extended shelf-life. Costs
of radiation processing might be passed along by processors to retailers in
higher prices; but this is unlikely in the short run because the initial effect
of reduced spoilage is reduced market demand for growers and processors,
requiring either lower prices to clear the market or reductions in produc-
tion to maintain prices. The processor's revenue is reduced as a result of
his investment and the fact that the economy as a whole benefits can be seen
as quite immaterial from his point of view.

Dealing With Intangibles

This study emphasizes the tangible economic costs and benefits attributable
to AEC's food irradiation program. These are the factors that will play
the compelling role in commercialization of the food radiation process.

The worth of intangibles, by definition, can only be appraised subjec-
tively. And while there may be a consensus that the desire to realize pro-
spective intangible benefits justifies public support, the amount of conjecture
and uncertainty involved in the questions of "how much support" and "at the

expense of what" are clearly much less if concrete commercial benefits can
be reasonably expected also.

Attention is nevertheless called to categories of intangible benefits which
public support of the food irradiation program might produce:

3



1. Benefits related to the world food problem. The United States
has indicated its commitment to assisting other nations to
alleviate food shortages. The best single example might be the
Food for Peace Program. Clearly, irradiation could by pre-
venting spoilage, etc. , help to make such programs more ef-
fective. Moreover, in many parts of the world radiation
preservation can provide time to permit transporting sea prod-
ucts inland to population centers which now experience recur -
rent food shortages.

2. Benefits related to public health issues. Irradiation preserva-
tion of foods has a distinct promise in the areas of food sanita-
tion and public health. For example, irradiation is an
alternative method to traditional means of control of salmonellae
in processing poultry and other foods* It is also an alternative
to use of chemical fumigants and preservatives in some foods.
The costs of using radiation processing as a complementary or
substitute method of sanitation control can be reasonably esti-
mated but not the benefits. Neither were, nor are, the public
health benefits of pasteurization of milk measurable, to suggest
a relevant analogy.

3. Benefits related to consumer choice. Irradiation can expand the
variety of foods available to consumers by making new foods
available (e. g. , Hawaiian mango) or new forms of foods avail-
able (fresh fish in inland markets).

4. Benefits related to World Trade policy. The advantages of
developing new preservation technology which can contribute to
expansion of international commerce is cited as an intangible
in the sense that perishable products which are produced and
consumed only in a few geographical areas could enter world
markets.

5. The Army Food Sterilization Program. Several irradiated
foods have been approved by the Surgeon General for troop feed -

ing. The Army, however, will not as a matter of policy and
logistics take advantage of this opportunity until after FDA

* See, for example, Arthur D. Little, Inc. , "Study of the Economics of

Controlling Salmonellae in Foods by the Use of Ionizing Radiation,"
April, 1965. Reprinted in Radiation Processing of Foods. Hearings
before the Subcommittee on Research, Development and Radiation of
the Joint Committee on Atomic Energy, June 9 and 10, 1965.



approval of these foods. This is partly because many civil-

ians are fed at Army installations and partly because of pos -
sible public relations implications. Therefore, the AEC
program which is contributing to FDA approval procedures
is an intangible in development of the Army's radiation-
sterilized foods program.

Product Scope

In commissioning the study, AEC specified the products to be covered and
provided assumptions regarding certain key inputs. Specifically, the study
was limited to the following products:

1. East Coast finfish (Cod, Haddock,
Sole and Flounder)

2. West Coast Dungeness crab

3. Alaskan king crab

4. Bananas

5. Hawaiian papayas

6. Tropical mangoes

The AEC program is concentrating on a limited number of research and
development projects in food irradiation. Table I-1 summarizes the status
of projects in fruits and vegetables which are in addition to work being
done on marine products.

During the course of this study, we have been asked many times by busi-
ness respondents, researchers, consumers and officials in other agencies
of government why the particular group of six products was selected.
AEC's criteria in this selection were essentially two: products were se-
lected on which the state of technology was relatively well-advanced and
for which the technological outlook was considered good. Strawberries
which also meet these criteria were not included because previous market-
ing studies have indicated a favorable economic and marketing outlook for
the irradiated product.*

* Southern Interstate Nuclear Board "Applicability of Radiation

Pasteurization Oranges -Grapefruit -Tomatoes -Peaches -Strawberries in
the Southern Region" September 15, 1964; United States Department of
Agriculture "Economic Feasibility of Radiation -Pasteurizing" August
1963; United States Department of Agriculture "Radiation-Pasteurizing
Fresh Strawberries and Other Fresh Fruits and Vegetables: Estimates
of Costs and Benefits" March 1965.
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TABLE I-1

PRODUCT STATUS

FRUITS AND VEGETABLES

Desired State of

Product End Point Technology

Strawberries

Sweet cherries
Pears

Plums
Prunes

Peaches

Apricots

Nectarines

Apples

Oranges

Lemons

Grapes

Tomatoes (ripe)

Bananas 3

Papayas

Mangoes

Pineapples

Figs
Onions
Potatoes
Wheat and what products

RS, SLE

RS

RS, DM

RS

RS
RS
RS

RS

DIS

RS

RS
RS

RS, DM
DM

DIS, SLE

DIS

DIS

DIS

SI

SI
DIS

Advanced

Relatively new
Advanced

New

Do
Advanced

New

Advanced

New

Advanced

Dropped

Do
New

Do
Relatively new

Do
New

Do
Near completion
Completed

Do

Technological

Outlook 1

Excellent

Fair
Poor
Fair
Good

.2
Uncertain
Poor
Good

Fair
Good

Poor
Do

Fair

Excellent

Do
Do

Good

Do
Do
Do

Excellent

State of

Wholesomeness

Near completion

Do
Do
Do
Do

Completed

Near completion

Completed

Near completion

Completed

Not initiated

Do
Do
Do

Partly completed

Not initiated

Near completion

Completed

Do

Legend:
RS-Reduced spoilage

SLE-Storage life extension

SI-Sprout inhibition

DIS-Disinfestation

DM-Delayed maturation

1
Economic aspects not considered.

2 Improving due to promising combination treatment

with heat.

3 Main variety studied to date (Gros Michel variety)

UNITED STATES ATOMIC ENERGY COMMISSION "RADIATION PROCESSING OF FOODS PROGRAM"

SM 73/29, JUNE 6-10, 1966.
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A third consideration in AEC's selection of the products for this study was
their "representativeness" of the full scope of AEC's research and devel-
opment program. The six products do represent East Coast and West

Coast marine products, a large, established tropical fruit (bananas) and
two exotic, specialty fruits (papaya and mango).

At this point, the issue of "representativeness" must be considered care-
fully. We want to emphasize our conviction that the results of the study
based on these six products can not be extrapolated to the program as a
whole. This is true because benefits from irradiation of each product are
unique to each product and to each's own marketing problems and oppor-
tunities. In short, this "study" is in fact six case studies. Knowledge
about one product's irradiation opportunities and problems has not been
generalizable to other products, except in the very broadest of terms It
can be noted that this has tended to be true of the AEC's technological
research also. Results of research on one fruit, for example, have not
always been reproducible for similar fruits or even different varieties of
the same fruit.

There are two reasons for dwelling on this point. One is the possible use
of the six-product study as a basis for judging the entire program; and the
second is the desire to make the study maximally helpful to AEC in screen-
ing products other than the six. We have concluded that radiation process-
ing is most likely to find commercial application--given technological
feasibility--when the products meet the following criteria:

1. The product is a large volume, staple perishable so that success
in commercializing radiation processing on a large scale is not
first contingent on developing a market--i. e. , on changing con-
sumer eating and food buying habits--for the product.

2. The product is subject to spoilage losses that are sufficiently
high to create widespread, overtly recognized problems.

3. The product is relatively high priced so that the costs of spoil-
age losses constitute a more than adequate incentive to incur
the relatively modest costs of radiation processing.

There are other criteria underlying success in commercialization but the
foregoing are cited as a priori criteria to be applied as a first cut in de-

ciding which among alternative products to support.

As discussed in subsequent sections of this report, none of the six prod-
ucts included in this study fully satisfy all three of the criteria just cited.
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But AEC's research program includes products which do--for example,
strawberries, peaches* and tomatoes. The first of these was excluded
from this study, as noted, because of the favorable outlook indicated by
other studies. Research progress made since this study was started has
materially improved the technological outlook for peaches and tomatoes
from "uncertain" or "fair" to "good. "

W e have concluded that among the six products studied here the public
benefits and commercial prospects for two of them--finfish and papaya--
are sufficiently good to support a recommendation for continued AEC sup-
port. What should be recognized, however, is that even if none of the six
were felt to justify continued support, we would be hard pressed to con-
clude the program should be terminated, because of the nonrepresentative-
ness of the sample of six products and the a priori promise in others (e. g. ,
strawberries, peaches, tomatoes).

Timing Assumptions: FDA Approval Crucial

The planning horizon for the estimation of costs and benefits from com-
mercialization of radiation processing was specified by AEC as the fifteen-
year period 1966-1980.

Fifteen years is a "long" time from the viewpoint of the reliability of
predictions. But it is not necessarily "long" from the viewpoint of sequen-
tially unfolding all of the events that appear to lie between the present state
of development and ultimate commercialization of radiation processing of
foods.

The first event in this sequence is approval by the Food and Drug Admin-
istration of petitions to market irradiated foods. The timing of approval is
the most crucial and in a number of respects most uncertain of all the
events required to reach commercialization. For purposes of this study,
the Food and Drug Administration's approval of petitions for these products
was assumed to be forthcoming on the following schedule:

1. East Coast finfish - Mid 1967

2. West Coast crab - Late 1967

3. Bananas - Mid 1968 to early 1969

4. Papayas and mangoes- Late 1967

* The Southern Interstate Nuclear Study cited earlier concluded that

spoilage value of peaches is too low to justify radiation cost. The
authors noted however that their conclusion was based on an average
spoilage rate for the U. S. and that spoilage rates for specific producing
areas should be considered.
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FDA approval on these dates, which were given to us by AEC, are taken
as facts for this study. All of the study's projections and conclusions
about timing stand or fall on these dates and, of course, the program as a
whole stands on FDA approval sooner or later.

At the present time, a petition has been submitted to FDA for one of the six
products, finfish. Once a petition is submitted, FDA has 90 days to ap-
prove, reject or return it to the petitioner for more information. There is a
provision that permits FDA to take an additional 90 days.

Petitions relating to food irradiation for seven other products have been
submitted to FDA. Three have been approved (bacon for sterilizations,
wheat and wheat flour for disinfestation, and potatoes for sprout inhibi-
tion). Four are pending final action. *

FDA officials responsible for recommending approval will not assess the
reasonableness of the timetable shown above for three fundamental
reasons:

1. Petitions have not been received for five of the products included
in this study.

2. No basis exists for predicting whether petitions will be judged
complete or will require additional data; nor, if the latter, can
the timetable on which the required data will come forth, be
predicted.

3. Information concerning the efficacy and safety of radiation-
processed foods have come from many quarters, the signifi-
cance of which FDA is charged with evaluating. In come cases
the methodology for such evaluation has not been developed.

Among our recommendations, is that AEC's food irradiation program be
extended into the early 1970's. What must be stressed, however, is that
in fact we are recommending that the program be extended at least three
to four years beyond FDA approval of several important products.

9
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Industry Assistance

On the issue of uncertainties and probabilities, a fact of life which tran-
scends all but two of the products included in the scope of this study is
that very little commercial awareness exists about radiation processing.
The exceptions to this are finfish and bananas. In the absence of FDA ap-
proval of petitions, companies who would be the logical investors in
radiation processing indicate little familiarity with the process, research
findings, process economics, or possible applications in their industries.
It should also be noted that a majority of the trade and institutions'
executives consider themselves ill-informed about food irradiation. In
the product categories where advanced thinking has been done by key com-
panies in the two industries referred to--bananas and New England
finfish--there is less uncertainty about the prospects for commercializa-
tion. (The outlook for bananas is poor, for finfish relatively good. )

In the other product categories, it is necessary to leap frog FDA approval
and ask whether conditions in each industry are amenable to irradiation
investment or not. The following criteria were brought to bear in ap-
praising the opportunity from the viewpoint of the potential investor:

1. Is production adequate in a single location to justify an irradi-
ation facility? (This criterion can be satisfied in some cases
by the possibility of processing several products. )

2. Is production and demand sufficiently stable throughout the
year to permit efficient utilization of a facility?

3. Is there an economic justification and need for extended mar -
keting time for the product which cannot be met by a lower
cost or otherwise more effective alternative to radiation
processing?

4. Are there companies or organizations in the industry which
have both the financial strength and an historical record (or
managerial attitude) that implies receptivity to innovation in
new processes?

Specific study findings for each product are tested against these criteria
in relevant sections that follow.



Study Methodology

The study was conducted in three phases:

1. Qualitative, Discovery Phase

In this phase, AEC research contractors were interviewed and
their reports reviewed; the work of researchers in govern-
ment agencies who have conducted marketing and economic
studies in this area was reviewed; leading firms involved in
producing, processing and marketing each product were inter-

viewed and in many instances relevant, though confidential,
company data was made available. Finally, an opening wave of
qualitative group conferences and individual personal inter-
views with consumers was conducted.

The objective in this first phase was to identify the overall di-
mensions of the problem; to determine how effectively the
prospective technical benefits of radiation processing addressed
themselves to industry needs; to understand the degree to which
key firms or organizations, particularly at the processing level
for each product, were aware of, interested in, and enthusias-
tic about the prospects of radiation processing of foods; and,
at the consumer level, to develop some early insights into con-
sumer attitudes toward the concept of irradiated foods.

2. Quantitative, Survey Phase

The second phase of the undertaking extended the data- gathering
effort to a broader base. Surveys were conducted among seven
populations of interest including consumers. The scope of these
surveys are summarized in Table 1-2. At the same time, an
engineering study of facilities investment and operating costs
was undertaken under subcontract to Jackson and Moreland, Inc.

This study used as inputs a range of thruput assumptions and
practical production considerations for each product that
emerged from Phase I.

3. The Analytical Phase

This final phase addressed itself to quantifying the prospective
streams of economic benefits and costs that could result between
now and 1980 from commercialization of radiation processing of
foods under a number of assumptions. This analytical exercise
must necessarily be subject to differing points of view. Accord-
ingly in order to evaluate the effect of uncertainty about crucial
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TABLE 1-2

SUMMARY OF SURVEYS CONDUCTED: PHASE II, FOOD IRRADIATION COST/BENEFIT STUDY

Number of

Interviews

Number of

Organizations

627

Sampling Universe

Total households in the United

States

National headquarters of
largest supermarket

chains*

Local units of the largest
supermarket chains*

Local units of all "other"

supermarkets*

Individual food stores*

Subtotal Local Stores

37

60

45

41

20 25 largest supermarket chains

34 All local stores of top 25 super-

market chains

23 All other supermarkets having a

minimum of 2 stores

21

146

All other general food stores with a

minimum of $150, 000 annual

sales. Includes fruit and fish spe-

cialty stores

78

87

40

87 All restaurants- -Register of

Members of National Restaurant
Association

40 Largest 225 institutions in the

United States

* Fruit and fish buyers.

12

Respondents

Consumers

Restaurants

Institutions



assumptions, we have relied heavily on sensitivity analysis. That
is, the sensitivity of conclusions--specifically the sensitivity of
the present worth of net benefits attributable to AEC's research
and development expenditures -- was tested by calculating net bene -
fits from a range of values for key variables. The most important
of the variables subjected to sensitivity analysis included radiation
processing costs, market demand, and economic benefits attribut-
able to radiation processing, e. g. , the proportion of total current
spoilage losses in each fruit that can be avoided in the future by
extending total marketing time or retail shelf-life. In addition, in
the analytical phase some conclusions had to be reached concern-
ing, on the one hand, the probabilities that a large number of inter-
dependent decisions by independent companies and groups would be
made in favor of radiation processing of foods, and on the other
hand the probabilities attendant to realization of the many assump-
tions made in the course of estimating prospective costs and
benefits.

Outline of the Report

An overview of the major study findings, their implications and program
recommendations follows this Foreword. The two sections of the report

immediately following the summary address themselves to issues that tran-
scend specific product considerations: Section III presents the results of
the consumer studies of attitudes toward the concept, consumption and
labeling of irradiated foods; Section IV presents corresponding attitudes
expressed by commercial food servers--restaurants and institutions--and
food retailers; Sections V through VIII present in turn salient findings that
relate specifically to the products examined (V. Finfish, VI. Tropical
Hawaiian Fruits, VII. West Coast Crab, and VIII. Bananas). The final sec-
tion of the report presents the detailed cost-benefit tables and constitutes
a detailed summary of the study as a whole.
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II. OVERVIEW

Consumer Attitudes

Intensive interviewing of consumers supplemented by a national survey of
homemakers' attitudes permits three broad conclusions:

1. The level of informed awareness concerning preservation of
foods by radiation is low (24% of consumers claim some aware-
ness; and only 6% grasp the concept correctly).

2. Consumers' initial response to the concept of irradiated foods
without further information or explanation shows a surprising
degree of acceptance. Thus, 11 per cent flatly state that they
would not buy, 36 per cent state that they don't know how they
would react and more than half (53%) state that they would buy
foods preserved by radiation.

3. After information about the process and reassurance is provided,
about four fifths of consumers (82%) appear to be accepting the
concept. Some of these would have sufficient confidence to buy
such foods immediately and others would wait for a while, but feel
that eventually they would buy such foods. Only about 1 out of 5
can be considered negative--they state that even after receiving
reassurance and more accurate information they would probably
or definitely not buy irradiated foods.

The overall picture is thus one of acceptance tempered with reservations.
The intensive interviews with consumers show that radiation effects in the
abstract are mysterious and somewhat frightening. They lose much of
their anxiety-provoking character, however, when radiation is considered
in connection with food preservation. Most of the remaining anxieties are
then effectively countered when the fact is made known that irradiated
foods will not be offered to consumers without prior FDA approval.

In our judgment, therefore, there will be quick acceptance of irradiated
foods by a minority of consumers (possibly one third) followed by gradu-
ally increasing acceptance by the large majority (the findings indicate that
this will go up to four fifths of consumers), and the balance will continue
to hold out. The fact that there may be active opposition and widespread
misinformation, however, could mobilize the anxieties the people have
about radiation in general. To minimize this danger, it will be important
to have a program of accurate information and reassurance.
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Trade Attitudes

A majority of the trade and institutional executives are receptive to the
idea of irradiation of food. This majority is made up of a relatively small
group (8%) which unequivocally favors the process, another 46 per cent
which will buy, sell and use irradiated fish if the FDA has approved it,
another 37 per cent who do not consider safety a problem and apparently
have no opinion or attitude toward irradiation of food, as yet. Finally,
there is a small group--9 per cent--who are determined in their opposi-
tion to the irradiation of foods.

A majority of the executives interviewed reveal a lack of knowledge about
irradiation. Most of them have little hesitation in admitting this limita-
tion and explain that they must rely upon the government for protection
with respect to the safety of food processing methods of all kinds. It
should also be noted that those executives who have experience with or
knowledge of irradiation (typically associated with larger food selling or
using organizations) are among the most favorable toward expanded radi-
ation processing of food. Simply stated, therefore, the more knowledge
the trade has about the process the more likely they are to recognize its
benefits and favor its use.

Finally, a preponderant majority of the executives emphasize their belief
that the consumers will accept and buy foods processed with irradiation
under FDA standards.

Product-by-Product Highlights

The following paragraphs review the major factors influencing the com-
mercial prospects for radiation processing of the six foods included in
the scope of this study, along with our appraisal of the public costs and
benefits that can be reasonably associated with commercialization.

Prospects for the Six Products

In summary, among the six products, positive net benefits and commer-
cial incentives to innovate with radiation processing appear most promis-

ing for two products--New England finfish and Hawaiian papaya. Within
the planning period for this study, the magnitude of the net benefits are
estimated to be notably larger and to occur sooner for finfish than papaya.

The need for the technical benefits of radiation processing of Hawaiian
mango (disinfestation) and Dungeness crab (extension of marketing life)
are clear. There are, however, market supply and industry
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considerations which rule out any possibility of early adoption of radiation
processing for these products.

In the case of the two remaining products, the technical advantages of
radiation processing of bananas provides insufficient commercial justifica-
tion to incur the (low) processing costs; the probability that a fresh mar-
ket for king crab will be developed within the next fifteen years is judged
to be extremely slight. The king crab industry is wholly based on canning
and freezing.

New England Finfish

Irradiation of finfish extends marketing life by two to three weeks over
that of the unirradiated product. The benefits from this extension can
take one or more of three forms:

1. Market expansion--The additional marketing time will make
inland markets practically accessible from coastal fish landing
ports. Based on consumer surveys, trade opinions, and trend
projections, an inland market for irradiated New England had -
dock, cod, flounder and sole on the order of 6 to 11 million
pounds per year can be developed by 1980. This compares
with a present market for fresh New England haddock, cod,
flounder and sole of 35 million pounds in 1965, of which about
10% represents the inland market.

Consumer research findings suggest that increased purchases
of (irradiated) fresh fish will come largely at the expense of
frozen products, much of which are currently imported. The
additional value to consumers from substitution of fresh for
frozen fish is estimated at approximately 12 cents per pound.
This benefit compares with the cost of radiation processing es-
timated at 1. 6 to 1. 2 cents per pound. Shipping costs of fresh
fish are approximately twice those for frozen because of the
weight of ice and containers. This is equivalent to about 3. 3
to 5. 3 cents per pound to Chicago. While some retailers would

have to invest in new storage equipment and hire additional
personnel to handle irradiated fresh fish, most report the prod-
uct could be handled with existing facilities and labor. Thus,
the net gain from sale of irradiated fish inland would approxi-
mate 5 cents per pound.

2. Reduced spoilage loss--Retail throwaways of fresh fish be-
cause of spoilage is comparatively modest. Most retailers

report no losses from throwaways. This experience is
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attributable to two practices in retailing of fresh fish: freezing
of fish prior to its reaching crucial spoilage points and short
buying of fish so that normal demand exhausts supply before
Friday or Saturday store closings.

Nevertheless, enough stores do report spoilage losses and re-
veal that they consider them a serious problem. For our sam-
ple fish product managers at the headquarters of 20 major
supermarket chains, representing more than 14, 000 stores,
the overall loss of fresh fish at retail from spoilage is projected
at 4 per cent of poundage. An additional small loss is incurred
in distribution to retailers. Since the retail sales value of fresh
fish is high, typically 69-79 cents per pound in Eastern markets
for the New England species of concern, avoiding even a small
portion of this loss by shelf-life extension has a high economic
benefit.

3. Reducing revenue foregone as a result of short buying. Approxi-
mately 69 per cent of all retail stores report that they buy con-
servatively to avoid fresh fish carryovers from Friday or
Saturday until Monday. The retail value of the revenue (or in-
tangible value of consumer satisfaction) foregone as a result of
this practice is unknown. Based on retailers' opinions and
conservative assumptions, the nominal retail value is placed at
10 per cent of fresh fish marketings. Shelf-life extension ob-
tainable from low-dose radiation preservation of fish can
sharply reduce this practice.

The net benefits calculated from the foregoing sources are compared with
AEC development costs at the end of this Overview.

Irradiation processing of fresh fish is economically feasible based on en-
gineering assumptions worked out with the assistance of Boston fish
processors. For example, a 21 million pound radiation facility located
on the Boston fish pier could cover estimated capital amortization, oper-
ating costs, and realize an attractive return on investment at less than
2 cents per pound, under practical operating assumptions.

Most significantly, and in contrast to most other product categories, ma-
jor commercial firms in fish processing and retailing have appraised

costs of entry, their opportunity, the risks and expected return from
innovation in radiation processing of fish and are enthusiastically awaiting

FDA approval of petitions. These firms are few in number but have in
our judgment the financial strength and demonstrated marketing and tech-

nical knowhow to optimize their chances for success. This conclusion is
buttressed by the fact that a detailed Department of the Interior study of
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the outlook for radiation processing in the fish industry states unequiv-
ocally that--"the majority of dealers at all market levels agreed that

commercial adoption of radiation pasteurization would serve the best in-

terests of the domestic fishing industry. "*

Thus, in terms of commercial incentives, prevailing attitudes, and pro-
jected public net benefits, we conclude that New England finfish is likely
to represent the first, large volume radiation preserved product to reach
consumers.

Approval of an already filed FDA petition, for which additional data have
been requested, is assumed for mid-1967. Commercial interest is suf-
ficiently advanced (largely as a result of the efforts of the United States
Bureau of Commercial Fisheries' commercial development work con-
ducted at Gloucester) to permit a prediction that an investment decision,
construction of a facility, and initial marketing can take place by 1969 or
1970. This sequence of events presumes, in addition to timely FDA
approval, that an effective informational program will have been initiated
up to twelve months prior to product marketing.

Hawaiian Papaya

Irradiation of papaya at 75 krads extends shelf-life approximately three
days. The primary benefit of the shelf-life extension is expected to take
the form of retail cost reductions now attributable to spoilage. Losses
attributable to impending or actual spoilage are estimated from a survey

of retailers at 11-1/2 per cent of the value of the fruit. Approximately
half of this loss results from reduced price sales to clear retailers'
shelves of ripe papayas and half from actual throwaways.

Hawaiian papaya destined for the mainland currently undergoes fumigation
treatment to meet USDA quarantine restrictions to control for fruit flies.

Radiation at a dosage of 75 krads is a more than adequate disinfestation
procedure. The costs of present fumigation treatments, which would be
displaced by radiation processing, is about . 25 to . 50 cents per pound.

The net benefits from irradiation processing of papaya which results in
shelf-life extension of three days are marginal. The value of the potential

retail saving is estimated at 1. 7 cents per pound of fruit. Irradiation

"Research Study Concerning Potential Effects of Radiation Processing

on Market Supplies and Structures of the Domestic Fishing Industry, "

U. S. Department of the Interior, January, 1966.



costs are estimated at 2. 8 cents per pound in the early years of commer-
cial operations and decline to about 1 cent later as the scale of operations
expands. This cost is partially offset by displacement of fumigation costs.
On balance, the present worth of benefits from retail cost reductions at-
tributable to radiation processing of papaya are about equal to estimated
radiation processing costs and AEC development costs, if the three-day
extension of marketing time cannot be improved upon.

Prospective benefits will be magnified substantially however if an exten-
sion of at least seven to eight days in marketing time can be achieved by
radiation processing alone or in combination with other distributional or
processing technology. Seven to eight days would make practical ship-
ment of papaya by surface vessel instead of air freight as at present. A
net economic incentive of 5-8 cents per pound of fruit could be realized by
shifting to surface from air shipments. This constitutes 10-15 per cent of
the typical retail price of Hawaiian papaya to consumers.

Unlike the New England finfish industry, commercial papaya interests are
not now attuned to the possible opportunities from radiation processing.
Leading growers are aware of University of Hawaii research programs,
but interest in radiation processing is, at best, at the curiosity level.
Similarly, the two West Coast importing firms who account for practically
all of Hawaiian papaya sold on the mainland have not given radiation
processing serious consideration. The presence of the Hawaii Develop-
ment Irradiator, to be completed early next year, will however focus its
commercial demonstrations on papaya and particularly on the feasibility
of the surface shipping option. If feasibility can be demonstrated, com-
mercial interest in a facility will be aroused.

The current lack of overt interest in radiation processing of papaya on the
part of commercial firms can be attributed largely to its remoteness.
There is a perceived need in the industry to find, as soon as possible, a
way of reducing papaya marketing costs.

Papaya marketers have been quite successful in developing the West Coast
market for this fruit in the past five years. Currently, the marketing
program is being extended to mid-Western and Eastern markets. The
major hurdle to repeating the West Coast success across the country is
papaya's high cost. Accordingly, surface shipment, if made possible by
radiation processing, will tap into an unmet need in the industry.

Sources of capital for a commercial facility are available in Hawaii and
managerial attitudes held by the mainland importing organizations are
such that one or the other of these organizations can be expected to pro-
vide leadership in moving ahead with a facility, if the existence of an
incentive is demonstrated.
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Irradiation processing of Hawaiian papaya is economically feasible based
on engineering estimates. The fruit is grown year round, mostly on the

Big Island of Hawaii. Thus a single facility located in Hilo could be used
efficiently. Processing costs are estimated at 1-3 cents per pound de-
pending on thruput, less . 25 to . 50 cents for present fumigation proce-
dures which would be displaced by radiation processing.

It should be recognized that there are competitive alternatives to radiation
processing by which the need to reduce costs might be met. One is the
possibility of lower air freight costs. Air freight costs will be 3 cents
lower than now if direct service is instituted from Hilo, Hawaii, thereby
eliminating the present cost of trans-shipment from Hilo to Honolulu.
Major airlines have new route petitions pending with CAB now. Except
for this change, no major reduction in Eastbound air freight rates is pre-
dicted. These rates are already materially below Westbound rates re-
flecting much heavier air freight traffic Westbound than Eastbound. A
second competing alternative to radiation processing which might make
surface shipment of papaya practical is controlled atmosphere technology.
This technology, however, is in an early state of development also.

In summary, considerable uncertainty surrounds the prospects for com-
mercialization of radiation processing of papaya. Nevertheless, the
commercial need', technological benefits, industry climate, the growing
season, and concentration of the crop largely in one location are all in the
right direction for adoption of the process. Moreover, from the viewpoint
of public benefits, conservative assumptions suggest a breakeven return
to AEC's investment if the process is commercialized. More optimistic
assumptions, which depend on extending marketing time to permit surface
shipment, suggest the possibility of considerably higher net benefits rela-
tive to public development costs.

Hawaiian Mango

If radiation processing of papaya is commercialized, a spill-over benefit
can take the form of development of export markets for mangoes.

The interest in radiation processing of mangoes stems from two facts.
First, Hawaiian mangoes are felt by many experts to be superior to
Mexican, Florida and varieties from other sources. In all probability, a
mainland market of significant magnitude could be developed, if appropri-
ate marketing support were forthcoming. The taste of mango is described
as a cross between melon and peach and is quite appealing to those famil-
iar with it, based on our consumer survey. Second, radiation processing
is the only known means of disinfesting Hawaiian mangoes for seed
weevils. The seed weevil is peculiar to the Hawaiian fruit.
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Despite these favorable considerations, it is highly unlikely that public in-
vestment in development of radiation processing of mango can produce
significant positive benefits within the planning period of this study (to
1980), for the following reasons:

1. There is no commercial mango crop in Hawaii at present,
beyond a few operations totaling less than 300 acres.

2. Decisions to develop a commercial crop cannot be expected
until after the seed weevil problem is solved. The payback to
commercial development would be long in coming, since ap-
proximately five years are required before mango trees bear
fruit and fifteen years for them to mature.

3. The harvest season lasts only two to three months so that an
irradiation facility installed just for mango could not be used
economically.

4. If commercial mango farms were developed, they would prob-
ably not be located on the Big Island where papaya is grown--
and where a papaya irradiator would most likely be located--
because mango requires considerably less rainfall and differ-
ent soil conditions than papaya.

The incremental costs of radiation research for mango, given emphasis
on papaya, are quite small and probably justified by the very long-term
outlook. Without papaya, however, the prospects for commercializing
radiation processing of Hawaiian mangoes are altogether too remote to be
given serious consideration.

West Coast Dungeness Crab

Dungeness crab is a delicacy favored by many on the West Coast. A sub-
stantial portion of landings is sold to consumers and institutions in its
fresh form and the remainder in frozen form. The product in fresh form
has a shelf-life of about four days. The quality of the fresh product is
acknowledged to be substantially superior to that of the frozen, which de -
teriorates month-by-month after freezing. Irradiation can extend the

marketing time of the fresh product, thereby making it feasible to reach
a broader market than at present.

The probability that radiation processing of fresh Dungeness crab can be
commercialized, however, is considered by industry people to be quite
low, for the following reasons:
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1. Supplies of Dungeness crab in West Coast fishing markets are
not large and have tended to decline in recent years for un-
known biological reasons (to 6-7 million pounds, edible weight
in recent years).

2. The catch is landed at many ports along the West Coast; con-
centration of production at a single location is insufficient to
justify a large -scale irradiation operation.

3. More important, the crab season lasts only about six months,
making economic use of a facility impossible (unless the fa-
cility was based mainly on processing of other marine
products).

4. The Dungeness crab industry consists mainly of small fisher-
ies. Dungeness crab firms with the financial and capa-
bility to innovate in a process such as radiation are located
in Alaska where their operations are more often based on can-
ning and freezing, rather than on fresh crab.

Thus, while the Dungeness crab industry could conceivably benefit from
shelf -life extension, limitations on supply, particularly, but also the
structure of the industry, the seasonal problem, and dispersion of land-
ings along the coast indicate the prospects for developing commercial-
ized radiation processing within the time period of this study are poor and
that virtually no public benefits can reasonably be foreseen from develop-
ment of this product.

King Crab

The prospects for radiation processing of Alaskan king crab are at pres-
ent nil. The factors underlying this conclusion are, however, completely
different from those relevant to Dungeness crab. In contrast to
Dungeness crab, no commercial market for fresh king crab exists. The
industry sees neither a need nor basis for developing one. Rather the
king crab industry is based entirely on canning or freezing. The frozen
product is of high quality and quality is maintained well with freezing and
canning for as long as a year.

The center of the king crab industry is Kodiak, Alaska. Industry people
point out that even if a basis for developing a fresh market existed, it
would have to rely on air freight. The detectable differences in taste be-
tween fresh and frozen king crab would not, in their opinion, justify the
additional transportation costs.

22



Bananas

The prospects for the commercialization of irradiation processing of
bananas destined for sale in the United States and Canada are, in our
judgment, very poor. The reasons for this outlook are:

1. The reduction in "ripes and turnings" afforded by irradiation
is not important to the grower or importer because losses
due to these factors are very small. An important considera-
tion is the fact that new varieties are replacing the traditional
Gros Michel as the principal type of banana exported. The
varieties have much lower "ripes and turnings" than Gros
Michels.

2. The reduction in shrinkage offered as a benefit to the retailer
is not considered sufficient to spur his interest in irradiation
because losses due to shrinkage are less than 8 per cent of
total potential sales and there are alternative packaging solu-
tions which are cheaper and less difficult than irradiation.

The cost-benefit tables, at the end of the report, extrapolate to 1980 the
detailed comparison of irradiation processing costs as against potential
benefits to be realized by importers, retailers, and consumers. Under
reasonable spoilage and process-cost assumptions, these tables show
costs of irradiation to be significantly higher than the measurable bene-
fits that may be derived therefrom.

Summary Cost-Benefit Estimates

Detailed cost-benefit tables were developed for New England finfish,
papaya and bananas. Tables were not prepared for mangoes, Dungeness
crab and king crab because of the near certainty that radiation processing
cannot be brought to commercialization in these products, under pres-
ently practical assumptions. For the three products for which tables
were prepared, net benefits were calculated from a range of assumptions
covering key variables.

The table below compares estimates of the present worth of net benefits
based on "best bet" estimates for the three products. Detailed considera-
tions underlying these estimates are described in the sections of the
report dealing with each product. In preparing the estimates, every
effort has been made to avoid double-counting and transfers. Annual
values have been discounted to present worth at a 10 per cent rate. Re-
sults of discounting AEC development costs at 5 and 15 per cent did not
change basic conclusions.
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As the table indicates, net benefits from commercializing radiation proc-
essing of New England finfish promise to be considerable. These mainly
reflect reduction of spoilage losses and loss of revenue attributable to
short buying. The benefits attributed to sale of fresh fish inland are more
modest under our assumptions--in part because of offsetting transfers be -
tween fresh and frozen fish. The benefits shown are after deduction of
radiation processing costs and higher costs of shipping fresh (rather than
frozen) fish.

