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PREFACE

This report on the economic feasibility of pasteurizing selected fresh produce
commodities by ionizing radiation is based on research conducted for the Division
of Isotopes Development, UoSo Atomic Energy Commission, It compares preliminary
estimates of radiation-pasteurizing costs with estimates of some important benefits

•which may result from this new method of food preservation. Included also is a

brief discussion of the potential impact of radiation~pasteurizing on produce market
structure, conduct, and performance.

Dr. Robert Ho Reed, of the Western Research Office of the Marketing Economics
Division, ERS, participated in planning the research and gave valuable assistance
in the analysis,, Dr« Kevin G. Shea and Mr, George R. Dietz, Division of Isotopes
Development, U.S. Atomic Energy Commission, assisted with technical information
and helpful suggestions

The author appreciates the technical information and suggestions received from,

a number of persons representing these public and private organizations:

Brookhaven National Laboratories, Upton, N. Y.

Atomic Energy of Canada, Ltd., Ottawa, Canada,,

UoSo Army Natick Laboratories, Natick, Mass a

Vitro Engineering Company, New York, N» Y.

Associated Nucleonics, Inc., Garden City, N. Y.

Ethicon Corporation, Somerville, N. J.

High Voltage Engineering Corporation, Burlington, Mass,
Radiation Dynamics, Inc, Westbury, N. Y.

General Electric Research Laboratory, Schenectady, N Y; and Vallecitos Atomic
Laboratory, Pleasanton, Calif,

University of California, Davis.
University of Florida, Gainesville.
University of Michigan, Ann Arbor.
Continental Can Company, Chicago, 111.

Hazelton Laboratories, Inc., Falls Church, Va.
U.S. Department of the Interior, Bureau of Commercial Fisheries, Washington,
D.C.

UoSo Department of Commerce, National Bureau of Standards and Office of

Technical Services, Washington, D C
UoSo Department of Agriculture, Agricultural Research Service, Washington, D 3C
Federal Power Commission, Washington, D.C.
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SUMMARY

Radiation- pasteurizing of strawberries would reduce spoilage loss by at least

enough to pay the cost of treatment, according to preliminary estimates of costs,,

Additional savings might be realized because (1) the shelf life would be increased,
(2) less in-store culling would be necessary, and (3) use of carbon dioxide gas as
a mold inhibitor could be reduced or eliminated,. For California strawberries shipped
to New York City, the present cost of the carbon dioxide treatment is about 0,3 cent
per pound.

Considerable potential exists for reduction of spoilage loss of fresh peaches,
tomatoes, oranges, and grapefruit, but more technical research information is

required before estimates of economic feasibility of radiation-pasteurization can be
made. The U,S, retail value of recent spoilage losses of these commodities is 0,2

cent to 4,9 cents per pound of shipping weight. Tomatoes are at the top of this

range.

Technical research at the University of California, Davis, reveals that if fresh
strawberries are radiation- pasteurized by an optimum dose of 200 kilorads it is

possible to hold spoilage losses during marketing to about 5 percent, depending on
amount of infection with spoilage organisms at harvest. Accordingly, estimates of

spoilage loss savings, on the basis of the recent U,So retail price of 45,2 cents per
pound, would range from 4,3 to 4,5 cents per pound shipped to market, depending
on the extent to which the practice was adopted by the strawberry industry. Savings
in this range are substantially more than enough to pay for estimated radiation-

pasteurizing costs.

Estimated radiation-pasteurizing costs for an applied dosage of 220 kilorads by
selected facility type, size, and hours of annual operation are:

Facility
type

Facility
size

Total
investment

Cost per pound
2,000 hrs.

(half year)
4,000 hrs.

(full year)

Cobalt 60

Cobalt 60

3-Mev. X-ray machine.

1 kw. or 68,000 curies $167,287
3 kw. or 204,000 curies 316,862
3 kw. 522,000

2.9 cents

1.7
2.4

2.0 cents
1.1
1.6 "

These cost estimates are based on a 2- shift operation, 5 days per week. Cobalt

60 and X-ray machine facilities are assumed to have 30 and 35 percent net utilization

efficiencies, respectively, and source use factors of 95 and 80 percent, respectively.

In this analysis, the radiation-pasteurizing cost estimates for cobalt 60 facilities

declined when the facility size was increased from 1 kilowatt to 3 kilowatts or when
the hours of annual operation were increased from 2,000 to 4,000 for either facility

size. For the 3-kilowatt X-ray machine, this increase in the length of operating

season decreased the cost per pound by one-third. Accordingly, facility size and

the expected hours of annual operation should be considered as major economic
factors when investing in food irradiators. It should be emphasized that radiation

capacity can be enlarged by replicating small irradiators as well as by installing

larger ones.

The adoption of radiation-pasteurization by the strawberry industry would

represent a significant increase in the barriers to entry of new shipping firms be-

cause of the investment requirements. Consequently, one would expect shippers to

- v -



increase in size and decrease in number, perhaps accompanied by some increase
in market power of the surviving firms*

Fruit and vegetable handling and marketing methods would not be expected to

change significantly as a result of radiation-pasteurization. However, because of

increased shelf-life more time would be available for orderly marketing,, This is

especially important for highly perishable produce commodities,,
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RADIATION- PASTEURIZING FRESH STRAWBERRIES AND OTHER FRESH
FRUITS AND VEGETABLES: ESTIMATES OF COSTS AND BENEFITS

By John H> Droge, Agricultural Economist
Marketing Economics Division
Economic Research Service

INTRODUCTION

Spoilage losses in marketing fresh produce are substantial despite dramatic
improvements in handling practices, containerization, and use of chemical decay
deterrentso Results of technical research now in progress indicate that low-dose
radiation-pasteurizing holds real promise for some commodities as a method of

reducing spoilage and increasing shelf-life while retaining fresh product qualities,, l/

No pilot produce-irradiating facilities have been constructed, and no market
tests have been made for radiation-pasteurized produce,, But technical research
involving the use of small-scale irradiators has advanced to where it is possible
to make meaningful preliminary estimates of radiation^ pasteurizing costs,,

In the study reported here, specific objectives were (1) the development of

preliminary cost estimates for radiation-pasteurization of fresh strawberries; (2)

estimation of money values of some important benefits expected to result from
radiation-pasteurization of fresh strawberries; (3) development of preliminary
estimates of the economic feasibility of radiation-pasteurizationof fresh strawberries;

and (4) an evaluation of the likely impact of this new method of food preservation on the

structure of produce markets and methods of marketing.

