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I. ISOTOPE PRODUCTION AND DEVELOPMENT?

ISOTOPE PRODUCTION IN COMMERCIAL POWER REACTORS (2)

P. M. Wood

Supplementary Keywords: reactor; production, radioisotope; 60Co; 238Pu;

237Np; 241Am; 2«Am; 21*2Cm; 2^Cm.

to

Abstract. Isotope production in power reactors is now limited/60Co, but

238Pu, 2t+1Am, 21+3Am, 242Cm, and 21+ltCm are potential products. Calculated

production quantities are presented.

(introduction)
major

The /production of isotopes in domestic power reactors is currently limited

to soCo production by Neutron Products, Inc., and Consumers Power Company. Neutron

Products, Inc., has delivered over a million curies produced in the Big Rock Point

Reactor and has sold some four million curies for delivery over the next three

years. General Electric Company produces 60Co in the General Electric Test Reactor

(GETR) and may in the future produce it in commercial reactors. The first

Canadian Pickering power reactor will start up in 1971, and by 1975 the 6°Co

production from the four pickering reactors may be 12 to 15 MCi/year.

The major difficulty with 60Co produced in a light water reactor (LWR) is

its low specific activity; it is difficult to obtain specific activities of more

than 100 Ci/g. Although low specific activities are useful in many processes

such as sterilization of medical supplies and irradiation of wood, some applications

Union Carbide Corp., AEC Combined Operations Planning (AECOP), P. 0. Box S,

Oak Ridge, Tenn. 37830. This is a somewhat abbreviated version of a paper

presented at the American Nuclear Society Meeting, Los Angeles, Calif.,

July 1, 1970.
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such as medical therapy require high specific activities (> 400 Ci/g). At present,

high-specific-activity material must be obtained from sources other than power

reactors. Commercial suppliers are AECL of Canada and the General Electric Company.

Another isotope of interest that can be produced in a power reactor is 2S8Pu,

which can be produced by irradiation of 237Np or 241Am. Both target materials can

be recovered from discharged fuel. Unfortunately, the 238Pu produced by 237Np

irradiation in an LWR spectrum is contaminated by 236Pu, which is present at con

centrations of the order of 10 ppM. The 236Pu decays with a 2.85-yr half-life to

232U with its well-known chain of radioactive daughters. Plutonium-238 containing

236Pu may have some use as a radioactive heat source in applications that do not

require low gamma fields; it is possible that ^^Pu contaminated with 23sPu could

be used in such an application for 10 years (four half-lives) and then be reprocessed,

to remove 232U and its daughters, for use as medical-grade 238Pu (<0.3 ppM 236Pu).

This is probably not a very sound investment scheme since the cost of converting
heavy-water

237Np to medical-grade 238Pu in a Canadian / reactor is not likely to be more

than twice the cost of making contaminated 238Pu in an LWR. On top of this poor

return on investment (about 5%), the market for medical-grade 238Pu is, at best,

uncertain 10 or more years from now.

The production of 238Pu by irradiation of 237Np was studied extensively 10

years ago by Neutron Products, Inc., and Dow Chemical Company. The project was

given up for lack of a firm market for 238Pu. Neutron Products, Inc., holds

several patents in the field.

Recently the AEC sponsored a program for Southern Nuclear Engineering Company

(SNE) to carry out a study of 238Pu production by 237Np irradiation in LWRs. Cal

culations by both SNE and AEC0P show that sizeable amounts of 238Pu can be pro

duced in this manner. For example, neptunium targets could be placed in the water
similar to that used for

holes of a PWR in a mechanical configuration/ burnable poison rods.



Again, the major problem with 238Pu produced by 237Np irradiation in PWRs is

the 236Pu contamination. To resolve this problem, a 2-year experimental program

has been planned, calling for irradiation of 10 237Np samples diluted with zirconium

oxide to five different concentrations to study the effect of resonance self-

shielding. A power reactor for the irradiations has not been chosen, but several

desirable to use a core with zirconium-clad fuel rather than a core with stainless

steel cladding, as most reactors in the future will use zirconium cladding. Un-
steel—clad

fortunately, most of the operating PWRs have stainless / fuel. If a core

with stainless steel cladding is used for the experiments, the field of iron

capture gammas from the stainless steel, giving rise to (/,n) reactions in 237Np,

will make the program less meaningful. The postirradiation program would call

for a spectrographic determination of plutonium isotopic concentrations as well

as an analytical evaluation.

The following AECOP results illustrate the potential of 238Pu production in

the commercial power reactor industry. Figure 1 shows the concentration of 237Np

and 238Pu in a dilute target versus irradiation time in a reactor of the Diablo

Canyon type. Figure 2 shows the percentage of 238Pu in the plutonium mixture as

a function of time. A 1-year irradiation would convert 24$ of the 237Np to 238Pu

with less than 15$ dilution by the other plutonium isotopes,
by-product

If the/237Np produced in commercial reactors could be recovered

with a yield of 90$ during fuel processing, the quantities of 237Np shown in

Table 1 would be available. If this 237Np should be irradiated in LWRs, as de

scribed above, the quantities of 238Pu (with approximately 10 ppm 236Pu con

tamination) produced would be as shown by Table 2.

Note added in proof: Eight 137Np targets of four different concentrations were

loaded in the Haddam Neck Reactor (Connecticut Yankee) in May 1971 and will be

irradiated until the next refueling in the fall of 1972.



fo

O

c

ORNL-DWG 71-4891

1.0

0.9

0.8

0.7

;= 0.6

H
Z
U
o

O
o

0.5

0.4

0.3

0.2

0.1

0

0 L0 2.0

IRRADIATION TIME, years

3.0

Fig. 1. Concentrations of 237Np and 238Pu in target

as a function of irradiation time in a PWR (80% load factor)



Q.
00
ro

100

90

80

70

0

ORNL-DWG 71-4892

1 2

IRRADIATION TIME, years

Fig. 2. Concentration of 238Pu in Pu mixture produced
237by irradiation of ^^^Np target in a PWR as a function

of time load factor).



Table 1. 237Np Production in Domestic Power Reactors Through 198O
Calendar

237,Year J'Np,
kg

No plutonium recycle

1970 10

1971 21

1972 34

1973 84

1974 179

1975 394

1976 556

1977 674

1978 777

1979 956
1980 n55

With plutonium recycle starting in 1976

1979 873

1980 1025

10$ loss during fuel processing assumed.

Table 2. 238Pu That Could Be Produced by Irradiating Available
237Np in Commercial Power Reactors

Calendar 238Pu, Fiscal25bPu,
Year kg_ Year kg

No plutonium recycle

197^ 10

1975 32

1976 83

1977 149

1978 229

1979 308

1980 39^

1981 493

1974

1975 20

1976 50

1977 117

1978 191

1979 266

1980 350

1981 445

1982 548

With plutonium recycle beginning in 1976

1980 380

1981 463 1981 425

1982 504

•*



An alternative way of producing 238Pu in commercial power reactors is by the

Am chain. Upon irradiation, the 241Am, which is produced by 241Pu decay,

absorbs aneutron to produce 242Am,which beta decays to 242Cm. Curium-242 alpha-

decays with a 163-day half-life to 238Pu.
AECOP

The / projections of the availability of 241Am, 243Am, 242Cm, and 244Cm and

medium-grade 238Pu are shown in Table 5. The 242Cm/244Cm mixture could be recovered

during spent fuel processing and allowed to decay.

Alternatively, the 241Am/243Am mixture could be irradiated as a target in a

manner similar to that described above for 237Np. The 242Cm/244Cm mixture produced

would in turn be allowed to decay to produce 238Pu. The amount of medical-grade

Table 4. Amounts of 242Cm and 238Pu Available from Irradiation of 241Am in LWRs
1 year target irradiation; 241Am recycle after 6 months

Isotope , Amount, kg
1973 197^ 1975 1976 1977 1978 1979 1980 1981 1982 198T

^42Cm

At target discharge O.73 1.34 3.69 6.98 16.03 24.05 31.08 39.07 48.04
After 1-year decay 0.l6 0.28 O.78 1.48 3.44 5.18 6.74 8.4l 10.02
After 2-year decay 0.03 0.06 0.l6 0.31 O.73 1.10 1.43 I.78 2.17

238 pu

At target discharge 0.74 1.35 3.71 6.99 16.04 24.06 32.00 40.00 48.06

After 1-year decay 1.32 2.4l 6.62 12.05 29.02 43.09 57.01 71.03 86.08
After 2-year decay 1.44 2.63 7.23 I3.O7 31.09 Vf.09 62.04 77.09 98.04

238Pu that could be made in this way is shown in Table 4. The 238Pu produced would
be diluted with 15 to 20$ 242Pu produced by Kcapture in 242Am. The spontaneous

fissions in 242Pu generate radiation equivalent to about 0.1 ppM 236Pu.

After a suitable time for decay of 242Cm to 238Pu, the 238Pu and curium isotopes

would be separated; the 244Cm and higher curium isotopes would be available for

other applications, such as 252Cf production. It is unlikely that 252Cf would be

produced in a commercial power reactor because of the relatively low thermal-neutron-

flux characteristic of such reactors. Aflux of the order of 1015 nv is required



Table 5. Amounts of Isotopes Available, per Fiscal Year, from Domestic Power Reactors

Isotope 1972 1973 1974 1975 1976 1977 1978 1979 1980

Case 1. No plutonium recycle

241Am 3.36 5-3^ 1^.8 26.2 63.2 86.5 102.3 119.3 lte.l3.36 5.3^ 14.8 26.2 63.2 86.5

2.82 4.27 10.0 19.8 52.1 69.8

O.52 0.82 2.00 3.70 9.12 12.0

0.24 O.38 0.92 1.70 4.20 5.52

0.71 2.14 2.26 4.70 13-9 18.3

243'Am 2.82 4.27 10.0 19.8 52.1 69.8 93.8 111.8 127.2

242Cm

At reactor discharge O.52 0.82 2.00 3.70 9.12 12.0 17.8 21.7 25.0

After recovery 0.24 O.38 O.92 I.70 4.20 5.52 8.19 9.986 11.51

244Cm 0.71 2.14 2.26 4.70 13.9 18.3 26.6 33.7 36.I

Pu (medical grade)
1-year decay 0.19 O.29 O.72 1.33 3-28 4.31 6.34 7.79

• 2-year decay 0.23 O.35 O.87 1.6l 3-97 5-22 7.75

Case 2. Plutonium recycle 1 year after available

24lAm 177.3 253.3

243Am 195.5 287.7

242Cm

At reactor discharge 4l.2 62.4

After recovery 18.96 28.72

244Cm 114.2 191.4

238Pu (medical grade)

1-year decay 6.J4 14.80

2-year decay 7.75

241Am

243'Am

242Cm

Case 3. Plutonium recycle 2 years after available

134.6 188.5

133.9 19^-1

At reactor discharge 26.9 40.6

After recovery ^.38 18.68

2'+1+Cm 55-0 101.2

238Pu (medical grade)

1-year decay 6.34 9-66

2-year decay 5-22 7-75



because of the 252Cf production chain "bottlenecks," which result from the low

cross sections of 246Cm and 248Cm. It may, however, be desirable to produce curium

isotopes up to 246Cm by irradiation of 243Am and 244Cm in power reactors and then

use the product curium isotopes as targets in a high flux reactor such as the ORNL

HFIR or the AEC production reactors at Savannah River. Table 5 shows the quantities

of these curium isotopes that could be produced by irradiating 1 kg of either 243Am

or 244Cm.

(MG)
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Table 5. Transplutonium Isotope Production in a PWR

Isotope
1-year 2-year 3-year 4-year 5-year
exposijre exposiire exposure exposure exposure

21+3Amv5
C^/initial kg

243Am 619 383 237 147 91

244Cm 337 475 504 478 427

245Cm 19.7 37-9 45.0 45.O 41.4

246Cm 2.49 11.4 23.8 36.7 48.5

247Cm 0.0227 0.20c:1 0.635 1.26 2.00

248 Cm 9.04 X 10"4 0.0179 0.0877 0.247 0.516

249Bk 8.42 x 10"6 2.74 X 10"4 1.70 x 10"•3 5.45 x 10"'3 0.0124

249Cf 2.23 X 10"6 1.24 x 10"4 9.91 x 10"•4 3-71 x 10"•3 9.34 x 10"3

25°Cf 1.46 x 10"s 8.34 X 10"5 6.79 x 10"•4 2.57 x 10"•3 6.53 x 10"3

251cf 2.94 x 10"7 2.45 X 10" 5 2.33 x 10"•4 9.60 x 10"•4 2.56 x 10"3

252Cf 5.80 x 10"8 1.13 x 10"5 1.55 x 10"•4 8.84 x 10"•4 3.03 x 10"3

^_2^Cmf)
Cg/initial kg

244Cm 789 623 492 388 306

245Cm 692 63.O 50.7 40.1 31.7

246Cm 14.9 34.8 50.7 62.6 71.2

247Cm O.183 0.842 1-75 27.0 3.58

248 Cm 9-3^ x 10"3 O.O938 0.314 0.686 1.19

249Bk 1.01 x 10~4 1.62 X 10"3 6.68 x 10"•3 0.0164 0.0306

249Cf 3.06 X 10"5 8.20 x 10"4 4.30 x 10"•3 0.0120 0.0245

250Cf 2.02 x 10" 5 5.56 x 10~4 2.97 x 10"•3 8.4l x 10'•3 0.0172

25icf 4.45 x 10~6 1.7^ x 10~4 1.07 x 10'•3 3.27 X 10"•3 6.99 x 10"3

2 52cf 1.01 x 10~6 8.56 X 10" 5 8.35 x 10'•4 3.53 x 10"•3 9.64 x 10"3



DTIE: Use regular style for
11 all isotopes, e.g.,

106Cd ES
THE CHEMISTRY OF THE ELECTROMAGNETICALLY

SEPARATED STABLE ISOTOPES (2)

Supplementary Keywords: enrichment, isotope; electromagnetic process

and equipment; electromagnetic final chemistry; precipitation; ion

•exchange; volatilization; chemistry, inorganic; ES cadmium-106;

ES cadmium-108; ES cadmium-110; ES cadmium-Ill; ES cadmium-112; ES

cadmium-113; ES cadmium-ll4; ES cadmium-ll6; ES chlorine-35; ES chlorine-37;

ES indium-113; ES indium-115; ES palladium-102; ES palladium-104;

ES palladium-105; ES palladium-106; ES palladium-108; ES palladium-110;

ES potassium-39; ES potassium-40; ES potassium-41; ES ruthenium-96;

ES ruthenium-98; ES ruthenium-99; ES ruthenium-100; ES ruthenium-101;

ES ruthenium-102; ES ruthenium-104; ES tantalum-l80; ES tantalum-l8l;

ES titanium-46; ES titanium-47; ES titanium-48; ES titanium-49;

ES titanium-50.

Abstract. In this fifth article of a series reviewing the chemical

purification of stable isotopes enriched electromagnetically at Oak

Ridge National Laboratory, the purification methods for isotopes of

cadmium, chlorine, indium, palladium, potassium, tantalum, and

titanium are given.

(introduction)

1-4
This is the fifth article of a series on the chemical

purification of electromagnetically separated stable isotopes enriched at

Oak Ridge National Laboratory. The general problems and methods

associated with the handling and purification of isotopically enriched

materials and with their isotopic and chemical analyses were described

in the first article of the series, which also includes a description of
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the chemical processing methods for the enriched isotopes of strontium,

barium, lead, zirconium, and hafnium. Processing methods for

chromium, platinum, and osmium were given in the second of the series,

cerium in the third, and tungsten in the fourth. Descriptions of the
purification

chemical / methods for cadmium, chlorine, indium, palladium, potassium,

ruthenium, tantalum, and titanium, which are presented in detail in

ORNL-4583 (Ref. 5), follow. In the following descriptions of the purification of
isotopes of these various elements, a very brief summary precedes a more detailed
presentation of the purification method. The values given for natural abundances
of the isotopes are also from this reference.
Cadmium (4)

Cadmium has eight naturally occurring isotopes with abundances as

follows:

Natural Natural
IsotoPe abundance, at.% Isotope abundance, at.
106Cd 1.215 H2Cd 24.07
108Cd 0.875 H3Cd 12<26

U°c& 12.39 H«*Cd 28.86
-Ulcd 12.75 H6Cd 7_58

water-cooled

Both aluminum and copper,pockets are used for the collection of

these isotopes in the electromagnetic separation process and the

purification procedures relative to the two

types of pockets are different enough to warrant separate descriptions.

In general, both procedures involve recovery of cadmium on an ion

exchange column, multiple precipitations as CdS, followed by a final

precipitation as CdC03 and calcining to CdO, the stable inventory form.

< — Plastic centrifuge tubes, beakers, covers, etc., are used

when the cadmium is processed in alkaline solutions.

(5) Purification of Cadmium Isotopes Collected in Aluminum Pockets. The detailed
procedure for this purification is shown schematically in Fig. la. Removal

of cadmium deposits from aluminum pockets is somewhat similar to that from

copper pockets and involves cleaning the outside of the aluminum pocket
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covering the opening of the pocket,
with 1:1 HN03, removal of the protective tape/ prying loose the adhering

flakes of deposit, and transferring the loose material to a Pyrex dish.

The deposit remaining within the pocket is leached with concentrated

HNO3 and then with a solution of 4 parts HaO :3 parts HN03 : 1 part

HCl, followed by a final rinsing with hot concentrated HN03.

The loose solids and the leach solutions are transferred to a beaker

and heated until the solids dissolve. The solution is evaporated to near

dryness and the residue is redissolved in water.

Cadmium is precipitated as Cd(0H)2>with NaOH; most of the aluminum

and zinc impurities are converted to the soluble aluminate and zincate, respec

tively. Cadmium hydroxide is separated by centrifuging and washing with

water. The supernatant liquid is treated with H2S to recover any cadmium

remaining in solution. The recovered CdS is dissolved in concentrated

HCl.

The Cd(OH)2 is dissolved in a minimum amount of concentrated HCl
cadmium solution

and combined with the /recovered from the sulfide precipitation above.
resultant

The / solution is adjusted to 2 MHCl with water, and then to this

volume of solution is added 2 additional volumes of 2 M HCl.

In the next step cadmium is removed from solution by ion exchange

using a column of Dowex 1-X8 of Bio-Rad (or AR) quality, 100-200 mesh size,

and in the chloride form. The size of the column is dependent on the

amount of cadmium being processed about 100 ml of wet resin for each

5 g of Cd. The Cd solution is poured through the column at a rate of

^20 ml/min; the column is then washed, first with 2 MHCl and then with

a small amount of water to remove excess HCl.

Cadmium is eluted from the column first with 1:4 NH^OH and then

with 1:1 NH^OH (the column is reconditioned by washing with water and
ammoniacal

then 2 MHCl). The / solution is filtered to remove insoluble
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hydroxides, such as Fe(OH)3, and then to this solution is added (NH4)2S.
precipitate

The cadmium sulfide/is separated from the solution by centrifugation and

washed with a dilute solution of (NHi+)2S. Any tin impurity present will

remain in the supernatant liquid.

The CdS is dissolved in 6 M HCl and the solution saturated with

H2S, then adjusted to 3' MHCl with water, and again saturated with H2S.

Sulfides of impurities such as lead and copper are coagulated by heating

before their removal by filtration. (Cadmium sulfide will precipitate if

its concentration is too high; 20 to 50 g of cadmium in 4 liters of

solution is satisfactory.)

After separation of impurities as sulfides, the cadmium solution is

again adjusted with water to give a solution 1.5 M HCl and H2S is added

while heating. The bulk of the cadmium is precipitated as CdS and recovered

by filtration. The cadmium remaining in the filtrate is precipitated by
first

addition of / NH^OH until the solution is alkaline and then (NHlf)2S.

Any iron or zinc present is also precipitated. The solution is filtered

and the cadmium recovered as the sulfide by dissolution in concentrated

HCl and again precipitating with H2S from 1.5 M HCl solution.

The CdS precipitates are combined and dissolved in 6 M HCl solution,

and the complete sulfide precipitation procedure is repeated once again.
with H2S solution,

The CdS recovered from the second precipitation is centrifuged, washed /

and dissolved in 4 MHCl , The chloride solution is evaporated

to dryness and then the residue is repeatedly evaporated with 1:1 HN03 until all

chloride has been removed. The nitrate is dissolved in water containing

enough NH^OH to make the resulting solution alkaline and to complex the

cadmium. Any precipitate present, e.g., iron or aluminum, is removed by

filtration; the concentration of cadmium should be ^50 g of cadmium/2 liters

of solution.
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homogeneously

Cadmium is now/precipitated as the carbonate by the addition of excess
the slow

(NH[t)2C03 solution and/removal of excess NH^OH by evaporation. The

precipitate is centrifuged and washed well, first with water and then with

acetone. The solid is dried on a steam bath or with warm air to remove

acetone and then transferred to a porcelain dish for subsequent ignition

starting at room temperature and increasing to 650°C. The resulting CdO

is the stable inventory form.

(5purification of.. Cadmium Isotopes Collected in Copper Pockets. Tne detailed
procedurefor this purification is shown schematically in Fig. lb. The

outside of the copper collector pocket is cleaned first with water

and then with 1:1 HNO3, followed by removal of the protective tape. The

isotope within the pocket is leached with hot 1:1 HNO3 solution.

The leach solution together with any loose
addition of

solids is transferred to a beaker and digested, with/small quantities

of concentrated HN03 when necessary, until solution is essentially
evaporated to dryness and the residue is

complete. The solution is/converted to chloride by repeated evaporations

with concentrated HCl. Water is used to dissolve the residue

and the solution is evaporated to dryness to remove excess HCl. After dis

solution of the residue in 2 M HCl and filtering, a volume of 2M HCl is

added which is three times that of the solution.

The 2 MHCl solution of cadmium is passed through an ion exchange
has been conditioned by

column of Dowex 1-X8 resin that/ passing two (or more) column volumes of
After introduction of the cadmium,the

2 M HCl through the column. / . column is washed with 2 MHCl and the
and

washings.discarded. The cadmium is eluted from the column by first washing
of two column volumes of

with two column volumes of water, then with-ja minimum / 1-4 NHuOH
1:1 NH4OH and '

followed by further washings with7water. The combined water washes and
solution

NH^OH/are heated, H2S is passed through the solution, and the CdS
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Fig. lb. Schematic diagram of the chemical purification procedure
for cadmium isotopes collected in copper pockets.
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liquid
precipitate is allowed to settle overnight. The supernatant,is decanted

and the precipitate is centrifuged and washed with water saturated with

H2S. The decantate is tested for complete precipitation. (if

cadmium has not been completely precipitated, the decantate is heated to

decrease the volume and treated again with H2S.) Any CdS at this point

is recovered by filtration on Whatman No. 42 paper. The

CdS in the centrifuge tube is dissolved in 1:1 HCl and this solution is

passed through the filter paper containing any CdS from the decantate.

The CdCl2 solution is evaporated to dryness and the residue dissolved

in 1 M H2S0i+. While H2S is being introduced into this solution after

heating, the acidity is reduced by the addition of hot water, first to 0.5 M

and then to 0.25 MH2S0i+. (Any zinc impurity does not precipitate
these acid

readily under / conditions.) The CdS is allowed to settle overnight.

The mixture is centrifuged and the combined supernatant and wash solutions

of 0.25 M H2S0i+ are treated with H2S and any CdS recovered is collected on
No.

Whatman/42 filter paper. The residues in the centrifuge tube and on the
combined,

filter paper are dissolved in hot 4 MHCl/and then diluted with water

to 2 M HCl. The solution is again filtered.

The solution is passed again through the ion exchange column and eluted
then

with 1:4 NH^OH, ,1:1 NH4OH, and washed with water as before. The water and

NH4OH solutions are combined and evaporated to dryness on a steam

bath; the residue is now dissolved in 1:1 HCl and again evaporated to

dryness and finally it is dissolved in water and evaporated to dryness.

solid

The lCdCl2 is dissolved in water and a saturated aqueous (NHit)2C03

solution is added in excess to ensure quantitative precipitation of

CdC03- The mixture is digested on a steam bath and then centrifuged.
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The supernatant liquid is decanted and the precipitate is washed with water and

then dried in the centrifuge tube. The CdC03 is transferred to a platinum dish

and ignited at 650°C to CdO, the stable inventory form.

Chlorine (4)

Chlorine has two naturally occurring 35C1 and 37C1 isotopes with

abundances of 75'^ and 2k.6$, respectively. The pockets used for collecting

these isotopes are more complicated than those for the isotopes of most other

elements. The pocket itself is constructed of copper and contains both a

magnesium metal reflecting plate and magnesium metal turnings. Magnesium is

used to combine with the (slightly energetic) sputtered chlorine. In the

purification and recovery, the various pocket components are treated separately,

and, when the chlorine-isotope deposits from the various pocket components have

been brought into solution, the several solutions are combined. The chloride

is precipitated as AgCl which in turn is heated in hydrogen and the resulting

HCl gas collected in water and a somewhat less than stoichiometric amount of

NaOH. The slight excess of HCl in the combined solutions is titrated with

0.1000M NaOH. The NaCl solution is evaporated to dryness, ignited, dissolved

in water, filtered, and evaporated to crystals of NaCl, the stable inventory form.
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The detailed procedure for the purification of chlorine isotopes is
shown in Fig. 2.

The copper plate defining the beam slit is first removed from the

pocket and the pocket opening is closed with masking tape to prevent entry

of wash solution or loss of loose particles from within the pocket. Only
(H20 and 1.5M HN03)

the washings / from the inner side of the plate (against the

pocket) are retained.

The outside of the pocket is cleaned with hot 1:1 HN03, with the

washings being discarded. The tape is carefully removed and the area

that was covered by the tape is washed with a small piece of sponge

moistened with 1:1 NH03; entry of the wash solution into the pocket

is avoided and both the washings and the sponge are discarded.