The AEC costs assumed for 1967 -69 to develop commercialization of fin-
fish are modest in comparison with benefits. It is assumed New England
finfish can be commercialized by 1969.

In the case of papaya, benefits represented in the table are entirely attrib-
utable to cost reductions at retail from a three-day shelf-life extension
(lower losses from throwaways and reduced-price sales). In contrast to
finfish, for which the bulk of development costs were incurred in earlier
years (1960-1966), papaya development expenses lie mainly in the years
ahead (1967-1970). Thus, net benefits are estimated to about equal AEC
development costs. Commercialization is assumed for 1970. If, as noted,
further shelf-life extension can be demonstrated, the surface shipment
option would yield greater net savings (benefits) and produce a more attrac-
tive benefit-cost ratio.

For bananas, the estimated cost of radiation processing exceeds the po-
tential savings estimated from reduction of retail throwaways and
reduced-price sales.

WORTH OF NET BENEFITS, 1967-1980

(In Millions of Dollars)

Net AEC Development

Benefits Costs

New England finfish $ 9 - 11 .8 (1967-1969)

Papaya and mango .8 . 7 (1967-1970)

Bananas -43 to -72 * Nominal

* Processing costs exceed benefits.
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PROGRAM RECOMMENDATIONS

This section has two parts:

1. A brief summary which outlines our key recommendations;

2. The remainder of the section which elaborates upon the recom-
mendations and spells out the reasoning upon which they are
based.

Key Recommendations

1. The AEC food irradiation program should be continued because
it appears likely that commercialization can be achieved on
selected products with benefits to the United States taxpayer
which will exceed costs of the government activity. For the
finfish and papaya, for example, the net benefits exceed costs
by approximately $10 million in the 1967 -1980 period.

2. The commercialization objective should be narrowly defined.
We believe that many companies in many industries will adopt
radiation processing as soon as a very few companies in a few
industries have shown that it is profitable and practical. This
means, as we see it, that AEC can work on relatively few
products to provide the "seeding" necessary.

3. The relatively few products to be included in the AEC program
should be those for which well-defined markets now exist. We
are suggesting that the market needs play a considerably more
important role than product research interest in the program's
emphasis.

4. The funding of the program should be at a lower rate than fis -
cal year 1967 because fewer products would be included and
also because of the limited definition of commercialization.
We suggest that the AEC discontinue its program efforts on
Dungeness crab, king crab, and bananas (3 of the 6 products

studied) because of the negative cost/benefit relationships
revealed. We are not able to provide similarly specific rec-
ommendations with respect to products in the AEC program
which were not studied. Therefore, we are not able to specify
an exact funding level.
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5. The studies among consumers, the trade and the industries af-

fected by the AEC program reveal clearly a need for a govern-
ment sponsored information program limited in scope. The
need for the information program results from the fact that
most people will buy or sell irradiated foods only if they are
assured of their safety by the government.

Discussion

AEC requested that program implications of three funding assumptions be
examined: (1) phasing out the food irradiation program in fiscal year
1967; (2) continuation at approximately current levels; and (3) continua-
tion at some intermediate level.

The most crucial consideration underlying this budget recommendation
concerns the definition of the "commercialization" objective. Commer-
cialization can be taken to mean one private organization has adopted the
process. At this point, we do not know the extent to which a single firm's
decision would be emulated by competitors and by companies in noncom-
peting product areas.

Nevertheless AEC's objective of commercialization radiation processing
of foods is obtuse unless the concept of "commercialization" is brought
down to the realities of the industries which are considered prospective
users of radiation technology.

During the course of the study, the logical and likely investors in radia-
tion processing in each of the six product categories studied were identi-
fied. On a product-by-product basis, radiation processing would be
"commercial" if the following numbers of firms were to decide to adopt
the process for all or part of their shipments to their customers:

1. New England finfish--One major Boston processor and shipper
whose decision would be watched and probably emulated in
other fishing ports.

2. Papaya and mango--One or two fruit cooperatives and import-
ers who account for virtually all of the mainland sales of
Hawaiian papaya.

3. Dungeness and king crab--One or two leading packers of pri-
marily king crab, who also pack and market Dungeness crab.
There are many small king crab packers, but only the leading
three or four are judged capable of successfully adapting a
process like radiation treatment.

4. Bananas--At least one of the two major importers.
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As to funding level, the present degree of commercial interest is too tenu-
ous to suggest commercialization will follow if AEC's program is termin-
ated in fiscal year 1967. The few concerns who have evaluation programs
of their own are not likely to continue them if AEC does not see products
of interest to them through FDA approval.

On the other hand, this study suggests no basis for expanding the food
irradiation program. On the contrary, the six-product review indicates a
need to narrow the scope of AEC's program to those products for which
clear commercial needs can be demonstrated for the benefits of radiation
preservation. Accordingly, we recommend serious consideration be given
to instituting several procedures for screening presently supported prod-
ucts with a view to dropping work on the least promising ones. The same
procedures are recommended for any new products considered for AEC's
program.

The implication of this recommendation is that the program can be scaled
back without reducing the net public benefits that can accrue ultimately
from commercialization of the food irradiation process. For the six
products included in this study, this recommendation would involve aban-
donment of the crab and banana programs and minimal support of mango.
Work on strawberries, finfish, and papaya should continue. If only these
three products are brought to commercialization in the next five years, it
would be our view that AEC's objectives have been realized. Since
many unknowns still surround these products, and will until FDA approval
is received and commercial investment decisions have been made, it
would be prudent also to continue to support a few of the more promising
other products in AEC's current program which satisfy the criteria de-
scribed in the Overview section of this report.

Publicity Program

A program to familiarize food editors of newspapers, magazines and
other media with the nature and benefits of food irradiation should be pre-
pared. The emphasis should not be defensive, but rather simply factual.
The facts of greatest interest to consumers are (1) that FDA approval of
radiation processed foods is required before they can be offered for sale
to consumers, (2) that radiation preservation is not unlike other forms of
radiation treatment with which consumers are familiar (the bacteria re -

ducing effect of heat radiation--cooking--for example, can be called to

* Dehydrated soups were not a subject of this study, but in the course

of our conversations with industry people we became convinced that
radiation processing of these products is likely to be commercialized.
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attention), and (3) that radiation processed foods are stored and prepared
just like fresh foods.

Whatever publicity is released should be prepared in light of the fact that

most consumers have neither positive nor negative attitudes toward the
idea of radiation processing of foods at the present time. Most have little
awareness or concern over how their foods are processed or preserved,
except as reflected in appearance and taste. They do have confidence in

governmental food control procedures and the integrity of food retailers

and brands. Accordingly, the role of the publicity program should be to
provide a hedge against a potential flare-up of apprehension based on mis-
conceptions. Otherwise the best strategy in marketing irradiated foods
to consumers, based on present attitudes, appears to us to involve simply
offering the foods with appropriate labels. The survey findings with re-
spect to labeling favor use of a phrase which includes the familiar word
"Pasteurized, " e. g. , "Pasteurized with ionizing energy" or "Pasteurized
with ionizing radiation. "

Product Screening

Thus far, AEC's food irradiation program has had a stronger research
orientation than market orientation. At this juncture it is recommended
that emphasis be shifted toward specific, existing product needs.

The commercial opportunity for irradiated foods was found to vary ma-
terially among the six products included in this study. At one extreme,
the opportunity for finfish is seen as relatively good because of both
market-expansion and cost-reduction possibilities. At the other extreme,
Hawaiian mango opportunities are remote for lack of commercial farms
and king crab opportunities are remote because the industry sees no need
to develop a fresh market.

Now that the general kind of benefits from irradiation are known, it should
be possible to prescreen products and determine those products having the
more severe needs for marketing-time extension and other benefits from
radiation preservation. For example, a major opportunity for papaya
cost reduction would result from being able to ship by surface rather than
air. This requires a seven to eight day extension in marketing time and
represents a clear-cut goal towards which research can be directed.

The market research effort required to develop product-need specifica-
tions is relatively small and inexpensive. The type of information sought
can usually be obtained from three or four large processors and a similar
number of large supermarket chains.
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Accordingly, if the a priori screening criteria cited previously are
brought to bear along with limited market research studies, a hierarchy
of products based on the commercial prospects for application of radiation
processing could be developed.

In terms of the six products studied here, it is recommended that re-
search on finfish and papaya be continued, that the crab products and
bananas be dropped, and that Hawaiian mangoes be supported by a mini-
mal program run in conjunction with the papaya. A hierarchy developed
for other products may suggest a different emphasis on the products pres-
ently being supported, and that some products should be added and others
removed from the number now receiving AEC support.
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III. CONSUMER ATTITUDES

This chapter presents the study findings with respect to consumer knowl-

edge of and attitudes toward radiation processed food; the findings on
consumer response to alternate methods of labeling irradiated food are
also included.

In brief, the research among consumers reveals that:

1. Knowledgeability about radiation processed foods is at a rela-
tively low level at the present time. About 6 per cent of con-
sumers now understand what the process is and can do; an
additional 18 per cent are familiar with the term but are
either uninformed as to its meaning or are misinformed.

2. There is little evidence of widespread resistance to the con-
cept of radiation processing. Taking all the data into account,
it would appear that only between 15 per cent and 20 per cent
of consumers reveal real hesitation about trying irradiated
foods (after a brief explanation). Resistance is concentrated
among older, lower income, less well-educated women.

3. FDA approval, signifying the approval of the government, ap-
pears to be a vital element in reassuring consumers about
radiation processing.

4. Assuming FDA approval, a low key education program, repli-
cating the content of the briefing given during the survey,
would appear to be all that is required to reassure consumers.

5. The label phrase "Pasteurized with ionizing energy" appears
to represent an optimum approach to being both descriptive
and reassuring. "Pasteurized" and "energy" are both words
with essentially positive connotations. "Irradiated" and
"radiation, " as words, appear to stimulate latent fears and

concerns.

Research Method

The work among consumers involved three different research methods:

1. Qualitative research, utilizing both individual in-depth case
histories and focused group discussions in a number of
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different regions of the country. The qualitative research was
carried out in two "waves, " the second wave drawing upon the
insights derived initially. In this way, a full exploration of
consumer knowledge of, attitudes towards and concerns about
radiation processing was accomplished.

2. A quantitative survey, among 627 randomly selected home-
makers, representative of all United States households.

The survey sample employed the following design elements:

a. The United States was divided into three basic re-

gions reflecting fish availability considerations:

1. "Coastal East"--including the following
five Census regions: New England,

Middle Atlantic, South Atlantic, East
South Central and West South Central.

2. "Midwest" (Inland) -- including the East
North Central and West North Central
Census regions.

3. "West" (Pacific Coast) -- including the
Mountain and Pacific Census regions.

b. The consumer sample was divided equally among
the three basic regions. 'This was done to maxi-
mize the sample sizes of the West (Pacific Coast)
and Midwest (inland) subsamples, within the frame -
work of the agreed-upon sample size. The inter-
views were statistically weighted to bring the
regional samples into proper balance.

c. Within each basic region, the particular cluster
frames in which interviewing was conducted were
based on the Daniel Yankelovich, Inc. national
probability sample frame, updated in 1965.

d. Nonresponse was handled through weighting ac-
cording to not-at-homeness data (random time
weighting).
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e. The survey data are based on 2, 939 cases--reflect-

ing the geographic and not-at-home weighting*--and
are reflective of the total United States household

population.

The line of inquiry dealing with radiation processing included:
awareness of the process; knowledge of the process; attitudes

toward the process, both before and after communication of
specific information about radiation processing to the respond-
ents; and, consumer reaction to seven alternate "labels. "

3. An experimental study, among over 100 consumers, designed
to assess consumer response to labels under conditions simi-

lar to a retail store. This experiment was carried out at the
Daniel Yankelovich, Inc. Communications Research Clinic in
Upper Montclair, New Jersey which includes a supermarket
replica as one of its facilities.

In this supermarket replica, displays were built of foods
labeled with seven alternate ways of presenting radiation proc-
essed foods. Consumers were exposed to the displays and
were asked about their reactions in the context of a simulated
store situation.

The findings developed through the three research methods have been inte-
grated in the discussion that follows.

The following shows the sequential weightings by region:

Number of Adjusted for Adjusted to Actual

Region Interviews Not-at-Homes Population Distribution

East 210 512 1,608

Midwest 211 536 820

West 206 511 511

Total 627 1,559 2,939
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Detailed Findings

Consumer Knowledge About Radiation
Processing of Foods

1. About 1 in 4 (24%) of the consumers interviewed in the national
survey stated that they had heard of radiation processed food.
Better educated women and those with higher incomes report-
edly were more familiar with the term than those in the lower
socioeconomic stratum.

(See Table III-1)

2. Further questioning revealed that the majority (44%) of those
who claimed familiarity with radiation processing of food, in
fact, had no real understanding of the process. Only a little
more than a quarter of those familiar with the term had any
real perception of what it means. (This amounts to 6 per cent
of all United States housewives.) And, another fourth of those
who reported familiarity with the term, radiation processed
foods, revealed misunderstanding in their efforts to explain it.

(See Table 111-2)

3. Understanding of the process was most frequently expressed
in terms of "a method of preserving food. " Lack of under-
standing was related to confusion both about the radiation
process (ideas about chemicals, fumigants, etc.) and about re-
sults (ideas about tenderizing, dehydration, etc. ). In addition,
about 5 per cent included in their discussion of the term,
"radiation processed foods, " the belief that the process was
poisonous or harmful.

(See Table 111-3)

4. Television, magazines and newspapers were the most fre-
quently named sources of awareness of radiation processed
foods. Of those familiar with the term,

... 33 per cent said they had heard about it on television.

... 25 per cent named magazines.

... 16 per cent named newspapers.
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... 5 per cent said they had heard about it from friends
and relatives.

... 4 per cent named radio.

... 3 per cent named schools and universities.

Attitudes Toward Radiation Processed Foods

5. Those consumers who reported in the survey that they had
heard of radiation processed foods (24%) were asked if they
would eat foods processed in this way. More than half (53%)
said they would--only 1 in 10 expressed a negative attitude.
This reaction should be considered in the light of the fact that
only a small proportion familiar with the term radiation proc -
essing knew anything about what the term means. Among
those few in this group who did understand the process, al-
most three-fourths (72%) said they would eat radiation proc-
essed food compared with less than half (46%) among those
who said they had heard the term but were found to have no
real understanding of it. Receptivity appears to be relatively
greater in the West (known to marketers as a precursor area)
and among the better educated groups.

(See Table 111-4)

6. This survey evidence of general receptivity to the idea of
radiation processed food confirms the qualitative research
findings. Of about 60 women interviewed in depth--about 6
out of 10 stated that they approved of this new process after
a very brief explanation of the term was provided to them.
Interestingly, the qualitative work revealed greatest resist-
ance to this processing innovation among women over 55 years
of age, and--like the survey--greater acceptance of the new
process among the better educated segment.

7. The depth interviews and focused group discussions conducted
in the qualitative research step provided an unlimited oppor-
tunity for respondents to voice their concerns and questions
about radiation processed foods. The most prevalent concern
revolved around the possibility of harm and injury to health,
with cancer being overtly named by a minority. Interestingly,
the second most frequently mentioned concern was that radia-
tion processed foods might possibly be more expensive. Some
women also wanted to know if the vitamin content and/or gen-
eral nutritional content of the foods would be adversely
affected.
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8. The national survey data confirm the finding that fear about
possible health hazards is a major deterrent among those
women who did not say "yes" to the question "Would you eat
radiation processed foods?" (About half--47%--either said no
or expressed uncertainty.) In addition, a substantial propor-
tion of this group reported that their resistance was based on
insufficient information.

(See Table 111-5)

9. On the positive side--the qualitative research revealed that
the major consumer benefits associated with radiation proc -
essing are:

. .. Lower prices.

... Greater availability of new foods and year-round
availability of seasonal foods.

... Longer life in the home, reducing frequency of mar-
keting and danger of spoilage. Some women also men-
tioned the possibility of freeing up refrigerator space
in this connection.

10. After the initial determination of attitudes had been made, the
consumers interviewed in the survey were provided with the
following information, and then asked once again whether or
not they would eat radiation processed foods.

"1. For Approval - All of these products must receive
FDA approval before they can be marketed to the
consumer. This approval will be granted only
after extensive studies which include feeding tests
to animals, taste tests, nutritional evaluations,
residual radiation level tests, etc.

2. Safety - Gamma rays pass through the food but are
not retained. Radiation processed food is not
radioactive.

3. Taste - Radiation processed foods do not differ in
flavor or appearance from fresh foods.

4. Preparation and Storage - You prepare radiation
processed foods just like fresh foods--no special
preparation or handling is necessary. They can
be frozen or refrigerated like fresh foods.
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5. Availability - These products will not be available
for three or four years.

6. Public Information - Programs will be undertaken
to inform the public on the safety and benefits of
utilizing radiation processed foods.

7. Consumer Benefits - Radiation processed foods
may make possible shipment of a larger variety of
certain fresh foods to parts of the country that are
now too distant from growing or fishing areas. "

After absorbing this information, about 57 per cent stated that
they would eat radiation processed foods. This can be com-
pared with two other figures: (1) among those few who had
heard of radiation processed food and had an accurate under-
standing of the process (only 6% of the sample), 72% say they
would eat radiation processed food; (2) among those who said
they had heard of radiation processed food but had no infor-
mation or had misinformation about the process (18% of the
sample), 46% say they would eat radiation processed food.

Those Claiming Familiarity With Total Sample,

"Radiation Processing" After Exposure to
Have Have No or Incorrect Some Facts About

Understanding Understanding Radiation Processing

(6%) (18%) 100%

10 0/0 Olo

Total 100 100 100

Yes, Would eat 72 46 57

No, Would not eat 8 12 17

Not sure 20 42 26

The above table suggests that exposure to detailed information
will reduce the group "on the fence"--probably in the direction
of increased acceptance of the process among key consumer
groups. Again, there is evidence that resistance will be con-
centrated among older, less well-educated, less affluent
women.

(See Table 111-6)
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11. Those respondents who--after exposure to some facts about
radiation processing (as described earlier) -- said that they
would eat foods processed in this way were asked to name the
information that had been most important. Approval by FDA,
reassurances about safety, and parallels with fresh foods
(flavor, storage, preparation) were cited as the most com-
pelling facts.

(See Table 111-7)

12. The survey evidence about the importance of FDA approval
confirms findings emergent from the qualitative research.
The depth interviews and group discussions revealed that FDA
approval--as representing assurance by the government--
would be a particularly reassuring element. FDA approval
appears to connote extensive testing and high standards--both
connotations operating to reduce generalized anxiety and con-
cern about innovations in general and radiation processed food
in particular.

13. Even after the briefing (as described earlier), however, fear
about health hazards and the expressed need for still more in-
formation were the major deterrents to a positive statement
about radiation processed food among the 43 per cent who said
that they would not eat radiation processed food, or who were
not sure one way or the other.

(See Table 111-8)

14. As the final question' in the series after the briefing, the sur-
vey respondents were asked to choose among four statements,
summarizing attitudes toward radiation processed foods. The
four statements presented as alternatives were:

'When radiation processed foods become available:

1. I would try them without hesitation.

2. It would take awhile to convince me radiation
processed foods were safe, but I'd probably
try them eventually.

3. I would probably never be convinced radiation
processed foods were safe enough for me to use.

It's doubtful that I would try them.

4. I absolutely would not try radiation processed

foods. "
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About 3 out of 10 women said they would try radiation processed

foods without hesitation and an additional 53 per cent acknowl-
edged that they would eventually try them. Only 6 per cent
stated that they definitely would not try them. Such resistance
as was reported was again most noteworthy among the less
well-educated, lower income, older women.

(See Table 111-9)

Attitudes and Reactions Toward Labeling

The research, specifically, assessed consumer reaction to seven possible
label phrases:

1. "Treated with ionizing radiation."

2. "Treated with ionizing energy. "

3. "Processed with ionizing radiation.

4. "Processed with ionizing energy.

5. "Irradiated. "

6. "Pasteurized with ionizing radiation.

7. "Pasteurized with ionizing energy. "

As described earlier in this chapter, two separate research methods were
used to evaluate these label phrases: an experimental study among 106
women, using displays in a store replica and a series of questions in the
national survey.

15. Insights into the connotations of key words used in the label
phrases were derived from women's free responses during the
experimental study. In brief, the key words were thought of
as follows:

"Treated" - "Processed" - The women agreed that
these were words which frequently appeared on
labels of produce currently found on their grocer's
shelves. Precisely what either word meant nobody
could say. There was general agreement however
that both words in this particular context.implied
tampering in some way with food. Several women
were more definitive and claimed that treated was
a method by which undesirable food was made more
desirable.
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... "Pasteurized" - Pasteurized was a safe, acceptable
word familiar to the milk-buying respondents. As
understood by them it means heating, sterilizing or
purifying.

... "Energy" - Though obviously a preferred word, ac -
cording to the respondents had only some obscure
association with vitamins, health or the sun's rays.

"Ionizing" - Of the total collections of words, this
was the one which was virtually unknown. Most
women stated that they had no idea what the word
meant. Several women got confused with the iodiz-
ing process, but a couple of the women were able
to make a feeble connection between it and atomic
energy and/or the world of science.

... "Radiation" - Without question, this word produced
the greatest amount of agitation and apprehension.
Whereas the other words mentioned were only pro-
vocative, this was frightening. The women verbal-
ized thoughts of the bomb, radioactivity, and a
negative scared feeling about anything which em-
ployed this word. The respondents were almost
unanimous in their agreement that the word was
fraught with frightening implications.

... "Irradiation" - Although this word was considered
suspect, and frightening too by most women, there
were those who saw it in a more positive light.
Some women associated "irradiation" with sun rays
and almost a dozen women defined "irradiation" as
the process by which radiation was removed from
contaminated food, and thereby made edible.

16. The connotations of the key words in each test label provide
understanding of consumer reaction to the labels, upon seeing
them displayed on foods in the supermarket replica. The
labels evoking the most positive response were:

"Pasteurized with ionizing energy"

"Processed with ionizing energy"

Labels including the words "irradiated" and "radiation" were
responded to negatively.

(See Table III-10)
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17. After a brief explanation of radiation processing, the same

respondents (in the experimental study) were asked to select

among the seven labels the one that best described the process

and those that were least effective in describing the process.

"Pasteurized with ionizing radiation" emerged as the best
label in terms of descriptive value. Interestingly,
"Irradiated" was selected as a good descriptive word by a

significant proportion--but was also faulted by an even
greater proportion.

(See Table III-11)

18. The survey data confirm the label "Pasteurized with ionizing
radiation" as the "most meaningful" among the seven. (This
does not necessarily imply the greatest appeal, but rather
again attests to the descriptive power of the phrase.) The sur-
vey data also confirm the response to "Irradiated" noted in the
experimental study. However, the survey respondents also
selected "Pasteurized with ionizing energy" as being essen-
tially as descriptive as "Pasteurized with ionizing radiation."

(See Table III-12)

Considering all the evidence, the phrase "Pasteurized with
ionizing energy" might represent an optimum balance between
immediate appeal (revealed by the experimental study) and
descriptive power (revealed by the survey).
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TABLE IIl-1

"HAVE YOU EVER HEARD OF RADIATION PROCESSED FOOD? "

Yes, No, Number of

Have Heard Have Not Heard Cases

%/ 0/ No.

Total United States 24 76 2, 939

Region

Coastal East 23 77 1,608

Midwest 25 75 820

West 23 77 511

Age of Respondent

Under 35 years 21 79 908

35 - 54 years 24 76 1,235

55 years and over 27 73 796

Educational Level

Less than high school degree 15 85 1,268

High school graduate 28 72 1, 016
Some college 31 69 404
College degree and more 39 61 224

Annual Family Income'

Under $5,000 19 81 1,180

$5,000 - 7,499 23 77 780

$7,500 - 9,999 32 68 523

$10, 000 and over 27 73 349

i1

* Those whose educational level and/or income was not ascertained are included in the total, but are

not shown separately.



TABLE 111-2

SUMMARY OF INFORMATION ABOUT RADIATION PROCESSED FOODS

(Among those who reported that they had heard

of radiation processed foods)

(Number of Cases)

Total Reporting

Heard the term "radiation processed foods"--
do not have any further information

Reveal understanding of the term

Reveal misconceptions/misunderstanding
of the term

Not specified

42

Total

(697)

100

44

27

26

3

1o



TABLE 111-3

"WHAT DO YOU KNOW ABOUT RADIATION PROCESSED FOODS? "

(Asked of those who reported that they had heard

of radiation processed foods)

(Number of Cases)

Total Reporting

A method of preserving food
Rids food of germs, bacteria
Adds to/maintains food value

Increases the size of produce

Makes food more flavorful

The process of the future

Misconceptions about the process: use of chemicals,

fumigants, refrigeration, etc.

Misconceptions about results: tenderizes, dehydrates,

etc.

Poisonous, harmful

All other explanations

No information about what radiation processed

foods mean

43

Total

(697)

0

100*

23

6
4

2

1

3

13

7

5

4

47

* Percentages add to more than 100Y/o due to multiple response.



TABLE 111-4

"WOULD YOU EAT RADIATION PROCESSED FOOD?"

(Asked of those who reported that they had heard

of radiation processed foods)

Would Number

Would Not Don 't of
Eat Eat Know Cases

10/ 0 0o No.

Total Reporting 53 11 36 697

Region
Coastal East 51 13 36 375

Midwest 53 8 39 205

West 60 14 26 117

Age of Respondent
Under 35 years 52 2 46 187

35 - 54 years 56 18 26 298

55 years and over 50 10 40 212

Educational Level

Less than high school degree 43 20 37 193

High school graduate 48 6 46 289

Some college 61 12 27 127

College degree and more 78 10 12 88

Annual Family Income *
Under $5, 000 45 12 43 228
$5,000 - 7,499 65 6 29 177
$7,500 - 9,999 53 15 32 167
$10, 000 and over 58 9 33 93

44

* Those whose income was not ascertained are included in the total, but are not shown separately.



TABLE 111-5

REASONS FOR NOT EATING RADIATION PROCESSED FOODS

(Asked of all who did not say that they would eat

radiation processed foods)

(Number of Cases)

Total Reporting

Fearful; safety must be proven first

Convinced the process is not safe

Need More Information Before Trying

Want information in general

Want information about the process

Want information about the effect on food

Prefer fresh food

Concerned over high cost

Other concerns, resistances

Reason not specified

45

Total

(327)

/0

100*

46

6

31

26

23

8

4

7

2

* Percentages add to more than 100 /o due to multiple response.



TABLE 111-6

"IN VIEW OF THIS INFORMATION..... WOULD YOU EAT FOODS

PROCESSED BY IRRADIATION OR NOT? "

(Asked after briefing)

Would Number

Would Not Don 't of

Eat Eat Know Cases

o O 010 No.

Total United States 57 17 26 2,939

Region

Coastal East 53 18 29 1,608
Midwest 60 16 24 820

West 63 16 21 511

Age of Respondent

Under 35 years 62 60 45 908

35 - 54 years 20 16 15 1,235
55 years and over 18 24 40 796

Educational Level *
Less than high school degree 43 18 39 1,268
High school graduate 69 16 15 1, 016

Some college 62 20 18 404

College degree and more 68 12 20 224

Annual Family Income *
Under $5, 000 46 17 37 1,180
$5,000 - 7,499 57 20 23 780
$7,500 - 9,999 72 13 15 523
$10, 000 and over 67 20 13 349

46

* Those whose educational level and/or income was not ascertained are included in the total, but are not

shown separately.



TABLE 111-7

"WHAT INFORMATION..... IS MOST IMPORT ANT TO YOU? "

Reported After Briefing

(Asked of all who said--after briefing- -that they

would eat radiation processed foods)

(Number of Cases)

Total Reporting

Principal Responses

FDA approval of products

Parallels to Fresh Foods

Flavor same as fresh foods

Storage like other fresh foods

Preparation like other fresh foods

Appearance same as fresh foods

Foods Are Safe to Eat

Safety, unspecified

Not radioactive

Gamma rays are not retained

Greater Availability

Makes larger variety of foods available,

seasonal products available

Percentages add to more than 100Po due to multiple response.

47

Total

(1, 663)

010

100*

35

25
16

15

5

18

18

10

21



TABLE 111-8

REASONS FOR NOT EATING RADIATION PROCESSED FOODS

Reported After Briefing

(Asked of all who did not say- -after briefing- -that

they would eat radiation processed foods)

Total

(Number of Cases) (1,274)

00

Total Reporting 100*

Fearful; safety must be proven first 46

Convinced the process is not safe 5

Need More Information Before Trying

Want more information in general 49

Want more information about the process 7

Want more information about the effect on food 8

Prefer fresh food 14

Concerned over high cost 1

Other concerns, resistances 1

Reason not specified 2

48

* Percentages add to more than 100% due to multiple response.



TABLE 111-9

SUMMARY OF ATTITUDES TOWARD RADIATION PROCESSED FOODS

(Asked after briefing, using a multiple-choice exhibit)

Would Doubt- Defi-

Try Would ful nitely

Without Try That Would Not Number
Hesi- Even- Would Not Speci- of

tation tually Try Try fied Cases

10 fo o To %o %No.

Total United States 29 53 10 6 2 2,939

Region
Coastal East 25 54 13 6 2 1,608

Midwest 34 51 8* 6 1* 820

West 35 51 7 7 - 511

Age of Respondent
Under 35 years 33 52 9 5 1 908
35 - 54 years 27 58 8 5 2 1,235
55 years and over 29 45 15 9* 2 796

Educational Level*

Less than high school degree 23 50 16 9 2 1, 268
High school graduate 33 55 6 4 2 1, 016
Some college 34 56 8 2 - 404

College degree and more 37 59 3 1 - 224

Annual Family Income
Under $5,000 25 49* 15 8 3 1,180
$5,000 - 7,499 35 50 11 4 - 780

$7,500 - 9,999 28* 60 7 5 - 523

$10,000 and over 35* 60 1 2 2 349

49

Those whose educational level and/or income was not ascertained are included in the total, but are not
shown separately.



TABLE III-10

CONSUMER REACTION TO SEVEN LABELS- -LIKELIHOOD OF PURCHASE

(Upon exposure to food displays with the labels

in a store replica)

(Number in Group)

Total

Pasteurized with ionizing energy

Processed with ionizing energy

Treated with ionizing energy

Irradiated
Pasteurized with ionizing radiation

Processed with ionizing radiation

Treated with ionizing radiation

Most
Likely

to Buy

(106)

100*

44

38

29

24
23

9

8

* Percentages add to more than 100/% due to multiple response.

50

Least
Likely

to Buy

(106)

010

100*

16

15

23

58

44

53

65



TABLE III-11

CONSUMER REACTION TO SEVEN LABELS- -DESCRIPTIVE VALUE

(After explanation of radiation processing to group
exposed to labels in store replica)

Describes

Process

Best

(Number in Group) (106)

10

Total 100

Pasteurized with ionizing radiation

Irradiated

Processed with ionizing radiation

Pasteurized with ionizing energy

Treated with ionizing radiation

Treated with ionizing energy

Processed 'with ionizing energy

* Percentages add to more than 100% due to multiple response.

51

Describes

Process
Least

Effectively

(106)

0

100*

13

42

37

34

13

8

5
3

15
14

24

40
19



TABLE 111-12

CONSUMER REACTION TO SEVEN LABELS- -MEANINGFULNESS

(Survey respondent's reactions after briefing)

Most Least
Meaningful Meaningful

(Number of Cases) (2, 939)

010

Total

Pasteurized with ionizing radiation

Pasteurized with ionizing energy

Irradiated

Processed with ionizing radiation

Treated with ionizing energy

Processed with ionizing energy

Treated with ionizing radiation

Not specified

100

18

14

11

6
6
6

5

34

52

(2, 939)

00

100

4

6
29

6
8

4

9

34



IV. ATTITUDES OF THE TRADE TOWARD RADIATION

PROCESSING OF FOOD

In brief, fewer than 1 out of 10 of the trade personnel studied indicates a
resistance to radiation processing which is likely to prove to be an insur-
mountable obstacle to their buying and selling of products treated with the
process. A majority of the remaining 90 per cent of these businessmen
are receptive to irradiated foods, if and when they are approved by the
government (FDA).

In order to evaluate the interest of the trade in irradiation of food, &.d the
extent to which the sales of irradiated foods might be helped or hindered
by the trade, it was necessary to measure any underlying fears of radia-
tion which might be found to exist among the buyers, store owners, mana-
gers, etc. In other words, we sought an answer to the question: is there
significant degree of apprehension about the use of radiation with food
products among trade personnel, which might negate the positive aspects
of the irradiation process, e. g. , longer shelf-life, greater variety of
products, etc. ? Analysis of 310 meetings and discussions with super-
market chain executives, individual fish and fruit store owners and mana-
gers, as well as institutional and restaurant personnel, clearly indicates
that for a majority of these respondents the answer is no.

In the course of our analysis of the attitudes of the trade, we have found
that they may be segmented into four distinct groups, as follows:

Segment I - Those Who Are Unequivocally
Opposed to Radiation

This group of trade personnel has a basic fear of anything which
involves radiation. It is unlikely that there is anything which
can be done in the way of education, government assurances,
etc. , which can convince these people that it would be safe to
sell or serve foods processed with radiation. It is interesting
to note that a number of these respondents emphasize their
general antagonism to any tampering with the "purity" of foods,
e. g. , use of chemicals. They often speak of contamination
dangers which they do not believe can be accurately measured
at this time.

As shown in the table below, 9 per cent of the trade respond-
ents fall into this negative category. Significantly, none of
these are chain buyers and only one represents a major
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institution. The bulk of the trade expressing a basic fear of

radiation is found in local fish and food stores, and restaurants.

Segment II - Those Executives Who Unequivocally Favor
Radiation Processing of Food

These respondents express confidence in the safety of radiation

for food processing. They have no doubts about the process.

For the most part, the confidence of this group is based on the

belief that the government would not allow, or encourage, any
process which would endanger the public. They apparently
assume--and unlike Segment III--do not demand prior FDA
approval, etc.

The size of this group (8% of the total) expressing a positive
view is comparable to the size (9% of the total) of the group
which has a basic fear of radiation.

Segment III - The "Only if FDA Approves" Group

These buyers, managers, etc. , have made it clear in the
course of our discussions with them that they will accept food
radiation as a safe process if, and when, it receives FDA ap-
proval. Almost half (46%) of the respondents are in this group.

Segment IV - Those (37%) Who Have Provided No Voluntary
or Stimulated Comment on the Safety of Radiation Processing

These respondents do not mention safety, the dangers of radia-
tion, FDA approval, etc. , during their interviews. This lack
of response, despite their attention being called to these fac-
tors, indicates that the subject is apparently not of interest or
meaningful to them.

To summarize, the table below shows that only 9 per cent of the trade fears
radiation to an extent which would prove a hindrance to a food irradiation
process. In our judgment, 91 per cent would (to varying degrees) go along
with the idea of food irradiation once it was approved by FDA.
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TABLE IV-1

TRADE ATTITUDES TOWARD RADIATION

(Number in Group)

Total

(310)

Local
Fish

Stores

Local

Fruit

Stores

Chain
Fish

Buyers

Chain
Fruit

Buyers
Institu- Restau-
tional rants

(71) (75) (17) (20) (40)

o %/ No. No.