Attention was centered on the economic feasibility of radiation- pasteurizing fresh
strawberries because for the other products considered-^peaches, tomatoes, oranges,
and grapefruit--technical feasibility studies of radiation-pasteurization were still in

progress and the results were not available.

Recent technological developments have outdated published information on costs

of food irradiation from ionizing energy,, For this reason, much of the technological
and cost information used in this study was obtained by informal discussions with
engineers, food technologists, and other specialists directly concerned with food

irradiation research and developments (See preface for list of organizations re-
presented.)

This is the second report on the economic feasibility of radiation- pasteurizing
of fresh strawberries, peaches, tomatoes, oranges, and grapefruit An earlier

1/ Radiation-pasteurizing should present no health hazard,, In February 1963,

the Food and Drug Administration cleared radiation- sterilized bacon in its first

irradiated-food petition,, Sterilization requires a much higher dosage than pas-
teurization. Food additive petitions need to be submitted for any use of radiation

in either sterilization or pasteurization of foods if such use is not covered by specific

regulations. The only petition filed for radiation- pasteurizing fresh fruits or veg=
etables was for oranges and lemons (Federal Register, Dec. 18, 1963). Additional
data are being sought before action is taken on this petition. Next fall, the Atomic
Energy Commission plans to file a petition for radiation- pasteurizing strawberries.



report summarized results of an opinion survey of 306 fresh produce shippers,
wholesalers, and retailers (5_)„ 2/

THE ECONOMIC IMPORTANCE OF RECENT SPOILAGE LOSSES IN MARKETING

Three sets of estimates of spoilage losses incurred in marketing the five com-
modities studied are given in table 1„ Since the estimates -were made from information
obtained in different time periods and from different sample designs, the differences
among them are to be expected,, Those in column two, of average percentage losses
in 1957-61, are the basis of the calculations in this analysis., They represent a

relatively recent period, and conform rather closely to the informed opinions of

chainstore produce managers obtained in the 1962 survey reported in the earlier
study,,

If the upper limit for potential savings from radiation-pasteurization of fresh
commodities is defined as the value of the average loss from spoilage incurred in

marketing the commodities, potential savings in marketing fresh strawberries may
be estimated at $17„8 million a year This is the average annual spoilage loss for

1959 = 63 shown in table 2 B The potential savings in marketing the other commodities
studied are also presented in table 2, as well as data on farm production both for the

fresh market and for processing,, Appendix table 10 shows, by State of origin, the

1962 domestic interstate shipment of each commodity for the fresh market,, For
California, which ships more than 50 percent of the Nation's fresh strawberries,
production of strawberries for the fresh market is reported by month, county, and
shipping station in appendix table 11«

Table 1.—Estimates of marketing spoilage losses, United States, 19^2-51, 1957-61, and
1962

Fresh
commodity

lo

: of

19^2-51 spoilage
sses as a percenta
quantity shipped

ge

1/

: 1957-61 spoilage
: losses as a percentage
: of retail value 2/

: 1962 spoilage as a

:percentage of quantity
: shipped 3/

Strawberries .

.

25.1
5-8

21.6

15.3

11

Percent

15.0
9.0

16.0
1.6
2.4

13.0
8.%
9-7
3.8
3.8

l/ Losses in Agriculture. A Preliminary Appraisal for Review (15).

2/ Includes total spoilage requiring items to be discarded, and partial spoilage re-
quiring reduction in retail prices. Unpublished estimates of the Market Quality
Research Division, Agricultural Research Service, U.S. Department of Agriculture.

2/ Opinions of independent and cooperative chainstore produce managers. Number of
observations from each city are: Boston 5> Chicago 4, and New York 4.

4/ Not available.

2/ Underscored numbers in parentheses refer to Bibliography, p. 20.
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Table 2.—Farm production and marketing spoilage losses, selected fresh fruits and vegetables,
United States, annual averages, 1959-63

Farm production
Fresh marketing

spoilage losses l/

(3)

Fresh marketing spoil-
age losses valued at

Commodity
Fresh market

(1)

\ Processed market

': (2)

1959-63 U.S. retail
prices 2/

(4)

Strawberries. . .

.

Peaches 3/
Tomatoes
Oranges 5/
Grapefruit ?/ . .

.

1,000 units

262,990 lb.

4/33,894 bu.

1,003 tons

6/42,813 boxes
6/24,046 boxes

1,000 units

229,424 lb.

4/36,791 bu.

4,287 tons
6/84,040 boxes
6/18,411 boxes

1,000 units

39,449 lb.

3,051 bu.
160 tons

685 boxes
577 boxes

Million dollars

17.8
26.2

97.3
8.4
5-4

l/ Estimated by multiplying quantities in col. 1 of this table by spoilage loss percentage
estimates in table 1, col. 2.

2/ Computed by multiplying retail price per pound (appendix table 14, col. 4) by physical spoil-

age losses (col. 3, this table).