The magnesium turnings are

transferred ^keeping them dry to prevent evolution of HCl gas) from the

pocket to a 3-neck, round-bottom, distilling flask with an inlet for

nitrogen, one for a dropping funnel, and the third for connection to a
for collection of the liberated HCl gas.

series of gas washing bottles / The series contains first an empty

bottle as a safety trap, followed by a gas-washing bottle containing H2O, and
solution,

then one containing NaOH / The system is purged with nitrogen gas for
then

10 min, water is added slowly from the dropping funnel until the reaction is

complete, and finally 1:10 HN03 is cautiously added. The flask is warmed

with a heating mantle until the reaction subsides and then concentrated HN03

is added dropwise at first until the concentration of the solution is

1:1 HNO3. Additions of acid are continued until all Mg turnings are in

solution. This solution is combined with those from the gas washing bottles

and reserved.

The magnesium striking pad is removed from the pocket, washed with

water, and then with 1.5 M HN03 until all the MgCl2 is in solution.
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The copper pocket is processed by washing the inside first with H20,

then with 1.5 MHN03 until the wash solution gives a negative test for

CI" (absence of AgCl precipitate upon addition of AgN03 to a test

portion of the wash solution).

All the chloride-containing solutions are combined and filtered on a

Whatman No. 42 paper that has been washed with 1:1 HN03 and then with water

to remove any traces of CI" from the paper. The residue is discarded.
as AgCl

The recovered chlorine isotope is precipitated/by addition of 1 MAgN03,
allowed to settle, and washed with

1 MHNO3. The AgCl residue is now dissolved in NH^OH solution and then

reprecipitated by addition of HN03 solution until the solution is acidic.

The precipitate is centrifuged, washed with 1 MHNO3, and dried at 110°C.

The precipitate is weighed and then transferred to a porcelain boat

which in turn is placed in a quartz-tube, horizontal,electric furnace.

As with the distillation flask, glass scrubbing bottles are connected

to the discharge of the furnace, using ground-glass connections. The

first is used as a trap, the second contains H20; and the third a quantity

of NaOH in solution that is from 70 to 90$ of the stoichiometric amount
as

(Aetermined from the weight of AgCl) required to trap the

hydrogen chloride formed in the subsequent reduction of AgCl with H2.

The system is purged with N2, and then the flow of H2 is started.

The furnace is heated slowly to 400°C, held at this temperature for ^2 hr,

and then heated at 750°C for ^8 hr or until the reduction is complete.

The furnace is cooled with a flow of N2 and when cool the scrubbers

are removed and the solutions from the scrubbers are combined in a

beaker. A 0.1000M NaOH solution is used to titrate this slightly acidic

solution to a methyl red end point (this prevents the presence of
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sodium in forms other than NaCl in the final product). The sodium

chloride solution is evaporated to a low volume and then transferred to

aplatinum dish, evaporated to dryness, dried overnight at 125-135°C,

and then ignited for <v45 min. After cooling, the salt is dissolved in water

and filtered through aWhatman No. 42 filter paper that has been previously

washed to remove traces of chloride. The residue is washed with hot water.

The filtered sodium chloride solution is transferred to apoly

ethylene beaker, evaporated to near dryness on a steam bath, and dried in

an electric oven at 115°-125°C. The sodium chloride is the stable

inventory form.

Indium (4)

Indium has two naturally occurring isotopes—113ln and 115In—with

abundances of 4.23 and 95.7Tjb, respectively.

< Indium-115 is very, very, slightly unstable, having a half-life of

about 6 x 1011+ years and decaying only by beta emission, with a maximum

energy of 0.48 MeV.

Indium isotopes are collected in graphite pockets and the subsequent

chemical purification process is relatively simple. Indium in nitrate

solution from the leached and ignited pocket is precipitated as In(0H)3

with NH^OH, followed by dissolution and reprecipitation as In2S3, then

precipitated again as In(0H)3 and ignited to ln203, the stable inventory

form.
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The detailed procedure for the purification of indium isotopes is
shown schematically in Fig. 3. ^

^The graphite collector pocket for each isotope is cleaned in the

usual way, i.e., buffing with aluminum oxide-coated abrasive cloth,

cutting off the heavy ends of the pocket, removal of the protective tape,

and crushing the pocket in a plastic bag. The graphite is transferred

to a Soxhlet extractor and extracted overnight with a 1:1 HN03 solution.

The leach solution and water washings from the graphite are decanted and

retained, and the graphite is dried and then ignited in oxygen in a quartz

boat within a quartz tube in an electric furnace at 700-800°C.

The ash from the graphite ignition is dissolved in concentrated

HNO3 and combined with the leach and wash solutions before filtering to

remove any insolubles. The filtrate is evaporated to near dryness and

water is added to bring the indium concentration to 0.1 g/200 ml solution.

The solution is heated to near boiling and indium is precipitated

as In(0H)3 by the addition of a slight excess of NH^OH solution. The

precipitate is filtered by suction on a Whatman No. 42 filter paper and

washed with a slightly ammoniacal 1% NH^NOs solution.

The filter paper and residue are dried and then gradually ignited

at 650 to 700°C. (Ignition must be under well-controlled oxidizing

conditions with special care exerted to avoid flaming the filter paper

which might cause partial reduction of indium to metal and loss by

volatilization.)

The ln203 is then dissolved in 1:1 H^O^ and filtered to remove silica.

The acidity of the filtrate is adjusted to a pH of 1.8 with dilute

NH^OH and the solution is then saturated with H2S to precipitate In2S3.

The precipitate is filtered on a sintered glass frit and washed with

0.02 MR^SO^ saturated with H2S. The In2S3. is dissolved in 1:1 HNO 3

and the solution diluted with water and filtered on a Whatman No. 42 paper.
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A 1:1 NH^OH solution is added to again precipitate In(0H)3; the

precipitate is filtered on paper and washed with warm, slightly

ammoniacal 10$ NH^NOs solution.

The filter paper with the residue is transferred to a platinum dish

and carefully dried, charred, and ignited without flaming at a

maximum temperature of 800°C for several minutes. The ln203 product is the

stable inventory form.

Palladium (4)

Palladium has 6 naturally occurring isotopes with abundances of

Natural Natural

abundance, abundance,
Isotope at. % Isotope at. %

102Pd 0.96' 106Pd 27.33
l0kP& 10.97 108Pd 26.71
105Pd 22.23 110Pd 11.81

The chemical purification of palladium isotopes is as follows:

The graphite pockets are ignited and the

palladium oxide is reduced to metallic palladium with formic acid, which

in turn is dissolved in aqua regia for subsequent precipitation with

dimethylglyoxime. This precipitate is dissolved in hot 1:1 N03 and

converted to the sulfate with H2S04, and then the palladium is reprecipitated

as the metal, the stable inventory form.

The detailed procedure for the purification of palladium isotopes is

Shown schematically in Fig. 4. The various isotopes are collected in

graphite pockets and each pocket is cleaned and treated

in the usual way1 and then ignited at 750 to 800°C in oxygen in a quartz

boat within a horizontal quartz or Vycor tube in an electric furnace. After

the graphite is consumed, the boat is removed from the ignition tube and

allowed to cool. The residue is covered with
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formic acid (HCOOH) to reduce the PdO to palladium metal—'conversion to

the metallic state permits faster dissolution of the ignited material.

The formic acid in the boat is evaporated to dryness at a low temperature.

The residue is transferred with water and hot (if necessary) 1:1 HN03

into a beaker and evaporated to near dryness before adding ^25 ml of aqua

regia to effect dissolution. Successive additions of aqua regia and

gentle heating may be required to completely dissolve the palladium.
HCl

The HNO3 in the solution is driven off by repeated,additions and

evaporations. Complete removal of HNO3 i-s indicated when dropwise

additions of HCOOH to the solution yield no evolution of red vapors. The

acidity is adjusted to a pH of 0.60 by dilution and the solution is filtered

through a Whatman No. 42 paper to remove silica and other insoluble materials.

Palladium is then precipitated from the filtrate at room temperature

by the addition of 1.5$ dimethylglyoxime/ethyl alcohol solution, and,

after settling, the precipitate is filtered on a medium-frit glass funnel

and washed with first 2% HCl, then water, and finally with ethyl

alcohol. [Palladium dimethylglyoxime can be ignited directly to the
may

metal (the preferred inventory form) but volatility loss / occur if the

ignition is not performed slowly and carefully. However, to ensure that
occurs,

no loss / palladium dimethyl glyoxime is dissolved and the palladium

is subsequently precipitated as the metal.]

The palladium dimethylglyoxime, Pd(Ci+H702N2)2, is dissolved slowly in

the funnel with hot 1:1 HNO3 Hsing suction. When all of the precipitate
is transferred evaporated

has dissolved the filtrate/to a beaker and / to dryr

The organic matter is decomposed by boiling with small additions of

concentrated HNO3. After cooling, concentrated H2S0i+ is added and the

solution heated to remove HNO3. The solution is allowed to cool and then

mess.
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is adjusted to about 0.25 MH^O^. Silica-free ammonium hydroxide is
becomes

added until the solution / slightly alkaline, and then HCOOH is added

until the solution is slightly acid; heating to boiling causes the

palladium metal to precipitate and coagulate. The palladium is

filtered on a Whatman No. 42 paper and washed with 1% ammonium acetate

solution. Palladium adhering to the beaker is removed using a

stirring rod and small piece of filter paper which are added to the

filter funnel and washed with 1% ammonium acetate.

The paper and its contents are transferred to a Vycor crucible and

ignited slowly up to 700°C in an oxygen atmosphere to decompose the
moistened

carbonaceous matter. After cooling, the palladium is / with HCOOH

and heated at 85°C until dry. The palladium metal is the stable inventory

form.

Potassium (4)

Potassium has 3 naturally occurring isotopes 39K, 40K, and 41K

with abundances of 93-08, 0.012, and 6.91$, respectively.

' Potassium-40 is very slightly unstable having a half-life of

1.3 x 109 years and decaying by beta emissions of 1.31 MeV maximum energy,

electron capture, and gamma radiation of 1.46 MeV (ll$).

The abundances of potassium isotopes differ enough to require the

pocket for the 39K isotope, because of its high abundance, to be larger

than those for the other isotopes and to contain a graphite striking pad.

Because of the extreme reactivity -—. .. _-. _._ ^
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5
of metallic potassium^special safety precautions must be taken in

disassembling the receiver and dissolving the metallic potassium

collected in the pockets. Since the amount of 39K collected is considerably

greater than that of 1+0K or tflK, -)

Lthe purification procedure for 39K is more

complicated than that for the other two isotopes. Copper from the leach

solution is removed by electrolysis, a portion of other impurities are
as sulfate

removed as insoluble sulfides, sulfur,is precipitated as BaSO^, and

silica is dehydrated with perchloric acid and removed by filtration.

After the removal of silica the potassium isotope is recovered by

precipitation from an alcoholic perchlorate solution as KCIO^ and sub

sequently ignited and decomposed to KCl, the stable inventory form. In the

purification of 1+0K and ^K, the sulfide and sulfate precipitations are

replaced by a separation of impurities by electrolysis with a

mercury cathode; the purified isotopes are recovered as insoluble

perchlorates, as with 39K, and ignited to KCl.

(5)Purification of 39K#i^e detailed procedure for the purification of the 39K ,<et
isotope is shown schematically in Fig. 5a. The 39K is collected in a large copper?
containing a graphite striking pad. The outside of the copper pocket

is cleaned in the usual way with water and 1:1 HN03 and the protective

tape is taken off. The graphite striking pad is removed from the

pocket (behind a suitable safety shield) and transferred to a beaker

and leached first with water and then 1:1 HNO3.

The graphite pad is then broken into small pieces, transferred to

a large Soxhlet extractor, and extracted for about 24 hr with 1:1 HN03.

All of the leach solutions from the graphite pad are retained.

The copper pocket is placed in a large Pyrex tray (again behind

a suitable safety shield) and the inside of the pocket is flushed with



31

POCKET

(COPPER-GRAPHITE AND "k)

GRAPHITE STRIKING

| PAD + 59K
| I

H20 "20

1-1 HNOj (90XHLET - 24 HR)

DIGEST AT LOW HF.AT

I

EVAP TO DRYNFSS
(STEAMBATH)

H,0 + MIN AMT HNOj

I
ELECTROLYZE

EVAP TO NEAR DRYNESS

-WASH lilO (MH^S

H2S

SlOj
(DISCARD)

EVAP TO NEAR DRYNESS

• KN03

COOL TO O'C

I
VOL OP C2H5OH EQUAL TO TOTAL SOLN VOL

HEAT TO H.P. (653"C)

?z IGNITE AT 700'Ct j

EVAP TO DRYNESS

DRY 150"C

I
KCl

STABLE INVENTORY FORM

(DISCARD)

-WASH C2H5OH + 0.2 HC10,,

Fig. 5a. Schematic diagram of the chemical purification
* procedure for the "k isotope.



32

essentially
water until /all the potassium is in solution. This solution is transferred

to a beaker and the pocket is treated with 1:1 HNO3 to remove the black

deposits on the copper. When the copper metal remains bright after

addition of 1:1 HNO3, all the potassium is assumed to be in solution.

^11 the leach solutions are combined (the solution should be acid;

if not, HNO3 is added until acidic) and the solution is digested at a low

heat. Insolubles are removed by filtering the solution through a Whatman

No. k-2 paper using a platinum filter cone and gentle suction.

The filtrate is evaporated to dryness on a steam bath to remove excess HN03

solid

and the residual/is dissolved in water and the minimum amount of HN03

necessary to effect solution. This solution is electrolyzed using
and the

platinum electrodes / about 1 ampere of current until all/copper and

lead have been removed. The solution is again evaporated to dryness and

the nitrate decomposed by repeated evaporations with concentrated HC1 and

finally with concentrated HC1 and formic acid (HCOOH).

The resulting solution is diluted with water, saturated with H2S,

digested at near boiling, and filtered; the filtrate is made alkaline with

silica-free NH4OH, and the solution is again saturated with H2S, digested,

and filtered. The residue is washed with 1:10 (11114)23 and discarded.

Concentrated HC1 is used to acidify the filtrate, which is boiled to

liberate H2S and coagulate any elemental sulfur. The solution is

filtered on a Whatman No. h2 paper, evaporated to near dryness, and
ammonium Water and a

treated with aqua regia to eliminate the / salts. / few ml of
solution are

dilute BaCl2 / added to precipitate any sulfate formed by oxidation of

sulfur, and the solution is filtered to remove BaSO^,

Perchloric acid is added to the filtrate and the solution is evaporated

to fumes of HCIO4. After cooling, the salts are dissolved in water,
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and the dehydrated silica is removed by filtering. The addition of

HCIO^ a^d "the evaporation to fumes are repeated. The perchloric acid

solution is diluted with an equal volume of water and cooled to 0°C.

A volume of absolute alcohol equal to the total volume of solution is then

added to the perchloric acid solution to precipitate KCIO4, which is

allowed to settle for about 15 min and then recovered by filtering the solution

with a medium frit glass funnel. Cold alcohol with 0.2% HCIO4 is used for

washing the KCIO4.

The KCIO^ is dissolved through the frit with hot water and trans

ferred to a Vycor dish. The solution is evaporated to dryness and

the residue heated slowly to the melting point of KCIO^. After most

of the bubbling has ceased, the temperature is increased to T00°C to ensure
cover

complete decomposition to KC1. (A loose fitting platinum/helps to prevent

spattering losses.) The residue is cooled and dissolved in a minimum

amount of water; the resultant solution is filtered through a Whatman No. 42

paper to remove silica. The filtrate is evaporated to dryness and

then the KC1 residue, the stable inventory form, is dried in an oven

at 150°C.

The detailed procedure for the purification of ^K
(5purification of k0K and klK./an& hlK is shown schematically in Fig. 5b. The
copper pocket is cleaned on the outside in the usual way1

and then the potassium deposit is dissolved from

the inner surfaces of the pocket with water, followed by leaching with

1:1 HNO3 until the surface of the copper remains bright. The water and

nitric acid solutions are combined, digested until any copper flakes and

particles have dissolved, and filtered on a Whatman No. 42 paper. The

filtrate is evaporated to dryness on a steam bath to remove excess

HN03; the residue is dissolved in water and a minimum amount of HN03, and
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POCKET

(CQP-PER.AND l+0K OR klK)

HNO3

f EVAP TO DRYNESS
I 1
H20 + MIN AMT HNO3

ELECTROLYZE

Cu (CATHODE)

Pb02 (ANODE)
(DISCARD)

RESIDUE

(DISCARD)

HC10H

I
EVAP TO DRYNESS

I
2 ml HC101+

ELECTROLYZE

MERCURY CATHODE

IMPURITIES INTO Hg

EVAP TO LOW VOL

I
EVAP TO DRYNESS IN QUARTZ

I
HEAT TO 700°C

RESIDUE

(DISCARD) EVAP TO DRYNESS

I
DRY 150°C

KC1

STABLE INVENTORY FORM

Fig. 5b. Schematic diagram of the chemical purification
procedure for ^0K or ^K isotopes.
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is

the solution/electrolyzed with platinum electrodes until copper and lead

have been removed.

After removal of the electrodes, 10 to 15 ml of HCIO^ is added and

the solution is evaporated to dryness. The salts are dissolved in water,
is

2 ml of HCIO^ is added, and the solution/electrolyzed using a mercury

cathode and platinum anode at about 0.15 amp/cm2.

After electrolysis the solution is transferred first to a beaker and

evaporated to a low volume and then to a small quartz container and

evaporated to dryness. The residue, KCIO4, is heated to 700°C; heating

is discontinued when all KCIO4 has decomposed to KC1. The KC1 is

dissolved in a minimum amount of hot water and filtered through a

Whatman No. 42 paper; the KC1 solution is evaporated again to a low

volume, transferred to a small, weighed vial, and evaporated to dryness.

The vial with the KC1 is dried in an oven at 150°C. The KC1 is the

stable inventory form.

Ruthenium (k)

Ruthenium has 7 naturally occurring isotopes as follows:

Isotope

Natural

abundance,

at. % Isotope

Natural

abundance,
at. %

96Ru
98Ru
"Ru

iooRu

5.47
1.84

12.77
12.56

101Ru
102Ru
10 ^Ru

17.10

31.70

18.56

< The ruthenium isotopes are collected in graphite pockets which are

ignited in oxygen. Both the volatile RuOt^ and the ruthenium residue

(ash) are recovered. The ash is fused with a KOH—KNO3 mixture to
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bring the ruthenium into solution. Ruthenium from the combined ash and

trap solutions is again volatilized, as RuO^, and collected in HC1

solution saturated with S02. Ruthenium is precipitated as the sulfide,
the

ignited to/oxide, and reduced to the metal, the stable inventory form,

^ ^letaLef'procedure for the purification of ruthenium isotopes is shown
schematically in Fig_L_6t^J 1

crTne~graptiite pockets are cleaned on the outside in the usual way,

and then ignited in oxygen at 650°C in a silica boat in a Vycor tube in

electric furnace. Volatile RuOh>formed during the ignition^is

collected in 1:1 HC1 containing S02. The residue from the graphite

ignition is fused with a mixture of 5 parts K0H:1 part KN03 in a silver

container at ^600°C. After cooling, the melt is dissolved in water in

a plastic vessel and, after the silver container has been removed, the

solution is made strongly acid with concentrated HC1. The solution is

digested in a steam bath and diluted by adding the solution from the

trap used during ignition of the graphite. The combined solutions are

filtered on a Whatman No. 42 paper, the residue is washed with hot

H20 to remove Cl" and the filtrate is reserved.

The filter paper is ignited and the residue is fused with a small

quantity of 5 K0H-.1 KNO3 as before; the melt is dissolved in water, the

solution is acidified with HC1 and filtered into the reserved solution.

The resultant solution is evaporated to near dryness, about 10 ml

of concentrated E2sok is added, and the mixture is evaporated to heavy

fumes of S03. After cooling, about 100 ml of water is carefully added,

and the slurry is transferred to a 3-neck distillation flask. The

distillation apparatus is all glass and the ground-glass joints are

lubricated with concentrated H2SO4. One neck of the flask contains a

an
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POCKET

(GRAPHITE AND RUTHENIUM)

| IGNITE IN Q3 AT 650*0 |

5 KOHiI KNO3

FUSE IN SILVER "^600'C

I
H20 AND TRANSFER TO PLASTIC

CONC HC1

I
DIGEST (STEAM BATH)

I"

5 KOHil mo,

I
FUSE IN SILVER ''•GOO'C

I
H,0 AND TRANSFER TO PLASTIC

I
HC1

RESIDUE

(DISCARD) EVAP TO NEAR DRYNESS

I
^10 ml CONC H2SOt,

FUME

I
MOO ml H20

•\.100 ml 10% NaBrQ3

FILTERED AIR *

HEAT

EVAP TO MOIST RESIDUE

I
111 HCl

I
H20

FILTER

rv

j—6% H2SOj

-sit--,,

RESIDUE (S102>
(DISCARD)

EVAP TO NEAR DRYNE5S

(STEAK BATH)

I
t.10 ml CONC H2SO|,

] HCl
HEAT t

HjO

riLTEF

-*ASH l!20 H3SOi,

r
RuS2

CRYSTALLINE (NHl,)2SOi,

DRY

I
IGNITE 700"C

I
Hj AT 800°C

COOL IN Hj

I
Ru

STABLE INVENTORY fORM

I
H2S

D'GEST

I
F •< LTER

FILTRATE

(DISCARD)

—HASH 2% (NHl4)2SOu

Fig. 6. Schematic diagram of the chemical purification procedure
for ruthenium isotopes.
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passage for filtered air to be drawn through the system; the center neck

contains an open top, cylindrical, separatory funnel; and the third

contains a delivery tube to a series of three receiving traps. All

the traps contain 1:1 HCl saturated with S02. The first and second traps

are provided with a separatory funnel for additions of 6% H2SO3 as the

distillation proceeds.

About 100 ml of filtered 10$ NaBr03 solution is also added to the

flask and the solution is heated gently to boiling while filtered air

is drawn through the system. During the distillation of RuO^, 6% H2SO3

is added to the first and second traps occasionally as the distillation

proceeds.

After the ruthenium has been distilled, the trap solutions are

transferred to a single beaker (under a fume hood) and evaporated

to a moist residue on a steam bath. Enough 1:1 HCl is added to dissolve

the residue, and the solution is then diluted with water and filtered

to remove silica.

The filtrate is evaporated to near dryness on a steam bath, ^10 ml

the

of H^SO^ is added, and the solution is heated until all/HCl has been

volatilized. The solution is cooled, diluted, and filtered and the

residue is washed with 1:20 H2SO4. The residue is reserved. The

filtrate is saturated with H2S for about 3 hours, the precipitate is allowed

to settle until the supernatant liquid is clear (overnight), and then

the contents of the beaker are digested.

The ruthenium sulfide is filtered on paper and washed with a 2% (NHi+)2S0lt

solution saturated with H2S. The filter paper previously reserved from the

filtration of sulfate solution and the paper containing the RUS2 are both

placed in a single Vycor crucible and covered with crystalline (NHi^SO^
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to prevent deflagration of the sulfide during the subsequent ignition. The
the

paper is dried slowly and then the paper and /residue are ignited at 700°C.

The residue is transferred to a Vycor boat which is placed in a

horizontal quartz tube in an electric furnace. The ruthenium oxide is reduced to

ruthenium metal by ignition up to 800°C under dry hydrogen; the hydrogen

flow is continued during the cooling period. Ruthenium metal is the

stable inventory form.

Tantalum (k)

Tantalum has only two naturally occurring isotopes 18°Ta and 181Ta

and their ratio of abundances is ~1:10,000 (i.e., 0.012 and 99•

respectively).

Because of the very high natural abundance of 181Ta, only the less

abundant isotope 180Ta is chemically purified. In general, the purifica

tion procedure is relatively simple. Tantalum is brought into solution

with a mixture of nitric and hydrofluoric acids, repeatedly precipitated
as Ta(0H)5 and then precipitated as Ta205 from fuming perchloric acid.

shown shcematically

The detailed procedure for the purification of tantalum isotopes is /
in Fig. 7. The graphite pocket containing the 18UTa isotope is cleaned on the

outside in the usual way and then any dust dislodged during the scraping

loose of the deposit in the interior of the pocket is collected with

a vacuum attachment that allows depositing the material on a sintered glass

funnel. The collected loose material is ignited in a platinum dish in an
residue

oxygen atmosphere at 600°C. (The graphite pocket is not ignited.)The / after
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REMOVE 180Ta DEPOSIT

TRANSFER TO PLATINUM DISH

IGNITE IN 02 AT 600°C .
+f

1 HNO*:4 HF

f
HEAT

-|
H20

FILTER IN PLASTIC

HO

illRESIDUE -COLLECT FILTRATE IN PLATINUM

NHi+OH

FILTER

FILTRATE

(DISCARD)

Ta(OH)5
REPEAT UNTIL Cu IS REMOVED

^1 M HF IN 1:1 HCl

NHlOH

FILTER

FILTRATE

(DISCARD)

HF

Ta(OH)s

^1 M HF IN 1:1 HCl

I
EQUAL VOL 70% HCIO4

- I •- --
HEAT TO FUMES OF HCIO^

WASH DILUTE HNO3

FILTER

TaoO2H5.

IGNITE IN 02 AT 600°C

Ta205

STABLE INVENTORY FORM

FILTRATE

(DISCARD)

WASH BY DECANTATION

1
CONC HNO3

DILUTE HNO3

Fig. 7. Schematic diagram of.the chemical purification
procedure for the 180Ta isotope.
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the presence of

ignition, impure Ta205, is dissolved by heating in/repeated additions

of a mixture of 1 part concentrated HN03—4 parts HF. The solution is

diluted with water and then filtered on paper through a plastic funnel

into another platinum dish. Tantalum is precipitated as Ta(OH)5 by the

addition of NH4OH. The precipitate is filtered, dissolved with 1:1 HCl
HF,

that is VL Min/ reprecipitated with NH40H, and filtered. The dissolution,

precipitation, and filtration steps are repeated until there is no

evidence of traces of copper (small quantities of copper are sputtered

from the internal parts of the calutron into the pocket).