100 100

No fear of radiation

Acceptance dependent

on FDA approval

8

46

Fear radiation 9

No comment on

safety of irradiation

(aided and unaided) 37

1 6 1 3 15 10

48 35 8 8 48 53

13 11 - 2 10

38 48 8 9 35 27

*** Base too small to be meaningfully percentaged (25 or less); therefore, numbers are shown.

55

010

Total 100

Attitudes

(87)

** **100 100



About one third (36%) of the trade brings up the attitudes of the consumer
when discussing food irradiation. Eighty-five per cent of this trade group
believe the consumer will accept irradiated foods as safe, although most
of these stress the need for a consumer education program.

Trade Awareness of the Process

In discussing trade attitudes toward radiation of food products, it should
be noted that three fourths (74%) of the buyers, store owners, department
managers, etc. , were not aware of radiation as a method of food pre -
servation prior to our discussions with them. The highest levels of
awareness occur in the Midwest and Northeast (38% and 28% respectively),
while only 15 per cent in the West and 16 per cent in the Southeast have
heard of the process.

The level of awareness is, however--as might be expected--much higher
among chain and institutional buyers than among store -level personnel and
restaurant buyers, as shown in the following table:

TABLE IV-2

AWARENESS OF RADIATION PROCESSING AS A

METHOD OF FOOD PRESERVATION

Chain and Store Level

Institutional Personnel and
Total Buyers Restaurant Buyers

(Number in Group) (310) (77) (233)

10Q 00 G%

Total 100 100 100

Aware 26 56 15

Not aware 74 44 85

About half of the chain buyers and three quarters of the major institutional
buyers who report little or no interest in the process within their organi-
zations ascribe this low level of interest to lack of knowledge about food
irradiation, or even that such a process exists.
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V. FINFISH

Summary of Findings and Conclusions

This study concludes that prospects for commercializing radiation process-
ing of finfish are highly favorable. This conclusion is based:

1. on commercial feasibility of radiation processing (seasonal
stability of production, concentration of processing in single
locations, low process costs, etc. ),

2. on consumer benefits (improved product quality, broadened
geographical market for fresh fish),

3. on trade benefits (reduced spoilage, elimination of short buying,

higher profits), and

4. on favorable business attitudes toward process innovation.

While the outlook for irradiation processing of finfish is basically favor-
able, there are realistic hurdles, e. g.,

1. Many consumers in inland markets have little interest in chang-

ing their present food habits in favor of increased consumption
of fresh fish.

2. Trends to frozen convenience fish foods are well established and
constitute serious competition for fresh fish.

3. The New England fishing industry is composed largely of small
nonintegrated operating firms. Profits from fishing have been
low; very little modernization of vessels has been undertaken;
and the domestic fleet is at a decided competitive disadvantage

vis-a-vis foreign fisheries.

4. Prospects for reduced air freight costs are excellent. Air
freight constitutes an alternative to radiation preservation for

opening inland markets to increased supplies of fresh fish.

On balance, the hurdles do limit markets and prospects for irradiated
ocean fish, but after they have been taken into account, the opportunity for

meaningful development of this market remains. Extensive product re -

search programs appear to have resolved virtually all doubts with respect

to product quality, wholesomeness, taste, etc. , that might have stood in
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the way of realizing benefits from radiation preservation of fish. In other
words, taste panels and feeding studies indicate that the quality of the
irradiated product is high enough to assure acceptability to the consumer.

Secondly, shelf-life extension studies of irradiated products have proved
that an average of 15 days can be added to a seven-day-old landed fish with
no diminution in quality of the product. Thirdly, biological studies have
proven that the small amounts of Clostridium botulinum, type E, present in
fresh fish are reduced by 50 per cent with pasteurizing doses of irradiation.

This study provides evidence of the existence of some interest in fresh fish
among almost 40% of consumers in the interior sections of the country. It
suggests moreover that reductions in retailers' spoilage losses, and the
opportunity to buy more aggressively (eliminate short buying) as a result
of radiation preservation, can encourage better realization of the existing
potential for fresh fish. The fact that the fish would be irradiated is not
considered by the trade and institutions to be a hindrance in the marketing
of fresh fish. Three quarters (73%) of fish department managers and fish
store owners interviewed in this study report that they would handle the ir-
radiated product if it had FDA approval.

The cost-benefit analysis in Section IX extrapolates to 1980 the detailed
comparison of irradiation processing costs as against potential benefits to
be realized. These tables demonstrate a wide range of measurable bene-
fits that may be derived from irradiation processing: the benefits outweigh
costs by an average factor of roughly 14 to 1.

Detailed Findings

The study findings supporting the conclusions regarding the outlook for
radiation preservation of fish are discussed in seven parts of this chapter.

A. Consumer buying practices and attitudes toward
availability of more fresh fish, particularly in inland
markets, and the implications of these attitudes to

the potential for irradiated ocean fish.

B. Retailer practices and attitudes toward irradiated
fresh fish. The section reviews spoilage losses, the
practice of short buying, the present marketing radi-
us for fresh fish, and attitudes toward the need for
and profitability of fresh fish with extended shelf-life.
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C. Restaurant managements' practices and attitudes to-
ward irradiated fresh fish.

D. Institutional food servers' practices and attitudes.

E. The expected sources of leadership in development of
irradiated fish markets.

F. Processing considerations in the fish industry includ-
ing a review of the industry structure and feasibility
of irradiation processing in the New England industry.

G. The value of benefits attributable to development of
radiation processing.

A. Consumers' Buying Practices and Attitudes

As noted in Chapter III, the national survey of consumers for this study
was conducted in three regions -- Coastal East, Midwest (Inland) and
Coastal West. The objective was to permit direct comparisons between
inland housewives' seafood buying behavior and attitudes versus those of
coastal homemakers who can more readily and economically obtain fresh
ocean fish.

It has been widely assumed that availability of fresh ocean fish to inland
consumers would constitute a major new market for radiation preserved
fish. While there is clearly a significant market for fresh ocean fish
among some inland homemakers, the size of that market would appear to
be considerably smaller than many assume. This is attributable to two
basic findings:

1. Inland consumers are fundamentally less interested in consump-
tion of seafoods than are families in coastal regions.

2. The majority of those who are interested in serving fish meals
perceive overtly no shortage of fresh ocean fish, largely be -
cause desires for fish are met from frozen, canned, and
smoked products, or local fresh water sources. The idea of
increased availability of fresh ocean fish provokes enthusiasm
among a minority.

Specific survey findings are as follows:

1. Practically all households serve fish or seafood products at
least occasionally. For the U. S. as a whole, only 6% report
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"never" serving seafood or fish of any kind. But as would be

expected consumption rates are heavier in coastal regions
than inland. In the Coastal East and West about 6 in 10 house -
holds serve fish meals regularly, i. e. , once a week or more
often. In the inland region, five in ten serve fish meals regularly.
These responses referred to "any kind" of fish or seafood--
fresh water or ocean; fresh, frozen, canned, etc. ; finfish or
shellfish.

(See Table V-1)

2. At the overt level, greater availability of fresh fish would ap-
pear to be a relatively minor consideration in frequency of
serving fish. Housewives in the survey were asked if there
was anything that would cause them to serve seafood or fish
more often. The most frequent answer was "nothing " (52%).
Consumers who answered this way usually said their families
do not like fish enough to serve it more often than at present.
The second most frequent response was "If fish was less ex-
pensive " (10% East, 12% Midwest, 9% West). About one in
ten also replied "If more fresh fish were available. " Interest-
ingly, this answer was given no more frequently in the Midwest
(8%) than in the East (9%) or West (12%).

(See Table V-2)

3. While fish of "some kind" is served by most households at
least occasionally, fresh ocean fish is served by only four in
ten nationally. Serving of fresh ocean fish was reported by one
in two Eastern and Western homemakers, and one in five inland
homemakers.

(See Table V-3)

Among Eastern households that serve fresh ocean fish, 44% say
they serve it once a week or more often. In contrast, less than
one in five in the Midwest and West regularly serve fresh ocean
fish.

(See Table V-4)

4. Lack of availability of fresh ocean fish is clearly perceived by

Midwest consumers in terms of their experiences in buying
fresh fish. Housewives were shown a series of statements re-
lating to shopping for fresh fish and asked which best described
their experiences. Four in ten inland consumers indicated
they never buy fresh fish, only frozen or canned (versus one in
five in the East and three in ten in the West). Three in ten in-
land consumers indicated fresh fish was difficult to find (versus
one in six in the East and one in five in the West). Fewer than
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one in ten inland housewives said plenty of fresh fish is available
at reasonable prices (versus roughly one in four in the East and
West).

(See Table V-5)

5. When asked to indicate their reactions to availability of more
fresh varieties of fresh fish, inland consumers did not say
any more frequently than coastal consumers that they would
serve it more often if more fresh fish was available (17% Inland,
14% in the East, and 19% in the West). What distinguished in-
land consumers from those in the East and West was the greater
proportion indicating that since they can get frozen seafoods, they
probably wouldn't buy them fresh (17% in the Midwest versus
eight to nine per cent in the two coastal areas). Well over one
third of coastal housewives indicated greater availability of fresh
fish would likely cause them to serve "a greater variety of sea-
foods, but they would not serve fish meals more often than now.

Only one in four inland consumers gave this answer.
(See Table V-6)

6. All consumers in the survey were shown a card listing four East
Coast species of finfish--fillet of cod, haddock, sole and
flounder--and asked whether they served any of these products.
Comparing the three regions, responses were as follows:

East Inland West

Cod 23Gb 23%0 21

Haddock 36 35 21

Sole 19 15 42

Flounder 40 6 9

(Also, See Table V-7)

7. Consumers were also asked the form in which they bought these
products and the form they preferred. Nationally, about half of
households say they most often buy these species fresh and half
say they buy them frozen. However, in the inland area only 20%
indicated they buy these species fresh. (These percentages are
weighted averages for the four New England species. )

Those who said they buy any of these species frozen were asked
if this form or some other form was the preferred. About 45%
of those who most often buy the frozen products, across the
country, said they would prefer to buy fresh fish. In the
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Midwest, preference among frozen fish buyers for fresh fish
was lower than in the coastal regions.

(See Table V-8)

8. The most commonly given reason for buying frozen fish when
fresh is preferred was that the fresh was not available.

(See Table V-9)

TABLE V-1

HOW FREQUENTLY DO YOU SERVE SEAFOOD OR FISH OF ANY KIND?

Frequency of Serving Seafoods

More than once per week

Once per week

1 - 3 times per month

Less than once per month

Never

Total

Number of cases

Total
U. S.

0

12

44

30

8

6

100

2, 939

East

0

13

48

23

8

8

100

Midwest

9

42

36

7

6

West

0

11

38

40

8

J

100 100

1,608 820 511
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TABLE V-2

IS THERE ANYTHING THAT WOULD CAUSE YOU TO SERVE SEAFOOD OR FISH

MORE OFTEN OR AT ALL?

Total
U. S. East Midwest West

Nothing, family dislikes, etc. 52 55 45 52

If less expensive 10 10 12 9

If fresh fish available 9 9 8 12

Religious, lent, etc. 7 6 11 6

When fishing, catch more 6 8 4 6

Positive statement only 4 3 9 3

If easier to prepare 3 3 5 2

If more available 3 3 4 3

For guests 2 1 3 2

If less smelly 2 2 4 2

Other 2 2 3 1

If boned 1 - 2 2

Total 100 100 100 100

Number of cases 2,939 1,608 820 511
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TABLE V-3

DO YOU SERVE FRESH OCEAN FISH?

Total
U. S.

0

41

59

100

2, 939Number of cases

East

00

49

51

100

1, 608

64

Yes

No

Total

Midwest

0

20

80

100

820

West

0

48

52

100

511



TABLE V-4

HOW OFTEN DO YOU SERVE FRESH OCEAN FISH?

(Asked of those who reported they serve fresh ocean fish)

Total
U. S. East Mid,

More than once per week 9 11

Once per week 26 33 1

1 - 3 times per month 36 32 3

Less than once per month 27 23 4

Total 100 100 10

Number of cases 1, 199 785 16

west

6

2

8

t0

)0

7

65

West

1o

3

14

47

32

100

247



TABLE V-5

EXPERIENCES BUYING FRESH FISH

Total
U. S.

070

Never buy fresh fish--only

frozen or canned

Plenty available at a

reasonable price

Can get a variety of fresh fish

but it is expensive

Available, but little variety

Difficult to find

Doubt freshness

Total

29

21

17

7

20

20

East Midwest

010 010

22 42

28 W

19

7

16

19

100100

Number of cases 2, 939

12

6

31

21

100

1,608 820

66

West

10

29

22

20

9

20

23

100

511



TABLE V-6

REACTIONS TO AVAILABILITY OF MORE FRESH VARIETIES

Can get frozen, probably

wouldn't buy fresh

Wouldn't be interested--

family doesn 't like

Would buy more varieties,
but not serve more often

If available would serve

more often

Total*

Number of cases

Total

U. S.

0/0

11

33

34

16

94

2,939

East Midwest West

0/0 %010

8

34 34

37 25

14 17

93 93

1,608 820

9

29

36

19

95

511

* Totals less than 100% because of non-response.



TABLE V-7

WHAT KINDS OF FISH/CRAB DO YOU SERVE?

(Asked of those who reported they serve ocean fish and crab)

Total
U. S. East Midwest West

Cod * 23 23 23 21

Haddock* 33 36 35 21

Sole* 22 19 15 42
Flounder* 25 40 6 9

Salmon 21 12 24 43

Tuna 26 19 21 55

Perch 16 12 26 11

Catfish 14 17 16 7

Halibut 6 4 4 19

Trout 11 11 5 22

Bass 9 9 7 13

Snapper 4 4 4 2

Whitefish 3 2 5 1

Buffalo 2 1 4 2

Smelts 3 1 6 2

Swordfish 4 5 2 5

Bluefish 4 7 1 -

Carp 2 1 5
Mullet 2 4 - 1

Bullhead 2 1 5 1
Pike 2 1 4 *

Other, fish sticks, etc. 10 8 6 24

Blue gills 2 1 5 2
Whiting 2 2 4 1

Sardine 2 2 1 3

Bream 2 4 - -
Crappies 3 3 3 -
Grouper 1 2 1 -

Mackerel 5 7 1 3
Other - fresh 14 17 13 7
King crab 11 10 8 18

Dungeness crab 3 1 1 16

Crab (unspecified) 5 7 2 5
Shrimp 11 10 13 8

Lobster 4 4 3 2

Oysters 2 3 1 3

Scallops 2 3 2 1

Other shellfish 1 1 1 1

* Aided response, all others unaided.
** Less than . 5
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Buy fresh

Buy frozen

Total*

Number of cases

Buy frozen, prefer

Buy frozen, prefer

Total*

Number of cases

TABLE V-8A

FORM PURCHASED, FRESH VERSUS FROZEN

FOUR NEW ENGLAND SPECIES

(Asked of those reporting they serve cod, haddock, flounder, sole)

Average, All Regions
Four Species Cod Haddock Flounder Sole

10 0/10 000

51 45 39 65 57

49 53 61 33 43

100 98 100 98 100

2,778 619 905 682 611

FORM PREFERRED, FRESH VERSUS FROZEN

BY BUYERS OF FROZEN

(Asked of those reporting they buy frozen cod, haddock, flounder, sole)

Average, All Regions

Four Species Cod Haddock Flounder Sole
0/a 101001o J

r fresh 45 35 43 59 50

r frozen 55 63 57 41 48

100 98 100 100 98

1,343 331 550 224 262

* Total may be less than 10016 because of non-response.
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TABLE V-8B

FORM PURCHASED, FRESH VERSUS FROZEN- -FOUR NEW ENGLAND SPECIES

East Midwest West
Average Average Average

Four Had- Floun- Four Had- Floun- Four Had- Floun-

Species Cod dock der Sole Species Cod dock der Sole Species Cod dock der Sole

a 10 0a 0a 0/a 0/a 0a 0a 0a 0a 0/a 10 0 10 0

Buy fresh 63 60 50 68 76

Buy frozen 37 40 50 30 24

20 9 20 49 26

80 86 80 51 74

45 56 25 42 46

55 41 72 51 51

Total* 100 100 100 98 100 100 95 100 100 100 100 97 97 93 97

FORM PREFERRED, FRESH VERSUS FROZEN--BY BUYERS OF FROZEN

East Midwest West
Average Average Average

Four Had- Floun- Four Had- Floun- Four Had- Floun-
Species Cod dock der Sole Species Cod dock der Sole Species Cod dock der Sole

0/a 0/a 0/a 0a 0a 0 0a 0a a10 10 0 0 10 0/a 0

46 43 50 60 75

54 57 50 40 25

Total* 100 100 100 100 100

38 28 36

62 66 60

65 41 35 31 27 47

35 54 65 69 72 53

100 94 96 100 95 100 100 99 100

* Total may be less than 1000a because of non-response.
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Buy frozen,

prefer fresh

Buy frozen,

prefer

frozen

39

59

98



TABLE V-9A

REASONS GIVEN FOR BUYING FROZEN FISH WHEN FRESH IS PREFERRED

(Asked of those saying they buy frozen cod, haddock, flounder and sole,
but prefer fresh)

All Regions
Cod Haddock Flounder Sole

Preferred, not available 34 36 52 37

Easier to prepare 3 3 5 8

Preferred is not fresh 6 3 5 7

More convenient to buy 16 15 12 11

Prefer taste 23 34 11 21

Other 14 13 27 14

Don't know/No answer 19 13 7 19

132 132Number of cases 119 231



TABLE V-9B

REASONS GIVEN FOR BUYING FROZEN FISH WHEN FRESH IS PREFERRED

East Midwest West

Had- Floun- Had- Floun- Had- Floun-
Cod dock der Sole Cod dock der Sole Cod dock der Sole

0/ o 0 0/ 0o "010 a 00/a% 00 0a 10

27 39 50 29 34 30 80 49 62 45 27 37

7 14 9 9 - 10

Preferred is not
fresh

More convenient
to buy

Prefer taste

Other

12 5 7 14 - -

25

25

24

23 15

34 -

5 14

15 9 5 - 10

15 26 30 47 21

14 - 18 20 -

Don't know/
No answer - 5 8 15 40 31 - 30 23

- 5

- - - 7

- 50 73 27

15 45 55 27

- - 12

Number of cases 59 134 106 52 47 77 15 39 13 20 11 41
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Implication of Consumer Findings to Inland Market

Based on the survey results, two assumptions regarding inland demand for

fresh irradiated fish were made which form the starting point of projec-
tions of demand to 1980 for purposes of the cost-benefit analysis.

A. A "best bet" assumption that one third of inland consum-
ers who now "most often" buy frozen ocean fish will
switch to irradiated fish. (As a reference point for this
assumption, recall that among those inland consumers
who now buy frozen New England cod, haddock, flounder
and sole about 4 in 10 say they would prefer these species
in their fresh form. )

B. "An optimistic assumption" that inland per capita con-
sumption of irradiated ocean fish would rise to the pres-
ent per capita level of consumption of fresh fish in
coastal areas. This growth is assumed to occur at the
expense of frozen fish. (This assumption is used in the
cost-benefit analysis in Chapter IX to suggest a reason-
able upper limit on inland markets for irradiated fresh
ocean fish. )

In addition, longer shelf-life and greater availability can be expected to in-
crease consumption of fresh fish throughout the country. The principal
vehicle for this, however, is elimination of short-buying among retailers
and that effect is reviewed later.

In quantitative terms the two assumptions just cited do not constitute ma-
jor sources of new fresh fish demand. This is largely because present
inland consumption of fresh fish is so low that even a doubling or tripling
of demand there does not constitute major poundage. This can be appre-
ciated when it is realized that very little fish is currently consumed in
fresh form regardless of region (13%). The following table breaks down
total fish consumption, or disappearance as the Bureau of Commercial
Fisheries identifies it, into types.
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TABLE V-10

DOMESTIC DISAPPEARANCE OF COMMERCIAL FISH, 1965

Million Pounds Per Cent Pounds Per Capita

Fresh finfish

Frozen finfish

Fresh/frozen shellfish

Subtotal

267. 4*

488.6*

386. 0*

1,142.0

798. 0Canned

Cured 101. 1

2,041.0Total

13

24

19

56

39

5

100

1.4

2.5

2. 0

5.9

4.2

0.5

10.6

* Estimated, See Appendix A; Other data: Economical and Statistical Analysis Division, U. S. Bureau of
Commercial Fisheries.

The four New England species with which this study is concerned constitute
98 million pounds of the foregoing. That is, 13 per cent of total fresh and
frozen finfish disappearance and only 5 per cent of all fish products.

The long-term pattern of total fish consumption should also be considered
in judging the prospects for irradiated fish. In recent years, fish con-
sumption has grown approximately with population as shown in Table V-11.
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TABLE V-11

TOTAL PER CAPITA DISAPPEARANCE OF COMMERCIAL FISH, 1950-65

Pounds

1950

1955

1960

1961

1962

1963

1964

1965

11.8

10. 5

10.3

10. 7

10.6

10. 6

10. 6

10.6

Source: U. S. Bureau of Commercial Fisheries

The quantitative implications of our two assumptions regarding response
of inland consumers is shown in Table V-12. * In summary, the effect of
the "best bet assumption" (A) is to raise inland per capita consumption of
all fresh finfish from about one half pound per capita to over one pound.
On the basis of 1965 population, inland consumption of fresh fish would in-
crease from 27 to 62 million pounds.

The "optimistic, " or in our view, limiting assumption, which states that
inland per capita consumption of fresh fish would rise to coastal levels,
indicates a market of 95 million pounds, on the 1965 population base. **

For estimating purposes, we have assumed that the four New England
species of concern to this study would grow in proportion to their present
share of the fresh and frozen finfish market (13%). Benefits of irradiation
preservation will be available ultimately to all fishing ports, not just to
New England ports. If radiation preservation of fish is in fact successful,
the New England area will probably reap its benefits first. But there will

* Appendix A describes the procedures used to develop these data.

** The cost-benefit analysis in Chapter IX shows this effect on the basis
of projected population to 1980.
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be a competitive necessity for other ports to follow New England's leader-
ship if they are to maintain their market shares.

By way of summary, this study suggests several assumptions that could
be made about the effect of availability of irradiated fish inland are not
reasonable. The evidence does not permit a conclusion that consumers
will make major changes in their present eating habits in response to
availability of fresh (irradiated) ocean fish. Thus a presumption that im-
portant gains will occur in total per capita consumption of fish products
does not appear supportable. The primary impact of radiation preserva-
tion of fish therefore must come from substitution of irradiated for other
forms of fish, and most likely from frozen fish. But it must be recog-
nized that from the consumer viewpoint a relatively modest percentage of
consumers are attuned to serving fresh fish. This is true in the coastal
areas as well as inland.

TABLE V-12

SUMMARY OF EFFECTS OF INLAND MARKET ASSUMPTIONS ON DEMAND FOR FRESH FINFISH
WITH AND WITHOUT RADIATION PROCESSING

Fresh Fish

Consumption
Per Capita (In Pounds)

1965

Without With
Radiation Radiation
Processing Processing

A B

1.74

.49

1.38

New England

cod, haddock,

sole and

flounder at 13% .18

1.74 1.74

1.14 1.74

1.57 1.74

.20 .23

Total Fresh Fish Market
1965 Population Base

(Million Pounds)

1965

Without With
Radiation Radiation

Processing Processing

A B

241

27

267

35

241 241

62 95

303 336

39 44

76

Region

Coastal

Inland

1965
Population
in Millions

138

55

U.S. 193



B. Retailer Practices and Attitudes

In the following, prospects for radiation processing of fish are examined
from the viewpoint of retailers. Specific consideration is given

. . . Spoilage losses

... Short-buying practices

. . . Geographic limitations on fresh ocean
fish markets

... Profitability of fresh versus frozen fish

. . . Retailer attitudes regarding the poten-
tial for irradiated fish.

Spoilage Losses

Managers of fish departments that carry fresh fish were asked in our sur-
vey of local stores what percentage of fresh ocean fish dollar purchases
they lost as a result of spoilage. Over half indicated their losses were
2 per cent or less. (See Table V-13. ) Large percentage losses of 10 per
cent or more were reported by 6 of 39 managers, but these heavy losses
typically occur among low volume outlets. As would be expected, high
loss rates are inversely related to turnover. The average loss based on
reports by these managers is about 4. 0 per cent, 4. 6 per cent in summer
and 3. 4 per cent in winter. * Fresh fish spoilage losses are limited by
sorr _anagers through the practice of freezing fish remaining on Friday
night.

In addition to losses at retail there are also minor losses in distribution
to retailers (estimated at 1 per cent). In total, therefore, fresh fish
spoilage is estimated at 5 per cent. Trade people indicate that spoilage
loss of perishables is as much attributable to difficulties in judging de-
mand as to perishability itself. Accordingly, it is not realistic to assume
all of present finfish spoilage would be eliminated by shelf -life extension.
Thus, for purposes of estimating the benefit from this factor, we have
assumed that half of the 5 per cent loss could be avoided by shelf -life
extension through irradiation.

These spoilage rates are based on responses from 39 retailers across
the country. They are weighted averages using average pounds of fresh
fish sold per month by each reporting unit as weights.
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TABLE V-13

PER CENT OF FRESH FISH DOLLAR PURCHASES LOST IN SPOILAGE

(According to Retailers)

Summer

East Midwest

No. No.

6

2

1

1

- 1

2 -

4 -

1 1

West

No.

6

4

2

2

2

4

Total

No.

13

7

2

4

1

2

5

3

2

Winter

East Midwest

No. No.

7

2

1

1

1

1

3

1

None

1

2

3

4

5

10

Over 10

Don't know

Total

West

No.

Total

No.

12

6

3

1

2

3

6

4

2

Per Cent Lost

39 17 6 16 39 17

78

4

1

6

1

1

2

1

1

31

1

6 16



Short -Buying

It is common practice among retailers handling fresh fish to "buy short"
when placing their weekly orders. Their purpose is to run out of the
fresh product before it has a chance to spoil. The effect on consumers
of course is to force late shoppers to select a substitute for their first
choice.

Managers of seafood divisions of the major U. S. chain food retailing or -
ganizations, interviewed at headquarters, were asked their opinion as to
what per cent of their stores buy fresh ocean fish short to run out some -
time on Friday. Seven out of thirteen replying indicated all of their
stores buy short. Only one per cent indicated its stores did not buy
short. For the thirteen chains represented, headquarters management
indicated that about 70% of local supermarkets buy short.

Managers were also asked to estimate the dollar value or poundage of
fresh fish sales lost each week as a result of this practice. Obviously,
answers to this question involve considerable conjecture. Most mana-
gers said they had no idea and there was little agreement among those
who did offer an estimate. For purposes of estimating the additional
sales of fresh fish that might be possible if short-buying is eliminated,
we have taken a nominal value of 10%. The interviews with chain man-
agement suggest there would be little disagreement with this assumption.
Given that something on the order of seven in ten stores practice short-
buying, a nominal benefit of seven per cent of present marketings of fresh
ocean fish is attributed to radiation processing on this account. In keep-
ing with the consumer survey findings, such a gain would occur at the ex-
pense of "second choice" foods, most probably frozen fish.

Quantitatively, this seven per cent is equivalent to 18-19 million pounds
of 1965's fresh finfish market of 267 million pounds. For the four New
England species of interest, it is equivalent to about 2. 5 million pounds
of their 35 million pounds in 1965.

The foregoing indicates there are clear economic incentives to retailers
and producers in the form of reduced spoilage and elimination of short-
buying--or, in short, improved merchandising practices--from offering
radiation preserved fish.

The following section indicates that retailers perceive these benefits fav-
orably. In addition, the opportunity to broaden geographic markets for
fresh ocean finfish is considered to be important by many retailers.
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Present Marketing Radius for Fresh Fish

The marketing life of fresh fish from time of catch to purchase by con -
sumers limits the marketing radius for the product, for practical pur-
poses, to an area accessible by truck within 24-30 hours, i. e., about 800
miles. The result is reflected in our survey of local fish stores and fish
departments of chains.

Table V-14 shows the fish purchasing habits of 70 individual locations sell-
ing ocean fish. Only one retailer was found (in the Northeast) who carries
only fresh ocean fish and no frozen fish. On the other hand, only about
half of the fish departments are presently handling fresh ocean fish in ad-
dition to frozen. In coastal areas three out of four stores in the sample
sell fresh fish whereas inland only one in four sells fresh fish.

The volume of fresh fish handled by the sample of stores that do offer it is not
greatly different from region to region, averaging about 800 pounds per
month per store. (See Table V-15. )

Retailers indicate that 500 pounds per month is a good median figure to
designate large volume fish retailers. That is, a store purchasing more
than 500 pounds of either fresh or frozen ocean fish would be considered
a large volume fish retailer in the fresh or frozen product.
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TABLE V-14

PURCHASES OF FRESH OCEAN FISH (LOCAL FISH STORES AND FISH DEPARTMENTS)

Total

United
States

(Number in Group)

Total

Purchase fresh fish:

Yes

No

(70)

0

100

56

44

Northeast

(14)

No.

11

3

Southeast

(9)

No.

6

3

Midwest

** Base too small to he meaningfully percentaged (25 or less); therefore, numbers only are shown.

West

(22)

No.

(25)

No.

6

19

16

6



TABLE V-15

AVERAGE MONTHLY PURCHASES OF FRESH AND FROZEN

FISHERY PRODUCTS REPORTED BY RETAILERS

Pounds
Fresh Frozen

937

765

810

856

Number Reporting
Fresh Frozen

3,308

2,956

820

2, 395

16

6

16

38

21

22

20

63

82

Region

East

Midwest

West

U. S.



Table V-16 shows that while there are some differences in the average
poundage per month purchased by stores in fresh and frozen fish, these
variations are not significant on a national level. For both fresh and
frozen fish, about half the stores report purchases under the 500 pound
figure (56% for fresh and 50% for frozen).

These data indicate that the Midwest ranks with the West, and just below
the Northeast with respect to market volume of fresh fish (on a store-by-
store basis) when it is available.

The present marketing region of fresh New England finfish is determined
by its consumable life and how that life is "used -up" at sea, in processing,
distribution to retailers and retail display. This is roughly as follows:

Days

At sea 7-9

Auction, processing, and packaging About 1 (18-30 hours)

Shipping About 1 (24-30 hour

maximum)

Retail display Average 3-4

12-13
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TABLE V-16

RETAIL STORE PURCHASES OF FRESH AND FROZEN OCEAN FISH (INCLUDING

SHELLFISH, FROZEN FISH STICKS, PATTIES, ETC.)

Total
United States

Fresh Frozen

(Number in Group) (39) (69)

10 o

Total 100 100

Average Purchases

(Pounds Per Month)

100 or less

101 to 500

501 to 1,000

1,001 to 1,500

1,501 to 2, 000

Over 2,000

5

51

18

5

8

10

17

33

13

6

7

17

Northeast

Fresh Frozen

(11) (13)

No. No.

*** ***

6

1

2

1

3

6

1

2

Southeast

Fresh Frozen

(6) (9)

No. No.

*** ***

Midwest

Fresh Frozen

(6) (25)

No. No.

*.** ***

- 2 1 3

4 1 2 8

1 2 2 2

- - - 3

- 1 - 1

1 3 1 6

3 7 1 1 - - 2 - 1

Base too small to be meaningfully percentaged (25 or less); therefore, numbers only are shown.
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West

Fresh Frozen

(16) (22)

No. No.

*** ***

1

8

3

2

1

1

4

8

4

1

3

1

Not reported



Obviously whether specific fish are caught the first or ninth day the fleet
is out and the proximity of specific markets to New England result in wide
ranges in retail shelf-life. A few retailers reported they can hold fresh
ocean fish on display seven days or more. (See Table V-18.) Average
retail shelf-life reported by 39 stores across the country (weighted by vol-
ume) was three to four days, however, as shown below:

TABLE V-17

AVERAGE DAYS FRESH FISH IS HELD BY RETAILERS

Number

Region Summer Winter Reporting

East 3.0 3.4 17

Midwest 3.7 3.7 6

West 4.0 4.4 16

U.S. 3.6 3.9 39
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TABLE V-18

RETAIL SHELF-LIFE OF FRESH OCEAN FISH

Winter Summer

Total Total

United North- South- Mid- United North- South- Mid-

States east east west West States east east west West

(Number in Group) (39) (11) (6) (6) (16) (39) (11) (6)

% No. No. No. No.

Total 100

Shelf-life (days)

None
One

Two

Three

Four
Five

Six

Seven

Eight
Nine

Ten or more

Not reported

10 4

10
23

15

13

13

3
3

7

- 2

1 2

2

1

1

2
2

1

%o No. No.

100

8 3

- 13

4 28

- 3

1 3

- 4

1

2

20
15

3

- 8

1 3

- 3

2 2

3

1

2

1
1

1

3 1 2

86

(6) (16)

No. No.

1 1
3 4

5

4

1

I

*** Base too small to be meaningfully percentaged (25 or less); therefore, numbers only are Shown.



Industry sources report that ground fish landed at Boston should have a
shelf -life of four to six days depending on the age of the catch when landed.
This is the prime factor that limits the distribution range of fresh fish to
a circumference of generally not over 800 miles.

The New England fishing fleet undertakes fishing trips of seven to nine
days duration. An exception is the Sole and Flounder fleet leaving New
Bedford and Point Judith where trips average three to five days in length.

After the fish have been landed and sold at auction, it is unloaded and
weighed for distribution to the purchasing processors. The processors
begin working with the fish immediately and the quantity that they cannot
handle is generally placed in a storage room where the temperature is
kept in the low 30's. After the fish has been processed, it is immediately
packed for shipment and is either distributed fresh or is sent to the freezer
for freezing and storage.

The lapsed time from the arrival of the ship until the fish is loaded on
trucks for shipment is generally between 18 and 30 hours. Exceptions to
this are the vessels that dock over the weekend and must wait until the
Monday auction in order to sell their catch of fish. In this case, lapsed
time between docking of the vessel and shipment of the product may range
as high as 48 hours.

Within the marketing radius for New England fresh fish, virtually all mar-
keting points are accessible by truck within a 24 to 30 hour time period. If
the fish is being purchased by a retail store, it is delivered to a local
chain distributing warehouse or may go directly to the retail store on a
drop shipment basis. Fish that is being moved from the wholesaler at the
pier to an inland distributor will encounter an additional four to twelve
hours time lag at the distributor's point before continuing its trip to a
retail point.

Thus it is clear that a shelf-life extension of two weeks could open an in-
land market to fresh ocean fish, which is presently far behind other mar-
keting areas in fresh ocean fish distribution.

Air Freight

A small amount of fresh fish leaving New England ports is shipped by air
to distant cities throughout the country. Most of this fish is destined for
consumption in restaurants or other institutions because the cost of air
shipment would establish a retail price that would be prohibitive to the
consumer.
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One of our basic assumptions for irradiated fish is that it will be shipped
by the least expensive, practical means. Basic truck rates are at least
half air rates, but shipping procedures for fresh fish are quite different
by air with the result that much of trucking's rate advantage is lost.
When shipping fresh fish by truck, a processor is charged twice the es-
tablished freight rate for the actual fish that is being shipped. This addi-
tional charge takes into account the weight of the wooden box and the wet
ice that is needed to preserve the product. For example:

Shipment to Chicago by Truck

100 Pounds - Haddock

Cost Element Cost

Freight rate/100 pounds
(Less than truckload) $ 5.80

Total shipment weight - 200 pounds 11. 60
100 pounds - fish

60 pounds - ice

40 pounds - box and tins

Wooden box 1.54

Ice - 60 pounds .30

Total $13.44
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On air shipments, however, the established rate for the product being
shipped is increased by a factor of only 15 per cent which takes into
account the weight of a corrugated container and a frozen gel pack
that is utilized to preserve the product. For example:

Shipment to Chicago by Air

100 Pounds - Haddock

Cost Element Cost

Freight rate/100 pounds $11.25

Total shipment weight - 130 pounds 14. 63
100 pounds - fish

9 pounds - gel packs
21 pounds - box and tins

Corrugated box 1.50

Gel packs (3) 1.05

Total $17.18

Several airline companies anticipate that their freight rates will drop in
the coming year such that by 1970 freight rates for air shipments may be
reduced between 10 and 30 per cent. Thirty per cent would place air
freight within competitive range of truck rates. This reduction may be
possible by extensive use of such planes as the elongated DC-8 which is
due into service on some airlines in 1967. The elongated DC-8 will carry
approximately 125, 000 pounds while the standard DC -8 carries only
90, 000. The personnel required to fly, service and handle freight for the
new planes will remain the same. Fuel consumption will increase
slightly, but the added revenue from the additional cargo is expected to
permit a reduction in rates.