3/ 1 bushel equals 50 pounds.

4/ Farm sales.

5_/ Assuming 70 percent are 90-pound boxes and 30 percent are 75-pound boxes.

6/ Annual average production for 1959-61.

7/ Assuming 90 percent are. 80-pound boxes and 10 percent are 66-pound boxes.

Source: Agricultural Statistics I963 (17)

.
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RADIATION SOURCES AND FACILITIES

Among the different types of available ionizing radiations, gamma rays and
X-rays appear to be well suited for food irradiation,

Also, accelerated electrons can be used directly for food irradiation if the pene-
tration required is of a relatively shallow depth, 3/ However, they are not included
in this analysis because not enough information is currently available on application

techniques and other technical relationships,,

Cobalt 60

Cobalt 60 is included as a radiation source in this study because it appears to

be the least costly source of gamma rays. The other nucleide radiation sources
considered were cesium 137 and zirconium- niobium,,

Cobalt 60 is produced by the irradiation of cobalt in nuclear reactors,. For each
kilowatt of radiation -source capacity, 68,000 curies are required,, It is assumed
that this radioactive material will be assembled in many replaceable segments to

facilitate source replenishment,,

X-Ray Machines

Linear accelerators have the greatest potential among the electron machines for

X-ray production because they have higher energy electron-beam ratings than the

other machines, and because they can be built in larger kilowatt sizes (table 3),

Linear accelerators as well as the other electron machines produce accelerated

electrons which can be converted to X-rays by means of a suitable target,,

Table 3 ---Present and estimated future performance characteristics of electron machines,
1964

tut u- Present
Machines :

performance
Estimated future

performance

Kw. Mev. [w. Mev

Van de Graaff generator : 1-5 1-4 No significant change
Resonant transformer : 5-10 1-2 25 3-5
Dynamitron : 15-30 1-3 l/70 3-5
Linear accelerator : 1-10 3-10 250 3-10
Insulating core transformer (ICT) : 6-10 0.3-0.5 20-30 1.0-1.5

: 1/60 3-0

l/ Being developed for both electron and X-ray production.

Sources : Preservation of Food by Low-Dose Ionizing Energy (14) and information from

the High Voltage Engineering Corporation and Radiation Dynamics, Inc.

3/ The depth of electron beam penetrability expressed in terms of unit density is

generally recognized to be 1 centimeter/2 Mev. (million electron volts),
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The penetrability of X-rays produced from 3 -Mev„ accelerated electrons is

almost identical to that of gamma rays produced from cobalt 60 o Therefore, in
this study we consider 3-Mev. X-rays and gamma rays from cobalt 60 to be equally
effective for use in food irradiation,

For a given target, the conversion efficiency of accelerated electrons to X-rays
depends on the electron kinetic energy expressed in MevD For tungsten, these
calculated forward X~ray production efficiencies apply (9):

Forward X-ray production
Electron kinetic energy efficiency

Mev. Percent

1 2.0
2 „ 4.1
3 6.2
5 11.0
10 18.7

These data show that X-ray production efficiency can be improved by increasing the
energy of the accelerated electrons from which the X-rays are producedo

Facility Output

The potential volume of produce that can be radiation-pasteurized by a radiation
facility is directly related to these factors:

1. The size of the radiation source . The facility sizes considered in this study
are, for cobalt 60, 1 and 3 kilowatts, and for X-ray machine, 3 kilowatts,,

2. The radiation dose . As referred to in this discussion, applied radiation is the

radiation striking the surface of a package being irradiated, as distinguished from
radiation absorbed by it. Absorbed radiation dosage varies by location in the 3-

dimensional space of an irradiated package. The acceptable rule-of-thumb for

computing absorbed dosage variation within an irradiated product is represented by
the minimum to maximum ratio 1:1.25.

Technical research on radiation-pasteurization of fresh strawberries indicates

that (1) 175 kilorads are required as a rninirnurn absorbed radiation dosage for good
results, (2) 200 kilorads are optimum, and (3) 225 kilorads are a permissible maxi-
mum. According to the 1:1.25 rule°of-thumb, an absorbed dosage of 218.75 kilorads
is needed to assure that the minimum of 175 kilorads will be met (175 kilorads
multiplied by 1.25 = 218.75 kilorads). Therefore, an application dosage level of 220
kilorads is considered in this study.

3. The net utilization efficiency of the radiation source. This refers to the

percentage of total radiation emanation absorbed by the material being irradiated.

The net utilization efficiency of an ionizing radiation source is the product of (a)

the percentage of area efficiency, and (b) the percentage of thickness efficiency of

absorption. In this analysis, the area efficiency of irradiation refers to the dis-

tribution or dispersion of ionizing energy in the form of gamma rays or X-rays over
the product surface area. Similarly, the thickness efficiency of absorption refers to

the percentage of ionizing energy absorbed through the third dimension of the product.
This can be significantly influenced by the geometry (physical location) of the source
in relation to the package to be irradiated, the thickness of the package, and the

specific gravity of the product contained in it.
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4 Nonuse time . Experience indicates that electron machines generally require
considerable downtime for maintenance;, This should be considered when appraising
the relative advantages of cobalt 60 and X=ray machines as sources of radiation,,

In this study, the cobalt 60 facilities are assumed to have a use factor of 95 percent
and the X-ray machine facilities to have a use factor of 80 percent, 4/

Table 4 shows the number of pounds of food that can be irradiated per hour per
kilowatt of radiation source capacity at selected dosage levels and net source uti-

lization efficiencies,. Hourly facility output can be computed from the data in this

table by using the number of kilowatts of facility capacity as an expansion factor.