The copper-free Ta(0H)5 is dissolved in 1:1 HCl that is ^1 M

in HF and then a volume of 70$ HC10 h equal to that of the tantalum

solution is added. This solution is heated until the heavy fumes of

HC101+ are given off (tantalum is held in solution by HF; when the

HF is volatilized by the fuming HCIO4. quantitative precipitation of

tantalum as Ta205,, occurs).

The precipitate is allowed to settle, washed with concentrated

HNO3 and then dilute nitric acid by decantation, and then collected

on a Whatman No. 42 paper and again washed with dilute HN03. The

paper and residue are transferred to a small platinum dish and ignited

at 600°C in oxygen in a horizontal Vycor tube in an electric furnace. The

Ta205 product is the stable inventory form.

Titanium (4)

Titanium has 7 naturally occurring isotopes as follows:

Isotope

46Ti
47Ti
48Ti

Natural

abundance.

at. %

7.95

7.75
73.45

Isotope

49Ti
50Ti

Natural

abundance,

at. %

5.51
5.34
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Titanium isotopes are collected in graphite pockets which are ignited

in oxygen. Titanium is precipitated from sulfuric acid solution

as metatitanic acid which is separated by filtration and ignited to Ti02,
the stable inventory form.

The detailed procedure for the purification of titanium isotopes is shown
schematically in Fig. 8.J>

trThe graphite pocket for each titanium isotope is cleaned in the

usual way, the heavy ends are sawed off, the pocket is crushed and

then ignited in a quartz boat in oxygen at 750-800°C. The ash is

transferred to a large platinum dish and dissolved in a mixture of

5 parts of concentrated HF and 1 part concentrated H2SO4. [Titanium

oxide reacts with HF to form the soluble hexafluorotitanate(TV) ion,

TiF6-23. The solution is heated until fumes of S03 are evolved (an

excess of H2S0i4 must be present to avoid volatilization of TiFiJ; the
30$

solution is cooled, about 1 ml of/H202 is added, and the solution is

again evaporated to fumes of S03. This treatment volatilizes the HF
the

and permits / use of glass equipment in the subsequent steps of

purification.

The solution is again cooled, carefully diluted with water to

bring the acid concentration to 10 vol %H2SO4, and filtered. The

filtrate is reserved. If there is any appreciable amount of titanium-

bearing residue remaining, it is ignited in platinum, fused with 10 times

its amount of K2S207, dissolved in 1 M H2S0it> and filtered into the

reserved filtrate.

The sulfuric acid filtrate, is adjusted with 1:1 NH^OH to be just

slightly acid and then is digested on a steam bath until metatitanic

acid precipitates. The precipitate is recovered by filtration and the
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I
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TRANSFER ASH TO PLATINUM

5 HF:1 H2S04
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RESIDUE
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I '
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RESIDUE

(DISCARD)
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HF

ADJUST TO SLIGHTLY ACID WITH 1:1 NH .OH

Fig. 8.

DIGEST ON STEAM BATH

FILTRATE

(DISCARD

-WASH HOT H20

H2Ti03

- - I
IGNITE IN V5TCOR AT 550°C

Ti02
STABLE INVENTORY JOWl

Schematic diagram of the chemical purification
procedure for titanium isotopes.
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paper and residue are washed with hot water. The paper with the residue

is transferred to a Vycor dish for careful drying and subsequent

ignition at 550°C for conversion of the metatitanic acid to Ti02, the stable

inventory form.

(R. E. Greene)
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XENON-128 PRODUCTION PROCESS DEVELOPMENT*

D. W. Haase

(Summarized by R. E. Greene)

Supplementary Keywords: production, stable isotope, production, reactor;

volatilization; 126I; 128l; 127Xe; 129mXe.

Abstract. A process for producing the stable isotope a28Xe has been

developed and demonstrated by Douglas United Nuclear, Inc. Neutron

irradiation of elemental iodine produces 128Xe which is separated and

recovered in a vacuum system by cryogenic techniques. Approximately

212 ml (STP) of 99-8$ 128Xe was produced from 450 g of iodine

irradiated to a neutron fluence of 5.4 x 1020 n/cm2. This is a summary of

USAEC Report DUN-SA-145.

(introduction)

Douglas United Nuclear, Inc. (DUN), in response to a solicitation

by Argonne National Laboratory, has developed a method for the production

of 128Xe that can be used to provide additional unique tag mixtures in a

method for identifying fuel failures in the EBR-II reactor. Previously

enriched stable 121+Xe mixed with natural xenon was. used as a tag that

was introduced into the gas bond of a fuel element during assembly. In

the event of fuel failure during irradiation, some of the tagged xenon

mixture escapes to the reactor cover gas and can be collected and

^Summary of Xenon-128 Production Process Development, USAEC
P. 0. Box 490, Richland, Wash. 99352.

Report DUN-SA-145, Douglas United Nuclear, Inc., .(Presented at the American

Nuclear Society 1970 Winter Meeting, November 15-19, 1970, Washington, D.C.)
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analyzed, thus providing identification of the failed fuel assembly. The

use of 128Xe will increase the flexibility of the tag method.

Development work by DUN, results obtained in the production process

for l28Xe, and proving of the process with asmall-scale production run
are described. Development included design of atarget capsule, design

and assembly of a gas separation system, determination of the effects

of impurities on product quality, and demonstration of separation and

gas-handling techniques. A l60-ml (STP) quantity of l28Xe has been

produced, recovered, purified, and shipped to ML.

Experimental (3)

The only known documentation1 of 128Xe production in the

United States recorded that 0.15 ml (STP) had been produced by

Brookhaven National Laboratory by neutron irradiation of potassium

iodide. In the present method, elemental iodine was irradiated in the

test facilities of the DUN-operated production reactors to produce
12 8

Xe by the nuclear reaction

127-r + n ^ 128J. 3" 128Xe
th = 25 min

<--_- Elemental iodine was chosen as the target material because its

post-irradiation activity levels are loWj it has thg highest

target atom density of all iodine-containing materials, and it can be

readily vaporized thus simplifying the l28Xe separation process.

Iodine for the experimental run was encapsulated in aquartz ampule,
which in turn was canned in a high-purity aluminum container to

minimize the possibility of product loss. Quartz and aluminum were used for

capsule components to minimize post-irradiation radioactivity and thus

permit unshielded handling and separation operations.
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Following irradiation, the 128Xe was extracted from the target capsule

in a vacuum separation system consisting of a capsule penetrator vessel

for liberating capsule contents into the system, a Dry-Ice—cooled trap

for iodine removal, a liquid-nitrogen cooled trap for xenon recovery, and

a sample tap for obtaining samples and loading shipping containers.

Vacuum pumps capable of evacuating the system to 10-3 torr and low-

pressure gages were also included. The irradiated capsule was placed in

the system, and the system was then evacuated and the capsule punctured.

The penetrator vessel was heated to release the xenon from the iodine^

and the resulting iodine—xenon gas mixture was passed through the iodine

trap to condense the iodine. The remaining xenon migrated to the xenon

trap and froze. Impurities with low freezing points nitrogen, oxygen,

and helium were pumped from the system.

Pilot Capsule (h)

The design of the pilot capsule was based on producing a minimum of

150 ml (STP) of 128Xe from 450 g of iodine and on minimizing the post-

irradiation radioactivity level to eliminate the need for a hot cell

or a shielded separation facility. Quartz was selected for the

fabrication of the capsule because it meets the low radioactivity criterion,

can withstand irradiation to high neutron fluences , and is compatible

with iodine at elevated temperatures. A 1.5-in.-diameter by 11-in.—long

quartz capsule was loaded with crystalline iodine to 50% theoretical

density, evacuated to less than 1 torr, and sealed. The quartz capsule

was encased in a thin-wall aluminum container to reduce the potential loss

of 128Xe in the event of quartz capsule breakage during post-irradiation

handling. The aluminum container was purged with helium prior to sealing

to remove air and provide better heat transfer. This quartz—aluminum
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aluminum

assembly was housed in a thick-wall, perforated^container for further pro

tection against mechanical damage.

Xenon Separation System (h)

The stainless-steel system used to recover the product xenon gas

(Fig. l) was designed to separate

as much as 1 liter (STP) of 128Xe gas per run. The system includes a

capsule penetration vessel (Fig. 2) that is equipped with an O-ring—sealed

puncture pin to liberate the 128Xe gas. A

liquid nitrogen cold trap between the vacuum pump and the

penetrator vessel prevents loss of xenon in the event of a capsule

leak. A trap for iodine, between the penetrator vessel and the

xenon collection system. is large enough to hold all the iodine (4000 g)

contained in a production capsule and is cooled with an

acetone—Dry Ice mixture. Iodine contamination

beyond the iodine trap is negligible because of the low vapor pressure

of iodine at Dry-Ice temperature.

The xenon collection and transfer portion of the system consists of

a xenon trap, a sample port for obtaining both analytical samples

and product quantities of 128Xe, a pressure gage calibrated from 0 to

720 in. H20, and a helium leak detector which is also used to evacuate

the system. During a separation run the xenon

trap is cooled with liquid nitrogen (-195°c) to freeze out the xenon,

which freezes at -112°C.

Since the vapor pressure of xenon at —195°C is 2 x 10"3 torr,

gaseous impurities, such as helium or air, that enter the trap

can be pumped off with negligible loss of xenon.

Xenon is transferred from the trap to the shipping container by
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warming the trap and cooling the container with liquid nitrogen. To

prevent loss of xenon if a leak develops in the system, the xenon trap is

sized to permit collection of 1 . liter of xenon without exceeding

atmospheric pressure.

The helium leak detector is equipped with a low-capacity roughing

pump and a diffusion pump and is used to evacuate the xenon collection

portion of the system. Because of the large relative volume of the xenon

the
trap and the small-diameter connecting tubing,,, minimum collection system

pressure attainable is 10~2 torr. Calculations based on the assumption
of

that the xenon trap atmosphere, after freezing outAthe xenon, is entirely

air at 0.1 torr show that the product xenon would have less than 0.5$ impurity

based on recovery of 100 ml of Xe. The total

volume of xenon remaining in the 7600-ml system at 0.1 torr

would be about 1 ml (STP). Therefore a minimum attainable operating

pressure of 10~2 torr is satisfactory.

Prior to making a pilot production run; several demonstrations runs

were made using natural xenon to study xenon handling, collection, and

impurity removal. The results predicted a product recovery of 99$ and

purity of 100$. No iodine was detectable beyond the iodine trap.

Pilot Production Run (h)

Target Irradiation. (5) In the pilot production run, 450 g

of iodine was encapsulated in quartz and aluminum^ and the capsule was

leak checked and irradiated in a test facility of a production reactor

to a total neutron fluence of 5.4 x 1020 n/cm2. At discharge
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the initial radiation level of the capsule assembly was 200 R/hr at 1 ft

in air, and 3 weeks later the perforated outer can was removed, and the

radiation level was 5 R/hr at 2.5 in. in air. When the capsule was placed
in the penetrator vessel, a
2-in. thickness of lead-brick shielding decreased the radiation level to

less than 10 mR/hr.

Xenon Separation (5) The penetrator vessel portion of the system

was evacuated through the liquid-nitrogen cold trap to remove helium and

air inleakage, primarily from around the penetration pin, and to collect

any 128Xe that might have escaped into the aluminum can. After evacua

tion of the entire systemfthe penetration pin was driven further into the

penetrator vessel to ensure rupture of the quartz container. The

penetrator vessel was heated to approximately 100°C for 2 days to

the
hasten the separation and recovery of,, xenon. Periodically the amount of

xenon recovered was determined by isolating the xenon cold trap, allowing

the trap to warm, and measuring the xenon pressure.

Carbon dioxide dnleakage from the air and/or from the

Dry-Ice trap was removed by introducing 2M NaOH solution into the xenon

trap and mixing the gas and solution. The xenon

trap was cooled in ice water to reduce the vapor pressure of ^0^ and

the xenon was recovered in a 150-ml shipping bottle cooled with liquid

nitrogen. A methanol—Dry Ice cold trap between the xenon trap and

the shipping bottle prevented water vapor from entering the shipping

container.

Evaluation of the Pilot Run. (5) A volume of 212 ml of 128Xe

was recovered from the 450 g of irradiated iodine a quantity

within the limits of uncertainity of the calculated value. The composition

of the product, determined by mass spectrometric analysis, was
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Gas Mole jo Gas Mole jo

128Xe 99.8

129Xe 0.05

C02 0.05

Ar <0.01

02 <0.01

N2 0.09

CO <0.10

He <0.01

H2 <0.01

CH4 <0.01

.-__. Tne 8-day-half-life 129mXe, produced by burnout of 128Xe, gave

a surface reading of 150 mR on the 150-ml sample bottle. (Calculations for

both production and burnout of 128Xe are given as appendixes in the full

report.1 The 129mXe concentration can be minimized by reducing the total

neutron exposure; i.e., for producing a given quantity of Xe, a

greater quantity of iodine may be irradiated for a shorter length of time.

Also present, as revealed by gamma spectrometry, was a trace amount

of 127Xe (th = 36.4 days). The estimated concentration of 127Xe at

capsule discharge was 10"6 mole %. The presence of this isotope is

probably due to a 127l(n,2r.) 126I reaction with 10-MeV neutrons, with

approximately k0% of the 126I (t% =12.8 days) decaying to stable 126Xe,

which in turn produces 127Xe by neutron capture.

Production Run (h)

A production irradiation capsule of stainless steel featuring both ex

ternal and internal cooling and capable of containing 4000 g of iodine is

now being irradiated for subsequent production of 1500 ml of - Xe.

Reference (5)

1. L. G. Stang, Jr., Manual of Isotope Production Processes in Use at

Brookhaven National Laboratory, USAEC Report BNL-864, Brookhaven

National Laboratory, August 1964.
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THE STABLE ISOTOPES

By Gheorghe Vasaru

A Romanian report 'xThe Stable Isotopes"by Gheorghe Vasaru,

Institute of Atomic Physics, Cluj, has been translated into French,

Report CEA-BIB-136, by Alice Courtot, Centre d'Etudes Nucleaires de

Saclay. This bibliographic review of the literature

to 1966 was not widely distributed to the western world until the

issuance of the translation in September 1970. Separation methods,

analytical determinations, and applications of stable isotopes are

described. The report of over 300 pages contains about 950 references,

(REG)
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EVALUATION OF NUCLEAR REACTIONS THAT PRODUCE 123I IN THE CYCLOTRON* (2)

Supplementary Keywords: comparison; production, radioisotope.

Abstract. The 9 most practicable nuclear reactions for producing

123I are evaluated and compared.

(introduction)

Iodine-123 is the most nearly ideal radioisotope of iodine for

low-exposure in-vivo measurement. Its use in a human thyroid-uptake

2 3
test results in the patient's receiving ' a radiation dose only a few

percent of that received from the more commonly used 125I and 131I because

1 3I emits far less charged-particle radiation than does 131I and its

physical half-life is only 0.6 and 6.9%, respectively, of that of

125I and 131I. However, preliminary clinical results of the use of

123I for in-vivo thyroid measurements suggest that contaminants in the

product prevent full use of the capabilities of 123I as a high-resolution

low-exposure scanning agent. ^

*Summary of report BRH/DMRE 70-4, U.S. Dept. of Health, Education,

and Welfare, Public Health Service (Bureau of Radiological Health,

Rockville, Md. 20852), October 1970, by V. J. Sodd, Division of Medical

Radiation Exposure, Cincinnati; J. W. Blue, Lewis Research Center, National

Aeronautics and Space Administration, Cleveland; and H. N. Wellman,

Division of Medical Radiation Exposure, Cincinnati, Ohio.
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Most of the 123I used in nuclear medical applications has been

produced by 15-MeV proton bombardment of enriched 123Te 123Te(p,n)123I

or by ^He bombardment of natural antimony 121 SbC+He ,n)123 I. Both

reactions give 123I in good yield, but both products are contaminated

with longer lived iodine isotopes. The highest purity 123Te obtainable

without extraordinary enrichment procedures is about 79%, and the

124re, 125Te, and 126Te present give 0.9, 0.08, and 0.3% l2kI, 125I, and

126I, respectively (the 130I content from 130Te is not reported).

Contaminants in the product from the natural antimony target are due

to the 42.8% 123Sb present, which yields 125I;. to 12kI and 126I produced

by the C+He^n) reaction on 121Sb and 123Sb, respectively, and to 12t*I
Q

from (4He,3n) on l2hI. It has been possible to keep the 12kI, 125I,

and 126I contents to 0.8, 0.7, and 0.14%, respectively,' by controlling the

beam energy; the 125I and 126I are further decreased by using 99-4% isotopically

enriched targets.

Iodine-123 was therefore prepared by a number of nuclear reactions to

determine the feasibility of different methods and the purity of the individual

products. The results of these studies are reported here.

123j production Reactions (3)

Reactions that produce 123I with commonly available n, p, d, ^e,

or "He beams are shown in Table 1 and the natural potential targets

in Table 2. Because of the radioiodine contaminants in the product

resulting from isotopic impurities in the target, enriched target material
methods using

is desirable. Cost figures, however, show that only/1 xSb, ^Sb,
as targets

122Te, 123Te, and 124Te/are economically feasible at present. The
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Table 1. Reactions for Direct Production of 123I

Reaction

Coulomb

barrier, MeV

Direct Production

12"Xe(n,pn) 123I
12t>-XeCp.^He) 123,

12°Te(-He,p) 123I

122Te(p,7) 123I
122Te(d,n) l2H^T
l22Te(3He,pn) 123I*

122T«(1,He,p2n) 123I*
:'3Te(p,n) 123I
123T«(d,2n) 123I

»23Te(3He.p2n) 123I*
121*Te(p,2n) 123I
12"Te(d,3n) 123I

l"T«(p,3n) 123I
121Sb(3He,n) "'i-'K
M8bpVo.2n) 123I%
«2J8b(3H«,3n) 123I

9

16

15

8

8

16

15

8

8

16

8

8

8

15

15

15

15

Bombarding

particle

energy, MeV

14

6

16

-3

7

13

34

12

14

20

21

25

28

5

25

20

41

Production from 123Xe (positron decay)

•Xe(n.2n) 'Xe

;rTe(uHe,n) 123Xe

:2Te(3He,2n) 123Xe Hr

:2T«CMte,3n).123Xe %
,:3Te(3He,3n) 123Xe^

0

15

16

15

16

*Reactions evaluated in this work.

!H

\h

14

15

21
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Table 2. Cost of Potential Target Materialsa for 123I Production

Natural Enriched Cost,
Nuclide abundance, % abundance, % $/mg

'• • ' Sb 57.25 95-99.5 2.15

>< "Sb 42.75 95-99 2.50

u-°Te 0.09 30-50 69.00
l.>2Te 2.46

90-95 3.60

izsTe
0.87 65-80 13.50

12UTe
4.61 85-95 1.90

12STe
6.99 90-97 1.25

12^Xe 0.10 10 b24.35
12bXe 0.09 4 fc24.35

Sb and Te enrichment and cost figures from ORNL, Isotopes
Development Center, Oak Ridge, Tennessee. Xe from Mound
Laboratory, Mlamisburg, Ohio.

?$/ml at S.T.P.

Table 3. Radioiodine Yields* from the 121Sb(^He ,2n)123I Reaction
on Thin (^15 mg/0.7 cm2) targets of 121Sb

Energy,
MeV

Target
thickness,

mg/0.7 cm2
123t

mCi/uA-hr

(Contaminant, %

124j 12 5j 126j

28.4 + 1.2 15.0
0.14 0.54

0.014 0.0023

33.3 + 1.1 15.8 0.23 0.62 0.015 0.0019

33.4 + 1.0 15.0
0.18 0.53 0.013 0.0029

33.5 + 0.9 13.4 0.16 0.54 0.014 0.0023

36.5 + 1.0 15.0 0.08 1.35 0.014 0.0022

*Normalized to 15.0 mg/0.7 cm2
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reactions within energy range of the small cyclotrons suitable for use

in medical facilities i.e., 7- to 10-MeV 2H, 20- to 30-MeV 3He,

and 15- to 20-MeV ^He were especially emphasized (see Table 1, reactions

marked with an asterisk). Both direct methods and indirect methods via 123Xe,
which would eliminate the longer lived, high-energy radioiodine contaminants,

were studied.

i \ \ Reactions Investigated (3)
Direct Reactions (4)

'ff 121SbC*He,2n)123I. (5)-,

The E^„ for the 12xSb(^He ,2n)123I reaction is 25 MeV, which is well
BP

above the 15-MeV coulomb barrier. The main impurity in the 98.4% 121Sb
reaction;

target powder used was 1.6% 123Sb, which yields 125I from the ^SbC+He ,2n) 125I /
addition,

in /126I and 12kI are produced by the reactions 121Sb(4He,n)llbI,

the 121Sb(^He,n)12I+I, and 123Sb( ^He ,3n) 12hI. The amount of 125I produced

is fixed by the 123Sb impurity in the target, but the 124I and 126I can

be minimized by using precise energy selection and extremely thin

targets (10 to 15 mg/cm2). When larger amounts of 123I are desired
then-,

and thicker targets (70 mg/cm2) must be used,/because of

beam-energy attenuation, incident energies higher than the EBp
the

must be used. Furthermore, because/(^He^n) reaction on 121Sb produces
3.5-min
/ 122I, still higher incident energies may be desirable to decrease

the (^He.n) cross section, which produces 4.2-day 12t*I.

The 123I yields (Table 3) in the thin 121Sb targets

were 0.14 to 0.22 mCi/uA-hr for alpha particle
the values

energies of 28.h to 33.5 MeV, which is between/25 and 34 MeV, where the

cross sections for the 121Sb( ^He^n) and the 121SbC+He,3n) reactions,

respectively, should be maximum. Energies higher than 25 MeV were used

to lessen the probability of the 121Sb(^He ,n)l2hI reaction.
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With a higher energy (36.5 MeV) bombarding particle, the 123I

yield was lower. The 12t+I contamination was lowest with bombardment

energies from 28.4 to 33.5 MeV, but increased with 36.5-MeV alpha particles.

This increase resulted from a decrease in the probability of the

121Sb(1+He,2n) 123I reaction and an increase in the probability of the

123Sb(t+He,3n)124I reaction.

With thicker 121Sb targets 50 mg/0.7 cm2 the 123I yields were

0.38 to 0.93 mCi/uA-hr with an alpha-particle bombardment energy of
per milligram)

31 ± 3 MeV, but the average yield (0.012 mCi/uA-hr / was the same

as for 15-mg/0.7 cm2 targets. The l2kI contamination was

0.65 to 1.06%, averaging 0.79 ± 0.13%, which is 30% higher than that

with the 15-mg/0.7 cm2 targets. The higher 12I+I contamination resulted

from the increased probability of the 121Sb(^Hejn)l2hI reaction occurring

as the alpha-particle energy was attenuated in traversing the thicker

targets. However, the approximately linear relation of 123I yield vs.

the thickness of the 121Sb targets indicated that in penetrating

the 50~mg/0.7 cm2 target, the incident alpha
was not attenuated

particle energy (34 MeV)/below that which caused the desired 121Sb(ltHe ,2n) 123I

reaction. Probably the 123I yield per uA-hr could have been increased

by using even thicker 121Sb targets but, unfortunately, the 1£I+I contamination

also increased in the thicker targets.

-<ff 121Sb(3He,n)123I> (5)-)
'—•The coulomb barrier for this reaction, 15 MeV, is 10 MeV higher than

its E . However, although this reaction has a low theoretical cross
BP

section, it was attempted because extremely high purity 121Sb is

available. Further, the 15-MeV 3He particles can be obtained from the

low-cost cyclotrons available to many nuclear medical institutions, and,
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theoretically, no 124I should be produced from the (3He,y) reactions,

which have low probability with incident 5- to 15-MeV 3He particles.

However, the results showed that this reaction cannot be used for

grade
production of radiopharmaceutical/123!. With thin 121Sb targets and

4.5-MeV 3He particles, the 123I yield was only 8.5 x 10"6 mCi/uA-hr, —x
^_*tc> —

iue/limitation by the coulomb barrier. The l2kl contamination

was 2.7%.With 14-MeV bombarding particles the 123I was 10 times as high,

but the 123I increased to 4.3% and 121I was formed from the 121Sb(3He ,3n)121I

reaction.

At this energy the cross sections for the (3He,2n) and (3He,3n)

reactions have increased more than that of the desired (3He,n) reaction.
3.5-min

Undoubtedly, / 122-j- was ajso produced by the 121Sb(3He,2n) reaction

but had decayed by the time of analysis.

4r122Te(d,n)123I, (5)

C, The coulomb barrier for the 122Te(d,n)123I reactions, 8 MeV, is

close to the E , 7 MeV. In favor of this reaction, the radioiodine

contamination is limited only by (d,n) and (d,2n) reactions on

tellurium impurities in the target and not by competing reactions
the 6.U- with deuterons, with which

on 122Te. In/ reaction at / to 9.0-MeV, / the

122Te(d,y)124I reaction is highly improbable, the 122Te(d,2n)122I
3.5-min

reaction produced the / contaminant. Inquiry to two suppliers

of 122Te showed that it was economically impractical to decrease

these impurities to less than 5%-

The 123I yields (Table h) from 6.8- to 7-3-MeV deuteron bombardment

of 15.8- to 31.5-mg/0.7 cm2 122Te targets varied from 0.015 to 0.132 mCi/uA-hr.