Nevertheless, air freight does not appear to impose a significant alterna-
tive to radiation preservation. At the present time the only advantage
seen in air freight is that of speed. This speed is expensive and further-
more air freight terminates only in the principal cities throughout the
country. Distribution systems would have to be developed in order to in-
sure the proper dispersement of the product after it had reached a ter-
minal point.

In the context of freight rates it should also be noted that irradiated fish
if shipped inland by truck will bear the expense of icing. It is our
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assumption that fresh irradiated fish will displace frozen fish. The latter
is shipped in refrigerated vans rather than on ice. Thus, dollar benefits
from inland marketing of fresh fish are in part offset by costs of shipping
ice. This factor was taken into account in preparing the cost-benefit
estimates presented in Chapter IX.

Profitability: Fresh Versus Frozen

The question of whether fresh or frozen ocean fish is more profitable to
the individual retail fish store or fish department which carried both prod-
ucts is related to two factors: (1) cost of spoilage, and (2) shipping costs.

For this reason national data (as presented in the following table), which
show an approximately equal number of retailers reporting fresh fish
more profitable as reporting frozen more profitable, can be misleading.
The more meaningful picture can be seen in the data for each of the four
regions as follows:

a. In the Northeast, six out of ten fish retailers report
fresh more profitable, while only one reports frozen
gives a better profit. In this area, fresh ocean fish
is readily available, there is a minimum of spoilage,
and shipping costs are low.

b. In the Southeast, four out of six retailers report
frozen more profitable and only one says fresh fish
gives a better profit. The spoilage factor is believed
to be the most important consideration in this area,
although shipping costs are also high in some states
of the region.

c. In the Midwest, all but one of the six stores finds
frozen ocean fish more profitable than fresh. As pre-
viously discussed, air freight is used to distribute
fresh ocean fish to this region, and the cost is very
high.

d. The West comes the closest to the national average,
with eight of sixteen reporting fresh ocean fish more
profitable, and seven finding the frozen variety more
profitable.

It is apparent that when shipping costs are kept down, and spoilage mini-
mized, fresh ocean fish can be more profitable than frozen to fish retail -
ers. Thus irradiation could offer a greater profit to fish retailers in the
Midwest largely because there would be no need for air freight, and in the
Southeast largely because of reduced spoilage.
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TABLE V-19

PROFITABILITY OF OCEAN FISH TO FISH STORES AND FISH

DEPARTMENTS: FRESH VERSUS FROZEN

Total
United States

(Number in Group)

Total

Profitability

Fresh fish more profitable

Frozen fish more profitable

Equal profitability

Not reported

(38)

010

100

42

45

8

Northeast Southeast Midwest West

(10)

No.

6

1

1

5

(6)

No.

1

4

1

(6)

No.

(16)

No.

1

5

8

7

1

2

*** Base too small to be meaningfully percentaged (25 or less); therefore, numbers only are shown.
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From the producer viewpoint it is to be noted that because of their demon -

strably lower prices, foreign imports compete much more effectively for

retail dollars in the frozen fish market than the fresh market. (See

Table V-20. )

The main impact of irradiation processing can be to provide a high quality
domestic product that can be distributed throughout the United States with-

out direct foreign competition, at least until other nations install similar

irradiation processing facilities.

TABLE V-20

DOMESTIC CATCH VERSUS IMPORTS EDIBLE FISHERY PRODUCTS, 1955-65

Domestic

(Million Pounds)

2,579

2, 690

2, 475

2, 651

2, 369

2, 498

2,490

2, 540

2,556

2, 497

2, 546

Imports (1)

1,332

1,401

1,557

1,663

1, 901

1, 766

1,845

2,115

2,247

2,366

2,56i*

Total

(Million Pounds)

3, 911

4, 091

4, 032

4,314

4,270

4, 264

4, 335

4,655

4, 803

4, 863

5,109'

Domestic

0

65.9

65.8

61.4

61.5

55.5

v8.6

57.4

54.6

50.2

51.3

49.8

(1) Excludes imports of cured cod into Puerto Rico, but includes landings of foreign-caught tuna in
American Samoa.

* Record (the record domestic catch of edible ti-:hery products amounting to 3,307 million pound- wa:
landed in 1950).

Source: Fisheries of the United States-1965, United States Department of the Interior, Fish and Wildlife
Service, Bureau of Commercial Ficheries, C. F. S. NO. 4100.
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Chain Managers' Attitudes Toward Markets for Irradiated Fish

In our survey of fish managers at the headquarters of the largest super-
market chains, a number of questions were asked eliciting opinions of
markets for fresh ocean fish with expanded shelf -life. Though there are
exceptions, the concept was received favorably, and most chain managers
indicated fish could be handled in existing store set-ups. In brief:

1. Almost two out of three (11 of 18 responding) of the major
chain buyers believe that once irradiated fish has received
FDA approval, and a consumer education program has taken
place, irradiated ocean fish would become a staple item.

2. Moreover, the consensus is that once it is available, irradi-
ated fish can realize its potential in a relatively short time--
within five years or less. (See Table V-21. )

3. Responses to question of trends in convenience fish products
relative to fresh ocean fish were ambivalent. Most commonly,
managers noted that convenience foods were entrenched and
growing (six of sixteen). However, others said they do not
regard convenience fish and fresh fish as in direct competition.
(One noted: "They are not even in the same departments. '')
The expectation seems to be that expanded markets for fresh
fish will come at the expense of precut frozen fish, rather than
prepackaged fish. Thus nine of the sixteen buyers offering
opinions indicated they felt their stores could sell more fresh
fish if it was available. Three of these men gave conditional
answers indicating that consumers would first have to be edu-
cated to its availability.

TABLE V-21

HOW LONG DO YOU FEEL IT WILL TAKE FOR IRRADIATED FISH TO REACH ITS POTENTIAL?

Few months 1

1 - 2 years 1

2 - 3 years 2

3 - 4 years 4

5 years 5

NA 5
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4. The flavor of managers' attitudes is suggested in the following
verbatim comments. It is to be noted that these observations
are all from representatives of leading retailers (Krogers,
Acme, Food Fair, Safeway, Grand Union, A & P, etc. ).

Positive Comments

... Would profit from longer shelf -life and less waste. The
public, though, would have to be well sold on it.

... Fresh fillets get five to ten cents more per pound over
frozen. Customers prefer fresh three to one in
Philadelphia area. I am not sure that spoilage would be
less as more liberties would be taken in the handling.

... You can clear out stock if you have more shelf -life, so
more profit.... helps spoilage too. Enough information
could overcome consumer resistance.

... Could save present 10% spoilage and maybe increase
volume. It would be fine if taste and appearance were
unchanged. Government certification should limit
resistance.

There would be more profit from extra time to sell.
The real advantage is elimination of spoilage. All de -
pends on government information.

Less spoilage increases profits. Ten per cent more
markup on fresh than on frozen to cover cost of getting

it to the Midwest customers. They prefer fresh three
to one.

... We realize five to ten cents more profit per pound on
fresh, and customers prefer fresh to frozen.

Negative Comments

Negligible profit. See no relation to improved quality
You cannot keep irradiated fish long enough to really
reduce spoilage. Customers like untreated food.

... No profit because of handling costs. Customers are

satisfied with good quality frozen fish.

... In the Midwest customers are now happy with frozen.
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5. The majority of chain fish managers indicate no changes would
be required in their stores to handle irradiated fish (11 of 17
responding). Six say changes would be required. Within this
group, two said categorically the changes would not be made,
one was uncertain, and three said the changes would be made
if profit evaluations were favorable.

C. Restaurant Practices and Attitudes

Managers of approximately 90 restaurants in four regions of the country
were interviewed regarding their present fish-serving practices and atti-
tudes toward irradiated fish. These regions are the same as described
for the consumer and local retailer surveys except the Eastern region was
subdivided into South and North coastal areas.

On balance, restaurant managers expressed more interest in availability
of fresh fish throughout the country than did consumers. Specific findings
are as follows:

1. Most of the restaurants serve fresh and/or frozen ocean fish
(94%). In the Eastern regions almost three in four restaurants
serve some fresh ocean fish, compared with about six in ten
in the West, but only about one in three in the Midwest. The
proportion of total fish purchased in fresh form by these res -
taurants also varies. For example, in the Eastern regions
one third serve only fresh fish, no frozen; in the West one
fourth and in the Midwest one tenth reported serving fresh fish
only.

(See Tables V-22 and V-23)

2. Managers were asked to indicate on a five-point scale how im-
portant each of 13 considerations was to them in decisions to
purchase and serve fish products. The most important consid-
erations were taste, avoiding spoilage, profitability and avail-
ability. The thirteen considerations are listed in descending
order of importance in the following table.
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Considerations Fresh Fish Is Better Frozen Fish Is Better

Most Important:
Taste 73% 8%0
Availability 24 55

Avoiding spoilage 11 82

Profitability 23 51

Middling Importance:
Appearance after cooking 47 14

Customer preference 54 19

Ease of storage 16 79

Ease of preparation 32 57

Cost 26 44

Least Important:
Package convenience 10 74

Texture 58 10
Appearance before cooking 51 16

Frequency of purchase 19 61

(Also see Tables V-24 and V-25)

These managers were also asked whether they felt fresh or
frozen fish was "somewhat" or "substantially" better, or both
were the same on each of the considerations. Responses are
also summaried in Table V-24. The consensus favors fresh
fish on five considerations -- taste, appearance (before cooking
and after cooking), customer preference, and texture. Frozen
fish is favored on the other considerations which have to do
with the economics or efficiency of handling the two products

in restaurant operations.

One of the significant conclusions to be gleaned from this sum-
mary of attitudes is that radiation processing offers to over-
come deficiencies seen for fresh fish on three of the most
important considerations in restaurant operations -- availability,
spoilage losses, and profitability. It already has the edge on
the most important one--taste.

3. Fresh fish is clearly the preferred product form for most
restaurants if fresh fish can be made available, in the form
desired. In all regions, over 60% of restaurant managers
said they would prefer fresh fish in answer to the question
"Assuming availability of frozen and fresh ocean fish in the
form you desire, which would you prefer for your operation?"

(See Table V-26)
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4. Of this group who prefer fresh fish, almost two in three indicated
they would be willing to pay a premium to obtain it. Most com-
monly, a 5-10 cent premium was felt to be acceptable. In the
Midwest and West restaurant operators generally appear more
willing to pay an upcharge for fresh fish than in the East.

(See Table V-28)

5. While restaurant managers report avoidance of spoilage losses
are an important consideration for them, spoilage actually ex-
perienced among those who buy fresh fish is less than reported
by retailers. Almost 80% report spoilage losses of fresh fish
are two per cent or less of purchases.

(See Table V-29)

Moreover at the qualitative level, only one in ten say their fresh
losses represent "major problems" in their operations.

(See Table V-30)

6. At present, only a few managers serve fresh fish the same day
it is purchased. The majority say they can hold it two to three
days before serving and some say it can be held over five days.

(See Table V-31)

7. When asked whether an additional three to five days holding time
for fresh ocean fish would or would not represent an advantage in
their operations, about half of the managers said it would. In
the Midwest and West relatively more saw the three to five days
as an advantage.

(See Table V-32)

Those who said that three to five days would not be an advantage
were asked if five to seven days would be. Only a few responded
"yes" to this longer holding time, suggesting that the minimum
additional holding time would be sufficient.

(See Table V-33)

8. The advantage of extra holding time for fresh fish is one that
most restaurant operators, who see any advantage at all, would
be willing to pay a premium to obtain. Somewhat over a fourth
said they would not pay a premium, but most of the others indi-

cated willingness to pay a five cent per pound or better upcharge
for fresh fish with added holding time.

(See Table V-34)
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TABLE V-22

RESTAURANT MANAGERS: DO YOU SERVE OCEAN FISH IN YOUR OPERATION?

(Number in Group)

Total

Yes

No

Total
United States

(87)

100

94

6

Northeast

(18)

No.

17

1

Southeast

(11)

No.

11

98

Midwest

(28)

No.

West

(28)

No.

25

3

27

1



TABLE V-23

RESTAURANT MANAGERS: WHAT PERCENTAGE OF YOUR PURCHASES OVER THE PAST YEAR

WAS FROZEN AND WHAT PERCENTAGE WAS FRESH?

Total

United States

(Number of Cases)

Fresh Purchases

1005 fresh

51 - 990 fresh

500 or less fresh

(82)

/o0

57

14.5

28. 0

14. 5

Northeast

(17)

No.

13

5

5

3

Southeast Midwest West

(11)

No.

8

2

4

2

(25)

No.

10

(27)

No.

16

1

8

1

4

6

6
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TABLE V-24

RESTAURANT MANAGERS: PLEASE INDICATE HOW YOU THINK FRESH AND FROZEN FISH COMPARE

ON EACH OF THE CONSIDERATIONS FROM THE VIEWPOINT OF YOUR OPERATION

Fresh
Substantially

Better

Fresh

Somewhat

Better Same

Frozen
Somewhat

Better

Frozen
Substantially

Better Don't Know

The flavor and taste

Its appearance before
cooking

Its appearance after
cooking

The texture

Ease of preparation

Ease of storage

Package convenience--

availability of con-

venient portions and
package sizes

How frequently you
purchase

Avoidance of spoilage
loss

Cost

Profitability to your
operation

Availability of satis-
factory quality

Customer 's preference

Total number of cases

59%

41

147o 17b

10 30 7

37

40

22

10

8

10

18

10

6

36

28

10

3

7

5

13

16

2 14 13

1 16 1218

8

17

16

18

49

3

9

5

23

8

15

7 21 17

6

6

15

20

22

5

87

100

Consideration

17o 7%

9 2

3

4

1

1

7

5

44

63

2

3

61

49

74

29

34

33

14

5

6

7



TABLE V-25

RESTAURANT MANAGERS: WOULD YOU GO THROUGH THE LIST AGAIN AND RATE EACH FACTOR

FROM "1" TO "5" DEPENDING ON ITS IMPORTANCE TO YOU IN YOUR DECISION TO PURCHASE

FRESH OR FROZEN FISH. "1" MEANS NO IMPORTANCE AND "5" MEANS MAXIMUM IMPORTANCE.

IMPORTANCE SCALE

No Maximum

Importance Importance

Consideration 1 2 3 4 5 No Answer

The flavor and taste - 2 5 12 79 2

Its appearance before cooking 14 10 10 17 46 2

Its appearance after cooking 5 2 6 17 68 2

The texture 5 3 16 22 52 2

Ease of preparation 8 6 17 8 59 2

Ease of storage 6 2 17 10 62 2

Package convenience- -avail-

ability of convenient portions

and package sizes 6 3 22 15 52 2

How frequently you purchase 12 10 18 17 40 2

Avoidance of spoilage loss 5 1 7 7 78 2

Cost 3 2 20 15 58 2

Profitability to your operation 2 1 9 13 72 2

Availability of satisfactory

quality 2 - 7 8 79 3

Customer's preference 3 2 10 16 66 2

Total number of cases 87
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TABLE V-26

RESTAURANT MANAGERS: ASSUMING AVAILABILITY OF FROZEN AND FRESH OCEAN FISH

IN THE FORM YOU DESIRE, WHICH WOULD YOU PREFER FOR YOUR OPERATION- -FROZEN OR FRESH?

Total
United States

(Number in Group)

Total

Frozen

Fresh

N. A.

(87)

0/0

100

29

67

Northeast Southeast Midwest West

(18)

No.

6

12

(11)

No.

1

10

4

(28)

No.

7

18

3

(28)

No.

10

17

1
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TABLE V-27

RESTAURANT MANAGERS: HOW MUCH OF A PREMIUM, IF ANY, WOULD YOU PAY FOR

YOUR PREFERENCE IN TERMS OF COST PER SERVING?

Premium Would Pay

for Preference

(Number in Group)*

Total

None

1-4

5 - 10

11 and more

NA

Total

United States

(42)

/0

100

31

16

24

10

19

Northeast Southeast Midwest West

(7)

No.

3

2

1

1

(6)

No.

1

1

(16)

No.

(13)

No.

5

3

4

2

24

4

1

5

1

2

* Asked of those buying other than preference.
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TABLE V-28

RESTAURANT MANAGERS: I'D LIKE TO ASK FOR (FRESH OCEAN FISH), WHAT PERCENT,

BASED ON YOUR VOLUME OF PURCHASES, YOU LOSE BECAUSE THE PRODUCT MUST BE

THROWN OUT DUE TO DETERIORATION? WHAT IS THE MONTHLY VALUE OF THIS LOSS?

FRESH OCEAN FISH

Total

United States

(Number in Group)

Total

None

2 per cent or less

3 to 5 per cent

Over 5 per cent

Don't know/NA

(47)

"lo

100

45

34

6

9

6

Northeast Southeast Midwest West

(13)

No.

6

3

1

1

2

(8)

No.

5

1

1

1

(10)

No.

(16)

No.

3

5

7

7

1

11

1
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TABLE V-29

RESTAURANT MANAGERS: DO THESE LOSSES REPRESENT MAJOR PROBLEMS IN YOUR OPERATION?

Total
United States

(Number in Group)

Total

Yes

No

(29)

a1

100

10

90

Northeast Southeast Midwest West

(6)

No.

1

5

(4)

No.

(6)

No.

1

3 6

105

(10)

No.

1

11



TABLE V-30

RESTAURANT MANAGERS: HOW LONG DO YOU FIND YOU CAN USUALLY HOLD FRESH OCEAN FISH

FROM TIME OF DELIVERY TO SERVING IN THE SUMMER AND WINTER BEFORE IT SPOILS?

Summer Winter
Total Total

United North- South- Mid- United North- South- Mid-
States east east west West States east east west West

% o No. No. No. No. % No. No. No. No.

(Number in Group) (47) (13) (8) (10) (16) (47) (13) (8) (10) (16)

Total 100 *** *** *** *** 100 ** '

Serve same day

One day

Two days

Three days

Four days

Five days

More than five

Don't know/NA

4 -

11 1

28 6

39 1

6 1

4 1

6 2

2

- 1

2 1

1 1

5 5

- 1

- 1

1

1 4 -

1 11 1

5 15 3

7 38 1

1 8 2

- 6 1

1 15 4

- 2 1

106

- 1

2 1 1

4

5 5

- 1

7

1 - 1
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TABLE V-31

RESTAURANT MANAGERS: IF YOU COULD GET FRESH OCEAN FISH THAT COULD BE HELD

AN ADDITIONAL 3-5 DAYS WOULD THIS HAVE AN ADVANTAGE OR NOT TO YOU IN YOUR OPERATION?

Total
United States

(Number in Group)

Total

Would have advantage

Would not have advantage

Don't know

(87)

100

100

Northeast Southeast Midwest West

(18)

No.

*** a

645

47

3

12

(12)

No.

6

6

(12)

No.

(28)

No.

14

12

13

11

43
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TABLE V-32

RESTAURANT MANAGERS: WOULD 5-7 DAYS ADDITIONAL HOLDING TIME

HAVE AN ADVANTAGE OR NOT?

Total
United States

(Number in Group)

Total

Yes

No

Don't know

(41)

100

12

Northeast Southeast Midwest West

(12)

No.

1

86 11

(6)

No.

3

3

2

(12)

No.

(11)

No.

1

10 11

1
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TABLE V-33

RESTAURANT MANAGERS: HOW MUCH WOULD YOU PAY TO OBTAIN THIS ADVANTAGE

IN CENTS PER SERVING?

Total
United States

(Number in Group)

Total

Nothing

Less than 5 cents

5 cents

6 - 10 cents

More than 10 cents

Don't know

(46)

0/0

100

28

18

15

4

15

20

Northeast Southeast Midwest West

(8)

No.

1

1

2

4

(9)

No.

4

(15)

No.

(14)

No.

3

4

2

5

3

5

11

3

3

2
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D. Institutional Food Servers' Practices and Attitudes

Institutional food servers, not unlike restaurant managers, generally ex-
pressed greater enthusiasm for the concept of radiation preserved fresh

fish than did consumers.

In the course of this study, about 40 food managers (buyers, dieticians,
etc.) from the largest 225 institutions were interviewed. Seven of these
specialize in certain kinds of foods (chicken, 15-cent hamburgers, etc. )
and do not serve fish meals. The 33 who do have approximately 8, 500
locations in their organizations.

By and large these organizations are more committed to frozen fish and
particularly to pre -cut convenience products at the present time than was
indicated by the cross -section of restaurants. Thus among the institu-
tional locations represented only one in four serves any fresh fish at all
compared with about four in five of the restaurants.

Institutional management was asked about trends in the use of frozen con-
venience foods relative to fresh ocean fish in areas where both are avail-
able. Among institutions that indicated they had a choice between frozen
convenience fish and fresh, two out of three indicated trends favor the
convenience products. Most of the others indicated a stable situation with
no trends in one direction of another. Very few (4) said trends were
toward fresh fish. At the same time, however, two out of three indicated
a preference for serving fresh fish, if it could be made practical to handle.

In light of this background, considerable interest and enthusiasm was
found for fresh fish with extended shelf-life.

Managers were briefed about radiation processing of fish and then asked:
"Do you feel the opportunity for irradiated fresh fish is of major or rela-
tively modest magnitude? Is the product likely to become a staple or re -
main a specialty item?"

... Nine of 33 responded with genuine enthusiasm that they
felt the opportunity was a major one, e. g. , "The oppor -

tunity is of major magnitude. Fresh fish now is a minor
item company-wide. If fresh fish could be handled we
would see no need to handle frozen fish at all. Irradi-
ated fresh fish would be a staple item. "

... Eleven others responded positively, though somewhat
less enthusiastically, e. g. , "I think irradiated fresh
fish would be a staple of modest magnitude, a staple for
fast. It would be served probably once a week. We
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cannot serve it too often because it's something that a few
diners cannot stand; they will make it bad for the rest. "

. . . Eight gave neutral responses of the "wait and see" ilk.

. . . And only five felt the opportunity would be modest,
mainly because fish did not fit into their operation, e. g.
"We don't have specialty items in our restaurants. "
"Would remain a side item, because our business is
chicken. "

These respondents were also asked their impression of the timing re-
quired for irradiated fish to reach its potential. The consensus was that
this would occur in less than five years, as indicated below.

Years Number

1-2 7

3-5 7

Less than 5 4

5 4

10 and over 4

No opinion 8
33

There was also a consensus among this group that the New England ocean
fish species of direct concern to this study were good candidates for radi-
ation preservation. Two out of three felt irradiated New England cod,
haddock, sole and flounder would find acceptance among their customers,
seven of 33 had no opinion and only three were negative, not specifically
about these species but generally about use of fresh fish or irradiated fish
in their operations.

E. Leadership in Development of Irradiated Fish as a Staple Product

It is clear from our discussions with local fish retailers, fish department
managers of chains, as well as institutional and restaurant buyers, that
most of them assume the major retail chains should, and would, take the
lead in marketing innovations such as irradiated food products, including
fish. This feeling is based on a belief that these powerful marketing
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organizations have the greatest influence on consumer preferences and

food opinions. As one leading restaurant chain buyer puts it:

"The consumer must become accustomed to seeing a product
in her supermarket before I can be successful with it. After
all, if she doesn't know what it is the chances are she won't
order it from one of my menus. Sure there are some people
who like to eat the unusual item in restaurants, but they are
a minority. "

In terms of retail sales of irradiated fish products, chain buyers agree
that their organizations would be the logical first channel of distribution.
However, this is qualified by emphasis on fishery and fish wholesaler
leadership in product development. Most chain buyers (A & P and Grand
Union are notable exceptions) are very specific in stating that they do not
wish to get involved in the actual development of a product of this type,
because:

... It is incumbent upon the fish industry to prove market
acceptability and profitability;

... The fisheries and wholesalers now do most cleaning,
freezing, etc.., and would be expected to continue to
handle all preparatory work involved prior to fish
retailing;

... Fish irradiation offers possible expansion and profit
benefits to the producers making it logical for them to
lead in product development;

... Food retailers normally expect the food-producers to
lead in public education on any new developments.

Significantly, only two chain fish buyers believe the government is most
likely to have a position of leadership in market development of radiation
processed fish.
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F. Processing Considerations

Industry Structure

In general it must be concluded that enthusiasm is more widespread
among retailers, restaurants, and institutions for the promise from radi-
ation preservation of fish than at the production level.

The New England fishing industry, being one of the oldest enterprises in
the United States, has within it well-defined patterns of operation. It is
composed of a large number of small nonintegrated operating firms which
include the boat owners, processor -wholesalers and distributors. The
exceptions to the small, nonintegrated company are few. They number
less than one half dozen in all of New England.

This fact has implications to the ability and willingness of the fishing in-
dustry to innovate in a new preservation process on the one hand and
implications to the quality of catch available to that process on the other
hand.

At the present time fish handling techniques aboard most ships result in
landing a considerable proportion of low quality fish. Aboard ship the fish
is gutted and stored in bins in the holds averaging six feet in depth. This
stacking in many cases crushes the lowermost fish in the pile. In terms
of irradiation processing the bottom fish in many cases would not be suit-
able for treatment as their shelf-life could not be extended to a length
equivalent to that of the top layer of fish.

The know-how is available in the industry for overcoming this kind of
shortcoming, however. One company has introduced shelf spacing of 32
inches on its ships which eliminates a crushing overload on the fish.
Further, the same company has introduced, at the urging of the Bureau of
Commercial Fisheries, a new method of washing the gutted fish which in-
sures a maximum removal of all blood and other undesirable material. *

* This new process consists of a whirlpool tank driven by high water
pressure which flushes water through the cavity of the fish and then
proceeds to force the fish out of the tank so that it will slide down
stainless steel bars and into the hold. By utilizing this method of
cleaning, the fish is not touched by human hands after it has been
gutted which eliminates much of the cause of contamination.
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A final modification which is desirable in the context of irradiation proces-

sing is new hatch covers which have been developed to greatly reduce the

opening of the hatch and, in this way, maintain a lower hold temperature

by approximately 15 degrees. Although this has little effect on the lower

layers of fish, it offers much better preservation to the top layers of fish

that are closest to the deck. These modifications average about $5, 000
per vessel and are a major step toward the insuring of proper quality
landed fish that can be effectively treated by radiation processing.

Thus, while the fishing industry generally cannot be regarded as "forward

looking" there are fishing companies and some processing firms that are.

In the course of our interviewing at the processor -fishery level we became
convinced that a few important firms can be expected to move aggressively
once FDA approval of irradiated fish is given.

Engineering and Production Considerations

Compared with many products on which radiation research has been con-
ducted, particularly fruits, radiation preservation has an advantage in two
important respects in the fishing industry: these bear on the seasonal
stability of production and the concentration of supply at single locations.
Table V-34 indicates that landings at several ports could well justify an
irradiator on a volume basis. Chart V-1 shows that while landings are
seasonally low during the winter months they are relatively stable the rest
of the year. These factors have been considered in the engineering calcu-
lations described in Appendix B which suggest radiation processing costs
of a 21 million pound facility located on the Boston fish pier would be about
1. 6 cents per pound or less. The 21 million pound figure is based on ir-
radiation of half of Boston's fish-pier landings (101 million pounds live
weight in 1965 is equivalent to about 40 million pounds edible weight).

The 21 million pound facility is practical for the Boston pier and is our
basis for processing costs used in this study. Our demand estimates for
irradiated fish indicate similar units would be required at other ports.
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TABLE V-34

FOOD FISH LANDINGS AND EX-VESSEL VALUES

PRINCIPAL NEW ENGLAND PORTS, 1965

Million Pounds Million Dollars
Per Cent

(Based on Pounds)

New Bedford

Gloucester

Boston: Fish Pier

Portland

Rockland

Point Judith

Provincetown

Boston: Atlantic Ave

Stonington (1)

Total

115

106

101

46

38

14

14

2

2

438

19.6

6.9

11.2

1.8

1.5

1.1

1.1

0.3

0.2

26.3

24.2

23. 0

10.5

8.7

3.2

3.2

.5

.5

43.7 100. 0

(1) Value estimated.

Source: New England Fisheries -- Annual Summary, United States Department of the Interior, Fish and

Wildlife Service, Bureau of Commercial Fisheries.
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CHART V-1

NEW ENGLAND FISH LANDINGS

Million Monthly, 1964 and 1965*

Pounds
Round Wt.

40

30
1965

0\
1964

20

10

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

*Total for Cod, Haddock, Atlantic Ocean Perch, Sole and Pollock

Source: Bureau of Commercial Fisheries



G. Valuation of Benefits

Previous sections have outlined the nature and magnitude of consumer and
trade benefits that can be associated with commercialization of radiation
processing of finfish, as well as the industry attitudes and considerations
which relate to the probabilities of commercialization. This final section
concerns itself with valuation of the benefits. By way of background, pric-
ing of finfish is first discussed, since prices underlie the valuation of
poundage benefits already identified.

Fish Pricing

New England ground fish is disposed of at dockside auctions, unless i' has
been landed by vessels owned, leased or contracted by large companies.
The auctions, attended by buyers and principals of processing firms, es-
tablish the ex-vessel prices which reflect market supply and demand. In
1965 the ex-vessel prices for ground fish ranged between two and thirty-
six cents a pound, depending upon the specie. For example, the four
species of concern to this study exhibited the following range of fluctua-
tions during 1965.

Cents Per Pound
Specie Fluctuation

Cod, large 6.8 to 11.6

Cod, market 8. Oto 14. 3

Flounder - dab 5.8 to 13.4

Flounder - yellow tail 4. 7 to 13. 3

Sole, gray 9. 7 to 22.2

Sole, lemon 7.5 to 36.3

Haddock 11.0 to 19.9

Haddock, scord 9.3 to 17.2

An illustrative cost breakdown for filleting Boston haddock assuming an
ex-vessel price of 12 cents per pound is shown in Table V-35. Actual re-
tail prices vary with ex-vessel prices and freight add -ons.
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TABLE V-35

ILLUSTRATIVE COST BREAKDOWN FOR HADDOCK SHIPPED WITHIN NEW ENGLAND

Cents Per Pound

Ex vessel price

Edible value per pound of fillets

Labor

Metal can

Wooden box

Cellophane and labels

Ice

12

30 (400/o recovery)

5

2.5 (.49/20# can)

1. 5 (1.54/100# box)

0.3

0.5

Total processor cost

(excluding overhead)

Overhead and profit

39.8

2.2

42

46.3

Retailer cost before freight

Retailer direct cost

Cost Factor



Prices paid for fresh New England fish as reported by retailers surveyed
are consistent with this exhibit. For example, retailers most frequently
reported paying 40-49 cents for cod, and 45-55 for haddock. But prices
as low as 25 cents and as high as 80 cents per pound were noted, reflect-
ing the wide swings in ex-vessel prices and regional differences in trans-
portation costs. (See Chart V-2. )

Trade sources say that the fresh market takes first claim on landings.
This market is attuned to quality. Accordingly, when landings are light,
fresh buyers bid up prices to meet their needs. Since a sellers' market
generally exists in fresh fish, higher prices can be passed along to re-
tailers and consumers.

Pricing of frozen fish, in contrast, goes on in the framework of a buyers'
market. The retail price of frozen fishery products is relatively stable
and processors are unable to change prices in response to fluctuations in
ex-vessel prices. For this reason, processors are generally unable to
freeze New England ground fish when the auction price rises about 10 to
10-1/2 cents a pound.

Pricing Benefits

Excellent data are collected and published by the Bureau of Commercial
Fisheries on ex-vessel prices of fish, but not on retail and consumer
prices. The latter are the relevant values for pricing benefits in this
study.

Specifically two values are required: the average revenue per pound fore-
gone because fish spoils and cannot be sold to consumers and the value
added from sales of fresh fish rather than frozen fish.
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CHART V-2

RELATIONSHIP OF DAILY PRICE TO LANDINGS, BOSTON HADDOCK

First Quarter, 1966
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Retailers were asked what their ''usual'' prices of fresh and frozen cod,
haddock, sole, and flounder are. In the East about half of those respond-
ing indicated 69 cents and half 79 cents. In the Midwest where we had
very few fresh fish retail respondents, "usual" prices were $1. 00 per
pound and over; in the West the median price given was 89 cents. The
prices reported are summarized below.

RETAILERS' "USUAL" SELLING PRICES OF FRESH NEW ENGLAND COD, HADDOCK, SOLE AND FLOUNDER

Price Per Pound

Under 69$

69$

69-79$

East

Number Reporting

Midwest

1

5

1

579$

85$

890 1

$1. 00

Over $1.00

Total 12

2

3

6

Based on these data, we elected to value spoilage losses at 74 cents per
pound, approximately the mid-point of the 69-79 cent range reported in
the East where most of the fresh volume of these species is sold.

Those retailers in the sample who sold any of the four species in both
fresh and frozen form were also asked usual prices of their frozen fish.
Responses showed the following pattern.
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West

1

1

1

4

1

4
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Price of Fresh Less Frozen Number Reporting

New England Species East Midwest and West

No difference 4 -

10 per pound 3 3

15 per pound 2 -

20 per pound 2 5

Over 20$ per pound - 5

11 13

Based on these data, a beginning point for calculating value added from
substitution of fresh for frozen fish was taken at 12 cents per pound; this
is the average difference in "usual" selling prices reported by eleven
Eastern retailers for the four species. Reports from Midwestern and
Western retailers were not considered directly in this calculation because
fresh New England fish constitutes a high-priced specialty item rather
than a staple for so many of them. This 12 cents difference reflects a
number of things including higher costs to ship fresh fish and in many in-
stances higher ex-vessel prices than paid for frozen fish. It also reflects
higher profit for many retailers and a better quality product for consum-
ers with a preference for fresh fish (i. e. , more satisfaction or utility per
dollar than obtained from purchase of frozen fish).

In terms of the cost-benefit analysis, the relevant consideration is the
extra profit and/or consumer "value" that can be reasonably assumed
from substitution of fresh irradiated fish for frozen fish (because of in-
creased availability of fresh fish inland and elimination of short-buying
generally). This extra value is taken at five cents per pound, calculated
as follows:

Cents Per Pound

Fresh price over frozen 12. 0

Radiation processing cost
(Appendix B) 1.25 - 1.56

Extra shipping cost for ice (at

truck load and less than truck
load rates from Boston to Chicago) 3.3 - 5.3

Net 7.5 -5.1
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Election of the lower side of this range to represent the "extra" value of
irradiated over frozen fish is predicated on the fact that the 12 cents
starting point would in part include higher average ex-vessel prices for
fresh fish than frozen fish and this has not been accounted for directly.

These values are raw materials for projections of net benefits from AEC's
development effort in behalf of commercializing radiation processing of
New England finfish. To summarize the assumptions as to benefits

1. One-half of fresh fish spoilage losses,
presently estimated at five per cent of
volume, will be eliminated. The value
of this benefit at 74 cents per pound of
fish is 1. 85 cents per pound.