For example, assume a 3-kilowatt cobalt 60 facility, an applied dosage level of
220 kilorads and a 30°percent net source utilization efficiency, and proceed as follows:

(1) Enter table 4 to find the relevant output for 1 kilowatt of operation per hour,
which is 1,120 pounds; (2) reduce this poundage 5 percent, to 1,064 pounds, to adjust

for estimated nonuse time during facility operating periods; and (3) multiply 1,064
by the expansion factor 3 to obtain the answer, which is 3,192 pounds of facility

output per hour.

Accordingly, the output would be 6,384,000 pounds for 2,000 hours of annual
operation.

Table 4.—Number of pounds of food that can be treated per hour per kilowatt of ra-

diation facility capacity by selected dosage level and net utilization efficiency

Net utilization efficiency
Ra iiation dosage in kilorads

200 : 220 : 240

Pounds

2,000 1,867 1,734
1,800 1,681 1,460
1,600 1,494 1,387
1,400 1,307 1,213
1,200 1,120 1,040
1,000 934 867

694800 747

50

45
40

35
30
25
20

Source: The Handbook of High Voltage Electron-Beam Processing (7).

4/ Boehm (3) cites experience by one firm in sterilizing medical sutures and other
products with electrons from Van de Graaff accelerators. These machines had
occasional breakdowns, and operated 70 to 80 percent of the time. This firm has
also operated linear accelerators for several years.

Other estimates of downtime range from 10 to over 30 percent, depending on the
electron machine considered. Because no industrial experience base has been
established for the 3-Mev„, 60-kilowatt insulating core transformer (ICT-3000),
it is assumed for this analysis that it would be out of service for maintenance 15

percent of the time. This seems to be consistent with a facility use factor of about
80 percent, because additional time would be required for maintaining ancillary
equipment.
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RADIATION- PASTEURIZATION COST ESTIMATES

Assumptions

In an analysis of plant organization and costs, numerous assumptions are in-

volved, particularly in studies of new processes,, Actual plants operate in a complex
organizational setting, conditioned by technical and institutional constraints,, For
this reason, assumptions and simplifications are necessary to prevent the analysis
from bogging down in details. The major assumptions and specifications on which
this analysis is based are as follows:

1. Facility engineering and design costs will be spread over several units, and
therefore, are not included in this study as a separate cost item. An indication of the
magnitude of these costs is given in appendix table 12

2. Radiation- pasteurizing facilities will be located at existing fruit and vegetable
packinghouses or assembly points,, No major changes in the basic layout and design
of existing packinghouses need be made. The radiation-pasteurizing facilities will

be added to them; their costs will be added costs. (In actual practice, efficient use
of radiation- pasteurizing facilities may require some consolidation of existing

packinghouses and assembly points,,)

3. The purchaser owns the required investment funds,, Operating (or working)
capital will be borrowed at a cost of 6 percent, simple interest,,

4. The net source utilization efficiency for radiation-pasteurization of the
specified fruits and vegetables is 30 percent for cobalt 60 and 35 percent for the

3-MeVo X-ray machine

5. As stated in the discussion of the nonuse time (p. 6 )» cobalt 60 facilities

are assumed to have a use factor of 95 percent and X-ray machines a use factor of

8 percent.

Cost Components

The cost components to be evaluated on an annual basis are (1) variable costs,

(2) fixed costs, (3) total costs, and (4) average total costs per pound of facility output,,

Variable Costs

Variable costs include expenses for labor, source replenishment for cobalt 60,

power- source replacement such as tubes and other parts for X-ray machines,
electric power to operate conveyors and other ancillary equipment, electric power
for X-ray machines, variable office and administrative expense, variable expenses
for maintenance and repairs, and other expenses directly related to the volume of

output.

Total variable costs by hours of annual operation for selected sizes of cobalt

60 and X-ray machine facilities are shown in table 5. They were calculated by
applying specific cost rates to the estimated quantities of the variable services
required. The specific cost rates and input quantities used also are shown, and esti-

mates of average variable costs per kilowatt hour of annual facility operation are
given.
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Table 5.—Estimated annual variable costs for cobalt 60 and X-ray machine facilities, by hours of annual
operation and size of facility, 1964

: 2,000 hours (half year) : 4,000 hours (full year)
Item : Cobalt d :. X-ray machine : Cobalt 60 :X-ra:/" machine

: 1-kw. : 3-kw. : 3-kw. : 1-kw. : 3-kw. : - .

5-
6.

7.

Labor expense: l/ :

2 technicians at $6,000 annual salary: 6.0 6.0

1 electronic engineer at $12,000 an- :

nual salary :

Source replenishment at 14 percent for :

cobalt 60 2/ : 6.2 18.5
Power-source replacement such as tubes :

and other parts for X-ray machine 3_/»-- '•

Electric power for conveyor and an- :

ciliary equipment 4/ : 0.2 0.3
Power inputs for X-ray machines 5_/ :

Variable office and administrative :

expense (overhead) : 6.0 6.0
Variable maintenance and repairs :

(largely conveyor and ancillary elec- :

tronic equipment

)

: 4.0 5-0

Other expenses directly related to the :

volume of output, including cost of :

fuel and water : 0.3 0.4

Allowance for contingencies 6/ : 1.5 3.0

Total variable costs : 24.2 39.2

6.0

6.0

12.0

0.3
2.7

7.0

4.0

0.4
4.0

12.0 12.0

6.2 18.5

0.4 0.6

12.0 12.0

8.0 10.0

0.6 0.8
3.0 6.0

42.4 42.2 59-9

Dollars

12.0

12.0

24.0

0.6
5-4

14.0

8.0

84.8

10. Average variable cost per kw.-hr. of :

annual facility operation : 12.10 6.53 7.07 10.55 4.99 7.07

1/ Assuming 2 shifts, 5 days per week. Greater use of labor for maintenance was anticipated for X-ray
machine facilities than for cobalt 60 facilities (see assumption 5> P» 7) because of the difference in
use factors of these facilities.