This large variation is probably related to the fact that the calculated



Table h. Radioiodine Yields from the 122Te(d,n)123I
Reaction on 95-4% 122Te

Target Contaminant, %
Energy,

MeV

thickness,

mg/0.7 cm2

123T

mCi/uA-hr 124j 125j 126j 130j 131j

6.4 ± 0.3 12.5 0.0019 0.072 0.016 0.041 0.97 0.15
6.8 ± 0.5 17-3 0.015 0.083 0.021 0.039 0.92 0.07
6.8 ± 0.5 16.3 0.101 O.O85 0.013 0.044 0.86 0.09
6.9 ± 0.U 15.8 0.062 0.072 0.021 0.034 0.82 0.08
7.3 ± 1.0 31.5 0.132 0.192 0.012 0.066 O.96 0.07
9.0 ± 0.3 12.6 0.081 0.240 0.013 0.096 2.5 0.09

ON
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coulomb barrier for the reaction is approximately 8 MeV. Assuming that

the cross section of the Te(d,n) I reaction is a smooth function

of the excitation energy, it was estimated that the cross section should

be approximately maximum at the theoretical threshold for the

122Te(d,"2n) 122I reaction, i.e., about 7 MeV. However, because the

coulomb barrier opposes the approach of the deuteron to the 122Te

nucleus at this energy, the cross section for the reaction

will probably actually be a very steep function of the energy, as

borne out by the 0.0019 mCi/uA-hr 123I yield obtained at 6.4 MeV. The

large variations in 123I yields under seemingly identical conditions are

probably due to the unavoidable variations in the thicknesses

of the powder targets, which in some instances decrease the excitation

to values lower than

energy/significantly / the coulomb barrier.
with

The 123I yield / 9.0-MeV deuteron-bombardment energy, about 1 MeV

higher than the calculated coulomb barrier, was approximately the same

as that obtained at 6.8 to 7-3 MeV. The yields of l2kI, 126I, and
were

130I, however, / 2- to 3-fold higher at this higher excitation energy

because of the increased cross sections of the 121+Te(d,2n) 121+I,

126Te(d,2n)126I, and l30Te(d,2n)130I reactions. The results show that the

highest and purest yields of 123j were obtained with 7 MeV deuteron

bombardment of 15 mg/0.7 cm2 95-4% 122Te targets.

Indirect Reactions (h)

<^t 122Te(^He,3n)123Xe + 122Te( ttHe,p2n) 123I, (5)

C The E for these reactions, 35 MeV, is well above their coulomb
sir

barriers (l5 Mew. These reactions were studied together by entrapping

the 123Xe gas in the sealed target along with the directly produced

123I. The sealed target was opened after the 123Xe had decayed to 123I.
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The 123I yield from 40-MeV 4He reactions on 122Te was about 0.012
per milligram thick

mCi/uA-hr / of target. 17 to 36 mg/cm2/(Table 5)-

The incident alpha particles at 41 MeV will decrease in energy to 34 MeV

in penetrating a 75-mg/cm2 122Te target, and if 35 MeV is the EBp for

these reactions, we can assume a linear increase of 123I yield with

targets at least up to 75 mg/cm2 in thickness. Therefore the projected

123I yield from these reactions is about 0.65 mCi/uA-hr.

^fl22Te(3He,2n)123Xe + l22Te( 3He,pn)^I, (5)^>
*—The coulomb barriers for 122Te(3He,2n)123Xe and 122Te(3He,pn)123I

reactions at 16 MeV are higher than the EBp's, 14 and 13 MeV, respectively,

and these reactions would be expected to have limited yields. However,

the 122Te(3He,2n)123Xe reaction was attempted because it was within the

energy limitations of the compact cyclotron. The compact cyclotron cannot

accelerate alpha particles to the 35 to 40 MeV necessary to cause the

122Te(4He,3n)123Xe reaction.
(1)

These reactions were studied/by allowing the bombarded target to
then

decay several hours and/chemically separating the 123I) yields ^
y ~~~ " being corrected ' " '
C from both reactions/to the time of maximum 123j ingrowth

by
from 123Xe or (2)/counting bombarded targets without chemical

treatment to individually assay the 122Te(3He,2n)123Xe and

122Te(3He,pn)123I reactions and then calculating the total 123I yield

at the optimum ingrowth time from the individual yields.
yields and 80.4%

The 123I / from 9-8- / 13.8-mg/0.7 cm2 sealed/ 122Te
and 0.018

targets were 0.023/mCi/uA-hr, respectively . The

124I contamination averaged 0.7%. With 73.3% targets, the
calculated

/ maximum amount of 123I at optimum
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Table 5. Radioiodine Yields from the 122Te(4He,3n)123Xe •> 123I
and 122Te(1+He,p2n)123I Reactions on 95.1+% 122Te

123T
Contaminant, %

Energy,
MeV

Target
thickness

mg/0.7 cm2

40.4 + 0.7

40.0 + 1.1

39.5 + 1.6

11.3

17.2

25.0

mCi/uA-hr 124I 125I 126j_

0,16 1.1 0.03 0.006
0.004°-21 1.6 0.06

°-25 1.5 0.03

Table 6. 123Xe, 123I, and Total Available 123I from th
123Te(3He,3n)123Xe and 123Te(3He,p2n)123I

Reactions on 76.5% 123Te

e

Energy,
MeV

Target

thickness,
mg/0.7 cm2

Yield, mCi/iiA--hr

123Xe 123j Total 123I

16.8 ± 0.5

21.1+ ± o.l+

5.1+

6.0

0.0016

0.0077

0.00056

0.00078

0.00060

0.0011+1+

0.009
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ingrowth time was a factor of 100 less at 13-5 MeV than that at 14.7 MeV

due to factors related to the 16-MeV coulomb barrier for this reaction.

The 123Xe and 123I yield per milligram of target at 17.8 MeV were,

respectively, 100 and 150 times that at 13-5 MeV. This can be explained

by the increasing probability of charged particle emission from the

compound nucleus at the higher energy. To compare the 123I yields

from the direct and indirect sources, the 123Xe yields must be divided
cLirGcb

by 6.3, i.e., tl/2(123l) /t!/2(123Xe). The/123I yield from

the 122Te(3He,pn)123I reaction is about 2 to 3 times the

indirect yield fr0m the 122Te(3He,2n)123Xe reaction.

^T123Te(3He,3n)123Xe +123Te( 3He,T)2n) 123I (5)^>
^The EBpW the 123Te( 3He,3n) l23Xe and l23Te( 3He,p2n) >23I reactions

at 21 and 20 MeV, respectively, are well above their 16-MeV coulomb

barriers.

In favor of this reaction over other 123Xe producing reactions

i.e., 122Te(^He,3n)123Xe and 122Te(3He,2n)123Xe are:
helium

a. The 25-MeV / particle necessary for this reaction,is within

the energy limitations of some compact cyclotrons whereas the

42-MeV helium particle necessary for the 122Te('tHe ,3n) 123Xe reaction

is not.

b. Because the 3He-reaction on 123Te and the 4He reaction

on 122Te form the same compound nucleus, 126Xe, yields should

be identical.

c. No coulomb barrier interference exists as there does with the

122Te(3He,2n)123Xe and the 123Te(3He,pn)*23I reactions.
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d. Because the desired 3He-induced reactions on 123Te require

higher-energy 3He particles than do those on 122Te, thicker

targets can be used.

/^ ^—-Disadvantages of reactions using 123Te compared to those using

122Te are the 3-fold higher cost of 123Te compared to 122Te and

the 80% isotopic enrichments of 123Te available compared to 95% for

122Te.

The maximum available 123I yields calculated to the time of optimum

ingrowth (Table 6) from the 3He-induced reactions on 123Te was only 2%

of that from the 3He-induced reactions on 122Te (Table 5). However, the

123I yields from 3He-induced reactions on 123Te could be increased by

using particles higher in energy than the 22-MeV 3He available

for this work. These reactions will be further studied at 28 MeV.

Assuming that the compound nucleus 126Xe is formed both with the

3He-induced reactions on 123Te and the ^He-induced reactions on 122Te,

comparable 123Xe and 123I yields would be expected,
interesting

An / observation is that the 123Xe yield increased 5-fold

at the higher energy whereas the 123I yield increased only 39%. If

this trend continues at still higher energies, most of the available

123I would be produced indirectly from 123Xe decay.

Gas-flow Target Assembly (1+)

The Te(4He,3n)123Xe reaction was tested with a continuous gas-flow target,

Isolation of xenon from 3He and kEe bombardment of tellurium is

feasible for pure 123I production because:

a. Xenon can be physically separated from other elements.

b. The 124Xe, 126Xe, 128Xe, l^Xe, 130Xe, ^Xe, 132Xe, and ^Xe

isotopes are stable.
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c. The 36.4-day 127Xe and 5-3-day 133Xe isotopes decay to stable

daughters.

d. Xenon isotopes with atomic mass less than 122 decay with short

half-lives (£ 1+1 min) to short-half-life radioiodine daughters

U 2 hr).

e. The 191-hr 122Xe decays to 3.5-min 122I.

f. The major radioiodine contaminant is 60-day 125I, which

results from decay of 17-hr 125Xe. Separation of 123I from

123Xe after only 2 to 5 hr decay prevents the ingrowth of most

of the available 125I.

^z— Furthermore, the gas-flow method is advantageous over the

conventional sealed target—chemial separation method for these

additional reasons:

a. The 123Xe decays to monatomic 123I, which is chemically very

reactive and presents opportunities for the direct labeling

of organ-specific compounds.

b. The time necessary for 123I ingrowth can be used to transport

the isotope to the nuclear medical facility.

c. The target material does not have to be recovered.

d. The preparation of radopharmaceutical 123I by simply leaching

the trap eliminates the standard iodine distillation.

e. The handling of non-123I radioactivity normally encountered

with bombardment of standard targets is not necessary.

The 123I yield from 100 to 127 mg of 95-*+% 122Te spread over an

area of 6 cm2 averaged about 0.01+5 mCi/yA^hr. The yield from

10 g of natural tellurium in the gas-flow generator was 0.003 mCi/uA-hr.
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In one run with a helium flow rate of 10 liters/min and a copper

U trap to remove contaminants, the 124I was 0.27%; however, with a

10-turn copper coil the 121+I was only 0.05%. Better target assemblies

using more efficient water cooling of the powder could probably be

devised.

Allowing the xenon trap to decay only 3 to 4hr optimized the

123I yield and kept 125I ingrowth/<0.2%.

Conclusions (3)

Direct Methods (1+)

The ^SbC+He^n)123! reaction will provide satisfactory yields,

0.60 mCi/uA-hr, for most needs. However, the 0.8% l2hI contamination

limits the product's usefulness in high-resolution nuclear medical

applications, and the need for 34-MeV ^He particles restricts the

production to higher energy cyclotrons.

The 122Te(d,n)123I with 7-MeV deuterons on 95.1+% 122Te gives

high-energy long-lived radioiodine contaminants of only 0.3% and of

130I, 0.9%. This method is useful with a compact cyclotron, but the

yield is limited to about 0.1 mCi/uA-hr. The short range of 7-MeV

deuterons in tellurium restricts target thickness to less than 25 mg/cm2.

The 121Sb(3He,n) 123I is not practical at any energy. The

122TeOHe,p2n)123I, 122Te( 3He,Pn) 123I, and 123Te( 3He,p2n) 123I reactions

are of doubtful usefulness since the 124I contamination of all

these products is >1%.
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Indirect Methods (4)

The 122Te(^He,3n)123Xe reaction produces the highest yield of pure

123I, 0.2 mCi/uA-hr, with 4l-MeV 4He particles on 75-mg/cm2 95.h% 122Te.

However, no compact cyclotron will accelerate 40-MeV ^He particles.

The 122Te(3He,2n)123Xe reaction requires <20-MeV 3He particles,

which can be produced with the compact cyclotron. However, because of

the coulomb barrier and range-energy considerations, the yield

is too low for practical use.

The Te(3He,3n)123Xe reaction has no coulomb barrier problem and

needs a 28-MeV He beam, which is available from some compact cyclotrons.

The yield should be comparable to the 122Te(tfHe,3n) 123I, since the

compound nucleus, Xe, is the same. (Since only a 22-MeV beam was

available, this was not verified.)

(MG)
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INSTANT 99mTc COMPOUNDS (2)

By W. C. Eckelman* and P. Richards*

Supplementary Keywords: medicine; diagnosis; industry, pharmaceutical;

preparation, labeled material; TTc.

Abstract. For the one-step production of high-purity " Tc radio

pharmaceuticals , stannous ion was used as a reducing agent for technetium.

Procedures for two instantly labeled compounds are reported.

(Introduction)

One goal of the radiopharmaceutical-development program at

Brookhaven National Laboratory is to prepare 99mTc compounds that

contain a signle component and that can be easily prepared, ideally

by adding pertechnetate to a prepared solution. The one-step prepara

tion of single-component products would lead to the widespread use of

these compounds, especially if they were commercially available to

hospitals and clinics that have limited radippharmaceutical facilities.

Further, sterility and pyrogenicity could be determined before use.

Clinical evaluation ' has indicated that the chelate "m-Fe-DTPA

(diethylenetriaminepentaacetic acid) is superior to 99mTc pertechnetate,

the 99Mo generator product, for brain scanning and kidney studies, and

this compound has been prepared at BNL. However, considerable time

and manipulation are necessary for the preparation, and the development

*Department of Applied Science, Brookhaven National Laboratory, Upton,

N. Y. 11973. This article is a summary of BNL-15281, which was covered

at the Society of Nuclear Medicine Meeting in Princeton, N. J., May 8,

1971, and has been submitted to Nuclear Medizin for publication.



72

of a one-step preparation for high-purity products should greatly increase

the use of technetium and help make the most advanced diagnostic

techniques 'available to a large cross-section of hospitals and clinics.

Stannous ion has been found an effective reducing agent in the labeling

of red blood cells. It was tested for reducing the "T'cO^ to the

cationic 99 Tc species that is incorporated in compounds, and rapid

and simple procedures were developed for making 99mTc DTPA and 99lDTc

HSA (human serum albumin). These are described here. Development of

kits, using similar procedures, for other biologically interesting

compounds may be possible.

Preparation of 99mTc DTPA (3)

The method for making "instant" 99mTc DTPA is based on the prepara

tion of a stannous DTPA chelate that reduces and binds technetium at

neutral pH. A DTPA/SnCl2 mole ratio of about 8/1 should be sufficient

to yield a stable complex. With this ratio, the amount of tin chloride

administered per patient would be about 125 ug, which is not toxic.

The nonradioactive chelate is prepared first, as a stock solution,

in amount sufficient for about 1+0 patients. The stock solution, which

is stable for at least 14 days at 1+°C, is made as follows:

1. To 1 ml of CaNa3DTPA solution, add 5 mg of SnCl2'2H20 and heat

at 100°C under N2 for 15 min.

2. Dilute to 18 ml with sterile H20, adjust pH to 1+.0 with HCl,

and dilute to 20 ml with sterile H20.

3. Purge solution with N2 for 15 min and then filter through a

sterile 0.22-u filter into evacuated vials, 1 ml of solution

per vial.
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A DTPA concentration of at least 100 mg/ml in the starting solution is

necessary for good dissolution of SnCl2 at pH h. After the tin has been

dissolved, the stock solution can be diluted without precipitation of

the tin.

For administration to a patient, 1 ml of stock solution is diluted

with 3 ml of saline pertechnetate solution and mixed for 1 min. This

gives the injectable amount desired in a reasonable volume. No

purification is necessary because the chelate is formed in greater

than 95% yield.

Preparation of 99lDTc HSA

In developing a simple procedure for 99mTc HSA, the approach was

similar to that used for 99l\c DTPA. Stannous HSA chelate was prepared

at various pH values, but, unlike the DTPA case, the bulk of the tin

could not be chelated with up to 250 mg of HSA (about 3 umoles). With

60 yg of SnCl2-2H20, only 23% appeared bound to 250 mg of HSA at pH

6, the rest being present as colloid. To prevent competition for the

99mTc between the colloid and the HSA, the 99mTc is added to the

SnCl2-HSA solution at pH 2. The stock solution, which is stable

for 10 days when stored under N2 at 1+°C, is prepared as follows:

1. Dissolve 12.5 mg of SnCl2-2H20 in 1 ml of concentrated HCl and

dilute to 25 ml with N2-purged H20.

2. Store under N2 in 10-ml capped vials, 0.5 ml (250 mg of

SnCl2«2H20) per vial.

A99>c HSA solution is made in ^95% yield, with high reproducibility, by

adding 1 ml of HSA solution (250 mg/ml) to 0.5 ml of the stock tin

solution and then 0.1 to 2 ml of ""toOi,- solution, mixing for 1 min,

and finally adding 0.6 ml of 0.8M Na2HP0^. This is not actually a

one-step procedure because the tin-HSA combination cannot be stored, and
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the pH of the final solution must be adjusted. Nevertheless, it is a

relatively simple technique and is more satisfactory than preparations made

by using less stannous ion initially or by ion exchange removal of the tin

colloid before addition of the pertechnetate, both of which techniques

were developed.

(MG)
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Summary of Federal Regulations for Packaging and Transportation of

Radioactive Materials, by F. B. Conlon and G. L. Pettigrew, Report

BRH/DMRE-71-1, U.S. Dept. of Health, Education, and Welfare, Public

Health Service, Bureau of Radiological Health, Rockville, MD. (sold

by Supt. of Documents, U.S. Govt. Printing Office, Washington, DC 201+02;

50<£).

Various governmental regulations on packaging and transportation
are definitions

of radioactive materials are summarized. Included / of terms', classifica

tions of radioactive materials', general and specific requirements, quantity

limitations, and labels for radioactive materials packages', and information

on shippers' and carriers' responsibilities and on loading and storage

of radioactive materials.

(MG)
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II. ISOTOPE TECHNOLOGY DEVELOPMENT

RADIOANALYTICAL METHODS APPLIED TO AIR-SEA INTERACTION STUDIES (2)

By P. E. Wilkniss, D. J. Bressan, and R. E. Larson*

Supplementary Keywords: activation, neutron; activation, charged

particle; activation, photon; production, radioisotope; production, reactor;

production, accelerator; chemistry, analytical; meteorology; oceanology;

hydrology; material tracing; spectrometry; pollution; atmosphere; data

handling; differentiation; 18F; 21+Na; 38C1; h2K.

Abstract. Evidence is presented that activation analysis is an excellent

way to determine the composition of aerosols. Elemental ratios derived

therefrom can distinguish between oceans and continents as the

sources of aerosols and have potential for differentiating airborne

continental dust, volcanic dust, and polluted air.

A laboratory experiment with radionuclide tracers simulated the

bubble-bursting process whereby particulates are transferred from the

ocean to the atmosphere. The results, compared with those for real

marine aerosols, show that the technique should be useful for laboratory-

scale study of the environment.

(introduction)

Large-scale interactions between the oceans and the atmosphere exert

a driving force on atmospheric circulation and influence global

weather and climates. Obviously, a thorough understanding of the

*Naval Research Laboratory, Washington, D.C. 20390.
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ocean-atmosphere boundary layer and of the processes that occur in it

is very important in long-range weather forecasting, planning weather

modifications (e.g., seeding hurricanes), and understanding climatic

changes caused by human activities, such as pollution of the atmosphere

or of the ocean surface.

Scientific investigation of the air-sea interface is a formidable

problem that requires interdisciplinary effort by marine biologists,

chemical and physical oceanographers, meteorologists, cloud physicists,

and atmospheric chemists. "Environmental chemists" have contributed
methods

significantly in this area. Chemical / will be needed in the future

to establish whether the oceans are sinks or sources for certain

atmospheric constituents, to study atmospheric circulation over the

oceans, to investigate interhemispheric transport, to learn more about

chemical reactions in the marine atmosphere and in oceanic clouds, to

investigate the existence of a "background aerosol" over the ocean, and

to trace the migration of man-made pollutants into the marine

atmosphere and the oceans. Radiochemistry has played an important role

in these investigations, mainly through the natural radioactivity and

bomb-produced fission products that occur in the oceans and the

atmosphere.

Activation analysis and man-made radionuclides have been used

increasingly in environmental studies. A summary is given below

of work to determine the chemical composition and origin of marine-

atmospheric particulates and to simulate in the laboratory, by use of

radionuclides, the transport of inorganic particulates from the oceans

into the atmosphere.
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Activation Analysis (3)

The ideal method for analyzing marine-environmental samples should

be (l) flexible to sample type (seawater, sea spray, rain, ice, snow,

and continental or volcanic dust); (2) capable of multielement

determinations to permit measuring ratios of several elements; (3) highly

sensitive (microgram samples that contain less than nanograms of trace

elements); (1+) without need for chemical pretreatment, thus avoiding

the introduction of contaminants; and (5) nondestructive so as to preserve

unique samples for further examination. Activation analysis fulfills all

these requirements. Even the economic aspects of activation analysis, which

often make it noncompetitive, are less restrictive in this case.

Unique samples and those from remote locations are precious. In

general, sampling that requires the use of aircraft and ships is very

expensive and thus partly justifies the use of more costly methods of

analysis. Because of the complex analytical problem that environmental

samples present, no one type of activation analysis can satisfy all

the requirements. Therefore, examples of the use of activation analysis

with neutrons, photons, and protons are presented.

With Neutrons (1+)

Nondestructive neutron activation analysis was used to determine

Fe,

Al, Ce, Co, Eu,/Mg, Mn, Na, Sb, Sc, Ti, and V in airborne dust

collected over the Atlantic Ocean. After short and long irradiation,

the samples were counted by use of a Ge(Li) detector and a 1+096-channel

analyzer. Computer-aided evaluation and comparisons with standard

samples gave elemental ratios for environmental samples from several sources
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(pumice M-l from the 1965 eruption of Kilauea Volcano, Hawaii; seawater;

and polluted urban air from U.S. cities2'3^ Figure 1 includes Mg/Fe,
Ti/Fe, V/Fe, and Na/K ratios.

With Photons (1+)

Photon activation analysis is an excellent method to determine

F and CI in seawater, marine aerosols, and airborne dust. To meet

the stringent geometry requirements for uniform photon irradiation, liquid

samples must be freeze-dried. Irradiation at amaximum photon energy of

22 MeV avoids the interfering reactions 23Na(y,an)18F and 180(p,n)18F.

Good sensitivities for F and CI are obtained by counting with a low-

background coincidence arrangement. Figure 1 gives results from

reference 5 for the simultaneous determinations,by photon activation,

of F and CI in dust from the vicinity of Mid-Atlantic Ridge, marine

aerosols from the Atlantic and Pacific Oceans, and coastal aerosols

collected ^30 mi off the coast of New Jersey. These results represent

only a few analyses on very good samples (low filter blanks).

With Protons (1+)

A preliminary study showed that the activation of sea salt with

10-MeV protons permits the simultaneous determination of Br, Ca, S,

and Sr, without radiochemical separation, by use of a Ge(Li) detector

and a l+096-channel analyzer. The (p,n) reactions at 10 MeV do not

produce interfering nuclear-reaction products of Na, CI, and Mg, which

are the main constituents of sea salt. To date, no atmospheric samples have

been analyzed by this method; therefore, no results are presented.

Discussion (1+)

Activation analysis of environmental samples is not yet very precise.
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In unfavorable cases, relative standard deviations may be ±50%. or

higher, mainly because of high blanks from the filters used to collect

samples. To positively identify samples by elemental ratios, the ratios

should differ by at least an order of magnitude. The Na/K and F/Cl

ratios for marine aerosols are very close to those for seawater (Fig. l),

an agreement which strongly suggests that the ocean is the source of

these aerosols. The F/Cl, Mg/Fe, and V/Fe ratios for the Atlantic dust

samples clearly identify the continents (crustal rock) not the

oceans as the source of this material. The Ti/Fe ratio for the Atlantic

dust indicates that none of the dust is of volcanic origin, but more

evidence is needed. Continental dust and polluted urban air are much

more difficult to differentiate as the source of particulates in a

"coastal" aerosol i.e., an aerosol collected over the ocean but

near (30 to 50 mi) an industrialized area on land. Again, the F/Cl

ratio seems to be useful, but many more ratios, especially metal

ratios (e.g., V/Fe), are definitely needed. Also, the determination of

sulfates or other sulfur-containing species that predominate in

polluted urban air would be useful.

The conclusion is reached that activation analysis can easily

identify the source of an aerosol as being either the oceans or the

continents. The method shows good potential for differentiating

among airborne continental dust, volcanic dust, and-polluted air, especially

when a successful procedure for sulfur compounds is included.

Transport of Particulates from the Ocean into

the Atmosphere—-A Laboratory Investigation with Radiotracers (3)

The quantity of inorganic particulates transported from the world

oceans into the atmosphere is estimated to be 109 metric tons per year.
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This tremendous amount of salt is injected into the air mostly in the form

of tiny sea-spray droplets, which are produced by the bursting of small

bubbles at the ocean surface for instance, in the whitecaps of wind-

driven waves. The droplets dry out quickly, stay airborne as salt particles,

7
and are carried away by the wind.

Obviously, this bubble-bursting process cannot be simulated easily

in the laboratory simply by bubbling air through a beaker that contains

seawater. However, with a sensitive means to detect the very small

amounts of sea-salt particles produced, "microoceans" can be studied

in the laboratory. Radiotracers are extremely well suited to this appli

cation. In this approach, several elements in the seawater being studied

are labeled with radiotracers, air is bubbled through the solution, and

the seawater and sea spray are analyzed "by gamma-ray spectroscopy. The

method has the following advantages: (l) use of sufficient amounts of radio

nuclides yields measurable samples after bubbling periods that approach

those of real oceanic processes; (2) use of carrier-free tracers permits

work with trace elements, at very low concentrations, that cannot be

determined by any other analytical method; (3) the behaviors of elements

present in different chemical forms or valence states can be studied

following their injection into the atmosphere; (1+) chemical processes
111. dc'-'^^'

that occur at the air-sea interface and within the salt particles in

the atmosphere can be studied; and (5) the experiments are nondestructive

and can be repeated under different conditions.

A practical example illustrates the experimental possibilities.

A 50-ml sample of seawater was labeled with 18F, 24Na, 38C1, and h2K.

The 18F was produced carrier-free in a cyclotron; the other three radio

nuclides were formed in high specific activity by neutron irradiation of
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NaCl, NH^Cl, and KC1 in a reactor. All four of the radionuclides

7
were introduced into the seawater by a straightforward chemical operation.

The bubbling experiment was conducted in a humid enclosure to

maintain the relative humidity about that of the real ocean surface. The

labeled seawater was contained in a fritted-glass cylinder inside the

enclosure. Air was bubbled through the frit. The bursting bubbles

produced fairly large sea-spray drops ("jet drops"), which were collected

on an aluminum-foil collar around the glass cylinder. Much-finer

particles were also produced; they filled the enclosure with a radioactive

sea-salt aerosol. The aerosol was sampled by vacuum filtration of the

air in the enclosure through a 0.1+5-um Millipore filter. Gamma-ray

spectrometry was used to measure the radioactivity in the original

seawater, in the jet drops, and in the aerosol. Table 1 gives the

results, expressed as elemental ratios.