2. Short-buying to avoid Friday carry-
over of fresh fish will be eliminated.
Seven per cent (nominally) more fresh
fish will be sold as consumers are able
to find their "first" preference in
stores. The extra value of this benefit
is five cents* per pound to the extent
fresh is substituted for frozen fish,
i. e., . 35 cents per pound.

3. Inland consumers will substitute irradi-
ated fish for a portion of their current
frozen fish purchases. To these con-
sumers the extra value from having a
superior product is assumed to be five
cents per pound. Two market-effect
assumptions are: a) that Midwestern
consumption of fish will rise from one
half pound per capita to 1. 14 pounds
("best bet"); or b) to 1. 74 pounds (the
same level as in coastal areas).

* This value is based in part on the assumption of extra shipping expense

"to Chicago, " which is more precisely correct for assumption 3 than
2. In view of the estimating problems involved in short-buying, the
5 cent extra -value is good enough for present purposes, however.
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VI. TROPICAL HAWAIIAN FRUITS

PART 1 - HAWAIIAN PAPAYA

Summary of Findings and Conclusions

Summary

Everything considered, we recommend that development work on papaya
proceed. This work will center on the Hawaii Development Irradiator
scheduled for completion in early 1967. The chances that irradiation of
papaya will prove commercially feasible are far from certain. They appear
to hinge mainly on whether sufficient shelf-life extension can be achieved by
radiation to permit substitution of surface shipment for air, which is pres-
ently the only practical means of shipment available. Substitution of surface
for air shipment can result in cost reductions which more than offset esti-
mated costs of radiation processing. Furthermore, if cost reductions are
passed along to consumers in lower prices, a major hurdle to broadened
consumer acceptance of papaya could be overcome. Papaya appears ideally
suited for radiation processing from the viewpoint of crop and engineering
logistics (concentrated growing location, year-round production). But if
only the presently indicated shelf-life extension of about three days can be
achieved from irradiation, benefits appear only about equal to costs.

Background

The state of Hawaii and the state's papaya growers have active programs for
developing the mainland market for papayas. Realistically, no one expects
this exotic, relatively high-priced fruit to find its place beside major fruits
in mainland markets, such as bananas or citrus fruits. Nevertheless, it is
conceivable that papaya could reach volume achieved by analogous fruits
such as California avocados and fresh Hawaiian pineapples.

The cruicial question from the viewpoint of this study is the contribution that
irradiation processing can make in helping Hawaiian papaya realize its main-
land potential. As background to this question it is necessary to understand:

1. The current state of papaya's mainland market development;

2. The long-term outlook for the fruit;
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3. The major marketing problems that must be overcome if the
fruit is to enjoy significant volume on the mainland; and

4. How irradiation processing can contribute to alleviating those
problems.

The following are relevant considerations:

1. At the present time, the market for Hawaiian papayas is small,
though growing. Approximately 5 million pounds of fruit were
exported to the mainland last year. To provide perspective,
this compares with annual production of 8-10 billion pounds of
oranges, over 3 billion pounds of bananas imported to the
United States each year, about 40 million pounds of fresh
Hawiian pineapple, and up to 100 million pounds of California
avocados in recent years.

2. The potential for Hawaiian papaya is estimated at somewhere
between 20 and 70 million pounds in 1980. The lower figure
is based on continued exportation of one fifth to one fourth of
Hawaii's crops, and estimates of total production prepared by
the state department of agriculture; the higher figure assumes
that papaya can achieve a position in mainland markets equiva-
lent to those realized by avocado and fresh pineapple within
their first 15-20 years of market exposure.

3. The two most important factors inhibiting papaya's development
in mainland markets are: (1) lack of consumer awareness and
trial of the fruit and (2) its relatively high price. (Typically
49 cents per fruit in West Coast stores for sizes serving two
persons.)

4. There is a reasonably high probability that the first problem
will gradually be overcome in the fifteen year planning horizon
taken for this study. The papaya market development program
already underway appears to be an effective one and industry and
state plans are to expand the program in the years ahead. The
state of Hawaii accords a prominent position to papaya in its
long-range plan for development of the state's diversified agricul-
tural resources. In addition to supporting costs of the HDI and
its associated research program, the state is backing its appraisal
of papaya's potential by sharing the costs of the Fruit Shippers of
Hawaii's market development budget. The nature of this develop-
ment program is reviewed later.
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5. Whether or not the second problem of papaya's high cost on the
mainland can be overcome is uncertain. Progress in develop-
ment of the mainland market over the past five years is attribut-
able almost exclusively to the use of air freight. Air freight
makes it possible for papayas to reach mainland retail shelves
in three or fewer days after picking. With air freight, retail
shelf-life ranges from three to ten days and averages about five
days. At the same time that air freight can be assigned a pre-
dominant role in development of the mainland market, it also
represents a very large share of papaya's retail cost.

6. The commercial incentive to invest in irradiation processing
will be predicated on its ability to reduce costs to retailers and
prices to consumers. The most significant effect on costs would
result from extension of papaya's salable life from what is now
about eight to ten days (from harvest to consumption) to approxi-
mately seventeen days. Such an extension would make a shift
from air to surface shipment practical and thereby make possible
a substantial reduction in distribution costs.

7. Experimental irradiation work with papaya to date indicates that
shelf-life extension from a practical dose of gamma radiation is
approximately three days. This is not adequate to permit effec-
tive use of surface vessels.

8. A second, though less significant, opportunity for cost reduction
from radiation processing can result from shelf-life extension at
retail. Retail revenue lost as a result of reduced-price sales and
fruit throwaway is estimated at 11-1/2 per cent of the retail cost
of fruit. Shelf-life extension on the order of three days might
make it possible to avoid half of this loss. However, from re-
tailers' points of view, papaya spoilage and the need for shelf-
life extension are not important problems. Retailers cite lack
of consumer familiarity with papaya as the fruit's major problem.
They feel shelf-life is adequate and spoilage would be reduced if
turnover increased. Thus, if irradiation offered either retail
shelf-life extension of three days or lower price because of sur-

face shipment, retailers elect lower price. They see price as

being related to the demand-stimulation need.

9. Discounted benefits from commercialization of irradiation proc-
essing of papaya just about equal costs if the benefits are related
to the three-day retail shelf-life extension now indicated as pos-
sible. Benefits will substantially exceed costs if marketing time
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can be extended sufficiently to permit use of surface vessels for
shipment of fruit to the mainland from Hawaii.

10. At the present time the Hawaii Development Irradiator is under
construction in Honolulu with completion scheduled for early
1967. Papaya is the first fruit on which the Hawaii State De-
partment of Agriculture intends to expend developmental funds
and effort for radiation studies. This activity will establish
process costs under simulated commercial operating conditions
and will include systematic evaluation of the air-surface ship-
ment alternatives.

11. Papaya appears to be ideally suited to irradiation processing.
The fruit is produced year-round (though mainland demand is
somewhat seasonal) and growing is concentrated on the Big
Island of Hawaii. Thus, two prime criteria for commercial
feasibility are met. Two papaya importing organizations lo-
cated on the West Coast account for most of the mainland sales.
While they are not now attuned to irradiation processing's po-
tential they are forward-looking firms. In our judgment, these
firms will be responsive to the cost-reduction potential for pa-
payas from radiation processing--assuming the HDI develop-
ment work can demonstrate sound commercial incentives.

Detailed Findings

State of Papaya Market Development*

Development of mainland markets for Hawaiian papaya has passed through
one important stage and is currently on the threshold of its second phase.

Prior to 1961 papaya was picked in an immature green state and shipped by
surface vessel from Hawaii to the West Coast. This required up to twelve
days between picking and arrival. Shrinkage often amounted to 25-50 per
cent. A survey of 150 West Coast stores in 1959 indicated only 20 per cent
ever offered papaya and only four speciality outlets carried the fruit

* Qualitative background presented in this section was obtained largely

from Henderson Associates of Los Angeles. This promotional and
advertising firm has been associated with development of the mainland
market for papaya since 1959.
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regularly. Between 1956 and 1960 imports ranged between a million and

2-1/2 million pounds, with no evidence of growing consumer acceptance.

Between 1961 and 1965 two factors were responsible for improving West
Coast demand for papaya. First, a promotional program was started to

familiarize West Coast food editors and home economists of media, utility
companies, schools, etc. , with papaya and papaya recipes. Later, in
1962 and again in 1964, Food Editor Tours to Hawaii were conducted. The

firm responsible for these tours reported in 1966 that they "resulted in
$250, 000 worth of publicity the first six months following the 1962 tour....

These editors will continue to publish papaya facts and recipes as
they are associated with the food field. It is like having 20 of the best sales
people in the United States on your promotional staff. "

The second and most fundamental change in papaya marketing occurred in
1961 when, because of a Matson Lines strike, papaya was first shipped in
volume by air. The following expresses the importance to papaya of air
freight:

"In August, 1961: a major breakthrough which truly 'put
papayas on the map' was the promotion by air freight on Pan
American to Alpha Beta Markets in Los Angeles. The phe-
nomenal success of this air express promotion established
in the eyes of the industry and the trade itself that an air
freight papaya was a completely different product than a
surface-shipped papaya and that the misgivings on the part
of the retailer could be overcome by selling air freight
papayas. "* (Emphasis ours. )

In the 1961-1965 interval the annual rate of growth of papaya exports to the
mainland averaged 16 per cent per year.

By 1965, papaya was reasonably well-established on West Coast markets.
A trade-sponsored survey conducted late in 1965 in the same 150 markets
covered by the 1959 survey mentioned earlier showed 95 per cent of the
markets carried papaya, reportedly on an every-day basis.

Beginning in 1965, the promotional program for Hawaiian papaya was
broadened from the West Coast to Midwestern markets including Denver,
Houston, Dallas and Salt Lake City. A promotion was also launched in
Philadelphia with one of the area's major chains.

Henderson Associates, "Report to Fruit Shippers of Hawaii and
Department of Planning and Economic Development: The Papaya
Industry - Past, Present and Future, 1959 to 1966"
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This promotional activity is being conducted on a modest budget (See Table
VI-1); it appears soundly conceived however to generate a maximum re-
turn. Principal elements of the strategy involve:

1. Selection of a leading chain in each new market area to sponsor
introduction of papaya in the area.

2. Publicity programs through local newspaper food editors, and
TV and radio homemakers' shows.

TABLE VI-1

BUDGETED AND PROJECTED FIGURES FOR PAPAYA PROMOTION

al Year Private Industry Funds

1962-1963 $15,000

1963-196439,675
1964-1965"3967

1965-1966 11,600

1966-1967 30,000

1967-1968 36,000

1969-1969 49,000

1969-1970

State of Hawaii Funds

$15,000

45, 000

17,400

30, 000

24,000

21, 000

80, 000

Source: State of Hawaii, Department of Agriculture, "A Plan for Agricultural Development in Hawaii"

(1966), p. 48.
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3. Featuring of papaya with point-of-purchase displays and news-

paper advertising by the cooperating chain.

4. Making an effort to promote the cooperating chain's success so
that other chain stores in the same area are encouraged to
handle papayas in response to their customers' demand.

The Outlook for Hawaiian Papaya

The foregoing background is relevant to this study because judgments of
papaya's future demand are required to appraise the thruput potential for
radiation processing of papaya.

Three long-range assumptions concerning development of the market were
prepared:

1. The first states that the historical growth in mainland demand
can be maintained. Thus, for purposes of this study, extrapola-
tion of past growth rates to 1980 (16% per year) are taken as a
"best-bet" estimate of mainland demand in 1980. Poundage
implications are presented with historical data and alternative
estimates in Table VI-2.

2. A minimum estimate of papaya's long-range prospects was
based on estimates of total Island production prepared by the
Hawaii department of agriculture. Specifically we assumed
somewhat less than a fourth of Island production would be ex-
ported to the mainland. This is consistent with the historical
record; but may be conservative for the future because the
main thrust in development of papaya markets will be toward
the mainland. The projections of Island production "are
based on outshipment records, sales projections made by pri-
vate companies, personal interviews, recent national and lo-
cal trends, and other factors such as population growth.

3. A "maximum" estimate was developed by examining historical
rates of market penetration for analogous fruits. Specifically,
the growth experienced by California avocados and fresh
Hawaiian pineapple in the first fifteen to twenty years of their
availability to mainland consumers was taken as a guide to
what papaya might accomplish in a similar period of time.

* Department of Agriculture, State of Hawaii, A Plan for Agricultural

Development in Hawaii, P. 57.
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There are sufficient parallels between papaya's current marketing
problems and those facing avocados and fresh pineapple at equiv-
alent stages in consumer marketing to suggest the analogies are
reasonable.

TABLE VI-2

HISTORICAL AND PROJECTED MAINLAND DEMAND FOR HAWAIIAN PAPAYA

(Thousand Pounds)

"Minimum Est"

5,500

6,100

6, 700

7,300

8, 000

9, 200

10,400

11,600

12, 800

14, 000

15,200

16, 400

17, 600

18, 800

20, 000

Projected *
"Best Bet"

5, 700

6,600

7,600

8, 900

10,300

11, 900

13, 800

16,100

18, 600

21,600

25,100

29, 100

33,700

39, 100

45,400

"Maximum Est"

6,500

10, 000

20,000

35, 000

45, 000

47,400

49, 800

52, 200

54, 600

57, 000

59, 600

62, 200

64,800

67,400

70, 000

* See Text for assumptions underlying projections.
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Historical

1956

1957

1958

1959

1960

1961

1962

1963

1964

1965

1,568

2,457

2,430

2,125

1, 059

2, 723

3,304

3, 186

4, 430

4, 899

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980



Chart VI-1 illustrates the pattern of development of the three fruits and a
projection for papaya. For this Chart, fruit consumption has been ex-
pressed on a per capita basis and the time scales arranged so that the first
year for which data are available for each fruit are concurrent. This com-
parison suggests that papaya, if it followed the courses indicated by
avocado and fresh pineapple, could reach 70 million pounds by 1980.

From the history of fresh pineapples and avocados three stages of market
development can be identified: (1) an introductory stage with sales con-
fined to West Coast markets; (2) a three to five year period during which
marketing was extended to a national basis; and (3) a mature stage in which
most stores offer the fruit on a regular basis.

Papaya is currently on the threshold of stage 2, as indicated in part by
Chart VI-1, in part by the fact that the market development effort was ex-
tended to the Midwest and East on a limited scale in 1965 and 1966, and in
part by information provided by produce managers in our survey of twenty
of the largest supermarket chains. The latter indicate that only about 7 in
10 supermarkets carry papayas and then only half the year:

Per Cent of 14, 000 Average Number of Weeks

Stores Carrying Carried Per Year

No.

Papaya 69 24

Avocados 99 51

Pineapples 99 52
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CHART VI-1

PER CAPITA CONSUMPTION OF THREE TROPICAL FRUITS

(Fresh Hawaiian Pineapple and Papaya, Fresh California Avocados)

Pounds/Thousand Persons

Papaya:
1965 actual 4.9 Mil. Pounds
1970 est. 45.0 Mil. Pounds
1980 est. 70. 0 Mil. Pounds

Pineapple,-- --- ___---

- /Papaya

1960
1954

1929

1965
1959

1934

Avocado

"I
A

14*p

,1 I

I
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1939

1975
1969
1944

Time Scales

Source: Table 4
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TABLE VI-3

PER CAPITA CONSUMPTION OF FRESH HAWAIIAN PINEAPPLE,

HAWAIIAN PAPAYA, AND CALIFORNIA AVOCADOS

(Pounds per thousand persons)

Papaya Pineapples Avocados

1925 - - 2
1926 - - 4
1927 - - 10
1928 - - 5
1929 - - 19

1930 - - 6
1931 - - 34
1932 - - 40
1933 - - 25
1934 - - 37

1935 - - 143
1936 - - 78
1937 - - 93
1938 - - 78
1939 - - 224

1940 - - 115
1941 - - 215
1942 - - 272
1943 - - 225
1944 - - 304

1945 - - 162
1946 - - 336
1947 - - 253
1948 - - 251
1949 - - 189
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TABLE VI-3

PER CAPITA CONSUMPTION OF FRESH HAWAIIAN PINEAPPLE,

HAWAIIAN PAPAYA, AND CALIFORNIA AVOCADOS

(Continued)

(Pounds per thousand persons)

Papaya

1950
1951
1952
1953
1954

1955
1956
1957
1958
1959

1960
1961
1962
1963
1964
1965

9
14
14
12

6
15
18
17

23
26

Pineapples

4
7

16
30
43

56
71
77
83
84

Avocados

202
287
353
287
259

546

235
182
530
580

766
386
536
422
487
245

85
80
79

113
200

214

Sources: Papaya: (letter); Pineapples: (letter); Avocados: California Crop and
Livestock Reporting Service, "California Fruit and Nut Crops, 1909-1955, Special
Publication 261" and mimeographed supplements, 1956-1965.
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The Role of Price

The ability of papaya to successfully pass through stage 2 and enter stage 3
is contingent on its achieving national, year-round distribution. This in
turn depends on solution of a number of papaya's marketing problems, at
the core of which is the fruit's high price to consumers and retailers.

The importance of lower price to papaya's long-range prospects cannot
be overemphasized even though quantitatively it is extremely difficult to
indicate what the effect of a given price reduction will be. The effect can
be expected to be large, however, based on several considerations:

1. The analogous fruits, avocados and fresh pineapples, are
specialty fruits which are high priced if compared with large
volume fruits such as oranges and bananas. Nevertheless,
they are lower priced than papaya on a "per serving" basis.
Comparisons can only be made crudely because of the differ-
ent uses, number of servings and wide price swings in fruit
prices through the year. Papaya typically serves two and is
most commonly sold at 49 cents per fruit. Avocados sell as
low as two for 25 cents and as high as 39 cents. Depending
on use, one avocado can serve several persons. Fresh pine-
apples average 49-59 cents at retail and, again, depending on
use can serve four to ten persons. Thus it is clear that lower
prices underlie avocados' and pineapples' acceptance than exist
now for papaya.

2. Retailers report that when papayas are "featured, " in advertising,
usually at 39 cents, consumer response is significant. Produce
managers at the headquarters level of leading supermarkets say
that a three- to four-fold increase over normal demand results.

3. Consumers who now buy papayas reported in our survey that they
would buy considerably more often if the price was 10-30 cents
lower.

(See Table VI-4)

4. In our survey of produce managers at chain headquarters, man-
agers were asked if a three or four day shelf-life extension or
lower price (10 cents) of papaya would be more meaningful to
them. All but 4 of the 20 favored lower price because price ad-
dressed itself in their minds to papaya's basic problem--a need
for stimulation of demand.
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5. At the present time, efforts to develop Eastern markets for
papaya are based on offering papaya to consumers at the same
basic price as on the West Coast. This is made possible only
because papaya growers--through one of the West Coast sales
organizations--and the participating retailer in the East are
willing to "subsidize" prices of the fruit. This situation is
attractive neither to retailers nor growers on a long-term
basis.

TABLE VI-4

CONSUMER ATTITUDES TOWARD PAPAYA PRICES

If it were 39 c

If it were 29 c

If it were 19 c

(Do you think you would serve papaya more often if

its price were 39 cents for a papaya that serves two

people? If it were 29 cents? If it were 19 cents?)

Per Cent Responding

Yes

ents? 25

rents? 36

gents? 66

Base: All persons having eaten papaya (21% of sample).
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Thus the need to reduce papaya costs and prices as a prerequisite to devel-
oping meaningful national distribution for the fruit seems clear.

Papaya Cost Structure

Papaya basically is a low cost fruit. A careful study by J. Keeler of the
University of Hawaii ("Cultural Methods and Costs in Growing Puna Papaya")
estimates total operational costs at 3. 7 cents per pound: This includes land
rental, depreciation of equipment and buildings and all operational costs
(clearing, planting, weed and pest control, fertilizing, harvesting, and
sorting and packing). Papaya marketers and growers we talked with indicated
growers are content with a 4 cents per pound or better return. Prices re-
ceived by farmers on the Big Island of Hawaii in 1964 were 5. 3 cents per
pound. This incidentally compares favorably with other fruits grown in
Hawaii, as shown below, indicating that the basic growing cost of the fruit
is not responsible for imbalances that exist between papaya and other fruit
prices on the mainland.

Prices Received
by Farmers,

Island of Hawaii,

1964

Avocados 6.5 cents/lb.

Bananas 7. 0 cents/lb.

Oranges 6.3 cents/lb.

Papayas 5.3 cents/lb.

Source: Hawaii Department of Agriculture, Statistics of
Hawaiian Agriculture, 1964.

While prices received by growers are low, by the time papayas are proc-
essed, packaged and shipped to the West Coast retail prices are five to
six times grower prices. The price of papaya to retailers in San Francisco
averaged about $3. 20 per 10 pound case in 1965 and $3. 30 a year earlier.
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Papayas are graded in terms of the number of fruits per 10 pound case.
Quality-minded retailers report offering mainly 10's and 11's. Ten fruit
per 10 pound case is often cited as an average. On this basis consumer,
retailer, and grower prices compare as follows:

Growers 4- 8 cents/lb.

West Coast retailers 29-40 cents/lb.

Consumers 39-49 cents/lb.

Pricing on the West Coast is a matter of current supplies of papayas, re-
tail demand and bargaining between chain store buyers and papaya sales
companies. Some minor volume of papayas is also sold through commission
wholesalers. What growers receive from sales on the West Coast is in
effect residual--what is left after selling and cartage expense incurred on
the West Coast, air freight from Hilo, Hawaii to the West Coast (via
Honolulu) and packing and fumigation expense in Hawaii.

The Role of Shipping Costs

Air freight expense, as indicated by Table VI-5, constitutes about one third
of papaya's West Coast retailer cost. It is this fact and air rates in com-
parison with surface vessel shipping rates that gives rise to the particular
focus on extending marketing time for papayas to permit surface shipment.

On the basis of a $3. 00-per-case price to retailers the cost structure for
papayas is approximately as shown in Table VI-5.
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TABLE VI-5

APPROXIMATE COST DISTRIBUTION - -RETAIL

TO GROWER FOR HAWAIIAN PAPAYA SOLD

ON THE WEST COAST

Per

10 Pound
Case

$3. 00

1. 15*

Retail Cost

Air freight

West Coast selling expense, cartage,

wholesaler commissions, etc.

Hawaii processing and packing costs

Return to grower

.60

.65

.60

* Based on 7 cent rate from Honolulu and 3 cents from Hilo to
Honolulu. Gross weight of papaya cases is 11-1/2 pounds.
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Air cargo and surface rates are compared in Table VI-6. At the present
time, virtually no papaya is shipped by surface vessel. What little is,
is shipped by mixed container loads with pineapple. Prior to 1961 sur-
face vessels were used, but as noted earlier the condition of fruit arriv-
ing on the West Coast was not satisfactory because of high shrinkage and
the immature stage at which the fruit had to be picked to permit the 5-1/2
day surface trip.

In order to assist papaya shippers to take advantage of minimum air cargo
rates, United Airlines has constructed chillboxes. These permit accumula-
ting small shipments into larger ones (papaya is not held over 24 hours).

One shipper reports being able to frequently take advantage of the minimum
rate from Honolulu, thereby realizing air cargo costs of $1. 03 per case
(9 cents from Hilo via Honolulu at 11-1/2 pounds gross weight per case).

For shipments going beyond the West Coast by air, comparative air cargo
costs from Hilo are:

Per
11-1/2 Pound

Gross

Case

Weight

To New York $2.53

To Philadelphia 2.53

To Chicago 2.30

To Denver 1.95

* Minimum 1, 100 pounds.

The significance of these rates to development of Eastern and Midwestern
markets is considerable. For example, if the previously shown cost
structure for fruit sold to West Coast chains (Table VI-5), is adjusted to
cover air freight to Philadelphia or New York, retail costs in the East
would be about $4. 40 per 10 pound case. Retail mark-ups vary consider-
ably, but chain managers have indicated 40-50 per cent would be normal

This is time at sea from Honolulu to West Coast landing points. Addi-
tional time is required to ship to Honolulu from growing areas. About
7-10 days is usually required from Hilo to the West Coast
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for papaya. Thus 1 pound papayas would have to sell to consumers at

about 65-69 cents. They are actually being offered to consumers at about

49 cents. To permit this price, shippers have sold fruit to Eastern

chains at about $3. 85. Retailers, in turn, have marked up 25-30 per
cent. As one buyer noted, the loss of one fruit per case virtually elimi-

nates mark-up recovery.

TABLE VI-6

COMPARISON OF AIR CARGO AND SURFACE SHIPMENT FREIGHT RATES FOR

PAPAYA FROM HAWAII TO SAN FRANCISCO AND LOS ANGELES

Air Cargo

Per Pound Surface Rates

Hilo, Hawaii to Honolulu

Honolulu to West Coast

1, 100 pounds minimum

10, 000 pounds minimum

15, 000 pounds minimum

3 cents

8 cents

7 cents

6 cents

Approximately

Any quantity

C. L. Min. 14, 700 lbs.

C. L. Min. 17,400 lbs.

C. L. Min. 24, 000 lbs.

0. 50 cents

3.01 cents

2.26 cents

2. 15 cents

1.65 cents

Sources Air Cargo: Hawaiian Airlines, TWA, and United Airlines Tariffs Surface:
Hilo to Hawaii rates from Young Brothers, Ltd.: $6.25 per pallet of approximately
56 cartons, each containing 20-25 pounds. Honolulu to West Coast rates from
Matson Navigation Company, Eastbound Container Freight Tariff No. 15. Matson
actually provides service to "all of Hawaii" at these rates so that depending on
schedules the 1/2 cent barge cost from Hilo to Honolulu can be avoided for ship-
ments to the mainland.
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Papayas have been sold to Eastern retailers at prices exceeding $5. 00 per
case prior to the current campaign to develop Eastern markets. At the
present time, most fruit destined for the Midwest and East is consigned
directly to chains from Honolulu by air. Southwestern and some Midwestern
cities are however shipped via truck overnight from Los Angeles or San
Francisco.

Possibility of Air Cargo Freight Rate Reductions

To the extent air freight rates might be reduced, the cost savings from sur-
face shipment plus radiation are less attractive. This possibility was con-
sidered. The consensus among air line cargo managers, however, is that
Eastbound rates from Honolulu to the West Coast will not be reduced ao-
preciably in the foreseeable future. At the present time, rates Eastbound
are appreciably below Westbound rates. This reflects the fact that cargo
Westbound to Hawaii exceeds Eastbound volume by about 3 to 1. Thus, for
the same class of cargo, the rate for shipments from Los Angeles to
Honolulu is 20 cents and Eastbound is 15 cents (2, 000 pound minimum). For
larger shipments the West- versus East-bound differentials are larger.

More likely than a rate reduction is the possibility that direct air service
from Hilo to the West Coast will be instituted within the planning period
of this study. This would eliminate transshipment to Honolulu and 3 cents
per pound of the present cost of air freight to the West Coast. Carriers
have petitions currently on file with CAB for approval of new Pacific routes
which include service to the Big Island. Elimination of this cost would re-
duce retail cost about 35 cents per case of papayas.

Papaya Marketing Time

The salable life of papaya is too short at present to make ocean shipping a
practical alternative to air cargo. While growers and importers differ on
the precise number of days available between picking and consuming papaya,
the consensus seems to be in the range of five to ten days; some claim as
long as fourteen days.

Papaya should be at least quarter-ripe when picked to assure high quality
fruit for the consumer. It is said ripening occurs at a rate of 1/4 every
24 hours after picking. An approximate schedule of events after picking
involves:
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First day

1. Trucking from farm to packing sheds (on the Island

of Hawaii these are located at Hilo).

2. Hot water dip, fumigation, and packing.

3. Air shipment to Honolulu.

Second day

4. Air shipment to West Coast.

5. Cartage to chain warehouse.

Third day

6. Delivery to local chain and display to consumers.

The entire sequence from picking to retail store can actually occur in one
to one and a half days.

Produce managers interviewed in our surveys of local stores and chain
headquarters reported that papaya display time in stores averages five
days. The range reported, however, was quite wide, from two to over
eight days, as indicated by Table VI-7. This table is based on local store
managers' reports rather than headquarters' reports. The average re-
ported by both headquarters' and managers' groups was however the same,
five days.

Retailers pointed out that the actual number of days papaya can be displayed
depends on the ripeness of the fruit and its condition when picked. Quality
is inferior if papaya is picked before it has some color. The longer shelf-
lives reported by some retailers (over seven or eight days) is thought pos-
sible only if they receive green, immature fruit.



TABLE VI-7

DAYS PAPAYA CAN BE DISPLAYED BEFORE

REDUCING PRICE TO CLEAR

Local Retailers Reporting
Number of Days

No.

2

3

3

9

4

5

6

7

11

6

2

11

8 or more

Total

5

47

do

6.0

19. 0

23.5

13. 0

4. 0

23.5

11.0

100. 0

Note: Weighted average (based on cases per year) is five days.

In summary, papaya as presently marketed has about eight days market-
ing time between pick and sale to consumer--three days or less to re-
tailers and about five days on retail shelves.

Attitudes About Shelf-Life

Retailers do not generally view shelf-life of papayas as 'too short. " Fruit
managers at the headquarters level of twenty leading chains were asked
their preference between three to five days extended shelf-life for papayas
or a 10 cent per fruit price reduction. Responses were:
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Preference No.

Lower price 13

Extend shelf-life 4

Other responses 2

No answer 1

Total 20

In explaining their preferences for lower prices the most frequent comments
referred to the need to stimulate demand. Two of the largest chains' fruit
managers indicated they felt that promotion of papaya was more important
than either lower prices or shelf-life extension.

Management people representing the two largest importers of papaya have
different attitudes about price. The largest importer imports papaya ex-
clusively and is closely associated with the Fruit Growers cooperative
marketing program with food editors and chain stores. This organization
is attuned to quality and associates that with air freight speed. To this
organization, the price problem is one to be dealt with only after consumer
awareness and trial of papaya has been increased.

The second firm imports a full line of fresh tropical fruits of which papaya
is a part. The firm is less interested in the industry's promotional pro-
gram. It has conducted promotions on its own and has also been more
aggressive in pricing. Competition complains that its papaya prices have
often been used as a competitive device for gaining retail positions for the
organization's line as a whole. This organization particularly would wel-
come a practical means to use surface shipping because of the cost-price
implications.

Relationship of Extension in Marketing Time
to Papaya Cost-Reduction Need

Extension of marketing time by radiation processing can have what we
identify as a minimum or a maximum effect:

Minimum Effect

The minimum effect will be possible if shelf-life extension is
"used up" at retail. The additional retail shelf-life will have
two measurable effects by prolonging the time before the fruit's
price must be reduced to clear shelves and by reducing actual
throwaways.
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Based on retail produce managers' reports, 20-25 per cent
of papaya is sold at reduced prices because of advanced ripen-
ing. The "cents-off" from the regular price (49 cents) aver-
ages 18-19 cents per fruit. * The portion of fruit thrown away
because of spoilage as reported by local stores was 8 per cent
and by headquarters management of chains was 9 per cent.

Virtually no fruit is lost in transit, according to air line
claims-records. One air line indicated claims have been paid
on only nine or ten cases in the past six years. Retailers and
others say that if papaya is sound when it is packed, spoilage
in shipping or at retail is not a problem.

Based on a retail cost of $3. 00 per case, retail revenue fore-
gone from cents -off sales is equivalent to 5. 6 per cent of the
value of papaya; and from actual throwaways to 5. 9 per cent,
or a total cost attributable to actual and impending spoilage
of 11. 5 per cent of the fruit's value.

If half of this loss can be avoided by shelf-life extension, the
retail savings would amount to about 3 cents per pound, valued
at the consumer price.

Maximum Effect

The maximum effect will occur if extended shelf-life is "used
up" in transportation time. The cost advantage can be calcu-
lated from air and surface shipping rates already presented.

Several shipping options are available, all of which trade time
for money. These are indicated in Table VI-8. From this
table, conclusions are that if marketing life of papaya can be
extended by at least seven to eight days (boat all the way),
transportation costs can be reduced by 85 to 92 cents per case.

This is equivalent to 30 per cent of present retail cost. An
extension of five and a half to six days (air to Honolulu, boat
to West Coast) can reduce costs by 50-57 cents per case. If
air freight becomes available directly from Hilo to the West
Coast, the surface advantage would be reduced by 34-1/2 cents.

* These figures are weighted-averages of local and headquarters' managers

reports from our surveys of these groups. Weights are based on cases
reported sold per year per store. Local stores reported lower factors
(21% sold at 18 cents off) than did headquarters (24% at 19 cents off).
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TABLE VI-8

COMPARATIVE COSTS AND TIME OF SHIPPING PAPAYA

BY AIR VERSUS SURFACE

Minimum Cost
Per 11-1/2 Lb.

Case

Maximum Cost
Per 11-1/2 Lb.

Case

1. Present air freight

2. Matson Lines barge to Honolulu*

Matson Lines to West Coast

3. Barge to Honolulu

Air to West Coast

4. Air freight to Honolulu

Matson Lines to West Coast

5. Air freight direct from Hilo

2

.190
7

9 .190

2

1

3

. 050

.690

.745

1/2

7
7-1/2

1

.345

.190

.535

.690

* $. 05 more if competitive barge is used.
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West Coast

1-3 $1. 035 $1.265

.346

. 050

.920
.970

.345

.346

.691

.920



The shipping cost reduction possible with at least seven to eight days
of shelf-life extension would permit a retail price of 39 cents to
West Coast consumers and make 49 cents far more attractive to East
Coast retailers and papaya growers. Under these assumptions,
there would be no extension of shelf-life to retailers.

Realistic caveats must be made when air and surface service are
compared. Departures by air are far more frequent (many times
per day) than by surface. One papaya marketer is concerned with
the disruptive effects on price that might result from large ship
landings on the West Coast versus the steady flow of small daily
shipments by air. Quite closely there will be a logistics problem
not unlike that which the banana industry has solved so effectively
(Chapter VIII).

Controlled Atmosphere

Another important consideration concerns the future for controlled atmos-
phere. Matson Lines in cooperation with the Tectrol Division of Whirlpool
Corporation has developed controlled atmosphere containers for papaya.
The Tectrol system uses a patented generator to supply a gaseous atmos-
phere of oxygen, carbon dioxide and nitrogen in the correct proportions,
thereby inhibiting ripening while the product is in transit or storage. In
the more colorful language of a Matson official "controlled atmosphere
actually puts the papaya to sleep on its way to the mainland. When it ar-
rives there and is unloaded from the cargo container, it wakes up and re-
sumes its natural life. "

Our interviews indicate that controlled atmosphere technology for papaya is
still in a state of infancy. One shipment of papaya by ship from Hawaii using
a Tectrol container arrived reportedly "in good condition. " This shipment,
however, was not made under experimentally controlled conditions. It
should be noted however that use of this technique would not require FDA
approval and its development would not be subject to the same delays faced
by radiation preservation.

Matson Line tariffs include a charge of $25. 00 per container for controlled
atmosphere, equivalent to . 170 cents per pound of fruit in 15, 000 pound
containers.

Another controlled atmosphere process is being developed by the Occidental
Petroleum Company. This is known as the Oxytrol process. To our
knowledge, field development work has not included products covered by
this study with the exception of bananas. Research however has been done
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on fruits, fish, meats and flowers. The process is said to be near com-
mercial trials (early 1967). Precise costs are not known, and will vary
from product to product. They are expected to be well below costs that in-
volve air shipment however and to make surface shipment of such products
as strawberries practical.

Costs and Shelf-Life Extension from Radiation Processing

Experiments at the University of Hawaii indicate that at practical doses
(75 krad) papaya's salable life can be extended approximately three days.