2/ 9,520 curies x 65 cents. Determined on the basis of 68,000 curies per kilowatt of facility size,

and a replenishment price estimated at 50 cents per curie plus 15 cents per curie for- encapsulation and
transportation

.

3_/ Estimated at $6 per hour for a 3-Mev. insulating core transformer, ICT 3000.

4/ Determined from present commercial electricity rates for California, Florida, Louisiana , and Michigan
published by the Federal Power Commission.

5_/ Determined from present industrial electricity rates for California, Florida, Louisiana, and Michigan
published by the Federal Power Commission.

6/ Funds to pay for unpredictable cost items including those associated with downtime.

Source: Estimates by the author based on: (1) research experience with cobalt 60 irradiators in the
United States and several foreign countries as explained by Otto A. Kuhl, L. E. Kukacka, and B. Manowitz,
Brookhaven National Laboratory, July 13, 1964; (2) research and commercial experience with electron and
X-ray machines revealed by representatives of the organizations listed in the preface, and from the
published sources listed in the. bibliography.
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Fixed Costs

Fixed costs include allowances for depreciation, interest on facility investment,
taxes, insurance, and fixed repairs and maintenance each estimated as a percentage
of investment cost. Fixed costs also include salaries of management and super=
visory personnel, interest on short-term loans that may be required to pay current
operating expenses, and other expenses of ownership that cannot be avoided by
closing down operations,,

Investment costs for the different types and sizes of radiation facilities con-
sidered are based on estimates of current replacement value of equipment and
other durable instruments of production,, These include the cost of source and equip-
ment and of transporting them to plant site, and installation costs including the cost

of installing ancillary equipment.

Investment costs for selected sizes of cobalt 60 and X°ray machine facilities

are shown in tables 6 and 7, respectively,,

Total fixed costs, and the basis for their calculation, are shown in table 8. The
table also gives average fixed costs per kilowatt hour of annual facility operation,

Average Total Costs

The average total cost is the sum ofthe average variable and average fixed costs.

To find the average total cost per pound for treating fresh strawberries with cobalt

60 in a facility of 1 kilowatt capacity, the following steps are required:

lo Find in table 4 the quant ity=- 1,120 pounds--that can be treated in an hour under
the assumptions used in the foregoing analysis (an application dosage level of 220
kilorads and net source utilization efficiency of 30 percent.)

2„ Multiply this quantity by 95 percent, the facility use factor for cobalt 60

(page 6), to obtain 1,064 pounds as the average output per hour.

3. In tables 5 and 6, find the average variable and fixed costs per hour of oper-
ation. For an annual operation of 2,000 hours, these costs are $12.10 and $18.95,

respectively. Add these two figures and divide the total of $31.05 by 1,064 pounds
(average output, from item 2 above) to obtain an average total cost of 2.9 cents per
pound. (See table 9 for comparable figures for different facility sizes and annual
hours of operation.)

A similar procedure is required to compute average total cost estimates for

X=ray machine facilities. In this analysis, a net source utilization efficiency of 35

percent and a use factor of 80 percent are applied to X-ray machine facilities.

For a 3-kilowatt or 204,000-curie cobalt 60 facility operated 2,000 hours
annually at the 220 kilorad dosage level, the estimated average total cost is 1.7 cents

per pound (table 9). The comparable estimate for a 3-kilowatt 3-Mev. X-ray machine
facility is 2.4 cents per pound. For 4,000 hours of annual operation, the estimate

is 1.1 cents per pound for a 204,000-curie cobalt 60 facility and 1.6 cents per pound
for the comparable 3~kilowatt 3-Mev. X-ray machine facility. The corresponding
engineering and design average cost estimates shown in table 12 should be added

to these estimates if it is contemplated that only one facility will be installed by a

manufacturer.
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Table 6.—Estimated investment cost components and total capital investment require-
ments for two selected size of cobalt 60 radiation processing facilities, 1964

Item
Facility size

1-kw. 3-kw,

Facility requirements l/

,

Cost per curie: 2/.

Encapsulation.

Cost per facility:
Source plus encapsulation
Transportation at 1 cent per curie

3/ o

Installation costs including
building and ancillary equipment
costs 4/ . .

o

Curies

77,520

Dollars

0.50
0.10

46,512

775

120,000

Curies

232,560

tollars

0.50
0.10

139,536

2,326

175,000

Total facility investment. 167,287 316,862

l/ Based on information supplied by Vitro Engineering Company. An allowance of 14
percent for self-absorption energy loss and for sufficient over-design to assure rated
capacity at the end of source replenishment periods is included.

2/ In September 1963, the U.S. Atomic Energy Commission established a selling price
of 50 cents per curie for cobalt 60 with a specific activity of 30 curies per gram or
less when in lots of 100,000 curies. Both the 1-kw. and 3-kw. facility sizes considered
in this analysis use substantially more than 100,000 curies of cobalt 60 when replen-
ishment requirements are included for a designated depreciation period of 8 years.
Accordingly, the purchase contracts are set at a base price of 50 cents per curie in
this analysis and they are assumed to include initial source loadings (item 1) plus
yearly replenishment requirements (item 2, table 5) to be delivered during the
depreciation period. The seller is to assume ownership of all used source materials
removed from a facility.

3/ For an average shipment of 1,000 miles.

4/ Facility engineering and design costs are assumed to have been spread over several
units, and therefore are not considered to be a cost item.