Discussion (1+)

Except for the Cl/Na value, all the elemental ratios for laboratory-

produced jet drops agree satisfactorily with those for the aerosols

collected over the ocean. The agreement indicates that jet drops produced

in the laboratory are similar to those that form over the real oceans.

both ,
However, for the laboratory aerosol,/the F/Cl and F/Na ratios were

much lower than those for the natural aerosol. This result indicates

a chemical fractionation among F, CI, and Na during the processes that

occur at the air—sea interface. The fractionation seems to occur only

for the very small particles of the aerosol. So far, not enough of

these small particles have been collected from the marine atmosphere to

verify the laboratory results. This effect was not observed for the
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Table 1. Elemental Ratios Measured in

Bubble-bursting Experiments with Labeled Seawater^

Sample Elemental Ratio

F/Cl F/Na F/K Cl/Na Cl/K Na/K

x 10"5 x 10"k x 10"3 x 10 x 10

Labeled

seawater
6.7 1.2 3.1+ 1.8 5.0 2.8

Jet drops 6.1+ 1.2 3.2 2.0 5-5 2.2

Aerosol 1.1 0.3 — 2.0 — —

Marine
, b

aerosols—

9.0 0.9 — 0.8 — 1.8

-The ratios given are not acitivity ratios but rather calculated elemental
ratios using those in seawater of 35% salinity as basis.

-Values for marine aerosols (see Fig. l) are given for comparison.
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regular aerosols, which are dominated by the mass of large particles

(sea-spray drops).

These findings have twofold importance for oceanographic studies:

they show that (l) with this method, it is possible to observe and to study

in the laboratory those processes such as chemical fractionation which

occur at the air—sea interface; and (2) radioactively labeled aerosols

that simulate those aerosols that occur in nature over the oceans, can be

produced and investigated. The method is not limited to oceanographic

applications but is generally applicable. Multiply labeled aerosols

can be produced from almost any solution of radiotracers by air bubbling

for instance, labeled aerosols from sulfuric acid solution to resemble

pollutant aerosols found in urban atmospheres. The method may be useful

in air chemistry as well as in medical research, such as studies of the

elimination of particles from human lungs. Radionuclides can be used

in aerobiological studies for example, study of the production and

distribution of infectious aerosols from bacteria-containing solutions

or the spread of such aerosols from aerated settling lagoons. Since

the falling of drops on shallow liquids produces similar aerosols, the

spread of bacteria-containing aerosols from trickling-filter sewage
Q

plants can be investigated. Also, the transport of pollutants into the

atmosphere from any contaminated water body in which bubbles are formed

can be followed. Examples of such studies are the injection, into

the atmosphere, of oil pollution from films on the sea surface and of raw

sewage (dissolved or particulate form) from a sewage-discharge location.

Conclusions (3)

Activation analysis is an excellent method to determine the

chemical composition of aerosol particles from the marine atmosphere.
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However, further work is needed to eliminate the problem of high blanks

posed by present sampling techniques. Application of the method at its

greatest sensitivity is mandatory to obtain and improve determinations

of the chemical composition of particles of different sizes, especially

up to 1-um. A good activation-analysis technique is needed to determine

sulfur because of the great importance of this element in pollution

and environmental studies.

The bubble-bursting process the main source of salt particles over

the oceans in combination with radiotracers offers many possibilities for

laboratory study of the environment. To label natural waters without

disturbing the existing delicate chemical equilibria is difficult.

However, many elements can be labeled carrier-free without such problems.

In addition to oceanographic investigations, activation analysis has great

potential for aerobiological and pollution studies. It can be performed

with simple equipment in any laboratory and can be adapted easily to

7
small-scale field work.

(HPR)
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BRITISH BOREHOLE PROBE ASSAYS TIN ORE UNDERGROUND (2)

A borehole probe, developed under UKAEA sponsorship, for the in

situ assay of ore containing 0.1% or more tin, is about to come into

commercial production in Britain by Ekco Instruments Ltd., Southend-on-Sea,

Essex. The instrument is based on nondispersive X-ray fluorescence

spectrometry with a radioactive source. It is intended to meet the

needs of the mining industry for a quick and inexpensive way of assessing

the commercial value of underground ore bodies, particularly those

the

near to, or approachable from, existing workings^ without/necessity for taking

samples or for extensive sample preparation or analysis. Results

of field-tests in horizontal boreholes in the recently developed Wheal

Jane mine in Cornwall, agreed closely with chemical analyses of cores

from the same borehole.

The entire equipment is transportable, both on the surface and

underground, and comprises a borehole probe connected by 50 ft of flexible

cable to a light trolley that carries the control and the electronic

readout unit, the battery power-pack, and a compressed air cylinder. The

probe is a 24- by 1.75-in. stainless steel cylinder, housing an annular

radioactive source, a pair of balanced X-ray filters (operated pneumatically),

and a plastic scintillator with photomultiplier. The probe will operate

in boreholes of 1-15/16 and 2-1/1+ in. dia under wet or dry conditions, and

it can tolerate substantial unevenness in the borehole walls. A

calibrated flexible hose carrying the air tubes for the filter actuator

and the electric power and signal; cable to the surface also accurately

controls and indicates the location of the probe in the hole. The
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electronic readout is in digital form and indicates tin concentrations

of 0.1% and more in a measuring time of <0.5 min for each position of

the probe. For comparison, the traditional method of taking borehole

cores and analyzing them chemically takes a number of days.

(MG)
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AUTOMATIC INDUSTRIAL ACTIVATION ANALYSIS SYSTEM FOR

SLURRIES USING A RADIOISOTOPE NEUTRON SOURCE* (2)

By Kenneth R. Blake**

Supplementary Keywords: activation analysis; activation, neutron;

chemistry, analytical; metallurgy, ferrous; industry, primary metal;

source, neutron; spectrometry; Si; 238Pu.

Abstract. A neutron activation analysis system is described for the

on-line measurement of silica in iron ore slurries. The system is

currently being used 24 hr/day in an iron ore processing plant. A

23 8pu—ge neutron source is used to activate the silica in the iron

ore slurry which is continuously recirculated between the source and

a Nal(Tl) detector. The system is automatically compensated for

variation of the solids content of the slurry by means of a gamma-ray

transmission gage. The analyzer is coupled to a computer for rapid

feedback of analysis results to the plant process-control system. The

standard deviation between neutron activation and wet chemistry silica

determinations was ±0.-10% silica in the concentration range 3 to 11%

silica.

(introduction)

Activation analysis had its beginnings in the work of Hevesy and

1 2
Levi in 1936 and of Seaborg and Livingood in 1938. Since then many

*Presented at the Instrument Society of America Meeting in Houston,

Texas, April 19-21, 1971.

**Texas Nuclear Division, Nuclear-Chicago Corporation, Austin, Texas.

The contributions of many colleagues and helpful cooperation of the staff

of Pickands Mather - Erie Mining in the development of this instrument are

gratefully acknowledged. Special appreciation is due W. H. Tuttle and

G. A. Peterson for supplying the wet chemistry data presented in Fig. h.
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technical innovations have been made so that today the method is highly

competitive with and, for some elemental determinations, much superior

to other analytical techniques. Undoubtedly the greatest potential of

activation analysis is in the area of industrial process control, as is

now being recognized in the. mineral-processing industry. Key elements in

a process stream may be determined rapidly and accurately for immediate

feedback to the process-control system. The high penetrating power of

neutrons and gamma rays allows representative analyses to be made through

relatively thick container walls, with comparative freedom from matrix

or particle-size effects. With the recent availability of inexpensive

radioisotopic sources of medium-to-high neutron intensity and of reliable,

long-life, sealed-tube, neutron generators, activation analysis is now

becoming economically attractive as an analytical tool in process control.

This paper describes NOLA I* (Neutron On-Line Analyzer), a completely

automated, radioisotope-neutron-source activation analysis system for

the measurement of silica in iron ore slurries. A 238Pu—Be neutron

source is used to activate an iron ore slurry which is continuously

recirculated between the source and a Nal(Tl) detector. Automatic

compensation for variable solids content in the slurry is achieved with

a gamma-ray transmission gage. The measurement time is less than 6 min

per sample, and the measured standard deviation between NOLA I and wet

chemistry is ±0.10% silica.

NOLA I is currently being used 2k hr/day in a taconite processing

plant. The system is connected to the plant computer for immediate

interpretation of silica determinations and application to process-

control mechanisms. To our knowledge, this is the first industrial

*Trademark of Nuclear-Chicago Corporation.
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radioisotope-source, slurry-activation analysis system to be installed

in the United States.

Technique (3)

When the sample to be analyzed is in the form of a flowing solution

or slurry, the sample may be handled in either a flow-through mode,

where the sample stream passes the irradiator and detector only once

during the analysis cycle, or in a recirculation mode, in which a portion

of the sample stream is drawn off and continuously recirculated between

the irradiator and detector during the analysis cycle. An in-depth

comparison of these two analysis modes is given by Ashe, Berry, and

Rhodes and Berry and Martin.

Recirculation analysis is used in NOLA I for two reasons. First,

the sensitivity can be made independent of stream flow-rate variations over

a wide range by careful design of the sample loop variables. Flow-rate

variations cause large fluctuations in the sensitivity of a flow-through

system and a corresponding decrease in the accuracy of silica measurement.

Second, a recirculation system can provide a higher sensitivity than

a flow-through system with the same sample loop design. The magnitude

of this increase depends on the half-life of the induced radionuclide,

the sample residence time in the several components of the loop, and

the point, in the time available for anaysis, at which counting is begun.

In the NOLA I silica analyzer, for example, the recirculation mode is

approximately twelve times as sensitive as the flow-through mode if

counting is begun after radioactive equilibrium is attained. However,

NOLA I is designed for use in process control applications where the

analysis time must be held to a minimum; so counting is begun immediately
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after the sample is injected into the loop i.e., several minutes

before equilibrium is attained. In this case, the recirculation mode

is still approximately six times as sensitive as the flow-through mode.

System Description (3)

A schematic of NOLA I is shown in Fig. 1. Before each analysis, the

system is in a stand-by condition with water recirculating in the

analysis loop. When a sample is presented for analysis, a two-way

valve introduces the slurry into the loop and ejects the water. When

the loop is fully charged with slurry, the two-way valve is returned to

the recirculation position, and measurement of the induced activity

at the detector and the transmitted gamma rays at the density gage is

begun and continued for a preset time. "At the end of this period, data

from the detector and density gage are output either to a printer or to

a computer for interpretation. At the same time, the two-way valve is

actuated to flush the loop with water in preparation for the next sample.

The entire analysis cycle, including charging and flushing of the loop,

is performed within 6 minutes.

From an operational viewpoint, NOLA I may be divided into five basic

subsystems: slurry handling system, irradiator, detector, density gage,

and control and data acquisition system (Fig. l).

The slurry handling system consists of holding tank, slurry agitator,

two-way valve, and analysis loop. The path taken by the sample in the

analysis loop for each of the two valve positions may be seen in Fig. 1.

In the charge—flush mode, the analysis loop is open on both ends, one

end being the sample intake from the holding take and the other being the

outlet for the analyzed sample or flush water. In the recirculation mode

of the two-way valve, the analysis loop is a closed system.
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The NOLA I irradiator is a 238Pu—Be neutron source, a fully-

encapsulated activation cell, an oil-filled inner source shield, and a

water-filled outer source shield. The neutron source has a nominal

yield of 108 neutrons/sec with a half-life of 87.6 years. The activation

cell, in which the sample is exposed to the neutron flux, is fully

encapsulated; it may be removed from the inner shield without disturbing

the neutron source. The other source shield is water-filled and has a

level sensor and automatic fill to compensate for evaporation.

For the determination of silicon, neutrons with energies greater

than 3.86 MeV interact with the nuclide 28Si in naturally occurring

silicon to produce 28A1:

28Si + n -> 28A1 + p

The 28A1 thus formed is an unstable nuclide and reverts to the

original stable nuclide 28Si by emitting a B-particle accompanied by

a 1.78-MeV gamma-ray:

28A1 + 28Si + g + Y (1.78 MeV)

The half-life of the decay is 2.25 minutes.

From the irradiator, the activated sample moves to the count cell

in the detector where the induced 28A1 activity is measured. A
electronics

schematic of the detector (Fig. 2) shows the detector / and a

typical pulse-height spectrum from an activated iron ore slurry. A

Nal(Tl) crystal is used to measure the induced radioactivity from the

sample. Pulses corresponding to the photopeak and part of the Compton

tail from the 1.78-MeV gamma rays from 28A1 are isolated with a

single-channel analyzer and registered in a printing scaler. The overall

system gain is stabilized by use of a reference peak from an 21|1Am

a-particle source imbedded in the face of the Nal(Tl) crystal. The
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stabilizer rapidly samples the count rate from each side of the peak and

maintains the system gain at the point at which the two count rates are

equal.

Two other reactions may interfere in the measurement of silicon in

iron ore. The radionuclide 56Mn, with a half-life of 2.58 hr, is

produced by the 56Fe(n,p) reaction. This decay results in gamma rays

of 0.81+5, 1.81, and 2.13 MeV. The 0.81+5-MeV gamma ray is shown in the

pulse-height spectrum of Fig. 2; however, the 1.8l- and 2.13-MeV lines
line

are masked by the 1.78-MeV line from 28A1. The 0.81+5-MeV/ is eliminated

with the single-channel analyzer. The interference from the two

higher-energy lines is rendered insignificant in NOLA I by proper

selection of the length of activation time. The other possible source

of interference is from the 27Al(n,y)28Al reaction. Since the end

product of this reaction is the same as from the 28Si(n,p) reaction used

in the measurement, there is no way to eliminate this interference

electronically. However, the interference can be reduced to a negligible

level by proper selection of the activation-cell volume and by surrounding

the activation cell with a cadmium shield.

NOLA I specifically measures the mass of silicon present in the

activation loop in each analysis sequence. The quantity of interest for

process control is the percent by weight of silicon in the iron ore.

Because the solids content of the iron ore slurries being analyzed may

vary from 30 to 60%, an additional measurement of the solids mass in the

analysis loop must be made to obtain percent by weight of the element.

In NOLA I this is accomplished by a density gage which consists of a

Nal(Tl) detector and a Nuclear-Chicago Model 5176 density gage head which

provides a collimated beam of 0.662-MeV gamma-rays from a 137Cs
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radioisotope source. The intensity of the gamma-ray beam transmitted

through a segment of the slurry path is measured with a Nal(Tl) detector

and used to normalize the silicon signal to a given solids mass (50%)

in the loop. The percent by weight silica in the loop may then be

computed from these two measurements, if all the silicon in the sample

is assumed to be present as silica.

The physical configuration of the NOLA I silica analyzer is shown

in Fig. 3. The control and data acquisition system may be completely

enclosed and a controlled environment provided inside the enclosure

for operation under particularly harsh conditions. However, in most

cases, forced air cooling in a dustproof cabinet is satisfactory.

System Performance (3)

NOLA I has been extensively tested both in the laboratory and

after installation in the field. The first NOLA I installation has now

been operating satisfactorily 24-hr/day in an iron ore processing

plant for approximately six months. Calibration curves such as the one

shown in Fig. 1+ have been obtained with this instrument. The background-

corrected silica counts, normalized to 50% solids slurry by the gamma-ray

transmission gage measurement, are presented on the ordinate, versus the

percent by weight silica determined by wet chemistry technqiues on the

abscissa. A least squares analysis, applied to these data, determined

the best straight-line fit. The standard deviation about the line is

±0.097% silica. The system precision for repeated measurements on

identical samples was ±0.063% silica for a sample with nominal 6% silica

concentration. Many other samples from widely separated locations in

the United States and Canada have been evaluated with similar results.
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Conclusions (3)

Neutron activation analysis has been found to be an accurate, rapid

technique for measurement of silicon in iron ore process streams. The

acceptance of NOLA I by the iron ore processing industry as a routine

process-control tool should pave the way for the routine use of

activation analysis in other industries. There are several elements

including aluminum, copper, fluorine, and potassium important in

process control and pollution control applications, which appear

amenable to accurate, rapid determination by on-line neutron activation

analysis techniques.
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Forensic Neutron Activation Analysis of Paint, by H. L. Schlesinger,

H. R. Lukens, D. E. Bryan, V. P. Guinn, and R. P. Hackleman, USAEC

Report GA-10142, Gulf General Atomic, June 30, 1970.

Neutron activation analysis of a variety of paints indicated that

this technique may be used in comparing paints for forensic purposes.

Thirty-seven different elements were detected in 155 randomly selected

paints, the maximum number of elements in any one being

25 and the average, 15. Reports on the use of neutron activation

analysis for identifying gunpowder, paper, and bullets in forensic studies

were summarized in Isotop. Radiat. Technol., 9(l).

(MG)
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ENERGY DISPERSION X-RAY (EDX) ANALYSIS IN THE
NONFERROUS MINING INDUSTRY*

By A. P. Langheinrich, J. W. Forster, T. A. Linn, Jr. **

Supplementary Keywords: x-ray fluorescence; industry, mining;

metallurgy, nonferrous; spectrometry; copper; iron; molybdenum;

lead; zinc; uranium; 57Co; 109Cd; 125I; 238Pu; 2t+1Am.

Abstract. Energy dispersion X-ray (EDX) spectrometry based on Si(Li)

detectors is approximately five years old. Although its first application

in the mineral industries was reported in 1967, it is only now being

accepted for its unique capabilities and considered competitive with

other analytical techniques.

Energy dispersion X-ray equipment in combination with radioisotope

sources was used successfully in the analysis of mining and milling

samples for Cu, Fe, Mo, Pb, Zn, and U. Sample types included solids,

solutions, muds, and slurries. A variety of modular combinations of

sources, sample cells, Si(Li) detectors, amplifiers, single- and

multi-channel analyzers, scalers, rate meters, printers, and recorders was

used to fit particular jobs. Test results and field applications have

demonstrated the value of EDX instrumentation as an analytical tool.

Its future wide use in laboratory, pilot plant, and process plant is

expected.

*Presented at the Instrument Society of America Meeting, Houston,

Texas, April 19-21, 1971, and also presented in part at the Conference
Innovative

on / Application of Radiation, Dallas, Texas, April 21-23, 1971.
**Kennecott Copper Corporation, Metal Mining Division - Research

Department, P. 0. Box 11299, Salt Lake City, Utah 81+111. The authors
thank the Kennecott Copper Corporation for permission to publish this
paper and acknowledge the interest in this development work as well as
suggestions and encouragement of H. R. Spedden, Research Director, and
W. M. Tuddenham, Section Chief.
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(introduction)

Single crystal semiconductor detectors [lithium drifted silicon,
for the detection

Si(Li)] were first used in 1966/ and energy separation of characteristic

1-3
X-ray spectrums. Although energy-dispersive X-ray (EDX) detection

was not new at that time, Si(Li) detectors in combination with pulse-

height analyzers provided the degree of energy resolution that encouraged

practical applications and resulted in instrumentation competitive with

conventional wavelength-dispersive apparatus. Because of high detection

efficiencies, such spectrometers did not require intense X-ray excitation

sources. Small radioisotope sources could be used in place of the usual

high voltage X-ray generator.

Since 1966, detector resolution for a fixed detector area has been

steadily improved; while a resolution of 650 eV was remarkable then,

resolutions of better than 200 eV are now common. Sufficient resolution

and the high counting abilities of large area detectors today allow rapid

and routine analysis of many chemical elements, even of neighboring atomic

number, over wide ranges of concentrations in a great variety of

materials.

Although many applications of radioisotope X-ray techniques in the

1+-12
nonferrous mining industry have been reported, reports on the

combination of radioisotope excitation and Si(Li) detection are few.

Within Kennecott, the following EDX work has been done since 1966

or has been requested by operating divisions for the near future: copper and
iron determinations in mine water solutions ,J>

bleach liquors, ore and waste materials, mill headings, tailings, concen

trates, and intermediates; copper in electrolytes; lead, zinc, silver,

and cadmium in lead—zinc ores, concentrates, and process intermediates;

uranium in aqueous and organic solutions and in solid products; and
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molybdenum in copper and molybdenum circuit materials and molybdenum mill

heading and tailing samples. Many of these analyses were requested

for situations where quicker answers than are currently available would

result in better process control and, hence, in savings.

In addition to its semiquantitative and quantitative capabilities,

EDX analysis is apowerful qualitative tool. Furthermore, Si(Li)

detectors have found wide acceptance in microprobe spectroscopy and

in minature probe work.

This paper discusses the equipment utilized at Kennecott Research

and presents examples of applications and results.

Equipment (3)

The instrumentation for EDX analysis in metal mining and processing

had to be reliable, simple to use, and sufficiently flexible to meet

the economic and analytical requirements of specific projects. A typical

system for single element analysis was assembled in the laboratory for

industrial application, specifically for uranium determinations. It

includes asample—source—detector assembly (including preamplifier),

linear amplifier, single-channel analyzer, and a nuclear counter with

crystal time base. The digital display provides an integrated

count which is related by a calibration curve to the concentration of

uranium in the sample. Energy calibration is accomplished by the use

of a calibration standard and proper adjustment of the single-channel

analyzer.

The block diagram of a basic EDX analyzer for the determination

of three elements is shown in Fig. 1. Fluorescent X-rays from the sample

are excited by a small radioisotope source in a holder attached to the
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detector. Each single-channel analyzer drives a scaler for integral

counting and data accumulation. The multi-channel analyzer is used in

the initial system calibration for adjusting the amplifier gain and the

single-channel analyzer windows. Systems such as this one can be assembled

for less than $15,000, including radioisotope sources.

The compactness of a typical laboratory EDX system is shown in Fig. 2.

This particular unit, still operational, is of historical interest

since it was used in 1966 at Kennecott Research for the first industrial

evaluation studies. It includes a spectrometer with liquid nitrogen

reservoir, a multi-channel pulse-height analyzer, and a parallel printer

and an X-Y recorder. Beneath the downward-oriented detector head

of the spectrometer, the source and sample holders are visible. The source

is an 125I capsule imbedded in tellurium and attached to a Lucite

adapter. The downward-oriented detector configuration has proved

valuable in the analysis of wet (muddy) samples and has been incorporated

in industrial designs.

Excitation Sources and Sample Cells (k)

Both low-power conventional X-ray tubes and radioisotope sources

have been used successfully in this work. The radiation properties of

several isotopes are summarized in Fig. 3, with the useful range of

each source for K-series and L-series X-ray excitation of the chemical

elements. Reasonable coverage for the elements from calcium through

uranium can be obtained with proper selection of the excitation source.

The problem of source decay is insignificant for plutonium and americium

sources. For sources with shorter half-lives, permanent standards have

been prepared containing varying amounts of the element of interest
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imbedded in Lucite disks. These plastic standards are counted in the

same manner as primary standards from which the calibration curve was

constructed. By use of the calibration curve, concentration values

can be assigned to these plastic disks, and the assigned concentration

values plus X-ray counts allow updating of calibration curves whenever

decay corrections are necessary. Because of the short half-life of

125I, substitution of 109Cd has been made, particularly for molybdenum

analysis. Both 109Cd and 238Pu sources are sealed in stainless steel

capsules with aluminum windows. A source holder with three 30-ml

238Pu sources is shown in Fig. k together with a disassembled sample holder

for solids and wet pulp. Similar source holder construction is used

for the 109Cd sources. The aluminum holders, designed and fabricated

in the laboratory machine shop, provide adequate shielding of the

radioisotopes to prevent personnel exposure even over long periods of

operation.

The source and sample holder design evolved from the use of several

different source—sample configurations and was based primarily on

geometric analysis of the physical problems associated with irradiating

the sample and collecting maximum counts. (For the source configuration

shown in Fig. k, a maximum count rate was obtained 0.5 in. from the

source to the sample surface.)

The sample cell for liquids has been utilized in the laboratory

for many years and has saved countless hours of operator time when

compared with single cell preparation methods for solution samples. Both

aqueous and non-aqueous solutions are readily accommodated. The cell

geometry and capacity were designed so that memory effects are completely
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eliminated. A similar cell has been used for on-stream analysis of

solutions and slurries. A typical detector—source—sample

arrangement is shown in Fig. 5.

...to

V->

Fig. k. Source and sample holder components for dry and wet samples.

Fig. 5. Exploded view of typical detector (A) source holder
(B) solution sample holder (c) arrangement [(l) mylar
window, (2) sample inlet, (3) sample discard,
(h) air outlet and level control, (5) source locations.]
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Detectors (k)

Good Si(Li) detectors are available from a number of manufacturers,

and resolutions of better than 200 eV are now commonplace. Resolution

alone, however, is not a decisive factor in industrial applications.

Although high resolution is desirable in electron microprobe work and

in the determination of low atomic number elements, a resolution of

1+00 eV was satisfactory in most of the applications described here.

The proper choice must be a compromise among resolution, detector size,

count rate, and allowable analysis time for a given problem. Commercial

detectors have good long-term stability even when thermally recycled,

and liquid nitrogen cooling was less troublesome than anticipated.

Nuclear Instrument Modules (NIM) {h)

The NIM system assured the required flexibility for this work. After

initial testing with a multi-channel analyzer, single-channel analyzers

have been substituted in all field applications. Because of the high

quality and stability of the modules used, the use of pulsers, analog
and

stabilizers, / base-line restorers in industrial units has not been

necessary with accompanying cost reductions. Another significant

advantage of the NIM system is the ready interchangeability of

modules. In event of breakdown, modules can be interchanged by
short

operating personnel. This results in very / down-times. Because

of the relatively low cost of the modules, spare units can be stored

centrally for rapid replacement where necessary. Such systems can be

expanded easily to accommodate additional channels for determination of

additional elements. Space required is minimal, and the only power

required is a stabilized 110-volt line. For single element systems,
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economics dictates the use of display scalers; but, for reasons of speed

and convenience, digital printers are preferred in multi-element analysis.

For on-stream work, a recycle timed readout or a combination rate

meter—strip-chart recorder for continuous analysis can be selected.