Estimates of the costs of irradiating papaya under several assumptions con-
cerning thruput and costs of cobalt 60 are shown in Table VI-9. These cost
estimates were prepared by Jackson and Moreland, Inc. especially for this
study and they are documented in Appendix B.

Irradiation of papaya will displace the need for and current cost of fumiga-
tion, which is required by USDA quarantine restrictions to control fruit
flies. The most common fumigation procedure involves use of ethylene
dibromide gas. Papaya is fumigated in vaults before or after packing into
cases. The process is inexpensive--1/4 to 1/2 cent per pound. At the
present level of shipments, only about half the fumigation capacity installed
at Hilo is said to be used.

See Akamine and Wong, "Extending the Shelf-Life of Papayas with Gamma
Irradiation, " Hawaii Farm Science, January, 1966 and Annual Reports to
AEC prepared by members of the College of Tropical Agriculture,
University of Hawaii.
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TABLE VI-9

IRRADIATION COSTS PER TEN-POUND CASE
(Cents)

Thruput Per Year

(Million Pounds)

5

10

30

50

Cost Per Case at a Source Cost

of 70$ Per Curie*

29.80

20.10

12.00

10. 00

Cost Per Case at a Source Cost

of 33$ Per Curie*

28. 00

20. 00

10. 80

9.40

* Cobalt 60.

From the viewpoint of engineering efficiency, papaya appears to be an ideal

crop for irradiation. Almost 80 per cent of Hawaii's crop is grown in the

Puna District on the Big Island of Hawaii (see Table VI-10). Growers and
other respondents familiar with the industry expect production to become
still more concentrated there. Thus, an irradiator located in the vicinity
of Hilo can draw on nearly all of the Islands' output.
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Moreover, unlike many fruits on which radiation research has been con-

ducted, papaya is grown year-round. As Chart VI-2 indicates production
is reasonably stable from month to month. There is however more vari-

ation in mainland demand than in Island production, as papaya competes
with seasonal supplies of mainland soft fruits (see Chart VI-3). The sea-
sonal variation, is not so great however as to make impossible reason-
ably efficient month-to -month use of an irradiator. The seasonal pattern
has been considered in preparation of the cost estimates cited above.

TABLE VI-10

PRODUCTION OF HAWAIIAN PAPAYA

BY ISLAND, 1964

Thousand Pounds 010

Island

Hawaii

Oahu

Kauai

Maui

Molokai

State

19, 390

3, 205

1,340

635

25

24, 585

79

13

5

3

100

Source: Hawaiian Department of Agriculture, Statistics of
Hawaiian Agriculture 1964.
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CHART VI-2

PAPAYA

PRODUCTION, BY MONTHS, 1964
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CHART VI-3

OUTSHIPMENTS OF PAPAYA BY MONTHS, 1960-1964
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Summary of Possible Net Effects

The minimum and maximum effects of radiation processing are summarized
in simplified format below:

1. Minimum Effect:

Three-day shelf-life extension.

Reduce retail spoilage losses 17-30 cents per case.

Irradiation cost, less present fumigation cost 7-25 cents
per case.

Probably no effect on consumer prices.

2. Maximum Effect:

At least seven to eight day shelf -life extension.

Reduce shipping costs 85-92 cents per case. (If air cargo
costs are not reduced materially or controlled atmosphere
proven effective. )

Irradiation cost, less present fumigation expense 7-25 cents
per case.

Probable significant consumer price reduction in West, per-
mit Eastern retailers to sell more profitably at 49 cents in
East. Could contribute to major market expansion.

These factors are examined against AEC's development expense for papaya
in the cost -benefit analysis presented in the last chapter of this report.
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PART 2 - HAWAIIAN MANGO

Summary of Findings and Conclusions

Hawaiian mango is a particularly interesting crop from the viewpoint of

radiation processing since it is the only product in this study which abso-

lutely requires irradiation as a prerequisite to development of a market.

The Hawaiian variety is infested with a seed weevil and therefore quaran-
tined from shipments to the mainland. Like any soft fruit it spoils quickly
when cut open so that fumigation techniques are ineffective on the seed
weevil. Gamma rays however readily penetrate mangoes and very low
doses (25-75 krad) are lethal to adult mango weevils. *

Interest in development of markets for Hawaiian mangoes stems from the
state of Hawaii's long-range agriculture plan to develop an export market
for diversified crops. Mangoes are claimed to be the most eaten fruit in
the world. Further, the Hawaiian mango is said to be superior to man-
goes available to mainland consumers from other growing areas. These
are grown largely in Florida and Mexico and are not infested with weevils.

Despite these favorable considerations, the public benefits from commer-
cialization of radiation processing of Hawaiian mangoes cannot be expected
to be of major proportions in the period 1966-1980. From the taxpayer
viewpoint, the benefits from development of a mainland market for
Hawaiian mangoes, as a result of AEC's support of radiation research,
must be counted as an intangible. That is, success would provide con-
sumers with a wider variety of fruits. Prospective benefits from con-
sumer purchases of mangoes, however, have to be counted as transfers
from other foods since it is illogical to assume per capita consumption of
foods will increase. Important tangible benefits can be counted from ir-
radiation of mangoes and development of a market, but they will accrue
to residents of Hawaii and firms associated with production and distribu-
tion of mangoes at the expense of others.

* See Upadhya and Brewbaker, "Irradiation of Mangos for Control of

the Mango Seed Weevil" Hawaii Farm Science, January, 1966; USDA,
Hawaii Fruit Fly Investigations, "Information Sheet: Gamma
Irradiation for Fruit Fly Control and for Disinfestation of Hawaii
Fruits, Vegetables, Flowers and Baggage, " January, 1965; and
University of Hawaii Annual Reports to AEC.
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Even at that, benefits from development of Hawaiian mango markets will
for a number of reasons be long in coming--in our opinion mostly after the
cut-off year for this study. This conclusion is based on the facts that
Hawaii has only a few small commercial mango farms and that a period of
four years is required from seeding or grafting to first production and
fifteen years to full production from mango trees.

Moreover, the economic feasibility of disinfesting mango by irradiation
faces a number of practical limitations. These suggest that a Hawaiian
mango industry could not efficiently justify its own irradiator. Mango has
on the one hand a short fruiting season (June through August) indicating
annual irradiation costs would be high unless an irradiator were justified
by use for other crops with year-round or complementary seasons. At
the same time, mango's soil and rainfall requirements indicate commer-
cial orchards if developed would be located on other islands than Oahu or
Hawaii where commercial irradiators are most likely to be located.
Mango orchards would be most likely planted on Maui and Molokai which
have less rain and more suitable soils than Hawaii.

These are not necessarily insurmountable limitations. In short, develop-
ment of radiation processing for Hawaiian mangoes does appear to us to
be justifiable, long term, from the state's viewpoint, but not so from the
viewpoint of AEC's commercialization objective in light of the existence of
more promising products elsewhere.

Detailed Findings

Absence of Commercial Sources of Hawaiian Mangoes

The leading public authority on the status, technology, and prospects for
Hawaiian mangoes is Dr. Warren Yee of the University of Hawaii. We
have relied on an interview with him and his review "The Mango in Hawaii"
published by the University's Cooperative Extension Service (January,
1963) in preparing this section of the report. His credentials are all the
stronger because of his association with one of the few commercial mango
orchards (5 acres) operated by his brother on the island of Maui.

There are no published statistics for mango production in Hawaii because

no commercial market has been found. Mangoes are grown mainly as
backyard crops. Dr. Yee notes that there are more mango trees planted
as backyard fruit trees than any other fruit tree grown in Hawaii. In 1963
about 300 acres were planted in commercial mango orchards, the largest
of which was a 90 acre orchard. Since 1963, one of the larger orchards
has been plowed under.
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As already summarized, the mango has not developed into a major com-

mercial fruit in Hawaii for several reasons:

1. Erratic production of the principal commercial variety, the
Haden mango.

2. The quarantine on fresh fruit shipments to the mainland due to
the mango seed weevil.

3. The fact that Honolulu, a pocket market, is the only sizable
commercial outlet in the Islands.

4. The existence of large supplies from residents' backyards.

Planning Horizon for Commercial Development

The sequence of events that must occur to achieve larger scale commer-
cialization of mango production in Hawaii will yield benefits largely
beyond the cut-off date for this study. This sequence requires:

1. Approval of radiation processed mangoes for marketing to con-
sumers by FDA. This is assumed for late 1967.

2. Commercial decisions to expand mango production. Our best
guess is that these would not be forthcoming until the State De-
partment of Agriculture developmental program in connection
with the Hawaii Development Irradiator is well-advanced.
This is scheduled for 1967-1970. We assume minor volumes
of Hawaiian mangoes could tap into the existing mainland mar -
ket for mangoes by 1968-1970 and that market reception will
determine whether production should be expanded.

3. Availability of production from new seedings or graftings.
Grafted mango trees usually produce a few fruits in their
fourth to sixth years. Yields of 200-1, 000 pounds per tree can
be expected between 8 to 14 years. The trees are fully mature

fifteen years after grafting.

In summary, the timing of commercial development of Hawaiian mangoes
is assumed to be:
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FDA approval

First exports of irradiated mangoes
to mainland 1968-1969

Decisions to expand commercial
production 1969 and After

First new production 1974

Full production from "1969 graftings" 1984

Prospects for Mainland Demand for Hawaiian Mangoes

It would appear that mainland demand for Hawaiian mangoes could be
developed as rapidly as supplies permit over the next 20 years or so.
Based on our consumer survey, as many mainland consumers have al-
ready eaten mangoes from Florida and other growing areas as have eaten
papayas. More of those who have eaten mangoes indicate they like them
"very much" than so indicate for papayas (see Tables VI-11 and VI-12).

Thus, there is reason to believe mangoes could equal or exceed papayas'
long-term market potential as presented in the previous section of this
report. This conclusion of course assumes promotional support to intro-
duce Hawaiian mangoes to mainland consumers on at least a par with
support given other fresh fruits from Hawaii. Such a promotional pro-
gram would have an advantage over papayas because the regional famil-
iarity that already exists for mangoes vis-a-vis papayas is more evenly
dispersed across the country (Table VI-11). Furthermore, each new
fruit introduced from Hawaii can be expected to take some marketing ad-
vantage from development of its predecessor fruits (e. g. , pineapple and
papaya).

Commercial Interest in Hawaiian Mangoes

The same firms that now market mangoes on the mainland could be ex-
pected to add Hawaiian mangoes to their line. Mainland mangoes are now
provided from three sources: Haiti, Mexico and Florida. Because the
fruiting seasons for the various varieties grown in these three areas tend
to follow one another, mangoes are available from March through
September or October. The Hawaiian Haden variety--originally imported
from Florida--would compete most directly with mango from Florida on
a seasonal basis. Growing conditions are said to be superior for mangoes
in Hawaii compared with Florida. This is one reason for the claim that
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the taste of Hawaiian mango is superior to mangoes presently available to

mainland consumers.

While the demand side of commercial interest in Hawaiian mango seems
reasonably well-assured, the extent to which supplies will be forthcoming
is much harder to judge. The obvious difficulty relates to the extremely
long payback period attendant upon investment in mango orchards.

"The Macadamia Nut Analogy"

In order to obtain some basis for judging whether orchard development
could be expected to start quickly after quarantine and FDA requirements
for Hawaiian mango are met, we explored commercial attitudes toward
Hawaiian experience in development of a somewhat analogous product,
macadamia nuts.

Not unlike mangoes, no commercial crop is obtained from macadamia nut
trees for seven years after planting and fifteen years are required to
reach full maturity.

The development of a macadamia nut industry in Hawaii dates back to 1927
when a sugar company planted the first nut trees as part of a reforestation
project. From 1938-1948, the University of Hawaii conducted studies of
the commercial potential for macadamia nuts in competition with almonds
and walnuts. And in 1949 one of the major land-owning firms in Hawaii
planted the first commercial grove. Two hundred acres per year were
planted by this firm over a five year period until the approximately 1, 150
acres now in production were planted. (Total macadamia nut acreage in
the islands totaled 4, 800 in 1964 of which half were bearing acres and half
nonbearing, according to Hawaii department of agriculture statistics. )

First marketing of Hawaiian macadamia nuts did not begin until 1956 and
first profits were not realized by the pioneering firm until 1966. This
company indicates their investment in macadamia nut development has
totaled $6 million. The experience is said to have been disappointing and
probably would not have been seen through to completion except for the
deep involvement of the financially strong organization.

The value of the macadamia nut-mango analogy as related to this study is
perhaps only to suggest with some realism the long development period
and difficulties that underlie creating supplies and markets for new crops.
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We have noted in the Foreword to this report that one criterion we believe
should be brought to bear in AEC's selection of products for radiation de -
velopment work is the existence of a large, developed market for the prod-
ucts. Public investment to commercialize radiation processing for
products such as Hawaiian mangoes are in this view best regarded as
spillover benefits that can accrue after the commercial feasibility of
radiation processing is established for more basic here -and-now products.

TABLE VI-11

PER CENT OF MAINLAND CONSUMERS HAVING

EATEN MANGOES AND PAPAYAS

Papayas Mangoes

Region %

East 17 22

Midwest 19 21

West 36 27

Total Mainland 21 23



TABLE VI-12

ATTITUDES TOWARD TASTE OF MANGOES AND PAPAYAS

(By those having eaten them)

Papayas Mangoes

010 010

Like very much 18 37

Like somewhat 26 26

Did not like "much" 18 19

Did not like at all 35 15

Can't recall 3 3

Total Mainland 100 100
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VII. WEST COAST CRABS

Summary of Findings and Conclusions

This chapter reviews prospects for commercialization of West Coast
Dungeness crab and Alaskan king crab. These prospects appear poor, but
for entirely different reasons between the two products.

Industry interest in extended shelf-life for Dungeness crab is considerable.
Marketing of the product is geared to the fresh market. In its fresh,
cooked form Dungeness crab has a four to five day marketing time. The
product does not keep well if frozen, and as a result the industry faces a
mercurial price pattern. Accordingly, there is serious interest in extend-
ing shelf-life of fresh, cooked Dungeness crab.

The negatives, from the viewpoint of commercializing irradiation proces-
sing, however, are compelling. First, landings of Dungeness crab vary
substantially from year to year with the basic recent trend downward.
Live landings in 1965 were 27 million pounds compared with a peak of 43
million in 1957. This pattern in supply is said to be due to a biological
cycle of unknown origin. Second, Dungeness crab landings are dispersed
over many ports along the West Coast (Kodiak, British Columbia ports,
Oregon ports, New Portland, Eureka, San Francisco, etc. ). Thus what
is a relatively small and uncertain volume to begin with is not concentrated
from a processing viewpoint. Third, the Dungeness crab season lasts only
about six months (December to May) though in some areas it is longer.
Finally, the major marketers of crab on the West Coast who have financial
and managerial capabilities to innovate in processing are primarily en-
gaged in king crab markets.

In king crab the circumstances are almost precisely reversed. The mar-
ket is representative of a true growth industry, relatively large, aggres-
sive firms are present, supplies have recently been approximately
doubled as a result of opening the Bering Sea to Alaskan fishermen via
treaties with Japan and Russia, and processing is heavily concentrated in
a single location at Kodiak.

On the other hand, need for the benefits of radiation preservation is totally
absent. Virtually all king crab is frozen in blocks or canned. What fresh
marketing there is, is a custom air freight business and amounts to less

than 1 per cent of the pack. King crab is preserved extremely well by

freezing and canning, thereby permitting year-round marketing at stable
prices.
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Detailed Findings

Crab Landings

Table VII-1 compares live weight of Dungeness and king crab landings since

1955. Trade sources indicate recovery of meat from Dungeness crab is at

a rate of about 25 per cent and of king crab at a rate of 20 to 22 per cent.

Thus edible weight of Dungeness crab was about 7 million pounds and of
king crab was about 25 million pounds in 1965. Expansion of king crab
landings from 8 to 126 million pounds between 1955 and 1965 compares with
a long decline in Dungeness from 43 million pounds in 1957 to 23 million
pounds in 1964.

Marketing Crab

Markets for king crab and Dungeness crab are vastly different. Dungeness
crab is sold largely on a local West Coast basis (see Table VII-2) and main-
ly in fresh form. In its fresh form the product has a four to five day life
from picking to consumption. According to processors, Dungeness crab is
frozen only when the fresh market is not strong enough to clear landings.

Frozen Dungeness crab deteriorates quickly. Within four months the prod-
uct tends to become tasteless and dehydrated. Prices decline with quality.
Thus, as described by one processor, frozen Dungeness crab can only be
sold in "brackets": at, for example, $1. 30 per pound for freshly frozen
crab, $1. 15 to $1. 20 for one or two month old crab, down to 80 cents for
four month old product.

Costs of crab to packers are frequently fixed by contract with fishermen
and are therefore fairly constant--about 10 cents per pound for king crab
and 12 cents for Dungeness, live weight. This converts to approximately
50 cents per pound edible weight. The economics of Dungeness crab there-
fore imply considerable risk in freezing. Costs are fixed but prices often
are, as one put it, "mercurial. " As Table VII-3 indicates, the volume of
frozen Dungeness crab has approximated only 20 per cent of the edible land-
ings in most years in the 1960 to 1965 interval.

In contrast, king crab is marketed internationally (see Table VII-2). The
king crab industry was initially developed on freezing. Later, salmon
canners entered the market, but the bulk of king crab continues to be fro-
zen. (An estimated 80% in 1965. See Table VII-4. ) Because of its ex-

cellent keeping qualities, supplies and prices of king crab are said to be
stable year-round.
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The cost price structure for king crab is approximately as follows:

Per Pound

(Live weight) $(.10)
Converted to edible weight . 50
Cooking, freezing, etc. .30
Transportation from Kodiak to Seattle (15 lb. blocks) . 05
Cutting, labeling, packaging .10
Packer overhead and return . 15

Packer selling price $1.20

Retail markup 25 to 30 per cent $1.45+
Distributors' markup 12 to 15 per cent $1.35+

Structure of the Industry

There are four major packers of king crab--Wakefields, Pan Alaska,
Alaska Packers, San Juan--and a number of smaller ones. Packing is
concentrated in Kodiak. According to the Bureau of Commercial Fish-
eries, Kodiak Island now has eleven processing plants requiring an es-
timated 40. 000 crabs per year.

The Dungeness crab industry however is both dispersed along the West
Coast and fractionated into many smaller firms. The larger firms are
located in Alaska. Traditionally, San Francisco has been a major pro-
duction and consumption area, though more recently Alaska's production
has greatly exceeded other areas. (See Table VII-5. )

One observer of the two crab industries summed up by noting that the
Dungeness industry is "living in the past" compared with what he termed
the "aggressive, organized" king crab industry. One result of the dimin-
ishing supply of Dungeness crab in the face of great expansion in king
crab is that king has effectively preempted markets formerly enjoyed by
Dungeness.

Processor Attitudes

In view of the foregoing, it should not be surprising that little interest was
found to exist among crab firms in radiation preservation. The industry
is aware of irradiation research in a general way, but could not be re-
garded as well-informed. Most of the interest in radiation preservation
focuses on extending shelf-life of frozen Dungeness crab. The extension
being sought is one that would be of many months duration so that some
insulation from price fluctuations would be possible.
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The king crab industry, at least the leading producers, are of like -mind
regarding development of a fresh crab market. They simply do not see a
need in light of their excellent success with king crab in its highly satisfac-

tory frozen and canned form.

TABLE VII-1

LIVE LANDINGS OF DUNGENESS AND KING CRAB

(Million pounds)

Dungeness

1955
1956
1957
1958

1959
1960
1961

1962
1963
1964

1965

24.3
34.2
42.8
42. 1

37. 0
36.2
32. 7

23.4
24. 9
23. 0
27.0

King

8.2
8.8

13. 1
11.2

18.8
28.6
43.4

52. 8
78.7
86.7

126. 0

Source: Bureau of Commercial Fisheries,

United States.
Fishery Statistics of the
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TABLE VII-2

INCIDENCE OF SERVING KING AND DUNGENESS CRAB AS REPORTED

BY HOUSEHOLDS AND RESTAURANTS

Per Cent of Consumers Serving Crab

Number of Cases

King crab

Dungeness crab

U. S.

(2, 752)

0

11

3

East

(1, 487)

10

10

.5

Midwest

(770)

0

8

.5

Per Cent of Restaurants Serving Crab

Number of Cases

King crab

Dungeness crab

U. S.

(87)

010

58

21

East

(29)

0

59

3

Midwest

(28)

01a

50

4

167

West

(495)

0

18

16

West

(28)

0

64

54



TABLE VII-3

VOLUME OF FROZEN DUNGENESS CRAB

Thousand

Pounds

1,782

1,589

1,187

858

2,566

884

Per Cent of Edible
Weight Landed

10

19

19

20

14

45

13

Source: Frozen volume from Pacific Fisherman; percentages
calculated from above and Table VII-1 converted to edible

weight.
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TABLE VII-4

VOLUME OF KING CRAB: FROZEN AND CANNED

Meat Frozen
(Million pounds)

.4

.7
1.0

.8
2.2

1.2

1.2

1.7
1.5

2.9
4.4

6.1
7. 9

13. 0

Meat Canned
(Thousand standard cases*)

6
6

35
18

37

45

45

55
100

151
190
286
188
328

* Standard case = 24 1/2 lb. cans.

Source: Pacific Fisherman
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TABLE VII-5

DUNGENESS CRAB LANDINGS AND EDIBLE WEIGHT, 1965, BY DISTRICT

(Thousand pounds)

District Live Weight Edible Weight
(2516 of live weight)

Southeastern Alaska 4,633 1,158
Central Alaska 8, 075 2, 018
Western Alaska -

Total Alaska 12, 708 3, 176

Puget Sound 1,564 391
Coastal Washington 3,411 853
Columbia River 188 47

Total Washington 5, 163 1,291

Columbia River 949 237
Coastal Oregon 2,408 602

Total Oregon 3,357 839

Northern California 985 246
San Francisco 821 205
Monterey 8 2
Santa Barbara 2 .5

San Pedro -

San Diego -

Total California 1,815 453.5

Total West Coast 23, 043 5, 759.5

Source: Landings, U. S. Bureau of Commercial Fisheries, Fishery Statistics of the

United States, 1964.
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VIII. BANANAS

Summary of Findings and Conclusions

Prospects for Irradiation

The prospects for the commercialization of irradiation processing of ba-
nanas destined for sale in the United States and Canada are, in our judg-
ment, very poor. The reasons for this outlook are:

1. The reduction in "ripes and turnings" afforded by irradiation
is not important to the grower or importer because losses due
to these factors are very small, as the Varieties replace the
Gros Michel as the principal type of banana exported.

2. The reduction in shrinkage offered as a benefit to the retailer
is not considered sufficient to spur his interest in irradiation
because shrinkage is less than 8 per cent of total potential
sales and there are alternative packaging solutions which are
cheaper and less difficult than irradiation.

The cost-benefit tables, at the end of the report, extrapolate to 1980 the
detailed comparison of irradiation processing costs as against potential
benefits to be realized by importers, retailers, and consumers. These
tables show costs of irradiation to be significantly higher than the measur-
able benefits that may be derived therefrom on all but the most favorable
and improbable assumptions.

Benefits of Irradiation

1. Reduction in "Ripes and Turnings" Losses

Since 1960 there has been a progressive change in the product
mix of banana varieties being imported from Central America.
In 1960, at about the time when research was started on ba-
nana irradiation, imports from Central and South America
were predominantly of the Gros Michel variety. At that time,
the importing companies were experiencing ripe and turning
losses of from 10 to 15 per cent per boatload. However, dur-
ing the last six years there has been a pronounced changeover
to the Valery type of banana from the Gros Michel. This
changeover is being made for the following reasons:
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a. The Valery is resistant to Panama Disease.

b. The Valery can be left to mature a longer time on

the tree without running the risk of high ripe and
turning losses.

c. Ripes and turnings during shipment at 560 F
average 1/2 of 1 per cent to 1 per cent. The fruit
remains firm through color 8.

The changeover from Gros Michel type to Valery type of ba-
nanas,which is 60 per cent complete, has significantly reduced
the need for irradiation as a holding method to eliminate ripes
and turnings. In 1965 less than 1-1/2 million dollars was paid
out in claims by all the banana importers combined in the
United States. The prevailing industry attitude is that the
Valery banana has eliminated the need for any preservation
methods other than refrigeration for domestic shipments.

The essential element in effective and efficient banana market-
ing is speed. The element of speed is dictated by the con-
stancy with which the fruit on the tree matures rather than the
concern for possible spoilage throughout the marketing system.
Extensive use of overtime labor has been justified by engineer-
ing cost studies carried out within the industry. These have
proved that it is more economical to cut bananas utilizing over-
time labor than it is to use a combination of refrigerated ware-
houses and cutting on a day-to-day basis with standard rate
labor. Similarly, the concept of developing holding facilities
at the point of importation has been ruled out by the industry
because the constant flow of product would negate any price
stabilization mechanism that might be anticipated. The philos-
ophy within the banana industry is that holding bananas at the
point of importation is merely putting off the problem until
another day.

2. Reduction in Retail Shrinkage

Shrinkage of bananas at the retail level is less than 8 per cent
of total annual potential retail sales. This figure is made up of
two components:

a. Retail revenue lost because the fruit must be sold
at a reduced price. This occurs when the matur-
ing fruit passes the optimum point of sale for the
particular market that it is in. This may be color
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5, 6 or 7 depending upon the region of the country.
Based on our surveys of supermarket chain head-
quarters and local stores, about 5 per cent of
bananas are sold at reduced prices. The average re -
duction is 7 cents per pound.

b. Another 3 per cent of total potential retail sales are
lost because the fruit must be thrown away. Half of
the throwaways represent fruit that has passed the
optimum sale point and could not be moved at re -
duced prices. The other half represents fruit that
has been damaged by customers, improperly ripened,
or chill-damaged.

These losses are considered nominal within produce marketing
circles and do not constitute an effective spur to adoption of a
process (irradiation) that would lengthen shelf-life.

A final consideration is that although an alternative inexpen-
sive packaging technique is available which will provide ex-
tended storage time for bananas, no segment of the industry
anticipates making use of this technique for shipments to the
United States. The overall industry appraisal is that with the
Valery which will be the dominant variety by 1970 no method
of preservation is needed other than refrigeration when ship-
ping the product into North American markets.

Foreign Shipments

At the present time approximately 30 per cent of the bananas handled by
American companies are destined for foreign markets, principally
Europe. In some instances, the bananas destined for Europe are loaded
at the same ports used for loading domestic shipments. However, there
are more cases where loadings do not overlap and ports are used ex-
clusively for the European fruit. The largest ports handling European
fruit load little more than one boat a week. Because of this, the cost of
irradiation, if used, must be calculated'on the basis of a rather small
thruput as is illustrated in the Appendix B.

In 1965, ripe and turned fruit landed in the European market averaged be -
tween 5 and 6 per cent of total shipments of Valery bananas. Ripes and
turns of Gros Michel during the same period averaged between 15 and 20
per cent of total shipments.
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Although the aggregate figure for ripes and turns into the European market

is large enough to cause some concern, it is, and will continue to be, a
constantly diminishing figure for the following reasons:

1. The continued change from Gros Michel to Valery will provide

constantly expanding quantities of more durable products for

shipment to these European markets.

2. Packaging innovations are becoming available at costs com-
petitive to irradiation that can insure arrival of high quality
unripened fruit (see descriptions below).

Alternative Preservation Methods

At the present time there are three known alternatives to banana irradia-
tion. They are:

1. Straight refrigeration - present method

2. Controlled atmosphere
3. Packaging modifications.

1. Straight Refrigeration

This is the least expensive method of handling bananas not only
because the equipment is available and has been largely
amortized, but also because this system is built on the princi-
ple of speed and involves no extensive holding installations.
Although the use of refrigerated ships and trucks is not an inex-
pensive method, inasmuch as the other alternatives appear at
the present time to require the use of refrigeration, it can be
considered to be basic as a cost element while the other al-
ternatives must be viewed as additive.

2. Controlled Atmosphere

The use of controlled atmosphere to extend the holding time in
bananas has been evaluated within the banana industry. The
process provides extended preripening time of 10 to 20 days
and permits the handling of more mature fruit. It is possible
with controlled atmosphere to allow a maturation of two addi -

tional calibrations of the fruit on the tree. This is equiva -
lent to approximately 5 additional pounds per stem of fruit.
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Controlled atmosphere has not, and in all likelihood will not be
adopted by the banana industry for the following reasons. First,
although exact cost estimates have not yet been developed, pre-
liminary costs of handling appear to be 2 cents a pound. This
figure does not include the amortization of capital investment
for the modification of vessels or for the installation of large
shore installations. Second, it is reported that the use of con-
trolled atmosphere causes the bananas to become old looking
and slightly dehydrated by the time they would reach the
European market. Third, as was expressed earlier, domestic
shipments are made in such a short period of time that the in-
dustry does not feel the need for utilizing controlled atmosphere
as a holding technique. For these reasons, it is unlikely that
controlled atmosphere will be adopted by the banana industry in
the foreseeable future.

3. Package Modifications

Packaging modifications are being developed within the banana
industry and show promise of assuring market delivery of high
quality green fruit at costs that are equal to or less than that
of irradiation. The two fundamental advantages of these mod-
ifications are-

a. Easy adaptability to present handling procedures.

b. Initial capital investment amounting to a few
hundreds of dollars.

These modifications are essentially only adapted to the Valery
type of banana which is rapidly becoming the dominant variety.
A detailed discussion of these modifications is not possible in
this report because the techniques were revealed to Daniel
Yankelovich, Inc. on a confidential basis.

The most significant point to consider, however, is that the
companies involved in the modification research foresee no
practical application for the new packaging technique for domes-
tic shipments even if the modification could be made available
at essentially no cost to the importer.
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Detailed Findings

Research Status

Research on irradiation treatment of bananas has been conducted for
approximately five years at the University of California, Davis, under the
supervision of Dr. Edward Maxie. The investigations have been largely
with the Gros Michel variety, and only recently (November, 1965) have
studies been instituted on the Varieties (Valery, Lacatan, Cavendish).
The findings of this research effort should, we are told, be considered
in the light of conditions that existed during the research.

1. The Gros Michel bananas were all boated fruit. Therefore,
the research was conducted utilizing eight to nine day old
fruit. This fruit was at color 2 and was in very good physi-
cal condition.

2. The Variety bananas were delivered by air freight on the same
day they were cut. However, they showed signs of chill
damage and rough handling. Numerous fingers of fruit were
delivered with split peels.

The results of the research on banana irradiation to date are:

Gros Michel

35, 000 rads administered while the fruit is at color 1 or 2
will produce a ripening delay of eight to fifteen days if kept
refrigerated at 530.

The same dose will produce a plateau in the ripening cycle
at color 5 or 6 of up to three days.

35, 000 rads does not inhibit the development of rots and
molds. 150, 000-200, 000 rads may inhibit or prevent
spoilage from rots and molds but this dosage reportedly
renders the fruit unsuitable for consumption. Canadian
research which indicates otherwise has been based on ir-
radiating ripening, not green, fruit.

The Varieties

35, 000 rads administered to green fruit produces a ripen-
ing delay of three to eight days.
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The same dose produces a plateau in ripening at color 5 or
6 of up to three days.

Rots and molds cannot be prevented by irradiation without
seriously impairing the quality of the fruit.

Research to date is not considered conclusive. More work is said to be
needed on the varieties. Also there is need for more work with fruit
transported under a variety of conditions. Additionally, there is one
other major area of uncertainty that would have to be resolved.

... .Research on the Variety bananas has utilized fruit of
40 -42 calibrations (32nds of an inch). The industry is
actively striving to develop the proper handling tech-
niques so that fruit of 46-50 calibrations can be har-
vested. The effect of irradiation on this heavier fruit
has yet to be determined.

Industry Structure

The domestic banana industry, although comprising many importing items,
is dominated by two large corporations. These corporations, United Fruit
Company, Boston, Massachusetts, and Standard Fruit and Steamship
Company of New Orleans, Louisiana, together control between 80 per cent
and 82 per cent of all of the bananas imported into the United States. Third
largest in size is the Pan American Fruit Sales Company of New York City,
which accounts for approximately 6 per cent of banana imports. The re-

maining 10 to 12 per cent of the banana importing business is divided among
a number of small independent firms that generally buy in Ecuadorian mar-
kets and contract to have their products delivered to the States.

In 1965 importers landed approximately 60 million boxes of bananas in the
Continental United States. The number of boxes landed including those for
Canada is 95 million. Although domestic bananas originated in fifteen
South American countries, Honduras, Costa Rica, Panama, and Ecuador
supply between 92 and 94 per cent of all the landed volume.

There are numerous ports in the Central and South American countries
that are used by banana boats. However, between ten and fourteen of
these ports are controlled by the major banana firms. In many instances,
these ports did not exist prior to their development by the banana com-
panies. In developing the ports, the banana firms obtained permits pro-

viding for their exclusive usage by the developing firms for banana
boatings. For this reason, the development of any banana treatment
facilities at any of these ports would represent a cost which each individual
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company would have to bear and could not be spread through several com-

panies by means of a cooperative effort or service firm. This would not

be true in Ecuador where most of the ports are used jointly by a large num-
ber of companies.

Markets for fresh bananas in the United States are mature. The markets
have been established and channels of distribution are available to supply
properly these markets.

According to USDA figures, per capita consumption of bananas ranged be-
tween 15 and 22 pounds from 1947 through 1965. Private industry figures
indicate a range of 16-19 pounds per capita for the same time period.
There are two reasons which account for the difference in the per capita
consumption figures:

1. Private industry figures are based on banana imports into
the United States as well as Canada.

2. USDA figures are reported in bunches that must then be
converted into pounds of fresh weight while industry
figures are based on the number of boxes imported at a
constant weight of 41 pounds.

Based on the available figures, it appears that consumption will be between
18-19 pounds per capita in 1980. The historical pattern of banana demand
indicates that increased sales will be entirely a function of population
growth and not increased consumption per capita.

Banana Production

Bananas are grown commercially in fifteen Central and South American
countries from Mexico to Ecuador. Although the periods of peak produc-
tion vary with the latitude, these differences have little or no commercial
significance.

In producing bananas it is possible to plan only the first harvest, which oc-
curs approximately fourteen months after the time the rhizomes have been
planted. As the plant is developing the root systems turn out additional
suckers which, ideally, should be ready to flower at about the time the
mature stem is harvested. Thus, banana harvesting goes on a continuous
cycle with the mature stems developing at the rate of one every seven
months. These seven-month cycles may vary by four to eight weeks de-
pending upon the time of year that the stem of fruit is maturing.
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Trend Away from Gros Michel

In 1960 the Gros Michel variety was the predominant variety of banana
grown in Central and South America. A notable exception was Honduras
where large plantings of Canvendish bananas were already made. At this
time, Gros Michel plantings in Central America were being continually
reduced because of the constant encroachment of Panama Disease which
attacks the root system of the Gros Michel plant. Because the Variety
bananas are resistant to Panama Disease, they can be immediately planted
in the cleared fields where the Gros Michels have been destroyed. By
1965, this continuing changeover had placed the Variety bananas in the
dominant position, accounting for up to 60 per cent of all the producing
acreage in Central and South America. Anticipating a further changeover,
not only in response to continuing encroachment of the Panama Disease,
but for reasons given below, it is estimated that by 1970, 85 per cent of
Central American acreage will be producing the Variety bananas.

Continuation of the changeover should see 95 per cent of the Central
American crop in the Variety bananas by 1975, and upwards of 50 per cent
of the South American crop in Varieties by the same time. It is expected
that by 1980, all producing countries, with the possible exception of
Colombia, will be completely or nearly completely changed over to the
Variety type of banana.