Source: Same as for table 5»
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Table 7.—Estimated capital investment requirements for a 3 Mev. , 3-kw. X-ray machine
farvn-i-Hr. lQ^ilfacility, 1964

Item
Facility investment 1/

Per kilowatt : Total

Dollars Dollars

6,000 360,000
i 33 2,000

: 2,667 160,000
3 . Installation costs , including building and

: 522,000

1/ Investment cost estimates are based on the 3 Mev. , 60-kw. insulating core trans-

former, ICT-3000 electron machine.

2/ The cost estimate includes $40,000 for building construction. Facility engineer-
ing and design costs are assumed to have been spread over several units and therefore
are not considered as a separate cost item. Rather, they are assumed to be a part of
the purchase price of the facility.

Source: Estimates are from High Voltage Engineering Corporation, Burlington, Mass.;

$40,000 was added to their estimate of installation costs to cover building construc-

tion.

The radiation-pasteurizing cost estimates for cobalt 60 facilities declined in

this analysis when the facility size was increased from 1 kilowatt to 3 kilowatts or
when the hours of annual operation were increased from 2,000 to 4,000. For the

3-kilowatt X-ray machine, this increase in the length of operating season decreased
the cost per pound by one-thirdo Accordingly, facility size and the expected hours
of annual operation should be considered as major economic factors when investing

in food irradiators.

To realize 4,000 hours of annual operation of a facility on the basis of 2 shifts

a day 5 days a week would require irradiation of one or more commodities in addi-
tion to strawberries. Recent technical research at the University of California,

Davis, shows that fresh vine- ripe tomatoes can be radiation-pasteurized with good
results. Information on prospects for irradiation of tomatoes and the other com-
modities studied is summarized in appendix table 13.

Using the 3-kilowatt facilities and an applied dosage level of 220 kilorads, 3,192

pounds of produce can be irradiated per hour with cobalt 60, and 3,138 pounds with
an X-ray machine. Expressed in terms of 12-pint cartons of strawberries, this is

319 cartons with cobalt 60 and 314 cartons with the X-ray machine. Hence, about
4 l/2 hours would be required to irradiate a 1,400 carton carload of strawberries.
Of course, radiation capacity can be enlarged by replicating small irradiators as
well as by installing larger ones.

BENEFITS EXPECTED FROM RADIATION- PASTEURIZING FRESH
STRAWBERRIES AND OTHER PRODUCE

The physical requirements for handling fresh fruits and vegetables are not

changed significantly by their radiation-pasteurization. Therefore, present-day
market handling methods would be adequate for irradiated produce.

- 11 -



Table 8.—Estimated fixed costs of cobalt 60 and X-ray machine facilities, by selected hours of annual
operation and size, 1964

: 2, CCO hours : , hours
Item : Cobalt 60 : X-ray machine : Cobalt (. : X-ray machine

: 1-kw.: 3-kw.: 3-kw. : 1-kw.: 3-kw. : 3-kw.

1. Depreciation, 8-year straight-line rate :

based on total facility investment : 20.9 39-6 65.2 20.9 39-6
2. Interest on total facility investment at :

6 percent 1/ : 10.0 19.0 31-3 10.0 19.0

3. Real estate taxes and facility insurance :

2/ : 1.7 3-2 5-2 1.7 3-2
4. Fixed repairs and maintenance, and other :

unavoidable expenses of ownership : 0.5 0.6 0.6 0.5 0.6

5. Salaries of management and supervisory :

personnel 3/ •• 4.0 5-0 5-0 8.0 10.0
6. Interest on short-term loans at 6 percent: C.5 1.? Lj 1.6 2 . C

Total fixed cost : 37.9 68.4 108.8 42.7 74.4

Average fixed cost per kw.-hr. of annual :

facility operation : 18.95 11.40 18.13 10.68 6.20

108.8 42.7

Dollars

65.2

31.3

5.2

0.6

10.0
3.0

115.3

9.61

l/ This rate of return on investment is considerably higher than the rate would be on an ordinary long-
term low-risk investment. High interest rates are typical for investments in new firms in new indus-
tries because investors classify such investments as "speculative."

2/ 1 percent of facility investment. Based on information for research irradiators supplied by
Brookhaven National Laboratory.

2/ On the assumption that radiation-pasteurizing facilities will be additions to existing packing

plants, part of the salary of management and supervisory personnel is therefore allocated to the

radiation facility.

Source: Tables 6 and 7, plus the sources listed for table 5*
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Table 9—Estimated average total costs per pound of radiation-pasteurizing fresh
strawberries, selected radiation source, facility size, and hours of annual oper-

ation, at an applied dosage level of 220 kilorads l/

TT
,

,

,
> ,- , t

- -,-
: Cobalt 60 facility size : 3 Mev. X-ray machine facility size

' • 1-kw. : 3-kw. : 3-kw.'

-Cents-

2,000 (half year)...: 2.9 1.7 2.4
4,000 (full year)... : 2.0 1.1 1.6

1/ The conditions assumed are (1) 2-shift operation, 5 days per week, and (2) cobalt
60 and X-ray machine facilities have 30 and 35 percent net utilization efficiencies,
and source use factors of 95 and 80 percent respectively. Not included are the engi-
neering and design costs shown in table 12, because it is assumed that a number of
facilities would be built from the same blueprints. The output per kw.-hr. of facility
operation is (1) cobalt 60—1,064 pounds, and (2) X-ray machine—1,046 pounds.

Source: Computed from data in tables 4, 5, and 8.

Technical research shows that the packaging materials currently in use are
adequate and will easily withstand low-level radiation* 5/ Consequently, container
costs should not change significantly if radiation-pasteurization is adopted.