The system can be connected to a central data processor or computer for

direct process control.

The advantages of radioisotopic EDX equipment are: (l) no optics,

goniometer, or moving parts; (2) no spectral order interferences; (3)

no X-ray tube, power supply, or associated heavy shielding; (1+) lesser

matrix and particle-size effects; (5) small size, low cost, and portability;

and (6) excitation of K-series X-rays of high Zelements. Disadvantages

of the method include: (l) need for liquid nitrogen cooling; (2)

limited counting rates and longer counting times; (3) need for multiple

sources; and (1+) source decay of short-half-life radioisotopes. While

ordinary X-ray-fluorescence equipment has advantages in certain cases,

EDX apparatus is generally attractive for many applications in the

nonferrous mining industry.

Applications (3)

Recently EDX analysis has developed into an accepted routine

analytical tool and its use is expanding at an increasing rate. The
have

kinds of materials analyzed in the past ./ included mining and mill

samples and test samples from various research projects. The physical

condition of such samples varied widely. Most of this work was done

with horizontal-detector systems. This configuration is adequate for

solutions, slurries, and dry solids, but it is unsatisfactory for
require

wet, muddy samples which / a vertical or angular detector

configuration.
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Molybdenum Assay (h)

Heading and tailing samples from a molybdenum mill were

investigated by EDX analysis. Such analyses can be conducted on the

operating floor of the mill, and results are available within about

5 min. About 80 samples can be analyzed in an 8-hr shift by a mill floor

operator. Samples were dried, ground, and pressed at 20,000 psi into

1-1/8-in. dia aluminum cups. A comparision of chemical assays and the

results of EDX analysis is given in Fig. 6. Point deviations from the

least squares line are indicated by the standard error value. The

EDX results compare well with conventional X-ray data and are within the

reproducibility of chemical assays for these samples. The radioisotope

source used in this test was relatively weak 125I with an approximate

activity of only 0.9 mCi. Since the half-life of 125I is only 60 days,

decay corrections had to be made periodically with this source. Other

work on" molybdenum has been reported previously.13

Copper and Iron Assay (h)

Figure 7 illustrates the results obtained from EDX analysis of

samples from copper milling operations. The purpose of this study was

to establish the equivalence of the EDX method with conventional

techniques to make recommendations for in-plant and on-site uses. The

samples were analyzed both as received from the mill and after

regrinding. Statistical evaluation of the results (Table l) showed

that regrinding did not improve the standard error of estimate

a conclusion reached on a number of previous tests but not yet fully

understood. A significant improvement in the data was noted when the

copper counts were corrected using a ratio with the uranium L-alpha
the

X-rays from/238Pu source. Figure 8 gives a comparison with chemical

assays of the same samples.
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Fig. 7. EDX analysis of dried,
pressed mill samples. Plutonium-
238 source 20 mCi S.E. = 0.13.

Table 1. Statistical Data for Copper in Mill Samples

(Range 0.15 - 9-13 %)

SAMPLE STANDARD ERROR

METHOD CONDITION OF ESTIMAT E

Crystal Dispersion Cu As Received 0.41

Cu/R, " 0. 12

" Cu Reground 0.51

Cu/R, " 0.19

Energy Dispersion Cu As Received 0.49

" Cu/R; " 0.13

Cu Reground 0.67

" Cu/R; 0.26

R, = 29.00" (26), LiF = 1. Oil.

R2 = Ulq, Peak from Pu-236 Source
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Fig. 8. EDX analysis of wet mill samples.
Pu-238 excitation four min counts.

Field Analyses (h)

Figure 9 shows calibration curves from a small field laboratory

for the measurement of copper and iron in mine water solutions.

Because of its speed and reliability, EDX analysis has replaced

atomic absorption spectroscopy in this field operation. The EDX

system has been in use continuously for over 12 months with only

minor maintenance problems even under extremely adverse environmental

conditions. The system is readily convertible to handle solid samples

and both static and on-stream solutions. Three 30-mCi sources of

238Pu are used. Standard samples are run on a regular basis to check

for any malfunction of the equipment. Six hundred determinations are

made each day. Especially in this project has EDX become established as

a routine analytical tool.

The relative compactness and portability of basic EDX equipment pointed

toward field applications, especially ore and waste analyses at mining
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Fig. 9. Calibration curves for the routine EDX analysis of mine solutions,

sites. A small detector head with cooling reservoir (Fig. 10) was built
used for in situ analyses

by an instrument vendor at our request. It has been/inside vertical

drill holes 25 ft deep and for the analysis of drill chips from drilling

operations. Such analyses can provide rapid on-site information for

mining personnel who must decide on shipment of the mineral-bearing

rock either to processing plants or waste dumps. Typical chip samples

(Fig. 11) were analyzed with a horizontally oriented detector. The

sample was held in the sample cups with Mylar film fastened by rubber

bands. Five chips from each of four different holes were investigated.

After EDX determinations, the five samples from each hole were combined,

particle-analyzed, ground, and analyzed by chemical means. Particle-

size analysis showed +10 mesh fractions in the four holes of 12, 55, 19,

and 33%, respectively. The chemical values were plotted versus

average EDX counts, and calibration curves were calculated from the

data for copper and iron. The concentration range for copper for the four

holes was 0.23 to 2.00% and for iron 5.20 to 19.0%. These calibration

curves were used in the analysis of four unknown chip samples. Again

EDX readings were taken on five sub-samples each. The average count
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Fig. 11. Drill hole chip
samples.

was used to determine copper and iron values. Results of the test

are summarized in Table 2. The wide ranges for the sub-samples are

largely caused by true concentration differences. Repeat analyses

on several samples by repacking and recounting the same material

in the same cup five times gave standard deviations that averaged less

than 0.2% for copper and 1.7% for iron. The test results led to the

current practice of analyzing and averaging five to ten samples

above ground or integrating counts over the drill hole depth.
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Table 2. Comparison of EDX Analysis of Rock Chips*
with Chemical Assay Data for

Copper and Iron Content

**•* ••"«"'»«•-' Situ m.-»c„ «,c, jm. ''{,.„»,. "V
141.A I. II-1.40 1.41 1.70 14.1-11.0 U.l 14.1

'"•" ' 1.40-1.47 ,.., ,.4< U.1.I4.J 15.4 14.4

'"•* ' 0.41-0.44 0.41 0.44 1I.4-IJ.4 11.7 ,,.j

'"" ' 0.07-0.40 0.1J 0.11 4.0-4.4 >.. 4.,

•Roe. .hii). taken from inlna drill h

Another mine application was the analysis of dried, ground,

and pressed samples of varying mineralogical/petrological composition.

In spite of wide compositional variations, remarkable linearity was

achieved (Fig. 12). This again points toward EDX as a convenient tool

for ore and waste sorting.

Lead and Zinc Determination (1+)

A milling plant application was the assay of lead and zinc in mill

headings (Fig. 13). All comparisons are based on single chemical assay

values. In lead concentrates, zinc rougher concentrates, lead cleaner

tails, zinc cleaner tails, and rougher tails, the coefficient of

variation for zinc data ranged from 0.6 to k.k% depending on the

particular material. These values are well within the requirements

set by the operating personnel. As a consequence of such investigations,

EDX equipment was introduced for long-term testing at a Kennecott-owned

lead—zinc operation.

Uranium Determination (It)

Another request for EDX work entailed the determination of uranium

in solutions. Earlier, siuch determinations were carried out directly
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on samples of relatively high uranium concentrations and on solid

materials including ion exchange resins. For the rapid, simple, and

quantitative determination of traces of uranium, however, a separation

technique had to be applied. The separation was adapted from a

procedure by Sill and Williams18 which separates uranium IV and

certain III- and IV-valent cations with barium sulfate in the presence

of potassium. Uranium recoveries have been better than 99.7% by this

method. Following the separation, the uranium was determined by EDX

analysis. The 22-keV silver X-rays from a 109Cd source-were used for

the excitation of uranium L-alpha 13.6-keV X-rays. The single-channel

analyzer was adjusted to discriminate against all pulses except those

from the uranium L-alpha photopeak. One-hundred-second integrated counts

were made. The method is used for aqueous samples containing from

5to 100 yg uranium in 1- to 25-ml aliquots. In extensive testing the

relative precision was determined as 20% at the 1ppm level and kto 7%

at the 2 to 20 ppm uranium levels. Comparative assay results for uranium
are shown in Table 3.

Table 3. Data Comparison for Uranium Assay (ppm U)

METHOD

SarnDle Chemical • EDX

A

B

C

D

11

10

11

9

10

11

11

8

11

11

11

8
E

F ..

8.2

6.3
8.8

6.6
C

— 8.2 8.7
H

-- 6.5 6.4
J

K
--

8.9

2.3

9.9

2.3

'Chemical:

**Referee:
Solvent extraction and opectrophotometric det4
Analysis by U. S. Bureau of Mines, Salt Lake
(Spectrophotometries

irmination

City,
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Summary (3)

Because of its modular design, the EDX analysis system allows

maximum flexibility in applications. Its size and portability are

especially attractive for use in small field laboratories and at plant

sites removed from the main analytical laboratory. The EDX system can

provide data with precision equivalent to that of conventional X-ray analysis,

with proper allowance for longer counting times in the case of EDX. The

equipment assembled at Kennecott Research was used many months as the

main instrument in the analytical support of plant operations and has

been accepted by the operations personnel. The equipment has proven

reliable both in the laboratory and in routine assignments for thousands

of sample analyses. Recently an instrument was tested for several

weeks by operations personnel and has passed this crucial test. From

their final report, EDX equipment can be concluded to have even greater

application than originally proposed.

For the determination of iron and copper in process intermediates

from several operating divisions, the use of a background correction or

uranium peak ratio did not improve the analytical data for iron. For

copper, however, use of the uranium peak ratio became necessary in most

cases. In several tests, regrinding of a sample did not lower the

statistical errors. Also, in most tests conducted, the results from

wet (mud) samples were almost identical to those obtained from dried

and pressed samples. The analysis of wet samples becomes important

where quick answers are needed and time for thorough sample preparation

is not available.

Presently five EDX systems are in use in laboratory research and
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in field installations for both testing and continuous operation in

quality control. Developments in all areas discussed are continuing at

an accelerated rate. A rapid growth of the technique can be expected,

and the demand for instrumentation in numerous applications will challenge

manufacturers to supply an adequate variety of laboratory and industrial

EDX systems.

(RHL)
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RADIOISOTOPIC MONITOR FOR RIME ACCUMULATION (2)

By W. B. Fowler*

Supplementary Keywords: measurement, other; 22 Ra.

Rime is a significant source of moisture in high-elevation

forests.but- weighing methods to determine the rate of its accumulation

are tedious and difficult to apply due to high winds and constraining
Therefore

ice growth./a radioisotopic gage was constructed to measure rime

accumulation under these adverse conditions. It was installed on a

6000-ft mountain in the eastern Washington Cascades, where it has

given a continuous record of rime accumulation data that agree well with

weight data from nearby foliage. The apparatus operates continuously for

45 days without attendance.

The rime thickness at any given time is indicated by the attenuation

of gamma radiation as it passes through the rime layer (Fig. l). The

radioactive source is 2 to 3 ug of 226Ra, plastic encapsulated, located

in a 10-cm-dia by 1.5-cm-thick disk. Because the rime attachment to

the smooth surface of the source disk was very tenuous and accumulations

were often swept away by the wind, a 1-cm-thick low-density (0.03 mg/cc)

hair pad was attached to the disk as a mechanical support for the

growing deposit. The disk is suspended (Fig. 2) 15 cm beneath a

detector^-a^GM tube with a halogen-quenched mica end window-located inside

a hermetic container that rests on a 60-cm-dia 3-cm-thick snow shield.

A recess in the snow shield just below the detector window prevents

rime accumulation on the detector window. The count rate meter showed

readings of 850 cpm when no rime was present.

(MG)
*Forest Hydrology Laboratory, Pacific Northwest Forest and Range Experiment
Station, Forest Service, U.S. Dept. of Agriculture, Wenatchee, Wash.
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IN SITU ELEMENTAL ANALYSIS FOR OCEANOGRAPHIC APPLICATIONS

By J. H. Reed* and J. W. Mandler*

Supplementary Keywords; sea; industry, mining; activation analysis;

source, neutron; activation in situ; Mg.

The results of preliminary studies at the Illinois Institute of

Technology Research Institute indicated that neutron activation

analysis is a feasible technique for determining in situ the element

composition of magnesium-containing nodules on the ocean floor.

The technique was investigated on dunite, which is chiefly

(Mg,Fe)2Si(V A 43- by 24- by 12-in. deep container filled with

crushed dunite was surrounded by bags of crushed dunite to simulate

a semi-infinite sample. The dunite was then neutron irradiated

and the gamma spectrums induced in the dry dunite, dunite saturated

with water, and dunite saturated with salt water (25 g of NaCl per

kilogram of H20) were determined. In one series of tests, a radioactive, neutr

source was used with a 7-mm Ge(Li) ''detector and in the other, a 14-MeV

pulsed neutron source with a 3- by 3-in. Nal(Tl) detector. The detectors

(surrounded by a 6LiF thermal neutron shield) were protected from the

fast neutrons and gamma rays produced in the neutron source by a

cylindrical molybdenum shadow shield. The source--detector probes were

*Nuclear and Radiation Physics Section, IIT Research Institute,

10 West 35th St., Chicago, Illinois 6o6l6.

on
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placed on the sample and covered with a paraffin moderator, which aids

in the thermalization of the neutrons and decreases the number of

capture and activation gamma rays produced in the water layer above the

detector. Since paraffin does not contain oxygen, sodium, or chlorine,

interference effects are less than if water itself is used as the

moderator.

Figures 1 and 2 show the spectrums obtained for saline-saturated

dunite using the two source-detector systems. Computer programs are

being developed for direct application to analysis of ocean-bottom

data.

(MG)
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DTIE: Do not delete hyphen
in "re-forming"

TECHNETIUM AS A CATALYST IN ORGANIC REACTIONS* C^

Supplementary Keywords: catalysis; industry, chemical; industry,

petroleum and natural gas; synthesis; 99Tc.

In preliminary test-tube- and bench-scale tests, technetium was shown

to be potentially useful as a catalyst in the re-forming of petroleum

fractions. For example, at 500°C and a contact time of 3 sec, n-heptane

was 10% converted to a product that was 90$ toluene. There was also

indication of conversion of n-octane to ethyl benzene and £-xylene.

Of eight catalysts prepared, the best was one in which ammonium

pertechnetate solution was adsorbed on column-dried chromatography-grade

alumina (Fisher, 100 to 200 mesh) and reduced with H2. The catalyst was

readily regenerated with molecular oxygen at 500°C followed by reduction

with hydrogen. Other technetium catalysts prepared on a different type

of alumina or on Molecular Sieves were less satisfactory

since with them the cracking activity predominated over the re-forming

activity.

The product showed no radioactivity greater than background, indicating

that no technetium was carried over.

(MG)

*Summary of Final Report 0R0-2017-3, by A. U. Beackham and J. C. Palmer,

Dept. of Chemistry, Brigham Young Univ., Provo, Utah, Sept. 30, 1970.
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Detection of Materials Removed from an Industrial Plant by Means of

Radioactive Tracers, by A. C. Castagnet, H. Rodolfo Gomez, and

A. H. Lammirato, Argentinian Report CNEA-EN-l/6 (in Spanish), September

1968.

Supplementary Keywords: forensic use; material tracing; industry;
1 1 nm.
liU Ag.

At the request of a local factory manager, a method was developed for

Ag labeling of copper piping and mercury so that these materials

could be detected if removed from the plant without authorization. The

mercury was labeled (0.5 yCi/g) by adding the lloraAg as an amalgam, and

the copper piping (5 yCi/cm), by depositing llomAgN03 on a surface previously

treated to provide redox conditions. The detection system GM counters

connected to an alarm system was placed in the plant exit corridors

and could detect 300 g of mercury and 10 cm of copper piping. The cost for

installing a detection system in two corridors was estimated at $4000.

The levels of activity involved were not considered to be a health hazard.

(MG)
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Radioactive Isotopes in Scientific Research, report on Symposium

held in Budapest, Nov. 12-19, 1970, Atomtech. Ta.jekoztato [Atomic

Communications] 13(l): (January 1970) (in Hungarian).

Abstracts of papers presented at the symposium and abbreviated

versions of two papers from the plenary session are given. These two

were "Use of Radioactive Isotopes for the Study of the Active Transport of

Living Cells" by E. Broda (institute of Physical Chemistry, Section

of Radiation Chemistry of the University of Vienna), and "Effect of

Radioactive Radiation on the Heterogeneous Equilibrium in the Solid -

Solution System" by V. I. Spitsyn, E. A. Torchenkova, and I. N. Glazkova

(Lomonosov State University, Moscow). The other 114 abstracts are of

papers on physico-chemical phenomenons, biochemical studies, tracer

techniques in metallurgical and other industrial applications, and agricultural

research using radioactive isotopes.

Some of the industrial studies included wear, metal surface

temperatures (85Kr), beneficiation of high-sulfur oils (35S), silt

movement, watermark labeling, and cellulose manufacture processes.

(Francois Kertesz, Information

Division, ORNL)
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GAMMA RAY TECHNIQUES FOR MEASUREMENT

OF SOIL DENSITY AND DENSITY PROFILE* (2)

The U.S. Army Engineer Waterways Experiment Station, Vicksburg,

Miss, has just completed a study to determine the feasibility of using

measurements made with a multichannel gamma-ray spectrometer and a 10 mCi

60Co source for accurately determining soil density and resolving the

density profile of layers. Measurements were first made on aluminum

and steel plates to establish a standard reference for the determinations.

Measurements were made on two samples of air-dried Yuma sand placed

in a pit in thin layers. The density of the layers was controlled

by the rate of flow of the sand and the distance the sand fell. The

first pile was formed to a depth of 122 cm in a pit 51.82 m x 3.54 m;

the second was 125 cm deep. Measurements were made at depth intervals of

12.7 cm in each of six access holes located in the samples. The distance

between the source and detector was 121.9 cm in all cases. Densities were

compared with densities determined by nonnuclear means. The differences

between the nuclear and nonnuclear methods was about 0.04 g/cm3 at a

density of 1.5 g/cm3.

Results of the study indicate that density can be measured accurately

by this method provided (l) the thickness through which the measurements

are made is accurately measured, and (2) the source strength and detector

are suitable for the distance over which the density is measured. The

combination of source and detector that was used permitted defining

soil density profiles.

*Extract from A. N. Williamson, Jr., Gamma-Ray Techniques for

Nondestructive Measurements of Soil Density and Density Profile, Technical

Report M-70-14, U.S. Army Engineer Waterways Experiment Station, November

1970.



136

As a result of this study, the nuclear method was recommended for

routine measurements of sub-surface soil density measurements.

Further feasibility studies on the method were not recommended since

it is based on a well understood physical phenomenon.

(RHL)
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A Study of Mine Detection by Means of Neutron-Induced Gamma Rays,

F. R. Mynatt, R. G. Alsmiller, Jr., and L. R. Williams, USAEC Report

ORNL-TM-3305, Oak Ridge National Laboratory, Jan. 11, 1971. (DTIE: Please query
journal publication

in proof.)

The feasibility of locating land mines by detecting the photons

induced in the mine by the neutrons from a fission source at the earth's

surface was investigated by making neutron and photon transport calcu

lations. Comparison of the omnidirectional photon flux per unit energy

when the mine is present was found to be significantly different from that

when the mine is absent. However, the absolute photon intensity is so small

that a rather large fission source strength would be required to

achieve an appreciable counting rate.

(MG)
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Nuclear Techniques in Environmental Pollution, Proc. Symp., Salzburg,

Oct. 26-30, 1970, IAEA, Vienna, 1971- (STI/PUB/268) (CONF-701023)

The conference of which this is the proceedings was reported in

Isotop. Radiat. Technol., 8(4). In the 8l0-page document the 54 papers are

grouped according to subject: nuclear techniques and pollution studies,

determination of air pollutants, determination of water pollutants,

mercury and other metal contaminants of the environment, movement of

pollutants in water and soil, tracer techniques in coastal pollution

studies, nuclear techniques and ecosystems, and sludge and waste water

treatment. Approximately 180 participants in the conference represented

33 countries highly industrialized as well as developing and 8 inter

national organizations. The first paper in the proceedings, by W. E.

Mott of the USAECs Division of Isotopes Development, reviews

primarily work of the past 5 years in which nuclear techniques are applied.

In his concluding remarks, K. Ljunggren of Stockholm states that

accurate and reliable analytical methods are essential for meaningful

environmental studies. In between these two discussions are presented

many of the current nuclear techniques of interest to persons concerned

with environmental pollution.

(MG)
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STATUS OF APPROVAL OF IRRADIATED FOOD PRODUCTS

FOR HUMAN CONSUMPTION (2)

Supplementary Keywords: industry, food; wholesomeness; regulation;

accelerator; 60Co; 137Cs.

An International Atomic Energy Agency [IAEA Bull., 13(l): 24-5

(1971)] survey shows that the countries listed below have approved

various irradiated food products for human consumption:

Purpose of Radiation Permissible Approval
Country Product irradiation source dose, rads date

CANADA potatoes sprout 60Co 10 max Nov. 9, I960
inhibition 15 max June 14, 1963

onions sprout

inhibition

60Co 15 max Mar. 25, 1965

wheat, wheat insect 60Co 75 max Feb. 28, 1969
products disinfestation

ISRAEL potatoes sprout

inhibition

60Co 15 max July 5, 1967

onions sprout

inhibition

60Co 10 max July 25, 1968

NETHERLANDS asparagus

(experimental
batches)

radurization 60Co 200 max May 7, 1969

cacaobeans insect 60Co, 70 max May 7, 1969
(experimental disinfestation 4-MeV

batches) electrons

strawberries radurization 60Co, 250 max May 7, 1969
(experimental 4-MeV

batches) electrons

mushrooms radurization 60Co,
4-MeV

electrons

250 max Oct. 23, 1969

potatoes sprout

inhibition

60Co,
4-MeV

electrons

15 max Mar. 23, 1970

SPAIN potatoes sprout

inhibition

60Co 5-15 Nov. 4, 1969



Country

USA

USSR

Product

Wheat, wheat

products

white potatoes

potatoes

grain

dried fruits

dry food

concentrates

fresh fruits

and vegetables

(experimental
batches)
semiprepared
raw beef, pork,
and rabbit

products in

plastic bags
(experimental
batches)
eviscerated

poultry in

plastic bags
(experimental
batches)
culinary pre
pared meat

products (fried
meat, entrecote)
in plastic bags
(experimental
batches)
onions

(experimental
batches)
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Purpose of

irradiation

insect

disinfestation

sprout

inhibition

sprout

inhibition

insect

disinfestation

insect

disinfestation

insect

disinfestation

radurization

(extension of
market life)

radurization

radurization

.radurization

sprout
inhibition

Radiation

source

60

13 7,
Co

Cs

5-MeV

electrons

60Co
137Cs
60Co, 137Cs

60
Co

60
Co

60
Co

60
Co

60
Co

60
Co

60
Co

60
Co

60
Co

Permissible

dose, rads

20-50

20-50

20-50

5-10

5-10

5-15

10

30

100

70

200-400

600-800

600

800

Approval
date

Aug.

Oct.

Feb.

21.

2,
26,

, 1963
1964
, 1966

June

Oct.

Nov.

30,

2,

1,

, I96U
196U

1965

Mar. 14;, 1958

1959

Feb. 15., 1966

June 6, 1966

July H:, 1964

July 11, 1964

July 4, 1966

Feb. 1, 1967

Feb. 25, 1967

(MG)
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WHOLESOMENESS OF IRRADIATED FOOD,

ESPECIALLY POTATOES, WHEAT, AND ONIONS*

Summarized by F. E. McKinney

Supplementary Keywords: food preservation; grain; potato and

onion; wholesomeness; industry, food.

Abstract. A recent World Health Organization Report of an Expert

Committee on wholesomeness of some irradiated foods is summarized. The

committee recommended that irradiated wheat and potatoes be given

temporary acceptances because no positive evidence of harmfulness has

been found; however, they recommended further feeding studies to determine

effects on reproduction and nutrient content for wheat and on repro

duction and carcinogenicity for potatoes. The committee decided that

insufficient data is available at this time on which to base a decision

for irradiated onions.

(Introduction)

An expert committee on wholesomeness of irradiated food met in

Geneva from April 8-12, 1969. The committee was made up of members

invited by the World Health Organization (WHO), the Food and

Agricultural Organization of the United Nations (FAO), and the

International Atomic Energy Agency (IAEA). The members invited by

WHO evaluated the data on wholesomeness of wheat irradiated for

disinfestation and of potatoes and onions irradiated to control

sprouting. The members invited by FAO and IAEA discussed technical

aspects and provided information required by the WHO members. The

decision of the committee was based entirely on toxicological and

nutritional data; technological and economic questions were not considered.

*A summary of Wholesomeness of Irradiated Food with Special Reference to Wheat,
Potatoes, and Onions , Report of a Joint FAO/IAEA/WHO Expert Committee,
Geneva, Apr. 8-12, 1969, World Health Organization Technical Report No. U51, 1970.
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Data Extrapolation (3)

The committee had to evaluate data obtained under various sets of

conditions, and it had to take into account that the food as eaten by

man may be different in form from that eaten by test animals. The

relationship between radiation dose and the chemical effects of radiation

on food has not been clearly established. Evidence suggests that a

plateau effect exists for the concentration of radiolytic products and that

a threshold may exist below which change cannot be detected. The committee

decided that toxicological evidence from animals fed food irradiated at

doses much higher than those to be used in practice might not be

appropriate, although data from high-dose experiments may indicate effects

to be looked for in experiments at more practical doses.

There are quantitative differences in composition between varieties

of a crop and between crops of the same variety grown in different

locations; the basic composition is likely to be qualitatively similar.

The committee decided that for irradiated wheat and potatoes the

evaluations should have general applicability, regardless of variety or

area where grown.