Another reason (in addition to Panama Disease resistance) that the
Varieties are gaining rapidly at the expense of Gros Michels is that the
Gros Michels are more susceptible to premature ripening than are the
Variety bananas. They are, therefore, generally harvested at a lower
calibration than are the other species. The banana companies have found
that in order to maintain the lowest possible percentage of ripes and turn-
ings, that the Gros Michels should be harvested between 38 and 42 calibra-
tions. This is equivalent to a stem weight of 75 to 95 pounds. The
Varieties, on the other hand, may be harvested at higher calibrations,
ranging from 44 to 50. This is equivalent to a stem weight of 100 to 125
pounds. The importance to the banana company of extending tree matura-
tion is that after a banana has reached between 35 and 38 calibrations,
each additional calibration represents an added stock weight of approxi-
mately 2-1/2 pounds. Since banana boxes are loaded with a constant weight
of 42 pounds, this means that fewer hands and fingers are needed to make

up this weight with the more mature fruit. One of the important efforts of
the banana industry at the present time is the development of harvesting
and handling procedures that will permit the industry to handle 50 calibra-

tion fruit.

A further stimulant in the changeover from the Gros Michel bananas to the

Variety type is the reduced ripes and turnings possible when handling the
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Variety. Historically, the banana industry has experienced between 5 and
10 per cent ripes and turns on Gros Michel bananas during the shipment
process. Prior to 1960, the industry could expect a large number of boats
each year landing at Seattle, Montreal or Europe to have 50 per cent ripes
and turns or better. In recent years, with better refrigeration techniques,
the per cent of ripes and turns with the Gros Michel has been reduced but
still averages out for the industry as a whole at between 5 and 10 per cent.
The two large importers are able to maintain a rather consistent average
of 4 to 6 per cent a year for the Gros Michel banana.

The Variety bananas on domestic shipments range between 0 to 1 per cent
ripes and turns as received at all ports in the United States and Canada.
Ripes and turns on European shipments run slightly higher, between 1 and
2 per cent for an entire boatload.

The percentage figures for ripes and turns have been obtained from the
banana industry importers and are based on their actual inspection records
of boxed fruit. The figures, therefore, represent the per cent of boxes in
which ripe or turned fruit was found. Because a box is classified as riped
and turned, if only two fingers of the 120 to 125 in a box have developed
color, the per cent of ripes and turns figures are an exaggeration if
based on actual edible fruit. This is best illustrated by the fact that out
of total industry sales approximating $280, 000, 000, only $1, 500, 000 or
1/2 of 1 per cent of total sales dollars were actually paid out in claims
principally for riped and turned fruit.

Finally, it is generally felt, within the banana industry, that the Variety
type of banana provides a better quality fruit for the consumer than does
the Gros Michel. The bulk of Gros Michel bananas begin to get soft at
color 7 and has become very soft by the time it reaches color 8. The
Variety, however, remains firm through color 8 even when over half of
the skin has developed the darkish brown color. Members of the industry
feel that the consumer, even those who prefer an overripe, rather dark
skinned fruit, still prefer to have the pulp in a firm condition rather than
soft and mushy.

Banana Handling

The handling of bananas is a model of an efficient high-speed operation
from tree to ripening room. Any significant delay can result in virtually
complete loss of the product.

The cutting of bananas on company-owned land or land that is supervised
under the associate producer program is geared very exactingly to the
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arrival of the banana boats. Ecuadorian bananas are harvested as they
mature since there is virtually always a series of buyers or boats in port
which can handle the product as it is brought in from the farms.

At the ten to fourteen company controlled ports, the cutting of bananas pre -
cedes the arrival of the banana reefer by approximately 36 hours. Cutting
takes place on the plantations which range from 10 to 75 miles in distance
from the plantations which range from 10 to 75 miles in distance from the
port facility. After the stem has been removed from the plant, it is con-
veyed to the boxing sheds. Here the hands are separated from the stems,
washed, often with chlorine to reduce rots and molds, and weighed for
boxing. Each box is loaded with 41-1/2 to 42 pounds of green fruit in ex-
pectation that between 1 and 1-1/2 pounds will be lost due to evaporation
during the shipping process. The lesser weight will generally be placed in
boxes heading for the southern domestic ports while an additional 1/2 pound
will be included for products going to New York or Seattle.

After the boxes are filled, they are placed on rail cars or trucks for
movement to the loading port. The time schedule is such that the first ar-
rival of boxes should be at the pier approximately four to six hours after
the boat has been in port. This allows time for any unloading of materials
the boat may have and its preparation for the receipt of the banana boxes.

Modern day banana reefers are designed to hold between 60, 000 and
120, 000 boxes of bananas. Over a year's period the average boatload
will be 100, 000 boxes which is loaded in eight to ten hours. Loading rates
such as these are possible because of the railroad layout at the port
facility.

The total handling process is continuous day and night any of the seven days
in a week depending completely upon the arrival of the banana boat. En-
gineering studies by the principal banana companies have proven that it is
more economical to pay overtime rates than it is to construct refrigerated
warehouses that would allow for a smoother, less costly cutting and
handling type of operation.

Available data strongly indicate the necessity to consider an irradiation
facility that would operate at a high volume of thruput to process fruit im-
mediately before loading on the vessel. The alternative that has been ruled
out would provide for low hourly thruput and construction of refrigerated
storage facilities in the tropics where the temperatures are often over
1000. It has been reasonablly well-proven the economies gained by reduc-
ing overtime pay do not compensate for the construction and maintenance of
refrigerated storage.

181



Modern banana reefers are refrigerated, relatively high-speed boats which
transport the fruit to the marketplace as quickly as possible. Once the boat
is docked at port, the unloading operation proceeds at the same rate of speed
as did the loading. (10, 000 to 12, 000 boxes per hour.) As soon as the
reefer docks, the trucks and rail cars that will make delivery to the interior
destinations begin arriving at the dock. All of these vehicles are refriger-
ated in order to maintain the optimum quality of the fruit. The banana boxes
leave the vessel by means of high-speed conveyors that transport the con-
tainer directly to the waiting means of transportation.

Banana boats dock at eight principal ports in the United States. They are:
New York - Weehauken; Baltimore; Charleston, S. C. ; New Orleans, La.
Galveston, Texas; Los Angeles, Calif. ; Wilmington, Calif. ; Seattle,
Wash. From these ports virtually every domestic market is available with-
in a 24 to 30 hour run by truck or rail. Upon receipt of the boxed fruit, the
jobber, wholesaler, or retailer generally will place the boxes immediately
into the ripening room. Here the bananas are treated with ethylene gas to
initiate the ripening process and then by controlling the temperature and
humidity the ripening proceeds for a period of four to eight days based on
the local market demand.

Banana Marketing

Two of the principal goals of the effective banana marketing are: first, to
deliver as quickly as possible high quality green fruit; second, to presell
as much of a boatload of fruit as is possible before the vessel docks. The
foregoing discussion illustrates how well the banana industry has been
able to satisfy the first requirement. On the point of preselling, in 1965
the industry was generally able to presell at least half of a boatload of
fruit on 60 per cent of the vessels coming into the domestic ports. In
fact, between 20-30 per cent of the time the entire boatload was presold
before it even left the tropical port.

The bananas that have been presold can be immediately loaded into the
waiting refrigerated trucks and rail cars for delivery to the purchaser.
The boxes of bananas that have not been presold must still be unloaded so
that the boat can begin its return to the tropics. During the ship's voyage
and continuing through the unloading process, the company's sales depart-
ment will be actively seeking to find buyers for the fruit that is being
brought in. Whatever fruit remains at the dock after the ship has left is
placed in rail cars and is sold as "rollers. " This fruit is generally not as
desirable as the fruit coming from the ships because it has been held as
long as possible in order to negotiate a fair price for it. If it has not been
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sold, the rail car will be headed toward a major inland market with the
entire sales force being mobilized in an attempt to sell as much of the fruit
as possible along the way.

As stated earlier, the entire banana industry paid claims on approximately
1/2 of 1 per cent of the total sales. The importing companies do not honor
all claims that are placed against them, particularly if it can be shown that
the purchaser handled the bananas improperly so as to cause their imma-
ture ripening.

Bananas are delivered from the ripening rooms to the retail store when
they have reached color 4 or 5. Industry sources report that bananas will
remain in a favorable condition at the retail level for two to four days de-
pending upon regional buying preferences, the temperature in the retail
store, and fruit quality as received from the ripening rooms.

As presented in Table VIII-1, our interviews with banana retailers at the
store level show that three quarters (74%) of them agree that bananas will
remain in good condition for this length of time. Five retailers (in the
Midwest and West) state that they can only keep bananas one day in this
condition, while four retailers (in the Midwest and West) can keep bananas
six days or longer.

183



TABLE VIII-1

NUMBER OF DAYS BANANAS WILL REMAIN IN FAVORABLE CONDITION AT RETAIL LEVEL

Total Banana Retailers

(Store Level) Northeast Southeast Midwest West

(Number in Group) (57)

o No. No.

100

Number of Days

9
38
21

15

9

2

2

2
2

*** Base too small to be meaningfully percentaged (25 or less); therefore, numbers only are shown.

Total

(13)

No.

(7)

No.

(19) (18)

One
Two
Three
Four

Five

6
3

3

1

Six

Seven

Eight

Nine

Ten or more

4
2

1

2

5
4

2

3

7
3

3
1

1

1

1

1



At the retail level, less than 8 per cent of potential banana dollar sales are
lost due to shrinkage. Part of this shrinkage represents bananas that are
sold at reduced prices because they are in the advance stages of ripening
and must be moved in a hurry. This reduction is on the order of magnitude
of 7 cents per pound of fruit which would represent an average retail drop
from 17 cents to 10 cents. On sale at reduced prices, the store is gen-
erally able to recover its cost for the product, but loses any profit margin
which it might have hoped to achieve.

The other part of the shrinkage factor is a total loss as it represents fruit
which has to be thrown away. This factor is made up of bananas that have
proceeded to such an advanced state of ripening that they can no longer be
sold and are therefore disposed of.

It also represents damaged fruit which is caused by improper handling on
the part of the consumer. Retail managers estimate that between 40 and
50 per cent of the fruit that they throw away has been damaged by the
consumer.

Shrinkage at retail level has the effect of forcing the store manager to
order approximately 8 per cent more fruit than he would expect to sell. If
irradiation could extend the shelf-life of bananas, it would have the effect
of reducing the amount of retail shrinkage by providing the manager with a
greater length of time in which to sell his fruit. The net result would be
that retail managers could afford to order approximately 8 per cent less
produce than they now need since none of it would be sold at less than full
retail price except for that portion damaged by the consumer. It has be -
come apparent that retail store managers view shelf -life extension as a
benefit as it would allow them to maintain the same volume of sales with
8 per cent fewer purchases. The importers, however, view shelf-life ex-
tension as a detriment in that it would reduce their sales by the same per-
centage factor.

As shown in Tables VIII-2 and VIII-3, two thirds (62%) report 5 per cent or
less loss in reduced price bananas, while 86 per cent report 5 per cent or
less loss in bananas which are thrown away.

Even more striking, a significant number of retailers report little or no
loss due to banana shrinkage. Seven per cent do not sell bananas at re-
duced prices, while 12 per cent sell about 1 per cent at reduced prices.
At the same time, more than 40 per cent are forced to throw away only 1
per cent or less of their banana purchases (19% throw away none, 23% throw
away 1%).
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TABLE VIII-2

PER CENT BANANAS SOLD AT REDUCED PRICES

(Number in Group)

Total

Total Banana Retailers
(Store Level)

(57)

010

100

Per Cent Sold at Reduced Prices

None
One

Two
Three

Four
Five

Six

Seven
Eight

Nine

Ten or more

Not reported

Northeast

(13)

No.

Southeast

(7)

No.

Midwest

(19)

No.

West

(18)

No.

1 1
2

1

7

12

5
5

5
28

4
4

26

1

1

2
1

1

1

2

4

1

3

1

4

1

1

3

1

5

14

9

1

4

1

2

*** Base too small to be meaningfully percentaged (25 or less); therefore, numbers only are shown.
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TABLE VIII-3

PER CENT BANANAS WHICH ARE THROWN AWAY

Total Banana Retailers

(Store Level) Northeast Southeast Midwest West

(Number in Group)

Total

(57) (13)

No.

(7)

No.

(19)

1

(18)

No. No.

100

Per Cent Thrown Away

None

One

Two

Three

19

23

9
10

4

21

2

Four
Five

Six

Seven
Eight

Nine
Ten or more

2

3

1

1

1
3

1

2

2

4

6
2

1

4

1

4

4

4

1
3

1

1

2

10 2 2

*** Base too small to be meaningfully percentaged (25 or less); therefore, numbers only are shown.



Alternative Methods of Preservation

Controlled Atmosphere

Controlled atmosphere constitutes one of the alternative
methods for extending the holding time of bananas in the
green stage. Bananas are a living organism in that they
continue to respire even after they have been removed from
the tree. Controlled atmosphere works on the principle of
removing the oxygen needed for respiration by replacing it
with carbon dioxide and nitrogen. This reduces the rate of
respiration of the fruit. The modified atmosphere can be
instituted by either withdrawing the major portion of the
normal air mixture and replacing it with a measured mix-
ture of nitrogen and carbon dioxide, or by providing a
facility which speeds up burning of oxygen thereby replac-
ing it with carbon dioxide.

Utilization of controlled atmosphere permits cutting of ba-
nanas 2 higher calibrations than is normally accomplished.
However, such shipments of bananas under controlled
atmosphere have produced a high incidence of dehydration
of the fruit at the port of arrival. Further, some testing has
indicated that bananas which have been held under controlled
atmosphere will ripen at a faster rate than if they had been
shipped under straight refrigeration. Although testing is not
yet conclusive, it seems apparent that the utilization of con-
trolled atmosphere may reduce the per cent of ripes and
turnings received either for domestic or European
shipments.

Present indications are that the banana industry has ruled out
the possible utilization of controlled atmosphere for all do-
mestic shipments and appears likely to reject the process for
European or other foreign shipments. The two reasons
underlying this negative feeling are the cost of the process
and the appearance of the fruit when delivered. Although ac-
curate estimates of the cost of controlled atmosphere are dif-
ficult to obtain, it would appear that controlled atmosphere
will cost in the range of 30 to 40 cents a box for a European
shipment of bananas (versus 25-32 for irradiation). This cost
includes operations but not amortization of the initial capital
expense to install the equipment. It appears likely that with
advancing technology this cost per box is likely to drop,
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however, unless the quality of the delivered fruit can be raised
to a higher level, it appears unlikely that use will be made of
this process.

Package Modifications

New packaging modifications are being experimented with within
the industry which can assure the arrival after a delay of up to
25 to 30 days of high quality green fruit with a virtually complete
absence of ripes and turnings. A second advantage is the reduc-
tion of rots and molds currently running between 5 and 10 per
cent per boatload to virtually zero on European shipments of
fifteen to twenty days. These modifications are effective only
with the Variety type of banana and are unsuitable for use with
Gros Michel. However, in view of the continuing changeover
within the industry from the Gros Michel to the Variety type of
banana this is a temporary problem.

The actual packaging costs cannot be published as they represent
confidential corporate information, but they are reported to be
substantially less than that of controlled atmosphere. They are
also less than the costs of irradiation as presented in detail in
Appendix B.

Of prime importance is that although these packaging modifica-
tions are highly effective and relatively inexpensive, there is no
present thought of utilizing them for domestic shipments. The
need for any preservation method on domestic shipments is so
small that the industry sees little practical application of these
packaging modifications even if they could be obtained at prac -
tically no cost.
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IX. COST BENEFIT ESTIMATES

This section of the report draws together findings, assumptions, and con-
clusions presented in earlier sections in the format of sets of cost-benefit
tables. These tables quantitatively indicate ranges of net economic
benefits that may accrue to the economy as a whole as a result of AEC's
research and development expenditures to commercialize radiation proc-
essing of foods.

Products Included

Tables were prepared for three of the six products studied; that is, for
the two most promising products New England finfish and Hawaiian papaya,
and, in addition, for bananas. Tables for the latter were prepared despite
our conclusion that radiation processing of bananas will not be commer-
cialized. Bananas represent the only product in this study that meets most
of our subjective criteria for selection of products to be investigated by
AEC. That is, the product has a large, well-established market, is pro-
duced and marketed year-round, is grown in sufficient volume in concen-
trated areas to efficiently utilize irradiation capacities, etc. The criteria
bananas fail to meet are those related to the magnitude of spoilage losses
and the economic value of those losses. Moreover, the industry is devel-
oping other methods to achieve the same effect as irradiation which
promise to be simpler and cheaper.

Tables were not prepared for the other three products--mangoes,
Dungeness crab and king crab--because the marketing studies indicate any
significant benefits from commercializing radiation processing will fall
outside the 1966-1980 planning horizon for the study (mangoes), supplies
are not concentrated and the investing industry is not geared to innovation
in processing (Dungeness crab), or because no need is foreseeable under
presently practical assumptions for the benefits of irradiation (king crab).

The Viewpoint Question Again

As stated in the Foreword, the position taken here is that tangible benefits
from public investment projects must be measured in terms of gains in
national economic efficiency- -more production per unit of resource inputs.
This, plus the subjective social value of intangibles, we believe to be the
only conceptually supportable justification for public investment in our sys-
tem of government. This study can point to potential gains in markets for
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several of the products included in the study as a direct result of extending
marketing time or disinfesting fruits by irradiation. These gains in mar-
kets for specific products, however, would not count as tangible gains

attributable to irradiation processing. Under the assumptions that bene-
fits should be seen from the American taxpayer's viewpoint and that gains
in markets for some foods will occur (on a per capita consumption basis)
only 'at the expense of losses for other foods, the tangible market effects
attributable to commercializing food irradiation are by and large cancelling
transfers.

An argument can be developed that if a superior mix of nutritional values
results from substituting one food for another or if consumers' satisfaction
is elevated as a result of having a greater variety of foods from which to

select, then the marketing effects attributable to radiation processing do
give rise to net public benefits rather than simple transfers. This argu-
ment however must be made in terms of intangible benefits from commer-
cialization of food irradiation. The possible intangible benefits in the fields
of public health (sanitation control) and contributions to world food problems
are those which, we would judge, have the highest value to return to devel-
opment of radiation processing.

At the level of tangibles, the returns to AEC's low-dose food irradiation
program come almost entirely from processing and marketing economies
that can be related to the radiation process vis-a-vis existing or other new
processes.

New England Finfish - Background and Summary

The only concession made to the foregoing in our quantitative estimation of
public costs and benefits is in the case of finfish. A nominal value-added
has been included in measurement of benefits in this instance to reflect an
effect from opening inland markets to fresh ocean fish. The justification
for this, if there is one, is the fact that consumers who have the opportun-
ity to buy fresh fish, and do so, pay a significant premium over readily
available frozen substitutes (suggesting more consumer satisfaction for this
group from the fresh product). Our consumer studies suggest that inland
consumers will not increase their total consumption of fish, if irradiated
fresh fish becomes available, but that a significant proportion will substi-
tute irradiated fresh for frozen ocean fish. To a considerable extent this

transfer will be at the expense of foreign fish suppliers who now supply
about half of United States frozen fish.

Since it can be argued that any market effect in foods attributed to public
investment constitutes a transfer, it is important to note that conclusions
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as to the desirability of continuing AEC's finfish program can be based
solely on its other benefits (waste and retail cost reductions).

Three sources of benefits from commercializing irradiation of New
England finfish (specifically cod, haddock, sole, and flounder) were
identified:

1. The opportunity extended shelf-life provides for shipping fresh
(irradiated) fish to inland markets. The effect on markets from
two assumptions regarding inland consumers were tested:
(a) Using results of our survey of consumers, consumption of
fresh fish inland would rise in proportion to those who said they
now buy frozen fish but prefer fresh fish (i. e. , approximately
one third of inland fish-consuming families), and (b) Consump-
tion of fresh cod, haddock, sole and flounder will increase
inland to the same per capita level as in coastal areas. *

2. Fresh fish spoilage losses (estimated from our surveys of fish
managers in local stores and chain headquarters at 5 per cent
of the value of cod, haddock, sole and flounder) would be re-
duced by half.

3. A nominal value for retail revenue foregone because of the
practice of short-buying to avoid weekend carry-over would be
larely eliminated by longer shelf-life.

Additional assumptions affecting the estimates of costs and benefits were:

1. FDA will approve fish petitions in 1967.

2. A commercial facility will be on stream in 1969 (based on atti-
tudes of commercial firms contacted in the course of the study).

3. A market build-up period of four years will be required to
achieve the estimated per capita potential for irradiated fish
(based on opinions expressed by retail and institutional
managers surveyed).

* For projection purposes we used Bureau of Census population projec -

tions, series A. Series D, the most conservative set, is 10 per cent
below Series A for 1980. The choice of population series affects the
level of estimated net benefits, but cannot reverse positive benefits to
negative or vice versa.
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4. Costs of irradiating cod, haddock, flounder and sole will be
1. 56-1. 25 cents per pound depending on costs of cobalt 60
(based on Jackson and Moreland, Inc. 's estimates as presented
in Appendix B).

5. Costs of shipping irradiated finfish, specifically from Boston
to Chicago, would exceed costs of shipping frozen fish to be
displaced by a factor of 2 (weight of ice and containers).

6. The appropriate discount rate for calculating the present worth
of the projected stream of costs and benefits is 10 per cent.
(Interviews with industry people indicated a 10 per cent return
on investment would be acceptable. AEC development costs
were examined at 5, 10 and 15 per cent rates, but because of
the near date assumed for commercialization of New England
finfish and subsequent termination of AEC's finfish program,
differences in present worth were insignificant. )

The following summarizes values produced by these assumptions:

1. Market assumptions.

A. Inland market for fresh irradiated cod, haddock,
sole, and flounder expands from 3. 5 to 9. 7 million
pounds between 1969 and 1980. Of the 1980 total,
6. 3 million pounds is attributable to availability of
radiation processed fresh fish and the balance of
population growth and market expansion at the 1965
per capita rate.

B. Inland market for fresh irradiated cod, haddock,
sole and flounder expands from 3. 5 to 14. 8 million
pounds between 1969 and 1980. Of the 1980 total,
11. 4 million pounds is attributable to availability
of radiation processed fresh fish and the balance
to population growth.

2. The additional value of fresh ocean frozen fish is 12
cents per pound (based on selling prices reported by Eastern
retailers offering both frozen and fresh New England fish).

3. Irradiation processing cost assumptions.

A. 1. 25 cents per pound (at 33 cents per curie for
source).
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B. 1. 56 cents per pound (at 70 cents per curie for
source).

4. Added shipping cost for irradiated over frozen fish is 3. 3 cents
per pound for truckload quantities (Boston to Chicago) and 5. 3
cents for less than truckload quantities.

5. The net benefit from irradiation of New England fish is five cents
per pound, based on the foregoing as described at the end of
Chapter V.

6. Present worth of net benefits 1966-1980 before AEC develop-
ment costs (10% discount rate):

I. Market Effects

Market assumption A

Market assumption B

II. Reduced Spoilage
Market assumption A

Market assumption B

.III. Elimination of Short-Buying

Market assumption A

Market assumption B

IV. Total Benefits

Market assumption A

Market assumption B

$ 1.6 million

3. 0 million

5.8 million

6.4 million

1. 1 million

1.2 million

8.6 million

10.5 million

The foregoing benefits compare with AEC development cost for work on
New England finfish approximately as follows (in thousands of dollars):

Fiscal

Year

1960
1961

1962

1963

1964

1965

1966

1967 Est.

Operating

Costs

50
75

100

100
130
200
200

Equipment

Wholesomeness
(Feeding Studies, Etc. )

50

600

40
40

100

100

100

100

100200

Source: AEC, Division of Isotopes Development.
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The only costs that are relevant to fulfillment of the commercialization
mission are those to be incurred in the future. Past expenditures are
"sunk costs. " Under our assumptions, these costs would continue only un-
til a commercial investment decision had been made, and executed; by
assumption in 1969. Counting AEC costs at $300, 000 per year for 1967
and 1968 and $150, 000 for 1969, these total $750, 000 (or compounded at
10% to 1969's worth, about $810, 000).

Conclusion

Present worth of tangible net benefits in the range of $9 million to $11 mil-
lion are indicated for an additional AEC development expense of about
$700, 000 to $800, 000.

Papaya Background and Summary

Two substantially different outcomes have been postulated for net benefits
from irradiation of papaya. These are identified as the minimum effect
of approximately three days shelf-life extension (retailer cost reductions
from reduced spoilage) and maximum effects of at least seven to eight day
shelf-life extension (transportation cost reductions from shipping by sur-
face rather than air with consumer price reductions and market expansion
assumed to follow).

1. Market assumptions. (See papaya section. )

A. Minimum estimate: mainland demand expands
from 4. 9 million pounds in 1965 to 20 million in
1980.

B. "Best-bet" estimate: mainland demand expands at
recent past's rate from 4. 9 million pounds to
45 million in 1980.

C. Maximum estimate: mainland demand approximates
growth rate of avocado and fresh pineapple in their
first 15-20 years, growing from 4. 9 million pounds
to 70 million pounds.

2. FDA approval of papaya is given in 1967.

3. Commercial investment decision and irradiator installation in
Hilo, Hawaii, will occur in 1969-1970, after the state's devel-
opment work with HDI is well along.



4. Ninety per cent of projected mainland demand will be irradiated.
A two year build-up period (1970-1971) will be required to reach
the 90 per cent level.

5. Irradiation processing costs will vary materially with thruput,
approximating nearly 3 cents per pound in the early 1970's and
declining to about 1 - 1. 5 cents per pound by 1980, as thruput
expands. These costs are based on source expense of 70 cents
per curie. Costs are not significantly sensitive to lower source
costs in this case. (See Jackson and Moreland appendix for costs
at 70 and 33 cents per curie.)

6. Irradiation processing costs will in part be offset (. 5 cents per
pound), by substitution of irradiation disinfestation for chemical
fumigation.

7. Cost reductions.

A. Minimum effect--one half of retailer losses from
actual or impending spoilage as reflected in the
retail value of cents-off clearance sales or actual
throwaways will be avoided. This is equivalent to
one half of 11-1/2 per cent of retail value of
papaya. Retail value assumed was 30 cents per
pound or about $3. 00 per case.

B. Maximum effect--papaya will be shipped by surface
vessel at a cost of 8. 5 cents per pound less than
costs by air.

8. The appropriate discount rate for calculating the present worth
of projected net benefits and costs is 10 per cent.

The following summarizes present worth of net benefits produced by these
assumptions, before AEC development costs (in thousands of dollars):

I. Market assumption A, cost-reduction assumption A, $184

Market assumption B, cost-reduction assumption A, $846

Market assumption C, cost-reduction assumption A, *

II. Market assumption A, cost-reduction assumption B, $5, 105

Market assumption B, cost-reduction assumption B, $8, 928

Market assumption C, cost-reduction assumption B, $22, 361
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The foregoing benefits compare with AEC development costs for work on
papaya and mango as follows (in thousands of dollars):

Fiscal Operating Wholesomeness

Year Expense Equipment (Feeding Tests)

1965 30 15 -
1966 100 350 75
1967 Est. 100 50 1

Source: AEC, Division of Isotopes Development.

Future costs associated with papaya-mango development work (mainly with
the state of Hawaii's Development Irradiator) are projected through 1970
when a commercial irradiator is assumed to be in operation at a rate of
$150, 000 per year.

It is assumed further that after 1970 costs of the HDI program will be
assumed wholly by the state and that AEC will withdraw. The worths of
the 1967 -1970 projected budget compounded at 10 per cent per year to
1970 is $670, 000.

Conclusion

Present worth (1970 basis) of tangible net benefits in the range of $184, 000
to $846, 000 if three day shelf -life extension is possible and $5 million to
$22 million if seven to eight days is possible for an additional AEC devel-
opment expense of about $700, 000.

Qualifications

Reductions in air cargo costs or development of controlled atmosphere will
materially change the outlook for radiation processing of papaya. More-
over, surface shipping schedules are such that the seven to eight day shelf-
life extension required is a minimum requirement.

Bananas - Background and Summary

The following assumptions were made in estimating costs and benefits
from commercial irradiation processing of bananas:

1. Market assumption--banana demand will grow in proportion to
population.
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2. FDA approval will be granted in late 1968 or early 1969.

3. Commercial investment decisions will be made and irradiators
will be installed successively at different ports in the years
1970-1972.

4. Ninety per cent of bananas will be irradiated after the 1970-
1972 build-up period.

5. Irradiation processing costs were estimated at source costs
of 70 cents per curie and 33 cents per curie and a range of
thruputs by Jackson and Moreland, Inc. (see Appendix B).
Based on banana volume at each loading port (using figures
provided by importers), weighted averages of irradiation
processing costs were calculated:

A. At 33 cents/curie source cost, . 42 cents per
pound.

B. At 70 cents/curie source cost, . 773 cents per
pound.

6. Benefits will accrue to retailers from shelf-life extension which
will result in reduction of costs associated with cents-off sales
and throwaways. Based on retailer survey data, about 5 per
cent of banana marketings are sold at average price reductions
of 7 cents per pound because of impending spoilage and 3 per
cent of purchases are throwaways. Two assumptions concern-
ing cost reduction at retail from irradiation were made:

A. One half of present losses from spoilage will be
avoided.

B. One quarter of present losses from spoilage will
be avoided.

7. Projected costs and benefits under the foregoing assumptions
were discounted at 10 per cent.

The following summarizes present worth of net benefits produced by these
assumptions, before AEC development costs (in millions of dollars).

Processing cost assumption A, retail cost-reduction assumption A, + $2 million.

Processing cost assumption A, retail cost-reduction assumption B, - $43 million.

Processing cost assumption B, retail cost-reduction assumption A, - $72 million.

Processing cost assumption B, retail cost-reduction assumption B, - $118 million.
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The foregoing net benefits compare with AEC development costs for work
on bananas as follows (in thousands of dollars):

Fiscal Operating Wholesomeness

Year Expenses (Feeding Tests, Etc.)

1965 $15-20 -
1966 15-20 100

1967 Est. 15-20 -

Source: AEC, Division of Isotopes Development.

It is assumed that total AEC costs for 1967-1970 would be modest. We
have assumed $100, 000 for this period.

Conclusion

Only under the most favorable assumptions (highest reduction in retail
losses and lowest irradiation costs) do benefits exceed costs from devel-
opment of radiation processing of bananas. Substantial negative benefits
are indicated otherwise.

Qualifications

We do not give serious consideration to the positive -benefits outcome.
Actually the effect of reduced spoilage in bananas as a result of radiation
processing will probably reduce importers' revenue (sales volume or
prices-received decline). This probability has not been reflected in the
table. More substantively, the attitudes of importers and retailers, the
growing importance of Variety bananas with lower spoilage losses than

Gros Micheles and the prospective development within the industry of
lower cost techniques for achieving the same effects as irradiation rein-
force the implications of the negative cost-benefit projection.

Crab Development Costs

Commercialization of radiation processing of Dungeness and king crab has
been ruled out on the basis of qualitative findings. That is, no tangible bene-
fits are identified. AEC's historical development costs for these products
are as follows (in thousands of dollars):
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Fiscal Operating Wholesomeness
Year Expenses Equipment (Feeding Tests, Etc.)

1962 60 50 20
1963 80 - 20
1964 90 - 20
1965 100 - 20
1966 100 - 20

1967 Est. 120 - 20

Total Food Program Costs Versus Six-Product Total

The following table places the six products included in this study in the con-
text of AEC's total food program budgets for the fiscal years 1960 -1966
(in thousands of dollars):

Type of Expense

Operating

Equipment

Wholesomeness, etc.

Total

Total Food Program

$ 6,271

1, 942

2, 711

$10,924

Total Six Products

$1,415

1, 065
655

$3,135
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EXHIBIT IX-1

FINFISH COST BENEFIT TABLE

1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980

1. U. S. Total Population (millions)

Coastal

Inland

192. 8

138.3

54.5

195. 7

140. 8

54.9

198. 7
143.4

55. 3

201. 8

146. 1

55. 7

205. 0
148. 8

56.2

208.2

151.5

56.7

211.5

154. 1

57.4

214. 9
156. 7

58.2

218.3

159.3
59. 0

221. 7

161.9

59.8

225. 1

164.5

60.6

228.9
167.4

61.5

232. 7

170.3
62.4

236. 6

173.3

63. 3

240.6

176.3
64.3

2. Per Capita Consumpion- -Fresh Fish (pounds)

A. U.S.

Coastal

Inland

B. U.S.

Coastal

Inland

3. Total Consumption- -Fresh Fish

(million pounds)

A. U.S.

Coastal

Inland

B. U.S.

Coastal

Inland

1.38 1.38 1.38 1.38 1.44 1.48 1.53 1.58 1.58 1.58 1.58 1.58 1.58 1.58 1.58 1.58

1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74

.49 .49 .49 .49 .65 .81 .97 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.14

1.38 1.38 1.38 1.38 1.48 1.57 1.65 1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74

1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74

.49 .49 .49 .49 .80 1.11 1.42 1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74

(1)x(2)

267.3

240. 6
26. 7

267.3

240. 6
26. 7

4. Consumption of Four New
England Species (million pounds) (.13)x(3)

A. U.S.

Coastal

Inland

271.8

244. 9

26.9

271.8

244.9

26.9

276. 6
249.5
27.1

276. 6

249.5

27.1

281.5

254.2

27.3

281. 5

254.2

27.3

295.4
258. 9

36. 5

303. 9
258. 9
45.0

309.5
263.6

45. 9

326. 5
263.6
62.9

323.7

268. 1

55.6

349.6

268. 1

81.5

339. 0
272. 7

66.3

373. 8

272.7
101.2

344.5

277.2

67.3

379. 8

277. 1

102. 7

349. 8

281.7

68. 1

385.8

281.7

104. 1

355.3
286.2

69. 1

391.6

286.2

105.4

361.4
291.3

70. 1

398.3

291.3

107. 0

367.4

296.3

71.1

404. 9
296.3

108.6

373. 7

301.5
72.2

411.6

301.5
110. 1

380. 1
306.8

73.3

418.6

306.8
111.8

386.4

312. 0
74.4

425.6

312.0
113. 6

34.7 35.3 35.9 36.5 38.3 40.2 42.1 44.0 44.7 45.5 46.2 47.0 47.7 48.5 49.4 50.3

31.2 31.8 32.4 33.0 33.6 34.3 34.9 35.4 36.0 36.6 37.2 37.9 38.5 39.2 39.9 40.6
3.5 3.5 3.5 3.5 4.7 5.9 7.2 8.6 8.7 8.9 9.0 9.1 9.2 9.3 9.5 9.7

B. U.S.

Coastal

Inland

34.7 35.3 35.9 36.5 39.5 42.5 45.4 48.6 49.4 50.1 50.9 51.8 52.6 53.5
31.2 31.8 32.4 33.0 33.6 34.3 34.8 35.4 36.0 36.6 37.2 37.9 38.5 39.2

3.5 3.5 3.5 3.5 5.9 8.2 10.6 13.2 13.4 13.5 13.7 13.9 14.1 14.3

5. Consumption of Four New

England Species at 1965

Per Capita Rate

6. Incremental Consumption Due to

Radiation Processing

A. U. S. under per capita
assumption A

B. U. S. under per capita

assumption B

.18x1

54.4 55.4
39.9 40.6
14.5 14.8

34.7 35.3 35.9 36.5 36.9 37.5 38.1 38.7 39.3 39.9 40.5 41.2 41.8 42.6 43.3 44.0

4A-5

4B-6

1.4 2.7 4.0 5.3 5.4 5.6 5.7 5.8 5.9 5.9 6.1 6.3

2.6 5.0 7.3 9.9 10.1 10.2 10.4 10.6 10.8 10.9 11.1 11.4

201

244. 6
179.3

65.3



EXHIBIT IX-1

FINFISH COST BENEFIT TABLE
(Continued)

1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980

. Inland Market Effect of

Substituting Fresh for Frozen

Extra Value= 5$/lb. (thousand

dollars)
A. U.S.
B. U.S.