To simplify this analysis, long-run supply responses are not considered. Esti-

mates of spoilage loss savings that could result from radiation-pasteurizing fresh
strawberries are shown below e

Spoilage Loss Reduction

Recent research by the University of California, Michigan State University, and
the Agricultural Research Service, U„S, Department of Agriculture, shows that fresh
strawberries can be successfully radiation-pasteurized at an optimum dosage level

of 200 kilorads. Current spoilage losses in marketing fresh strawberries are esti-

mated at 15 percent (table 1, coL 2), If strawberries are radiation=*pasteurized and
handled under usual marketing conditions, spoilage losses can be reduced to about
5 percent, depending on the amount of infection with spoilage organisms at harvest, 6/

At the 1959-63 monthly average U„S, retail price of 45,2 cents per pound of fresh
strawberries, a two-thirds reduction in the 15-percent rate of spoilage represents
4,5 cents per pound of shipping point weight (table 14), This savings is more than
enough to pay for expected radiation-pasteurizing costs (table 9), Therefore, this

evaluation indicates that radiation-pasteurizing is economically feasible for straw-
berries.

In the above evaluation, no consideration was given to the likely influence of in-

creased consumable supplies on prices. Radiation-pasteurizing would cause con-
sumable strawberry supplies to increase, and this would exert a downward pressure

5/ Discussions with researchers from Continental Can Company, andHazelton
Laboratories, Inc,

6/ Information supplied by Drs. E, C. Maxie and N. F, Sommer of the Department
of Pomology, University of California, Davis.
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on prices,, 7/ To demonstrate, assume a sloping industry demand curve as in figure
1. This shows that the price of strawberries will fall when the quantity sold increases.
Stated graphically, when the quantity of strawberries offered for sale is increased
from q^ to q^, price must decline along the industry demand curve from P. to P

9
if

supplies are to clear the market during a short- run market period.

A percentage change in retail price in responseto a percentage change in quantity

of a commodity offered for sale, as demonstrated above, can be determined from its

price elasticity of demand coefficient, N. An estimate of demand elasticity is given

by the arc elasticity formula ^l
-^ P1 _:P2 For fresh strawberries, this co-

N =

qi
+q2 * Pi+V

efficient is estimated to be -2.0. 8/ Accordingly, the national retail price of straw-
berries would be expected to decline about 5 percent if radiation=pasteurizing should
be adopted by the entire strawberry industry causing consumable supplies to increase
10 percent from the same harvested quantity (10 percent f -2.0 = ~5 percent.) 9/
This would be an extreme situation. It is analyzed here to establish a lower-limit
estimate of a narrow range of price declines that would be expected as radiation-
pasteurization was being adopted.

Thus, an increase of It) percent in the U.S. supply of fresh strawberries would

cause an estimated market price decline of 2.3 cents per pound (-0.05 x the 1959-63

monthly average U.S. retail price of 45.2 cents =-2.3 cents). According to the above
analysis, the U«S retail price of strawberries would be expected to decline from
45.2 to not less than 42.9 cents per pound (45.2-2.3=42.9), depending on the degree

of industry adoption of radiation- pasteurization. Then, a 10-percent savings in spoilage

loss, or 1/10 of a pound valued at 42.9 cents per pound, would be worth 4.29 cents.

This is still substantially more than enough to pay for estimated radiation- pa s~

teurizing costs (table 9).

Because technical information from current research studies is not yet complete,
it would be more than difficult to estimate the potential savings that might be realized
from radiation-pasteurizing the other commodities in this study. For these com-
modities, recent spoilage losses in comparison with strawberries are: 10 /

Commodity Cents per pound 10/

Strawberries 6.8
Peaches 1.

5

Tomatoes ij-,9

Oranges 0.2
Grapefruit. . 0.3

7/ However, if irradiated and nonirradiated strawberries should be regarded
as different products by consumers then separate markets would develop, and the

price influence between these commodities would likely be that of closely competing
products.

8/ A conservative estimate by the author based on farm-level strawberry mar-
keting experience reflected by an estimated coefficient range of -0.8 to -2.4, in

Strength of Demand for 120 Market Categories of Food, 1957-61 (2). One would
expect a higher price-elasticity of demand at the retail level than at the farm level

because value is added in the marketing channel.

9/ A 10-percent increase in fresh market supply would amount to 22.6 million
pounds based on the U.S. average 1950-59 production reported in the 1962 issue of

Agricultural Statistics (16).

10/ Computed by multiplying the spoilage loss percentages appearing in table 1,

column 2, by the corresponding 1959-63 monthly average U.S. retail prices per pound
in table 14.
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demand
curve

Price

*1 q2
Quantity-

Figure 1.— Hypothetical Short-Run Industry Demand Curve for Strawberries

These data suggest that strawberries and tomatoes have a sizable potential for savings
from spoilage reduction.

In a 1962 opinion survey of the produce trade, respondents thought they could
pay about these amounts per pound for radiation-pasteurizing: (1) strawberries--
1.75 cents; and (2) peaches, tomatoes, oranges, and grapefruit--0.25 cent (5).

However, these estimates were based on relatively limited technical information.

Reduced Need for Chemical Spoilage Inhibitors

In general, radiation-pasteurization would reduce the need for chemicals to

control the spoilage losses of fresh fruits and vegetables in marketing. However,
it might often be desirable to apply both of these methods of controlling spoilage.

Radiationpasteurization could be a desirable substitute for certain chemical
spoilage inhibitors. Diphenyl used to treat the wrapping paper and cartons of oranges
and grapefruit would be a candidate because it has an objectionable odor, and some
consumers fear that it is toxic (5).