Differences in physical form of a food can influence the

radiation-induced chemical changes, but the committee felt that

these differences would be quantitative rather than qualitative. Data

on both wheat grain and wheat flour were taken to be applicable to

both forms of wheat and wheat products.

Mutagenicity and Cytotoxicity (3)

Since the report of an FAO/WHO/IAEA expert committee1 in 196k, published

information has shown that cytotoxic and mutagenic substances may be

formed in irradiated food. Both gene mutations and chromosome aberrations
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may be induced. Tests are being developed to assess the mutagenic

properties of the induced substances. In view of the scarcity of

data and the uncertainty of its extrapolation to man, the committee

discounted the available mutagenic data in reaching its decision on the

wholesomeness of specific irradiated foods. Mutagenic substances might

also result from other food processes and certain accepted food additives

and other materials.

Investigations Required for Assessment of Wholesomeness (3)

The committee endorsed the opinion expressed in the 196k meeting1

that the principles of food additive testing are inapplicable to

irradiated foods insofar as physical and chemical identification are

concerned. The methods recommended in the 196k report are still valid,

although certain modifications and elaborations were suggested.

Collaboration between the appropriate government authorities and

investigators is essential.

Experimental Design (k)

When long-term investigations are conducted, a positive control

group should be included and fed a known carcinogen to check the response

of the species used. Consideration should be given to the use of

several control groups; for instance, an additional group fed the same

food treated by alternative accepted methods, such as thermal processing,

might yield useful comparative information. The committee questioned the

suitability of chickens for use as test animals in long-term tests because

insufficient toxicological experience is available with this species. In

carcinogenicity studies, the use of rats and mice is preferable. Recent
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experience with the miniature pig is not encouraging, and there is an

urgent need for the discovery of other nonrodent species suitable for

long-term studies. Feeding studies with large animals, such as dogs and

pigs, have frequently used too few animals. The minimum number of large

animals should be eight.

Many irradiated food studies have produced poor results because

insufficient attention has been given to the nutrient and caloric value

of the diet. The diets should be isocaloric, be of adequate caloric

density for the test species, and have a nutrient level equal to the

normal requirements of the test species. Before the diet is fed, it

should be subjected to the same conditions and procedures envisaged in

practice. Any additional process applied to the control diet must also

be applied to the irradiated diet. The radiation source, the energy, the

radiation dose, and the radiation dose rate should be specified in the

report, along with full details of the environmental conditions during

and following irradiation.

Experience has shown that dogs are generally unsuited for routine

studies of reproductive function. Two species are required; mice and

rats are acceptable, and Japanese quail are sometimes useful. The

teratological examinations recommended by an expert committee in 1966

can be undertaken by breeding third litters in a multigeneration test and

terminating pregnancy a few hours or a full day before expected delivery

so that all surviving fetuses can be examined and the resorption sites

and number of dead fetuses counted.

Evaluation of Irradiated Foods (3)

The committee examined the extent and quality of the biological

evidence and other available data in making their decisions. The usual



145

consumption of the specific food in different countries and its role in

nutrition were also considered. Three categories of acceptance were

established: (l) unconditional acceptance, which is granted where adequate

data are available for full evaluation; (2) conditional acceptance, which

is granted where data are not sufficient for full evaluation (further

investigations are usually specified); and (3) temporary acceptance, which

is granted where there are insufficient data and where additional informa

tion is required within a stated period of time (if the data do not

become available, the acceptance will be withdrawn). Sometimes no

decision can be made because the available evidence is inadequate or

unsuitable; a no decision does not imply that there is evidence of harmfulness,

The committee will recommend nonacceptance if available evidence

demonstrates a potential health hazard.

The specific conditions evaluated were: (l) wheat or ground wheat

products irradiated to a maximum dose of 75 krads with gamma radiation from

60Co or 137Cs or with electrons of less than 10 MeV; (2) white potatoes

irradiated with gamma radiation from 60Co or 137Cs to a dose of 15 krads;

and (3) onions irradiated with gamma radiation from 60Co or 137Gs to a

dose of 15 krads. The doses specified are maximum doses chosen after

considering the overdosing that might occur in practice under plant

conditions. The actual dose used in practice will be as small as

possible, for economic reasons, and will be set by the plant management.

The use of electrons was considered only in some instances, and the use

of x-rays not at all, because there is insufficient experience in their

technological application.
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Irradiated Wheat* (3)

The purpose of irradiating wheat is to control infestation by insects

in stored grain and in ground wheat products^* The dose required depends

on the insect species to be controlled and on the permissible time interval

between irradiation and death of the insects. For most species, a

10- to 25-krad dose is sufficient; mites and certain moths require higher

doses. For evaluation, a maximum of 75 krads was assumed.

Nutritional Effects {k)

The protein content, measured as total nitrogen, is unaffected by

radiation. Amino acid content is also unaffected by practical doses,

although small losses in leucine, isoleucine, and methionine occur at

5 Mrads. The protein nutritive value of whole wheat is unaffected by a

200-krad dose, but statistically significant losses occur with doses of

1 Mrad or higher. The nutritive value of gluten prepared from wheat and

then irradiated is unaffected at 20 krads but shows a % loss at 200

krads, principally because of decreased availability of methionine.

Tests in rats have shown that protein efficiency ratio, nitrogen

excretion, and digestibility are unaffected at 20 krads. Digestibility

and biological value of wheat gluten irradiated to 2.8 Mrads were similar

to those of untreated gluten. Irradiation of wheat bran with 0.4 or

5.0 Mrads increased net protein utilization in chickens. The increase

*As in other WHO reports on wholesomeness of irradiated food, separate

monographs were prepared for the specific foods and attached to the

report as appendices. They are inserted into this summary to provide

continuity.

**The conclusions in this section are supported in the summarized WHO

report by a bibliography of 46 references. Editor's Note.



147

in maltose values of irradiated wheat at doses greater than 0.5 Mrad

is attributed to depolymerization of polysaccharides.

The evidence on B vitamins is plentiful, but sometimes conflicting.

No loss of thiamine was detected in whole wheat after doses of 20 or

200 krads or in flour after 70 krads. Other researchers noted small

losses in flour after doses of 70 krads or more. There is some evidence

that thiamine loss is dose-dependent up to 500 krads and independent

of moisture content. Other researchers have noted considerable losses

of thiamine. No loss of riboflavin in wheat flour was noted up to 74 krads

or in wheat grain up to 200 krads. Even after 5 Mrads, no loss was evident

in a grain diet for chickens. No loss of nicotinic acid in grain at

20 krads or in flour at 37-2 krads was detected, but small losses were

reported in flour at 50 krads and 74.4 krads. A 12% loss was reported in

grain after a dose of 200 krads. No significant loss of total vitamin

B6 occurred in grain after a 200-krad dose, although a chick diet

lost 20 to 30% after a 5-Mrad dose. No loss of biotin occurred at 20 krads,

but a loss of 10% was found after a dose of 200 krads. Losses of

pantothenic acid were detectable after 20 and 200 krads, but they were

too small to be of nutritional concern.

Vitamin E is very susceptible to radiation in some foods, but only

a small loss has been observed in wholemeal flour prepared from irradiated

wheat at doses up to 200 krads. Rats whose only source of Vitamin E was

wheat irradiated at 10 krads showed no deficiency symptoms through four

generations. A specific-pathogen-free breeding colony was maintained

for 4 years on an unsupplemented laboratory chow sterilized with 2.5 Mrads;

the breeding performance, usually taken as an indicator of Vitamin E

availability, was excellent.
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Irradiation of wheat bran caused an increase in net phosphorus

utilization and absolute retention of phosphorus by chickens. Phosphorus

in the polar fraction increased in lipids of flours milled from wheat

irradiated at high doses. No loss of ascorbic acid was noted in flour

irradiated at 80 krads.

Feeding Studies (k)

Mice. (5) No differences in number born or in development of

young were observed in a five-generation test with wheat irradiated to

27.9 krads. In a 2-year study of two strains of mice, all mice

showed a degree of breeding failure but there was no effect on body

weight or survival. In one strain, 28 mice developed lymphosarcomas

including 11 of the control group. Reproductive capacity was unimpaired

in a multigeneration test of a 75% wheat diet irradiated at 20 or 200

krads. One long-term study of wheat irradiated to 5 Mrads did show

cytogenetic abnormalities in developing spermatogonia, but this dose is

considerably higher than would be used in practice. There was no effect

on fecundity, although losses after birth were higher in the group fed

irradiated flour.

Rats. (5) Wheat irradiated to 20 or 200 krads in a mixed diet

produced no effects on body weight or feed efficiency. Four generations

were fed wheat irradiated to 10 krads and stored under adverse conditions;

male fertility was reduced and infant mortality increased, but the

effect was greater in the control animals than in the group on the

irradiated diet. In a massive experiment with four generations fed a

diet of 75% wheat irradiated to 20 or 200 krads, no effects were noted

on fertility, number of young, sex ratio, survival after birth, or weight

after birth. Comprehensive analysis of 1238 autopsies gave no evidence

that wheat is tumorigenic. In another experiment, over a lifespan plus
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5 generations, a diet of 75% wheat irradiated at 20 or 200 krads showed

no effect on growth, feed efficiency, intestinal flora, or reproduction.

In one experiment, flour was irradiated to 37 or 74 krads, stored for

3 months, and then cooked before feeding. No effects were evident in

the test animals after 2 years, and independent examination of

histological material confirmed that there was no increase in tumors.

Other experiments showed no effect on blood characteristics and blood

enzyme systems. Experiments with wheat irradiated with spent fuel

elements to doses of 2.8 and 5-6 Mrads showed that rats on irradiated

diet actually gained more weight than control animals; this was attributed

to increased availability of nutrients caused by degradation of cellulose.

Chickens and Other Animals. (5) Chickens fed cereal grains irradiated

to 19.5 krads showed no differences in body weight, egg production, egg

weight, or egg quality. Germ-free chicks fed a 30%-ground-wheat mash

sterilized with 5 Mrads grew better than ordinary control chicks, but

ordinary chicks"on the irradiated diet did no better than the controls.

Hens on a radiation-sterilized mash did show a slightly lower growth rate

caused by a slight vitamin deficiency in the diet. Pigeons fed grain

irradiated to 100 krads showed no differences in reproduction function.

Both control dogs and dogs fed irradiated flour became obese on a diet

of 35% flour.

Man. (5) Two controlled series of human feeding studies have been

reported. Foods of all kinds irradiated with spent fuel elements were
in

fed/15-day periods to young male conscientious objectors. In the first

study, diets of 35%, 60%, 80%, and 100% irradiated food were fed in

successive periods, alternating with similar periods in which unirradiated

foods were fed; each subject thus served as his own control. This first
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study included bread and other cereal products irradiated to 2.8 Mrads.

The second study included flour irradiated at 75 krads and incorporated as

bread and confectionery items in a diet that was about 80% irradiated. The

studies failed to demonstrate any deleterious effects on general health

or damage to organs studied. There was no evidence of clinical abnormality

that could be related to the ingestion of irradiated food.

Recommendations on Irradiated Wheat {k)

The disturbing effects noted in mice fed wheat irradiated with

5 Mrads are the basis for the requirement that certain further work be

undertaken to confirm that similar effects on reproduction are not

demonstrable at dose levels of practical importance. The evidence

concerning nutritive adequacy of irradiated wheat and ground wheat products

does not give cause for concern. The committee noted a lack of information

on vitamin content of bread prepared from irradiated wheat. The recommenda

tion is, therefore, that wheat and wheat products be given a temporary

acceptance with further studies to be completed within 5 years. The

additional studies must demonstrate the absence of adverse effects on

reporduction and must assess the nutrient content of bread prepared from

flour stored for periods up to 2 years after irradiation before use.

These additional studies must be completed before April 30, 1974.

Irradiated Potatoes* (3)

Potatoes are irradiated to inhibit sprouting during storage. The

dose varies slightly with variety; some varieties need only 7 to 10 krads.

*The statements in this section are supported in the original WHO

report by a bibliography of 22 references. Editor's Note.
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The maximum dose chosen1 for this study was 15 krads.

Nutritional Effects (k)

A slight loss of vitamin C occurs during and immediately after

irradiation, with the loss being dose dependent. At 10 krads, some

researchers have reported 15% loss, while others have reported no loss

in ascorbic acid. The main cause of loss of ascorbic acid in potatoes

is storage; after 4 months, there is usually little difference between

irradiated and nonirradiated potatoes.

Irradiation does cause an immediate increase in reducing sugars and

sucrose. If potatoes are then stored at a low temperature (4°C),

after 4.5 months the sugar content will be comparable to that of non-

irradiated potatoes. If potatoes are stored at high temperature, the sugar

content will remain high, with a correspondingly low starch content. The

formation of deoxyglucose from starch has been suggested as a reaction

that could be used to detect whether or not potatoes have been irradiated.

Doses up to 20 krads do not significantly alter amino acid composition

of potato proteins. Like sugars, proteins show an immediate effect after

irradiation, but subsequent storage reduces these differences between

control and irradiated potatoes.

Feeding Studies (k)

Rats. (5) After a dose of 9 krads, given at an exceptionally

low dose rate, irradiated potatoes produced no changes in growth, blood,

or reproduction. A diet of 53% raw potatoes was unsuitable and caused

physiological disturbances in control groups and groups fed 200-krad

irradiated potatoes, but reproduction was normal and testes of males showed

no differences in activity of germinal epithelium. A diet of 72% dried

potatoes irradiated to 10 krads with electrons gave no differences in
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weight gain or protein efficiency after 1year. Ashort-term study
showed that 8krads increased digestibility of dry matter and

nitrogen-free extracts slightly, but there was adecrease in total digestive
nutrients and net energy.

In a14-month study, potatoes irradiated to 46.5 krads produced
no effects on mortality, growth, blood characteristics, urine, or

reproduction. Some variations in female fertility and pup weights
occurred in a2-year study covering four generations; potatoes were

irradiated at 13.5 to 20 krads and at 27 to 40 krads. There was no

effect on litter size or survival until weaning, and growth and feed

efficiency were normal. Coronary arteriosclerosis, focal myocarditis,
and bronchiectasis were more frequent in rats on the irradiated diet.

Frequency of tumors was similar in control and test groups. An

independent analysis came to the same conclusion, although different

figures resulted. Another four-generation study, evaluated independently
because of inconsistencies and errors in calculation, showed aslightly higher
congestion in spleen and occasional minor lesions in rats on the
higher-dose diet.

Dogs,. (5) No effects of any kind were found in dogs fed potatoes
irradiated to k6.5 krads. Dogs fed for 101 weeks on a35% (dry weight)
potato diet, with doses of 7and 14 krads, did not achieve normal body
weights, but control and test group weights were comparable on this suboptimal
diet.

PiSS.. (5) Pigs fed irradiated potatoes for 13 weeks showed no

differences from controls; bacon was similar from both control and test

groups. Adult pigs fed k months on potatoes irradiated to 15 krads

showed no differences from controls. Piglets raised to maturity on adiet
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of irradiated potatoes showed no effects on fertility, number of offspring,

or weight of offspring. A large feeding study failed to confirm any

consistent differences in a large number of blood characteristics.

Recommendations on Irradiated Potatoes {k)

Few long-term feeding studies were considered satisfactory. However,

the committee did not find any evidence that irradiated potatoes are

harmful. It recommended temporary acceptance of irradiated potatoes,

with further feeding studies required by April 30, 1974, to assess in

rats and mice any effect on reproductive function. Carcinogenicity must

be assessed in a second species, e.g., mice.

Irradiated Onions* (3)

Onions are irradiated to inhibit sprouting. The usual dose is

between 8 and 10 krads.

Nutritional Effects (k)

Doses up to 12 krads had little effect on ascorbic acid content at

intervals up to 7-5 months after irradiation, and there was no conversion

of reduced ascorbic acid to the dehydro form. Doses of 14.9

krads caused no consistent effects on total sugar content and reducing

sugars during storage at 10°C, although some workers have reported an

accumulation of nonreducing sugars in irradiated bulbs.

Feeding Studies {k)

Rats. (5) A diet of 3% irradiated onion (dry weight, equivalent

to 25% wet weight) was fed for 12 weeks; growth was normal, but erythrocyte

*The statements in this section are supported in the summarized WHO

report by a bibliography of 7 references. Editor's Note.
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counts and hemoglobin levels were lower in rats fed the 20.3-krad-dosed

onions. An experiment with onions incorporated at 10 and 25% wet weight

levels after doses of 8 and 100 krads showed no effects on growth, reproduc

tion, or blood picture after 1 year and three generations. An experiment

with onions incorporated at a 35% dry weight level after a dose of 25

krads showed that both test and control groups had severely affected

spleens and livers at this extremely high level of onion.

Dogs. (5) Urinalysis of beagles fed 90 days on 10% dried onion

irradiated to 25 krads showed no effect, but hematological examinations were

inconclusive because of anemia in both control and test animals. All

dogs had increased spleen weights. Another test with onion incorporated

at a 25% wet weight level showed that all dogs on onion, irradiated to

20 krads or not, tended to become anemic, had liver and spleen damage,

and showed varying degrees of ovarian or testicular degeneration.

Pigs. (5) Autopsies of pigs fed for 24 weeks on onions at a 25%

wet weight level, and after a dose of 20.3 krads, showed osteodystrophy
and

due to a calcium/phosphorus imbalance in both control and diet groups;

weight gains and food intake were below normal. Hematocrit values were

higher in animals on irradiated diets.

Recommendations on Irradiated Onions (k)

Because onions contain constituents that cause hemolysis and anemia

in many species of animal, feeding diets containing large amounts of

onions is difficult. The appearance of toxic effects does not mean that

irradiation has caused some change in the onions. The committee recommended

that a search be made for a species that can tolerate high content of

onions in the diet or for an alternative test method. If levels of
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dietary intake are necessarily low, then larger numbers of animals than usual

may have to be used.

Data available on wholesomeness of irradiated onions are not sufficient

to allow an evaluation. There are no long-term feeding studies on onions

at all, for instance. The committee handed down a no decision ruling on

irradiated onions.

Future Research (3)

Man is continually exposed to potentially harmful materials, and food

is only one factor in the total chemical contamination of his environment.

The potential toxicity of irradiated food should not be viewed in

isolation. Irradiation could replace certain pesticides that are toxic;

this is a strong reason why further exploration in the use of radiation to

preserve food should be encouraged and supported.

Animal feeding studies should be continued on individual irradiated

foods. Irradiation should be performed under practical conditions and on

food in forms closely comparable to those consumed by man. A degree

of extrapolation will be necessary because of variations in irradiation

facilities and of differences in preparation methods of certain foods.

Generally applicable data are accumulating from specific studies, but

studies designed specifically for this purpose should still be carried

out. Studies on foods that represent broad classes of food should be

made, and consideration should be given to both composite diets and

extract or concentrate diets. Radiation doses should be within the

range of practice. Each study should attempt to identify and estimate

the products resulting from irradiation of the food. Details concern

ing the type of radiation, total dose, dose rate, and dose distribution
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should be provided along with information on the conditions of irradiation

(temperature, atmosphere). Research into the effects of radiation on

nutritional value should be continued, especially on irradiated foods

as consumed in practice. Further research into the microbiological

aspects is also recommended.

New technical procedures need to be developed for testing irradiated

foods. Modifications in immunological responses and alterations in

behavior patterns after consumption of irradiated food are possible

sensitive indexes of toxicity. Species other than rodents need to be

developed for carcinogenicity studies, and further work on methods

of testing for mutagenicity is required.

National legislation governing production and sale of irradiated

food must be enforceable. Control by means of licensing and label

declarations would be strengthened if there were some means to test food

to determine if it had been irradiated. Research into the development of

such methods should be continued.

Recommendations (3)

Further meetings of WHO, in consultation with IAEA and FAO, should

be convened on these specific foods and on revision and clarification of

existing documents for the technical basis for legislation. Responsible

international agencies should collect data pertaining to wholesomeness,

provide consultation on wholesomeness studies, and encourage research on

new methods for testing wholesomeness. The committee also recommended that

WHO convene a meeting of experts on the assessment of mutagens; such a

meeting could guide future research on possible mutagenic hazards due

to natural components of food and the consumption of food containing
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additives as well as food subjected to various processing methods, such

as irradiation.
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EFFECTS OF LOW LEVEL IRRADIATION ON THE PRESERVATION OF FRUIT:

A SEVEN-YEAR SUMMARY* (2)

By R. A. Dennison and E. M. Ahmed**

Supplementary Keywords: food preservation; industry, food; fruit.

Abstract. This article is a summary of work conducted under a USAEC Division
of Isotopes Development

/contract from May 1963 through February 1970 to determine the effect

of low-level irradiation upon certain food items prominent in the

Florida agricultural economic system, with specific reference to citrus.

Work was conducted to determine the effects of irradiation on the decay,

peel injury, weight loss, firmness, color, flavor, composition, yield

and quality of juice, respiration, and behavior during shipping of

citrus fruit. Summary results are also presented on the effects of low-

dose irradiation on peaches, mangoes, and tomatoes. Microbiological

studies examined the effects of low-dose irradiation of oranges

and lemons inoculated with stem-end decay fungus and of peaches inoculated

with brown rot fungus.

(Introduction)

The Department of Food Science of the University of Florida,

Gainesville, held a contract from the Division of Isotopes Develop

ment, USAEC, for the period May 1963 through February 1970 to investigate

*A condensation ofi Effects of Low Level Irradiation Upon the

Preservation of Food Products, Final Summary Report for the Period

May 1963 to March 1970, R. A. Dennison and E. M. Ahmed, USAEC Report

0R0-680, University of Florida, 1971.

**Department of Food Science, University of Florida, Gainesville, Florida.
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the effects of radiation on food items important to the Florida

agricultural system, with specific emphasis on citrus fruits. This

article presents the main findings that resulted from this period of
research. The work was carried out using a pool-type irradiator,
originally containing 60Co; in 1968 the cobalt was replaced by 137Cs.
Because of the final summary nature of the article, a bibliography of
articles and reports based on data accumulated under this contract is
included rather than a list of specifically called-out references.

Citrus (3)

Stem-end rots and green and blue molds cause the greatest post-

harvest decay losses to citrus. No single radiation dose can be given

to protect citrus fruits against spoilage, and the dose required for

retarding established infections is higher than that for retarding

incipient infections. The peel of citrus fruits is very sensitive to

radiation damage, especially at the doses required for decay control.

The extent and severity of peel injury increases with the duration of

storage and with higher storage temperature.

Decay Control (4)

There was considerable variation in the control of decay by
or greater

irradiation; in some tests the amount of spoilage was as great/in

irradiated lots as in control lots. Some of the factors that were

associated with the variation in decay control were time of harvest,

maturity of the fruit, whether or not the fruit had been waxed, and

variety of fruit. Dipping the fruit in hot water (127°F for 5 min)

prior to irradiation reduced the incidence of decay in most tests.

Typical variations in decay control found with fruits harvested at

different dates, field run or processed (washed and waxed), and

dipped or not are given in Table 1.
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Table 1. Variations in Decay of Temple Fruit After Irradiation

Dose,

krads

Decay, %

Harvest and

storage

Field run,

not dipped
Processed,
not dipped

Fi.eld run,
dipped*

Processed,
dipped

1/29/69;
12 days at
65°F

2/13/69;
13 days at
65°F

0

100

150

0

100

150

5.0

11.7

8.3

21.7

8.3

6.7

15.0

21.7

23.3

40.0

23.3

2.17

1.7

3.3

0.0

20.0

16.7
10.0

3.3

1.7

5.0

55.0

21.7

5.0

*Dip treatment was hot water at 127°F for 5 min

Peel injury (4)
with

Peel injury starts/swelling of the oil glands and results in pitting

of the peel, mainly around the stem end of the fruits. Irradiation tends

to increase peel injury.

An effort was made to find methods for reducing the extent of peel

injury caused by irradiation. Storing fruit at 35°F, rather than 50°F

or higher, prevented the fruit from showing large amounts of peel injury.

However, when fruit stored at 35°F was moved to temperatures typical of

supermarkets (78°F), the injury on the surface of the peel increased.

When fruit were dipped in hot water (l27°F) for 5 min, cooled in tap

water, and then irradiated, the peel injury was reduced.

Peel injury ratings for different treatments, using Navel oranges,

are given in Table 2. In some tests, the severity of peel injury was

greater than shown in this table.
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Table 2. Peel Injury Ratings for Various Treatments of Navel Oranges

Injury rating*

Storage Dose,
regime krads Not dipped Dipped**

21 days 0 10.0
at 35°F 50 io.O

100 io.O

150 10.3

21 days 0 10.0
at 65°F 50 16.8

100 16.0
150 17.5

21 days 0 10.0
at 35°F plus 50 19.3
7 days at 100 21.4
78°F 150 24.7

10 .0

10 .0

10 .3

11,.0

10..0

13.

16.
14.

.3

.4

•9

10. 0

13.

14.
0

5

13. 9

*Injury scale: 10 = none, 20 = slight, 30 = moderate,
40 = severe.

**Hot water at 127°F for 5 min.

Weight loss (4)

There was no consistent trend in weight loss with the treatments

used, except for the progressive increase with duration of storage.

In most tests there was no significant difference in the weight lost

by the irradiated and the nonirradiated fruit.

Firmness (4)

Whole fruit and fruit sections of irradiated Temple fruit were

softer than nonirradiated fruit. The greatest decrease in firmness

was noted immediately after irradiation, but firmness differences between

irradiated and nonirradiated fruits were smaller after storage.

Color (4)

Irradiation accelerated the rate of external color change from green
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to yellow of harvested Bearss lemons initially, but the increase

did not continue throughout the holding period. The nonirradiated and

irradiated fruit reached the full yellow color at approximately the same

time.

Flavor (4)

Flavor scores for juice expressed from irradiated fruit usually

decreased (Table 3). The greatest flavor differences were noted

immediately following irradiation, but as the storage period increased,

differences were fewer. Doses up to 200 krads in most tests did not

cause extreme changes in flavor; above this dose, juice expressed from

irradiated fruits was almost always unacceptable.