. Elimination of 1/2 of Present

Spoilage (1/2 of 5% @ 74 /lb.)
(thousand dollars)

A. U.S.
Coastal

Inland

.05x6
70 135 200 265
130 250 380 445

270

505

280 285
510 520

290

530

295

540
295 305

545 550
315
560

.0185x4

640
580

60

640
580

60

B. U.S.

Coastal

Inland

650

590

60

650

580

60

660 680 710
600 620 620

60 60 90

660 680 730

600 620 620

60 60 110

740 780 810

630 650 650

110 130 160

790 840

630 640

160 200

900

650

240

830

670

160

840 850

680 690

160 170

870

700

170

910 930 940 960
660 680 690 700

250 250 250 260

880

710

170

900

730

170

910

740

170

930

750

180

970 990 1010 1020

710 730 740 750

260 260 270 270

Elimination of Short-Buying

(7% of volume) and

Substitution of Fresh for Frozen

Extra Value= 5/lb. (thousand

dollars)

A. U.S.
Coastal
Inland

B. U.S.
Coastal

Inland

. 0035 x4
120

110
10

120
110

10

120

110
10

120
110
10

130 130
110 120
20 10

130 130
120 120

10 10

140

120

20

130
120

10

140
120
20

150 150

120 120
30 30

150 160
120 120
30 40

160
130
30

170

120
50

170
120
50

160 160
130 130

30 30

180 180

130 130
50 50

160

130
30

180

130

50

170

140
30

180
130
50

170

140
30

190
140

50

170

140

30

190
140
50

180

140

30

190
140
50

202



EXHIBIT IX-1

FINFISH COST BENEFIT TABLE

(Continued)

Present Worth of Net Benefits

10. Present Worth of $1. 00 C
1007, year 0-1 = 1969

11. Present Worth of Net Benefits

from Market Effect (thousand

dollars)

A. U.S.

B. U.S.

12. Present Worth of Net Benefits

from Spoilage Reduction

(thousand dollars)
A. U.S.

B. U.S.

13. Present Worth of Net Benefits

from Elimination of Short-

Buying (thousand dollars)

A. U.S.

B. U.S.

14. Present Worth of Total Net

Benefits (thousand dollars)

A. U.S.

B. U.S.

Operation 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976

.9538 .8671 .7883 .7166 .6515 .5922 .5384

1977 1978 1979 1980

.4895 .4450 .4045 .3677 .3343

10 x 7
67

124

117

217

158 190

300 319

176

329

166

302

153 142 131

280 259 240

119
220

10 x 8
680 640

700 690

610
660

580 540 500

650 590 550

460

510

430 390 360

470 430 400

10 x 9
120 120

130 130
120
130

110
120

100
110

90

110
90

100

80

90

80

80

70

80

9-11

867

954

877

1,037
888

1,090

880

1,089

816

1,029

756

962

703 652

890 819

601

750

549

700

203

1969-80

112

202

105

187

1,636

2,979

330

370

310

340

5,830

6,360

60

70

60

60

1,100

1,210

502 475

642 587

8,566

10,549



EXHIBIT IX-2

PAPAYA COST BENEFIT TABLE

1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980

1. Mainland Market Assumptions

(millions of pounds)

A. Minimum Estimate

B. "Best Bet"

C. Maximum Estimate

2. Thruput Assumptions

(millions of pounds)

A. Minimum Estimate

B. "Best Bet"

C. Maximum Estimate

3. Irradiation Processing Costs

(cents per pound)*

A. Minimum Estimate

B. "Best Bet"

C. Maximum Estimate

4. Processing Costs

(thousands of dollars)

A. Minimum Estimate

B. "Best Bet"

C. Maximum Estimate

4.9 5.5

4.9 5.7

4.9 6.5

6.1 6.7 7.3 8.0 9.2 10.4 11.6 12.8 14.0 15.2 16.4 17.6 18.8 20.0

6.6 7.6 8.9 10.3 11.9 13.8 16.1 18.6 21.6 25.1 29.1 33.7 39.1 45.4

10.0 20.0 35.0 45.0 47.4 49.8 52.2 54.6 57.0 59.6 62.2 64.8 67.4 70.0

3.5 5.0 9.4 10.4 11.5 12.6 13.7 14.8 15.8 16.9 18.0
4.0 6.0 12.4 14.5 16.7 19.4 22.6 26.2 30.3 35.2 40.9
5.0 20.0 44.8 47.0 49.1 51.3 53.6 56.0 58.3 60.7 63.0

2.76 2.48 1.65 1.49 1.45 1.38 1.31 1.25 1.20 1.14 1.09

2.65 2.29 1.39 1.27 1.15 1.03 .90 .78 .69 .65 .58
2.48 1.00 .55 .55 .55 .55 .55 .55 .55 .55 .55

97 124

106 137
124 200

155 155 167
172 184 192
246 259 270

174 179 185 190 193 196
200 203 204 209 229 237
282 295 308 321 334 347

5. Retail Cost Reduction (RCR)

(thousands of dollars)

6.

at 1.725$/lb.

A. Minimum Estimate

B. "Best Bet"

C. Maximum Estimate

Shipping Cost Reduction (SCR) at 8.5 /lb.

(thousands of dollars)

A. Minimum Estimate

B. "Best Bet"

C. Maximum Estimate

7. Net Dollar Benefits
(thousands of dollars)

RCR "A" less IP "A"

RCR "B" less IP "B"

60
69
86

298
340
425

86
104
345

425
510

1, 700

(37) (38)

(37) (33)

162 179 198
214 250 288

773 811 847

799
1, 054
3, 808

7
42

884
1,233

3,995

24

66

978
1, 420
4, 174

31
96

SCR "A" less IP "A"

SCR "B" less IP "B"

SCR "C" less IP "C"

8. Present Worth of $1.00 @ 10j'o

201 301 644 729
234 373 882 1,049
301 1,500 3,562 3,736

811
1,228
3,904

897
1,449
4,079

986
1,718
4,261

.9538 .8671 .7883 .7166 .6515 .5922 .5384

1, 073
2,023
4,452

.4895

1, 153
2,367
4,635

1,244
2,763
4,826

1,334
3,240
5, 008

.4450 .4045 .3677

204

217 236
335 390

885 925

255 273
452 523

966 1,006

292
607

1, 047

1,437
2,992
5. 160

311
706

1,087

1,530
3,477
5,355

1,071
1,649

4.361

43
135

1,165

1,921
4,556

57
187

1,258
2,227
4. 760

70

248

1,343
2,576
4. 956

83
314

99
378

115
469



EXHIBIT IX-2

PAPAYA COST BENEFIT TABLE
(Continued)

1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980

9. Net Dollar Benefits Discounted

@ 1016 (thousands of dollars)
RCR "A" less IP "A"
RCR "B" less IP "B"

SCR "A" less
SCR "B" less
SCR "C" less

IP
IP
IP

"A"
"B"

"C"

(35) (33) 6

(35) (29) 33

192
223

287

261

323

1,301

* Excluding 0. 5 fumigation.

205

17

47

522

752
2,677

Sum

508
695

2,808

20

63

528

800
2, 543

25
80

531
858

2,416

31
101

531
925

2,294

34
121

525
990

2,179

42

172

37
140

513
1,053
2, 063

40
153

503
1,118
1, 952

184
846

491
1, 191
1, 841

5,105
8, 928

22,361



EXHIBIT IX-3

BANANA COST BENEFIT TABLE

1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980

1. Total U. S. Consumption
(billion pounds)

2. Thruput (billion pounds)

3. Irradiation Processing Cost (IP)

(thousands of dollars)

A. at $. 00420/lb.
B. at $. 00773/lb.

4. Retail Losses at Present Rate

(thousands of dollars)

50 sold @ 7 /lb. reduced price

30a throwaways @ 17 /lb.

Total

5. Retail Cost Reductions (CR)

(thousands of dollars)

A. At 1/2 of present losses rate

B. At 1/4 of present losses rate

6. Net Dollar Benefits (millions of dollars)
Retail CR "A" less IP "A"

Retail CR "B" less IP "A"

Retail CR "A" less IP "B"

Retail CR "B" less IP "B"

3.580 3.637 3.694 3.751 3.808 3.865 3.928 3.991

1.000 2.000 3.000

4.054 4.117 4.181 4.244 4.307 4.370 4.433 4.496

3.649 3.705 3.763 3.820 3.876 3.933 3.990 4.046

4.200 8.400 12.600 15.300 15.600 15.800 16.000 16.300 16.500 16.800 17.000
7.700 15.500 23.200 28.200 28.600 29.100 29.500 30.000 30.400 30.800 31.300

3.500 7.000 10.500
5.100 10.200 15.300

8.600 17.200 25.800

12. 772
18.610

31.382

12. 976
18.896

31.872

13. 171
19.191

32.362

13. 370
19.482

32.852

13. 566
19.768

33.333

13. 766
20. 058

33.824

13. 965
20.349

34.134

14. 165
20.635

34.799

4.300 8.600 12.900 15.691 15.936 16.181 16.426 16.667 16.912 17.157 17.400
2.150 4.300 6.450 7.846 7.968 8.090 8.213 8.333 8.456 8.534 8.700

+ .1

-2. 1

-3.4

-5.6

+ .2

- 4.1

- 6.9

-11.2

+ .3

- 6.2
-10. 3

-16.8

+ .4

- 7.4

-12. 5
-20.3

+ .4

- 7.6

-12. 7
-20.6

+ .4

- 7.7

-12.9
-21.0

+ .4

- 7.9

-13. 1
-21.3

+ .4

- 8.0

-13.3
-21.7

+ .4

- 8. 0
-13.5
-21.9

+ .4

- 8.3

-13.6
-22.3

+ .4

- 8.3

-13.9
-22.6

7. Present Worth of $1.00 @ 100 .9538 .8671 .7883 .7166 .6515 .5922 .5384 .4895 .4450 .4045 .3677

8. Present Worth of Net Benefits (millions of

dollars)

Retail CR "A" less IP "A"

Retail CR "B" less IP "A"

Retail CR "A" less IP "B"

Retail CR "B" less IP "B"

+ .1

-2. 0
-3.2
-5.3

+ .2

- 3.6

- 6.0

- 9.7

+ .2

- 4.9

- 8.1

-13.2

+ .3

- 5.3

- 9.0

-14.5

+ .3

- 5.0

- 8.3

-13.4

+ .2

- 4.4

- 7.6

-12.4

+ .2

- 4.3

- 7.1

-11.5

+ .2

- 3.9

- 6.5

-10.6

Total

+ .2

- 3.6

- 6.0

- 9.8

+ .2

- 3.4

- 5.5

- 9.0

+ .2

- 3.0

- 5.2

- 8.3

2.3
- 43.4

- 72.5

-117.7

206



APPENDIX A

I. Description of Calculations Relevant to Determination
of Present and Potential Markets for Fresh Finfish

A. Government Data

The Economic and Statistical Analysis Division of the United States
Government Economic Research Service, Bureau of Commercial
Fisheries, provided data for 1947 -66 showing total civilian domestic dis-
appearance of all domestic and imported finfish and shellfish (2, 041 mil-
lion pounds in 1965), with subdivisions separating fresh/frozen, canned
and cured.

In order first to separate total fresh and frozen shellfish from total fresh
and frozen finfish, the 1965 per capita consumption of shellfish was sub-
tracted from the 1965 total per capita consumption of finfish and shellfish.
The resulting per capita figure was then multiplied by the total population
with the resulting figure equaling total fresh and frozen finfish consumed
in the United States (1965: 756 million pounds).

The second step involved separating United States consumption of fresh
from United States consumption of frozen finfish. The proportion of total
domestic frozen fish was taken from two Department of Interior publica-
tions: "Packaged Fishery Products, 1965" (CFS. 4055), and "Frozen
Fishery Products; December, 1965" (CFS. 4000). Of the imported finfish,
90 per cent was assumed to be received and consumed in frozen form.
For the year 1965, it was calculated that, of the total 756 million pounds,
267. 4 million pounds (35%) were consumed fresh while 488. 6 million
pounds (65%) were consumed frozen.

The above tabulations were arrived at with the assistance of Mr. E. A.
Powers, Staff Specialist, Division of Economics, United States Department
of the Interior, Fish and Wildlife Service, Bureau of Commercial Fisher-
ies. All the final calculations relating to the division of fresh and frozen
fish consumed in the United States were submitted to Mr. Powers and were
approved by him.

B. Daniel Yankelovich, Inc. Data

From the Daniel Yankelovich, Inc. consumer survey conducted for this
study the following fish consumption pattern was estimated:

i



Serve fish of any kind
Serve fresh finfish

Fish of any kind
Fresh finfish

Total Respondents: 100 1

Coastal Inland

94. 7% 93.97
48.5 20.0

Total Fish Consumed: 1007%
Total

United
States Coastal Inland

100%7o

100

767o 24 70
90 10

The fish consumption percentages derived from the sample were applied
respectively (1) to the government total of all finfish and shellfish con-
sumed: fresh, frozen, canned and cured (2, 041 million pounds); and
(2) to the calculated figure of fresh finfish (267. 4 million pounds).

1965
Total

Total fish

Fresh finfish

(Million pounds)

Coastal Inland

2041.0 1551.2 489.8

267.4 240.7 26.7

From these total consumption figures per capita consumption of total fish
and per capita consumption of fresh finfish was calculated with the follow-
ing results:

(Pounds)

Per capita: total fish
Per capita: fresh finfish

1965
United
States

10.60
1.38

1965
Coastal

11.20
1.74

1965
Inland

9.00
.49

ii



C. The following table illustrates the procedure used to convert inland
per capita consumption from current levels to the level implied by
assumption A in Chapter IX.

CALCULATION OF INLAND PER CAPITA CONSUMPTION OF FRESH FISH

WITH AND WITHOUT IRRADIATION

Fresh Fish

(Million Pounds)
With

Millions Now Irradiation

Per Capita
With

Now Irradiation

Total Inland Population

Serve no seafoods, 61o

Fish Consumers

20% "most often" serve fresh

ocean fish

80% "most often" serve other

forms of ocean fish

(One third would switch to

irradiated fish)

62. 6 . 4926. 7

26. 7

26. 7

54.5

3.3

51.2

10.2

41. 0

1.14

1.22

2.62

2.62

2.62

62.6

26. 7

35. 9(13.7) 2.62
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APPENDIX B

ENGINEERING SECTIONS

by Jackson & Moreland Division

for

Report of Cost-Benefit Studies
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Preservation of Foods Program

Submitted to Daniel Yankelovich, Inc.
September 23, 1966
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Boston, Massachusetts 02116
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SUMMARY

The unit cost of applying a pasteurizing dose of radiation to the foods con-
sidered herein - banana, fish, papaya and mango - ranges from 0. 2 to 3
cents per pound of food, depending upon the values and interrelationships
of several parameters. The range of 1 to 2 cents seems applicable to
many practical cases.

The parameters that have the greatest effect on unit cost are the annual
throughput rate and the cost per curie of cobalt 60.

For the irradiation operations considered herein a radioisotope source
(cobalt 60) is considered to be preferable to a particle accelerator machine.

vi



FOOD TYPES

Banana

The maximum shipping rate per Latin American port is taken to be
20, 000, 000 boxes per year (42 pounds per box). A boat carries about
100, 000 boxes, so the traffic is about 200 boats per year or an average of
four per week. The minimum rate is taken to be one-quarter of this at
5, 000, 000 boxes per year.

At present bananas are packed in boxes at multiple locations near the
fields. They are carried to the ports by railroad and the rail cars are
spotted on the pier for unloading. There the boxes are manually loaded to
conveyors which automatically carry them up over the side of the boat and
down into the hold for manual unloading.

The irradiation facility should be located where the various railroad lines
converge, near the pier. It is impracticable for several reasons to locate
the irradiation facility on the pier, so it is assumed that it will be installed
on shore.

It is assumed that each box of bananas will pass twice by an irradiation
source, receiving a 35, 000 rad dose, and that the conveyor speed will not
be greater than one foot per second. These parameters and a 12, 000 box-
es per hour design rate result in a need for six irradiation sources, if the
irradiation is performed "on-line" as the boxes are brought in from the
fields and loaded on the ship. Alternatively, the irradiation could be per-
formed "off -line" all through the week, in a smaller facility, with the
irradiated product accumulated in a warehouse for loading when a ship
arrives.

If a conservative 15% source efficiency is assumed, this would require a
total of 10, 000, 000 curies in the six sources for the on-line facility. It is
assumed that each of the sources will be made up of seven plaques with the
intention of replacing one plaque each year to maintain source effectiveness.

The off -line facility would use one source for the 5, 000, 000 boxes per
year rate, and three sources for the 20, 000, 000 rate.

Several handling systems can be considered. With on-line irradiation it
is tempting to decide that once a banana box is manually moved from the
rail car to the conveyor for the irradiation process it should not be man-
handled again until it is in the hold of the ship. However, a conveyor sys-
tem the length of the pier is expensive and the rail car system on the pier
exists. It seems slightly more economical after irradiation to reload the
banana boxes to the rail cars for the trip out the pier.
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If irradiation is performed throughout the week on an off-line basis, refrig-
erated warehouse capacity will be required for the storage of about one
boat load (100, 000 boxes). Boxes would pass from the irradiation conveyor
directly to a conveyor for the warehouse. When a boat arrives the ware-
house conveyors would be used to bring the boxes back out of storage. At
this point the choice discussed above appears again - do we re-load the
boxes to rail cars or do we provide a conveyor to take them out on the pier?
Re -loading the rail cars looks slightly preferable.

Atlantic Coast Fish Fillets

The irradiation facility conceived for installation at an Atlantic Coast fish-
ing port would have an initial processing capacity of 21, 000, 000 pounds per
year with the prospect of future growth to 32, 000, 000 pounds.

Fish processing and marketing is largely a five-day-a-week, one-shift
operation. For the irradiation facility, five-day, two-shift operation
seems appropriate (one shift underutilizes the expensive radiation source;
three shifts requires twice the cold-storage capacity). On this basis the
average hourly throughput would be 5, 250 or 8, 000 pounds of fillets.

The fish are normally obtained by the processor during the morning and
are filleted during the next few hours. If the product will be marketed as
fresh fish (not frozen), it is usually sold and dispatched by the end of the
day.

The irradiation step thus needs to fit into an established, fast-moving
processing and marketing cycle for fresh fish. The appropriate time for
it is after the fillets are placed in cans by the processor and before they
are shipped to the buyer. During the early part of the day shift, pallet
loads of cans would be brought to the irradiation facility, treated, and
returned to the processors. By the end of the day shift a backlog would
have piled up at the facility, which would be processed during the second
shift and turned back to the processors next morning. It is evident that
cold storage capacity equal to the one-shift irradiation capacity of the
facility is needed for this plan.

A typical 20 pound can of fillets as shipped from the Boston Fish Pier is
about 15 by 11 by 5 inches deep. The four-pass conveying system used at
the Marine Products Demonstration Irradiator in Gloucester for cans of
about this size gives a 20 per cent source efficiency. For the purposes of
this study a similar arrangement is assumed, although a horizontal laby-
rinth is probably preferable to the vertical one there.

The source size for 21, 000, 000 pounds per year is taken as 460, 000 curies
in the form of seven plaques. The source can be designed to increase its
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strength somewhat each year for greater throughput by increasing the spe -
cific activity (curies per gram) of the annual replacement plaque. It does
not seem practicable to extend this technique, and the associated conveyor
speed adjustments, to the 32, 000, 000 pound per year level. Before reach-
ing this point a second irradiating cell and conveyor would be needed.

Papaya

The throughput estimates for a central papaya irradiation facility in the
Hawaiian Islands cover a considerable range of speculation, with corres -
ponding effects on plant-operation assumptions, as follows:

Annual Throughput,

Million Pounds
Per Year

5

10

30

50

Processing Rate,
Pounds Per

Hour
Number of

Shifts Operated

2, 500

2,500

7,500

12, 500

One

Two

Two

Two

These figures are based upon operation 50 weeks per year and a five-day
week. Second shift labor is assumed to receive a 20% premium in pay.

With 20% source efficiency the cobalt 60 sources corresponding to the
above throughputs are one 81, 000 curie source for A and B, two 121, 000
curie sources for C, and three 135, 000 curie sources for D.

From a practical standpoint, it would appear sensible to build a first cell
with enough shielding for about 121, 000 curies, which would fit into a 1980
pattern of either B or C.

Mango

The annual quantity of mangoes to be irradiated in Hawaii is taken to be in
the order of 100, 000 pounds per year in 1975 and perhaps 1, 000, 000 pounds
per year in 1980. The irradiation process would be similar to that for
papayas.

Since the mango throughputs given above are only a few per cent of those
assumed for papayas, the cost per pound for irradiating occasional batches
of mangoes should be considered the same as that for papayas.
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COSTS

Banana - Irradiation Cost Per Pound

Fixed Variables: Source efficiency 15%
Amortization period 15 years

Source Cost: 70 Per Curie

5,000,000
System Boxes/Year

A - All conveyor, no warehouse 1. 32$

B - No pier conveyor, no warehouse 1.22

C - No pier conveyor, with warehouse 0. 60

Source Cost: 33 Per Curie

A - All conveyor, no warehouse 0. 740

B - No pier conveyor, no warehouse 0. 64

C - No pier conveyor, with warehouse 0. 50

5, 000, 000 boxes equals 210, 000, 000 lb/yr

20, 800, 000 boxes equals 874, 000, 000 lb/yr

Fish - Irradiation Cost Per Pound

Fixed Variables: Source Efficiency 20%

Amortization Period: 10 years

Throughput, lb/yr

21, 000, 000

32,000,000

Source Cost, Per Curie
70$ 33$

1.56$ 1.25$

1.66 1.32

Amortization Period:

21, 000, 000

32,000,000

x

20, 800, 000
Boxes/Year

0.34

0.33

0.37

0.20

0.18

0.30

15 years

1.48$

1.57

1.19$

1.25



Papaya - (Also applicable to Mango) - Irradiation Cost Per Pound

Fixed Variables: Source efficiency 20%
Amortization period 15 years

Throughput, lb/yr

5,000,000

10, 000, 000

30,000,000

50, 000, 000

Source Cost, Per Curie

700 330

2.98

2.01

1.20

1.00

2.80

2.00

1.08

0.94

Procedure for Estimating Cost

The procedure which has been used throughout for estimating the unit cost
of irradiating a food is demonstrated by particular estimates for banana,
fish, and papaya "cases" as shown on the following pages.

The basic method is to estimate the required investment cost, to calculate
the annual fixed costs associated with that investment, and to estimate
the annual costs for labor, maintenance and source replenishment. From

these figures there is determined the gross annual income that will be re-
quired for the irradiation enterprise. Dividing this figure by the expected

annual throughput in pounds gives a cost per pound for irradiation.

xi



BANANA IRRADIATION PLANT

COST ESTIMATE

Utilization efficiency = 15%
Source cost = 704 per curie

System B: No pier conveyor,
no warehouse

Investment
Source cost. 10, 000, 000 curies @ 70$
Non-recoverable portion of source cost (six-sevenths)
Other capital costs

Land
Building
Miscellaneous equipment
Conveyors

Engineering, 15% of $620, 000
Special services
Omissions and contingencies, 15% of $620, 000

Depreciable investment
Recoverable portion of investment (one-seventh of source cost)

Total Investment

Annual Income
Gross annual income (Note 1)
Less expenses

Source replenishment
Labor and supervision

Maintenance, repairs, supplies,
5% of $620, 000

Insurance, 101 of $7, 836, 000
Amortization: 15 year SF, 11%,

0. 02914 x $6, 836, 000

Income before taxes
Less income taxes 34%

Operating income for interest and dividends, 11% of $7, 836, 000

Amortization period: 15 years
Throughput: 874, 000, 000 lb/yr

($7, 000, 000)
6,000,000

$195, 000
315, 000
110, 000

No cost

620, 000
93, 000

30, 000
93, 000

$6,836,000

1,000,000

$7, 836, 000

$2,864, 000

$1, 000, 000
250, 000

31, 000
78, 000

199, 000

1,558,000
$1,306, 000

444, 000

$ 862,000

Unit Cost

$2, 864, 000
874, 000, 000 lb.=0.328$ per lb. irradiating cost

Note 1: This figure is the amount required by the needs
expressed below it, and is derived by working "_ the
table of figures.
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FISH IRRADIATION PLANT

COST ESTIMATE

Source efficiency = 20% Amortization period: 10 years
Source cost = 33c per curie Throughput: 21, 000, 000 lb/yr

Investment

Source cost, 460, 000 curies @ 33$ ($152, 000)

Non-recoverable portion of source cost (six-sevenths) 130,300
Other capital costs

Land 15,000

Building $65, 000
Miscellaneous equipment 74, 500

Conveyors 30, 000
169, 500

Engineering, 150 of $169, 500 25,400
Special services 30, 000
Omissions and contingencies, 150 of $15, 000 and $169, 500 28, 000

Depreciable investment $398, 200
Recoverable portion of investment (one-seventh of source cost) 21, 700

Total Investment $419, 900

Annual Income
Gross annual income (Note 1) $261, 100
Less expenses

Source replenishment $ 21, 700

Labor and supervision 125, 000
Maintenance, repairs, supplies,

2-1/2%/ of $169, 500 4,200
Insurance, 157oof $419, 900 4,200

Amortization: 10 year SF, 10/0,

0. 06275 x $398,200 25, 000
180, 100

Income before taxes $ 81, 000

Less income taxes 480 39, 000

Operating income for interest and dividends, 100 of $419, 900 $ 42, 000

Unit Cost

$261, 100

21, 000, 000 lb. = 1.25$ per lb. irradiating cost

Note 1: This figure is the amount required by the needs
expressed below it, and is derived by working up the table

of figures.
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PAPAYA IRRADIATION PLANT

COST ESTIMATE

Utilization efficiency = 20% Amortization period: 15 years
Source cost = 70c per curie Throughput: 5, 000, 000 lb / yr

Investment
Source cost, 81, 000 curies @ 70 ($ 56,700)

Non-recoverable portion of source cost (six-sevenths) 48,600

Other capital costs

Land 15,000

Building $65, 000

Miscellaneous equipment 68, 000
Conveyors 30, 000

163, 000
Engineering, 150 of $163, 000 24,400
Special services 30,000
Omissions and contingencies, 157 of $15, 000 and $163, 000 26,700

Depreciable investment $307, 700

Recoverable portion of investment (one-seventh of source cost) 8, 100

Total Investment $315, 800

Annual Income
Gross annual income (Note 1) $148, 800

Less expenses

Source replenishment $ 8,100

Labor and supervision 60, 000

Maintenance, repairs, supplies,

40o of $163, 000 7,000
Insurance, 10 of $315, 800 3,200

Amortization: 15 year SF, 150,

0. 03147 x $307, 700 9,700

88, 000

Income before taxes $ 60, 800

Less income taxes 480 29,200

Operating income for interest and dividends, 100 of $315, 800 $ 31, 600

Unit Cost

$148, 800

5, 000, 000 lb.=2.976 per lb. irradiating cost

Note 1: This figure is the amount required by the needs
expressed below it, and is derived by working u the
table of figures.
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Financial Factors

The amortization period has been generally taken as 15 years. However,
an alternative figure of 10 years has been used for Atlantic Coast fish fillets
in line with a preference for this value that was expressed by a leader in
the industry.

The operating income that remains after operating expenses, amortization
and taxes is the amount available to pay interest and dividends. It is con-
sidered here that this annual amount should be 10 per cent of the total in-
vestment, except that 11 per cent is used for bananas in conformity with
the practice of the industry leader.

Source Cost

The current United States AEC source cost schedule for cobalt 60 is de-
fined in the September 20, 1963, press release No. F-183. Atomic Energy
of Canada Limited released in March 1, 1965, its latest industrial cobalt
60 price schedule (Price List No. 15-15 US-EXP). In both schedules, the
price per curie for orders equal to or greater than 100, 000 curies is set
at $0. 50. Encapsulation cost has been quoted in the order of $0. 20 per
curie. The unit source cost of $0. 70/curie, encapsulated, is used as the
current installed unit source cost in this study.

Conversations with experts in the field of isotopic irradiation indicate that
the unit source cost will eventually be in the order of $0. 25/curie with an
encapsulation cost of $0. 08/curie. Projected source cost in this study is,
therefore, set at $0. 33/curie, installed.

Cost Estimating Assumptions

Engineering design and management of construction of a new facility are
taken as 15% of direct capital cost excluding land and source. This relative-
ly high value is used on the premise that the facility is in a new area of tech-
nology and application on a commercial scale would just be beginning.

Special services include such things as licensing, start-up supervision,
etc. Any facility using radioactive materials is required to have an oper-
ating license from the AEC Regulatory Licensing Board. Preparation of
accident analyses, waste disposal procedures, plant operation procedures,
etc. , is done as partial fulfillment of licensing requirements. These spe -
cial services by an engineering firm are estimated to cost $30, 000, al-
though they could cost more for a very large irradiator facility.

A 15% allowance for omissions and contingencies is applied to direct
capital cost (less source cost).
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The recoverable, non-depreciable portion of the cobalt 60 cost is set
rather arbitrarily at one-seventh of original cost. After 10 or 15 years of
operation and scheduled replenishments, there remains at any given time
about two-thirds of the total curies originally contained in the seven
plaques of various ages. However, the practical economics of reprocess-
ing and reselling these curies are complex, so a more modest salvage
value is assumed.
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ENGINEERING FACTORS

Sources of Radiation

There are several isotopic sources that have been considered in the liter-
ature. Among the most usable are cobalt 60 and cesium 137. Cobalt 60
is by far the most highly developed and is utilized in numerous existing
and planned irradiation facilities. High gamma energy (1. 17 and 1. 33
MeV) and availability appear to be the main factors in this popularity.
This does not preclude, however, the possibility of the lower gamma
energy (0. 66 MeV) cesium 137 becoming popular for specific purposes. A
particularly attractive possibility is processing the cesium 137 that hap-
pens to be available as a fission product in spent fuel discharged from
reactor power plants, which should result in substantially lower unit
source cost. At the moment, however, as well as in the near future, it
appears that cobalt 60 has the edge among isotopic sources.

The use of particle accelerators is a possibility. Accelerator radiation
can be turned off and on at will, with obvious advantages for intermittent
use and for maintenance accessibility. However, accelerators presently
seem competitive only for pasteurization and other surface -radiation
purposes. The reason is that the beam produced directly by an acceler-
ator is composed of charged particles (electrons for this application);
charged particles have limited penetrating ability in comparison with
radiant energy at the same level. Thus to compete with gamma radiation
from a radio-isotope for an application requiring penetration of more than
an inch or so, the electron beam from the accelerator must be converted
to X-rays. For several reasons the accelerator is at a competitive dis-
advantage when this added step is required.

If shallow penetration is acceptable, the ability of an electron accelerator
to localize radiation on a target material is an advantage in terms of
source efficiency over an isotopic source with its radiation necessarily
emitted in all directions and not focusable.

Potential problem areas such as maintenance downtime, and need for
trained operators add to the uncertainties about the competitive position
of particle accelerators. Electron energies of up to 10 MeV have the

general approval of the Food & Drug Administration for food processing;
this upper limit restricts the depth of penetration - or product thickness -
which can be processed.

In this analysis cobalt 60 has been used throughout as the source of
irradiation energy.
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Source Strength

A rigorous analytical model has been developed at Brookhaven to optimize
source geometry in relation to effective radiation utilization and other
parameters. For the analyses of this study, however, an empirical rela-
tion for determining source size in the current generation of irradiators
(such as the Marine Products Development Irradiator Facility) is used, as
follows:

S = 86TD

Where S = source strength in curies, T = throughput in pounds per hour,
D = required dose in megarads, n = effective radiation source efficiency.

Source geometry is affected by the design of the conveying system. The
hourly throughputs in this study require reasonably high conveyor speeds.
This being the case, the simple geometry of plaque-type sources is used.
Also, the plaque system seems to offer the least operational difficulties
in terms of source handling when replenishment is made.

Source Replenishment

Cobalt 60 undergoes radioactive decay with a half-life of 5. 26 years. Thus
the decrease in output level is about 12. 2% each year. In order to simpli-
fy replenishment accounting, the source plaque is divided into seven sec-
tions. One section would be replaced each year to maintain source
effectiveness. This results in a 14. 3% per year replenishment rate; part
of the differential could account for whatever irrecoverable losses there
might be.

Replenishment unit cost depends upon batch size. At batch equal to or over
100, 000 curies the unit cost (Canadian price list) remains at $0. 50 /curie.
There is a $0. 05/curie increase in unit cost per 25, 000 curie decrease in
batch size down to 25, 000 curies. Thus it would be possible for a given
facility that the replenishment unit source cost could be higher than the in-
itial unit source cost. This has not been considered here because it is not
clear how source cost would vary in time as demand increases, nor is it
possible to tell what might be the impact of processing the fission products
from spent fuel. Replenishment unit source cost has been taken as equal
to initial installed cost.
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Dosage

The maximum dosage for a food is limited by taste changes and other dele-
terious effects. A minimum dosage is required to achieve the desired
pasteurization effect. The ratio of these dosages is taken here to be 1. 3,
although a somewhat larger value may ultimately prove practical for some
foods (e. g., banana).

The facility concepts and their estimated costs are basically related to the
maximum dosages, which are taken as follows:

Maximum Dosage

in Rads

Banana 35,000

Fish 200, 000

Papaya 75,000

Mango 75, 000

Note that minimum dosage is a design limitation affecting two factors,
1) the allowable decay with time of the radiation intensity of a cobalt 60
source, and 2) the handling manipulations necessary to insure that in a
particular food package no element is irradiated above the maximum or
below the minimum level.

Source Efficiency

The source efficiency is the percentage of the total radiation emitted from
the source which is absorbed by the material being irradiated. It is a
function of 1) how much of the spherical area around the source is occupied
by the material and 2) how much radiation passes on through the material
without being captured.

A high source efficiency can be achieved by complex conveyor geometry,
probably with multiple passes. Such complexity adds cost and may make
it difficult to achieve a desired throughput rate.

On the other hand, if one were included to aim toward a very simple single-
pass system and accept the resulting low source efficiency, another limi-
tation would be encountered. Each element of each food package must
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receive a dose of radiation that falls between a minimum that will do the
desired pasteurization job and a maximum that will avoid taste deteriora-
tion or other deleterious effects. This requirement can best be met by
multiple passes with the food package differently oriented each time.

The usual result of a design to meet these various needs is a source effi-
ciency of 15 to 20 per cent.

Shielding

Shielding in a cobalt-60 facility is primarily against gamma radiation.
The choice of material among different kinds of concrete, lead, etc. , is
dependent upon the nature of the facility and overall economics. For the
type of facility that is examined here, the most practical material seems
to be ordinary concrete with a density of about 140-145 pounds per cubic
foot, which would also be used for some structural members.

Calculation of shielding thicknesses for a cobalt-60 irradiator was made
by Jackson & Moreland for the NASA Space Radiation Facility at
Greenbelt, Maryland. The thicknesses used here for economic evalua-
tions are based on the results of the above -mentioned calculations, modi-
fied to account for factors unique in these facilities. Shielding thicknesses
for the irradiators considered here range from five to seven feet of ordi-
nary concrete.
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