IMPLICATIONS OF RADIATION- PASTEURIZATION FOR FRESH
PRODUCE MARKETS

Fruit and vegetable handling and marketing methods would not be expected to

change significantly as a result of radiation-pasteurization. However, more time
would be available for orderly marketing because of increased shelf=life. This is
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especially important for highly perishable items such as strawberries,, The re=
frigerated shelf-life of fresh strawberries can be doubled by an applied ionizing
radiation dose of 220 kilorads (appendix table IS).

Because radiation-pasteurization 'increases shelf-life, it would help shipments
of fresh produce reach their destination in good condition, This would be a plus
factor for produce packing firms attempting to promote their own brands.

Investment requirements for radiation facilities would represent an increase in

the height of the barriers to entry for new produce packing firms (tables 6 and 7).

Consequently, if radiation-pasteurization should be adopted, one could expect fresh
produce packers to increase in size and decrease in number, and the surviving firms
possibly to experience some increase in market power. It should be emphasized
that radiation capacity can be enlarged either by replicating small irradiators or
by installing larger ones.

For retailers, produce usually represents only one of several important de-
partments. Therefore, their numbers and sizes would not be influenced significantly

by radiation-pasteurized produce. However, direct buying would be expected to

increase because it should then be easier for independent and cooperative chain-

store buyers to locate and buy large volumes of quality produce.

Other market implications derive from the possibility of substituting radiation-

pasteurization for use of chemicals for spoilage inhibition should their residues
be disallowed on fresh produce. For instance, diphenyl is commonly used do-
mestically to control the spoilage of oranges and grapefruit. However, the German
government has announced that diphenyl treatment will be prohibited on imported
citrus after December 31, 1965.

Export produce marketing has generally required more time than domestic
produce marketing. Thus, because spoilage losses increase with the length of time
required for marketing, radiation- pasteurization would appear to have a relatively

greater potential for exported produce. This suggests the need for economic fea-

sibility studies of radiation°pasteurizing fresh produce for export.

This study is based on the most recent technical information available; it suggests
there is economic potential in domestic markets for radiation-pasteurized produce.
A more complete analysis of economic feasibility should include estimates of market
promotion costs and consumer acceptability in addition to estimates of irradiation

costs.

Commercial radiation- pasteurization would involve expensive facilities and

equipment. Some large packers would install their own facilities, but separate
enterprises also might be operated on a custom basis, in much the same way that

most vacuum- cooling facilities are operated.
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Table 12. --Facility engineering and design: Average cost estimates per pound of
output, 1964 1/

Annual operation
: Cobalt 60 : X-ray machine
: 1-kw. facility : 3-kw. facility : 3-kw. facility

2 , 000 hours 0.43
: 0.22

0.16
0.08

0.16

4 , 000 hours 0.08

l/ Assuming only 1 facility is built. The estimates include 8-year straight-line
depreciation plus 6 percent return to the purchaser on the initial engineering and
design costs. The estimated engineering and design costs by facility size are (1)
1-kw.— $50,000; and (2) 3-kw. --$55,000.

Table 13.—Post-harvest life span of selected fresh produce in retail stores, and in

cold storage with and without radiation-pasteurization

Fresh
commodity

Display in retail
store l/

Commercial cold

storage ware-
house 2/

Maximum extension : Probable max-
of life span in : imum doses for
cold storage after: acceptability
radiation pasteur-: of product

ization
: 3/

Strawberries.
Grapefruit . .

.

Oranges
Peaches:
Unripe
Ripe

Tomatoes

:

Mature
green

Ripe

Days

1-2

4.5
4.5

2-3

2-3

Days

7-10
30-45

35-85

15-30

15-45
8-10

Days

4/Double
NA

It 30

4/Double
3/4 days

NA
3/4-8 days

Kilorads

225

200

200

300-400

l/ Maintaining Produce Quality in Retail Stores (10)

.

2/ The Commercial Storage of Fruits, Vegetables and Florist and Nursery Stocks (23).
3/ Maxie, E. C. and Sommer, N. F. Radiation Technology in Conjunction with Post-

Harvest Procedures as a Means of Extending the Shelf 'Life of Fruits and Vegetables. In
Summaries of Fourth Annual Atomic Energy Commission Food Irradiation Contractors Meet-
ing, Oct. 21-22, 1965, CONF 641002, in process of publication by Div. of Isotopes
Devlpmt. and Div. Biol, and Med., U.S. Atomic Energy Comn. , Washington, D.C.

4/ Radiation-Preservation of Selected Fruits and Vegetables (12).

- 21



UoSo Department of Agriculture
Washington, D»C„ 20250

OFFICIAL BUSINESS

POSTAGE ANDFEES PAID
Uo Sa Department of Agriculture

Table 14.—Monthly average retail prices received per pound for selected fresh produce
commodities, 1959-63

Commodity Boston
(1)

Market city
Chicago

(2)

New York

(3)

U.S. average 1/

Strawberries 2/ « . . . „

,

Peaches 3_/

Tomatoes ,

Oranges, size No* 200 4/..,

Grapefruit, size No. 64 5_/.

56.0 49-7 52.8 45.2
16.9 18.5 17.0 17.2

33-3 33-7 30.9 30.4
14.3 14.9 14.8 14.3
12.7 11.8 12.8 12.0

l/ The U.S. average represents 20 major cities including Boston, Chicago, and New
York.

2/ Average of prices for April, May, and June. 1 pound of strawberries is 1 l/3

pints

.

3_/ Average of prices for July, August, and September.

4/ 1 dozen oranges, size No. 200, weigh 5*44 pounds.

5_/ 1 grapefruit, size No. 64, weighs 1.2 pounds.

Source: Bureau of Labor Statistics monthly and annual reports.