Table 3. Flavor Scores of Juice From Irradiated Temple Fruit

Storage

at 35°F,
days

Ratings*

Unirradiated 100 krads 200 krads

0

7
14

21

2.9
2.8

2.6

2.7

2.8

2.8

2.6

2.6

2.1

2.2

2.3

2.3

*Scores: 1 = poor, 2 = fair, 3 = good.

Composition (4)

Irradiated fruit usually show some loss of reduced ascorbic

acid in the juice, but this loss seldom reaches as much as 10% of the

total content. Typical changes in reduced ascorbic acid content with

irradiation and subsequent storage of the fruit are shown in Table 4.

No consistent changes were found in amount of reducing sugars, sucrose,

and total sugars.
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Table 4. Changes in Reduced Ascorbic Acid Content of Tangerines

Dose Storage, Reduced ascorbic acid Reduced ascorbic acid
krads days (T = 35°), mg/100 ml (T = 50°), mg/100 ml

0 31.19 31.19
10 28.13 27-65

27.71 2l+-7120

Uo 0 32.48 32.48
10 27.68 26.93
20 25.51 24.78

80 0 29.19 29.19
10 26.26 25.88
20 23.85 23.10

160 0 29.42 29.42
10 25.23 24.07
20 23.08 20.20

Pectic fractions in the peel, membrane, and juice sacs of Valencia

oranges and Duncan grapefruit changed with irradiation. Water- and

oxalate-soluble pectins increased, but protopectin decreased. The

least change in the fractions was found in the juice sacs. As dose

increased, the amount of change in the fractions increased. Accelera

tion of pectic changes caused more rapid softening of the fruit than that

which normally occurs.

The extent of depolymerization of the pectin molecule was determined

by jelly-grade measurements. The greatest decrease in the jelly grades

of the pectins was found in the peel and membrane when the Brix/acid

ratio was lowest. The less mature the fruit, the lower the Brix/acid

ratio.

Juice Yield and Quality (4)

No differences in yield of juice from Valencia oranges were caused
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by irradiation treatment. In some tests with Duncan grapefruit, there

was a greater yield of juice from irradiated fruit, usually with more

mature fruit.

Higher viscosity was exhibited by the juice expressed from the

irradiated fruit as compared with the nonirradiated fruit (Table 5)»

Irradiation did not affect titratable acidity or solids content of the

juice.

Table 5- Changes in Viscosity of Juice from Irradiated Duncan Grapefruit

Storage, Viscosity, centipoises

days Unirradiated 100 krads 200 krads 300 krads

0 7-5 8.6 9-5 10.5

7 7-7 8.2 10.1 10.2

14 8.4 8.6 9.6 10.7

21 9-7 10.8 10.4 12.0

Respiration (4)

In general, citrus fruits show an immediate increase in O2 uptake

and production of CO2 when irradiated. The higher the irradiation

dose, usually the higher the respiratory activity.

Shipping Studies (4)

The responses of Valencia and Pineapple oranges and Temple fruit

to simulated commercial shipping were evaluated in conjunction

with the Department of Horticulture at the University of Maryland.

Field run fruit were washed, sized, dipped in hot water (5 min at 127°F),

cooled in tap water, placed in 5-l"b plastic bags, and irradiated. Half

the bags were transported to College Park, MD; the remainder were

retained in the Department of Food Science at the University of Florida.
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Peel injury, weight loss, soluble solids, titratable acidity, pH, and

reduced ascorbic acid were evaluated periodically.

Irradiated fruit had higher indexes of peel injury than non

irradiated fruit. In general there was no indication that peel injury

was increased by shipping. No general trends were observed in weight

losses or in changes in solids content that could be attributed to

irradiation or to stresses during shipment. Some irradiated fruit

had lower acidities after prolonged storage, but shipping did not

appear to influence the acidity. Losses in ascorbic acid due to irradia

tion ranged from 5 to 15%; shipping did not seem to affect ascorbic

acid content.

Peaches (3)

Spoilage losses of peaches are caused mostly by infection from

Monolinia fructicola (Wint.) Honey, commonly referred to as brown

rot. Retardation of this infection would improve the marketing of

fresh peaches. Irradiation has shown some promise as one method for

control.

Decay Control (4)

Methods investigated for decreasing spoilage were the use of

radiation alone and of combination treatments of radiation and hot

water. Both methods significantly reduced the number of decayed fruit,

but the combination treatments gave the better control. Table 6 shows that

a 75-krad dose did not control brown rot, but with a 7-min 120°F hot water

treatment, it did aid in lowering the amount of spoilage. When the dose

was increased to 150 krads, a significant decrease in spoilage was

obtained without the hot water treatment.
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Table 6. Decay Control in Firm Ripe Loring Peaches
Stored 10 Days After Treatment at 35°F Plus 4 Days at 68°F

Dose"; Decay, I
krads No dip Dip*

6- 53-3 ^
75 60-3 2.2

150 2.2 0.0
225 8.9 0.0

*Hct v-.tor at l?0°"n* for 7 min.

-"irmness (4)

The stage of maturity and the variety of the peaches influence the

firmness changes that result from irradiation and from combination

treatments. In most tests, fruit are softer after irradiation. If

fruit are irradiated at the mature green stage, there is a sharp drop

immediately in firmness. At riper stages, only minor differences in

firmness between irradiated and nonirradiated fruit occur. If fruit are

irradiated at the firm ripe stage, the decrease in firmness is slight.

A greater decrease in firmness results with the use of hot water dips.

Skin Color (4)

When fruit were irradiated at the mature green stage, visual

observations during storage showed that the red coloration became more

intense than in nonirradiated fruit. Objective color measurements

verified the visual observations and showed that the increase in red

color was accompanied by a decrease in green color. Pigment extractions

showed an increase in anthocyanin (Table 7). When fruit were irradiated

at the firm ripe stage, differences in pigmentation did not occur.

Biochemical Changes (4)

Some varieties of peaches, but not all, showed slight losses in

ascorbic acid content following irradiation. In general, there were

no changes in soluble solids, reducing sugars, sucrose, and total sugars.
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Table 7. Anthocyanin Content of Loring Peaches

Stage and Storage, Anthocyanin content ~
temperature days Unirradiated 108_krads 216 krads 432 krads"

Mature green, 0 0.08 0.08 0.05 0.08
68°F 6 0.09 0.11 0.14 0.43

12 0.10 0.11 0.15 0.57

Firm ripe, 0 O.58 O.56 0.47 0.46
35°F 7 0.37 0.49 0.39 0.40

14 0.19 0.20 0.33 0.46

Irradiation increased pectinesterase activity and the water-soluble pectin

fraction but decreased the versene-soluble and protopectin fractions.

Respiration (4)

Immediately after irradiation, evolution of CO2 from fruit increased,

but 18 hours later this activity decreased. The rate of C02 evolution

then followed a similar pattern for both irradiated and nonirradiated fruit,

with the respiratory rate for irradiated fruit greater.

Mangoes (3)

Anthracnose infection of mangoes causes major losses of the fruit.

Irradiation reduces the extent of the anthracnose infection and retards

the rate of ripening.

Ripening (4)

Mango fruit were visually rated for ripening according to the

area of yellow-colored skin. Table 8 shows the delay effect of

irradiation on the rate of ripening of Zill mangoes. There were no
rates

differences in the / of ripening if fruit were hot water dipped

(7 min at 120°F) or not before irradiation.
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Table 8. Effect of Irradiation on Ripening of Zill Mangoes

Storage Dose, Ripening rating*
(68°F), days krads No dip Dlp(7 min., 12QQF)

7-3
14.0
14.7
15.0

10 0 5.0 5.0
9.0

9-7
10.7

17 0 5.0 5.0
5.0

5.7
7.3

0

105

157
210

8.3
14.0

15.3
16.7

0 5.0

105

157
210

7-7
10.3
10.0

0 5.0

105

157
210

5.0

5.3
8.0

*Fully green* 25, fully ripe*. 5•

Decay Control (4)

Table 9 shows the significant reduction in anthracnose infection

that was obtained by both irradiation and the dipping of fruit in

120°F water for 7 min before irradiation. When the storage period was

17 days, the reduction in infection was found only for those fruit

which received the higher irradiation doses 157 and 210 krads.

Table 9. Effect of ICrradiation on Anthracnose Infection in Zill Mangoes

Storage (680F), Dose,
krads

Infection rating*
days No dip Dip (7 min., 120OF)

0 14.3
105 9-0

157 8.3
210 7.3

0 20.3
105 12.3

157 11.0

210 10.7

0 25.0
105 25.0

157 18.7
210 17.7

9.7
7.3
6.3
6.7

10 0 20.3 19.3
7.3
8.0

9.3

17 0 25.0 25.0
25.0

13.0

9.7

*Severe infections 25. no infection" 5.
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Tomatoes (3)

Tomatoes are susceptible to Alternaria infections, and the infection

is not controlled by irradiation doses that do not damage the fruit.

Irradiation retards the rate of color development in the fruit, and the

treated fruit are not as firm. No significant differences occur

in organoleptic preference ratings between irradiated and nonirradiated

fruits.

Decay Control (4)

Fruit irradiated after the appearance of color on the blossom end

developed more decay during ripening at 68°F than the nonirradiated fruit.

Ascorbic Acid (4)

Tomatoes exposed to 300 krads contained less reduced ascorbic

acid than nonirradiated fruits or those exposed to 100 krads (Table 10).

However, the decrease in ascorbic acid with the higher dose was only

about 10% of the acid present in the untreated fruit.

Table 10. Ascorbic Acid Content of Floradel Tomatoes Irradiated

3 Days After Color Break and Stored at 68°F

Store-Se,
'8

Ascorbic acild, mg/100 g
dr<\ U: lirradiate;d 100 krads 200 krads 300 :krads

0 21 • 5 18.6 18.5 19 .6
20,•7 23.1 19.3 19 .1

4 19-.6 20.3 21.1 1(3.•5
7 21.,0 21.7 20.0 17.•9
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Respiration (4)

The effect of irradiation on respiratory rate was influenced by

the fruit maturity at the time of treatment. Irradiated mature green

fruit showed an immediate increase in respiratory activity followed by

a slight decrease in C02 evolution for about 18 hours. The

maximum respiratory activity occurred 30 hours after irradiation. After

4 days, respiratory activity was similar to that of control fruit.

Fruit irradiated 1 day after color break showed an immediate

increase in C02 evolution, but after 24 hours the respiratory rate

was slightly below that of the control fruit.

Color (4)
a

Fruit irradiated to 150 krads at color break showed/2-day delay

in reaching the orange-pink color as compared to nonirradiated fruit.

No differences in rate of color development were observed between control

fruit and fruit irradiated 2, 4, or 6 days from color break.

Microbiological Studies (3)

Stem-end Decay of Citrus (4)

Phomopsis citri, stem-end decay, causes extensive losses of citrus

fruits. Navel oranges were inoculated with spores and l6 hours later

irradiated to 100, 200, or 300 krads. After l4 days at 68°^the

unirradiated fruits were starting to spoil but the irradiated fruits were

sound. After 42 days, 88% of the unirradiated fruit were spoiled

while the irradiated fruit showed only initial evidence of spoilage.

Bearss lemons were inoculated at the stem scar with Phomopsis

citri spores and 15 hours later irradiated to 50, 100, or 200 krads.
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The 200-krad treatment reduced the amount of spoilage markedly.

Brown Rot on Peaches (4)

Monolinia fructicola causes most of the spoilage losses of

peaches. Loring peaches at two stages of ripeness were inoculated with

spores and after 14 hours irradiated to 108 and 2l6 krads. After

6 days, the amount of spoilage was much less with the green fruit

but there was little difference after 9 days of storage. The 108-krad

dose reduced the extent of spoilage considerably below that of the

untreated fruit. The 2l6-krad dose gave much better control than the

108-krad dose.

(FEM)
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The use of radiation to prolong the shelf life of fresh shrimp

while retaining an acceptable product has been demonstrated in sensory

evaluations conducted by Gloucester Fishery Products Technology Laboratory.

A dose of 100 to 200 krads will extend shelf life by a week or longer.

This report presents results of shipping studies conducted between

northeast Florida and the laboratory in Gloucester, Mass. Three shipping

studies were conducted with white shrimp and three with brown shrimp. The

shrimp were flown to Gloucester, usually within 1 or 2 days of being caught,

irradiated, and returned to Florida for shipment back to Gloucester by

commercial truck. Temperature patterns during the truck trip were

recorded. In two tests, shrimp were sent to Louisiana State University

(LSU) for duplicate sensory evaluation.

Doses tested during these trials ranged from 25 to 300 krads; both

LSU and Gloucester evaluators agreed that 100- to 200-krad doses gave

the best results. Shrimp that made the round trip of 3000 miles were not

more adversely affected than the duplicate samples held at Gloucester.

Conditions of commercial shipment apparently do not provide stresses great

enough to be revealed by sensory evaluation. Total bacteria in irradiated
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shrimp seldom exceeded total bacteria in control samples, which

is the opposite of what normally holds true for fish fillets. All

tests but one clearly showed that radiation gave a commercially desirable

shelf life extension of at least one week.

The present system of cooling, usually storage in ice, used in interstate

shipments by truck gave internal shrimp temperatures of less than 4o°F.

Modern shipping practices, therefore, are not expected to be a limiting

factor in the distribution of irradiated shrimp.

(FEM)
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IV. PROCESS RADIATION DEVELOPMENT

NEW ASPECTS IN THE FIELD OF

GAMMA-IRRADIATION PLANTS* (2)

By H. Christen

Supplementary Keywords: facility description; plant scale; source, gamma;

60Co.

(introduction)
irradiation

Three Sulzer/plants a laboratory-scale research unit and two

industrial plants with different capacities are described here. Each

50Co
of these/plants has certain interesting features that distinguish it

from other similar installations.

"Double-Cell" Laboratory Irradiation Plant (3)

A so-called "double-cell" irradiation plant is available for

use in laboratory-scale research. This is a self-contained irradiation

it

unit i.e.,/needs no additional radiation shielding (Fig. l). The

plant consists mainly of a lead container, in whose center the 50Co

radiation source is located. The container is penetrated by a

rotating ring in which are installed two irradiation chambers, with a

volume of about 3 liters each. One chamber is normally in the

irradiation position, with the radiation source on both sides of the

chamber. A timer is provided for each chamber to regulate the

*Extracts from article in Sulzer Tech. Rev., 52(l): 59-63 (1970).
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3 Rotating ring
4 Irradiation chamber

Fig. 1. Cross-section of the "Double Cell" Laboratory

irradiation plant.
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irradiation time.

The plant can be loaded with up to 10 thousand Ci of 60Co to give

a dose rate in the center of the irradiation chamber of 1.1 x 106 R/hr.

Because the source is arranged in two vertical racks, source rods with

higher activities can be inserted in the upper and lower positions of
racks.

the / Thus the isodose lines run nearly parallel and vertical

in the vertical plane, and the dose is homogeneous in this plane.

Two tube coils may be fitted at the outer sides of the source racks

for irradiation of liquid or gaseous materials.-

"Unicell" Industrial Plants (3)

Two industrial plants designed particularly
are available

for irradiation of packaged goods./ The material flow of the two plants

one for medium and one for large throughputs is fundamentally the

same (Fig. 2). After being completely packed in the production section,

the items to be irradiated are stored on the conveyor for unirradiated

products until they are automatically transported for sterilization. After

irradiation, the items are deposited on the stacking conveyor for

treated material, which is clearly separated from the one for

unirradiated material. During normal working hours the items are
to

forwarded to the dispatch department or/storage,
of the

In selection/a Unicell model /choice of size would be based on a

number of factors_, including throughput, product density variation from

one batch to another, and radiation utilization efficiency.

"Small Unicell" for Medium Throughputs (4)

The Unicell for medium throughputs is a simple and economically
special

favorable plant, which needs only a small capital investment. In designing it, /

attention was paid to a simple and uncomplicated mode of operation and
arrangement

to a plant / that does not require much servicing.
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Fig. 2. Material flow in (a) small and (b) large Unicell irradiation

plant. (l) Product container, (2) source, (3) transfer unit.
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The material to be irradiated is taken automatically from the

first stacking conveyor and fed into the irradiation cell by a rotary

cylinder. Thus the labyrinth passage is eliminated, resulting in a

considerable saving of space. The irradiation time is controlled by

adjusting the conveyor system. High operational safety is ensured by

the absence, in the irradiation cell, of movable drive units or conveyor

mechanisms that cannot be controlled from outside.

The maximum source strength is 200 thousand Ci of 60Co. The

source is lowered into its safe position in the lead container, which is

also a transportation container. Thus a transfer from the container into

the plant is avoided.

The concrete shielding consists of individual standardized shielding

elements, which allows simpler and faster erection, as well as the

possibility of dismantling the plant later for reerecting elsewhere

if production increases to such an extent that a larger plant becomes

advisable.

being irradiated
Because the material/makes only one pass on each side

of the source, there is insignificant time loss when changing from

one material to another that has a different density or requires

a different absorbed dose and hence a readjustment of the irradiation

time.

"Large Unicell" for Higher Throughputs (4)

The large Unicell was laid out for higher throughputs and,

consequently, for source strength in the megacurie range.

In order to obtain higher utilization of the radiation, the

plant was designed for several passes of the product around the source

and at several levels in the irradiation cell, thus being exposed to
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the radiation for a longer time. The number of passes or levels

depends on the density of the material.

This plant is provided with one or two labyrinth passages for

supply and removal of the material, and the concrete for radiation

shielding is cast as part of the building structure. The safe

position of the source is generally in a pit below the floor e.g.,

in a water pool where the source can also be easily exchanged.

Operation is fully automatic when the appropriate stacking

conveyor system is provided.

(MG)
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F. X. Rizzo, L. Galanter, and K. Krishnamurthy, Tabulated Dnsp T)i stribnti on

Data fnr- Gamma Irradiator Design. BNL-50147 (T-4l8), Revised; and

Tabulated Dose Uniformity Ratio and Minimum Dose Data for Gamma

Irradiator Design. BNL-50145 (T-5l6), Revised; both issued December

1970. These reports supersede BNL-50147 and BNL-50145, respectively,
after the reports were issued,

in which errors due to computer program errors were discovered / The

errors, although minor for 60Co sources, were significant for 137Cs

sources. The revisions contain values recalculated after correction

of the code (GOLF P2).

(MG)
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COMMERCIAL GAMMA-IRRADIATION PLANT IN SWEDEN (2)

C G. Crawford*

Supplementary keywords: source, gamma; facility description; sterilization;

industry, pharmaceutical.

Abstract. The Radona 215-kCi gamma-irradiation plant in Sweden is described.

(introduction)

A commercial gamma-irradiation plant for sterilization of medical products

is being operated in Sweden by Radona Irradiations AB at Skarhamn on the island

of Tjorn, about 70 km north of Gothenburg. It was loaded with 215 kCi of 60Co,

supplied by the UK Atomic Energy Authority, in 1968. The plant was designed and

built by H. S. Marsh Nuclear Energy Ltd. of Reading, England.

The Radona company manufactures, packages, sterilizes, and distributes

medical products and sterilizes materials for customers under contract. This

mixed load provides some special problems which do not occur with a plant handling

only an in-house load.

Plant Description (3)

The plant (Fig. l) is located at one end of a building in a 110- by 40-m

area. The floor space not occupied by the irradiation cell and its ancillary

equipment is devoted to storage and quarantine areas for nonsterile and sterile

goods. Input and output conveyors, each 80 m long, run down the center of the

building on each side of a wall, which divides the "sterile" area from the "non-

sterile." Goods are delivered and dispatched through two large doors at the

opposite end of the building from the cell, so that the flow pattern is down the

nonsterile side, through the cell, and then out through the sterile area.

Cell (4)

The cell, internally 5 by 5 by 3 m, is cast in steel-reinforced compacted

*Radona Irradiations AB, 440 60 Skarhamn, Sweden.
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Fig. 1. Radona gamma sterilization plant.
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concrete with a density of about 2.35 g/cm3. The roof and walls are I.65 m thick.

The entrance and exit labyrinths for goods are right-angled and of such a

width and height that only the loaded vertical carriers can travel along them,

leaving insufficient space for a person to enter. A pressure-sensitive footplate

in the floor at the entrance, when stepped on, causes the plant to immediately

revert to a safe condition, with the source shielded. The personnel door a

stepped steel box filled with concrete runs on rails into an opening in the

side of the cell and is fully interlocked with the source-raising mechanism.

Source (4)

Shielding and cooling arrangements were designed for an ultimate source

activity of 1 MCi. Above the source plaque is a stepped shielding plug. When

not in use, the source is stored in a dry pit centrally placed in the floor of

the cell.

The source frame is a vertical grid of parallel horizontal

tubes. The source elements, with an initial activity of 12 to 22 kCi, are assem

blies of 24 rods in stainless steel tubes, 660 mm long and 38 mm diameter, closed

by welded endcaps to give a leakproof unit. The different activities of the rods

facilitate source management and allow sequential replacement of decayed elements.

The elements are delivered to the plant in a shielded container, which, when

locked on to the loading face of the cell, releases a safety interlock. The source

plaque is then raised to the appropriate position for insertion of the source

elements, which are passed through the loading hole in the cell wall by articulated

push rods.

Product Carriers and Monorail System (4)

Goods to be sterilized are packed in corrugated cartons and loaded in an

endless procession of aluminum carriers, 2 m high and 330 by 280 mm in cross-

section. The carriers travel on an overhead monorail (Fig. 2), which goes through

the entrance labyrinth, passes each side of the source four times, and goes out

through the exit labyrinth to the loading position, outside the cell, between

+>,o or^rsncP and exit labyrinths. The radiation dose to the products is adjusted
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by altering the speed of movement of the chain. When a carrier arrives at the

loading position, it actuates a mechanism that tilts it to a horizontal position,

removes the sterilized cartons from the top of the carrier, replaces them with

"half-sterilized" goods moved up from the lower half of the carrier, and loads

the lower half with new cartons. All cartons travel through the cell twice,

first in the lower half of the carrier and then in the upper half to ensure level

ing of the dose in the vertical plane. The total accumulated dose at all points

in each carton is at least the required minimum. ' This dose-averaging system

in a similar plant was described in more detail at the IAEA conference on Industrial

Uses of Large Radiation Sources.1

A full range of interlocks protects personnel from exposure and also products

from overdose or underdose in the case of a mechanical or electrical failure.

Plant Operation (3)

With maximum source activity, the plant will have a capacity of 25 tons per

day of product of average density of 0.2 g/cm3 at a dose of 3-2 Mrads.

Products and Cartons (^)

The plant is used mainly for sterilization of single-use medical products,

ranging in size and complexity from simple blood lancets and needles to peritoneal

dialysis sets and tube sets for heart—lung machines.

All products must be packed in cartons of size suitable for loading on the

carriers and strong enough to withstand the thrust of the hydraulic ram that

transfers them from the input conveyor to the carrier, and from the carrier to

the output conveyor. It is here that the special problems involved in running

a service plant are encountered. Even though carton strength and dimension

specifications are sent to all service customers, cartons are sometimes

below the required standard, and, if filled with soft products, they will collapse.
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Often empty cartons are supplied to the customer to avoid trouble. This experi

ence suggests that, when a plant is designed for sterilization of cartons from

many customers, the tolerances must be much greater than when it is to be used

for an in-house load.

Dose (4)

The plant is normally run to give a dose of 3.2 Mrads. This dose is chosen

assuming that, with a probability of one nonsterile unit in 10s units processed,

an average of not more than 50 organisms per unit is present on the product

and that all these organisms are equal to Streptococcus faecium A21 in radiation
IAEA

resistance. This "safety margin" of 106 is based on the Code of Practice for

Radiosterilization of Medical Products,2 and

3.2 Mrads is regarded in the Scandinavian countries as the minimum

acceptable dose, although in other parts of the world 2.5 Mrads is accepted.

The background to this method of expressing sterility requirements has been

described by Christensen et al.4 and by Railings.5

The process is controlled by a presterilization count, daily dosimetry tests,

and a continuous check with recording instruments to indicate normal operation of

the plant and constancy of carrier speed. When a batch of goods is delivered

for sterilizing, the average bacterial count per unit is determined.

( The batch is then passed through the normal 3.2-Mrad

process and is held in quarantine until the bacterial count is completed (normally

7 days). If the average count is >50, the goods are returned to the cell for an

additional dose, but this happens only infrequently. When it does, customers

are urged to improve their manufacturing hygiene. Product sterility is checked

after the irradiation only at the customer's request. A small random sample is

unlikely to show anything useful after a process with a probability of failure of

10"6.

(MG)
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EZEIZA SEMI-INDUSTRIAL IRRADIATION PLANT* (2)

Supplementary Keywords: facility description; worldwide; source, gamma;

60Co.

A semi-industrial irradiation plant was installed at the Ezeiza

Atomic Center's High-Intensity-Radiation Source Division to carry out

irradiation services and to provide technological and economic data

for use in constructing special irradiators. Because the plant was designed
types of applications,

to be flexible enough for use in various / its operating conditions

are not optimum for any one process. The plant space (Fig. l) is divided

into an irradiation chamber; a room for the machinery that moves the

source into and out of the storage pool and the product carrier around the

source; a control-panel room, a storage depot and preparation room; and

office-and-record space.

The 6.40- by 12.00- by 4.00-m irradiation chamber has 1.80-m-thick

walls and roof of ordinary concrete. Labyrinth openings in various parts

of the walls allow entry of pipes and other services. The chamber,

designed for use with 1 MCi of 50Co, at present contains only

225 kCi. The 60Co was obtained partly from Atomic Energy of Canada

*Summary of report (in Spanish) by C. C. Papadopulos, National Atomic

Energy Commission, Buenos Aires, Argentina, Report CNEA-272 (1970), 25 pp.
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Limited (l4o kCi) and partly from the Radiochemical Centre of England

(85 kCi). Both the Canadian and the British products are doubly

encapsulated in stainless steel, 2}260 and 2,500 Ci per capsule, respectively.

The capsules are distributed among 30 stainless steel cylinders, from which

the source array is made up.

When an irradiation is to be made, the source is raised into the irradiation

chamber from the bottom of the L-shaped pool. The material to be processed

is loaded, in the preparation room, onto carriers on a 5-ton-capacity
then

monorail. The carriers/ go through a labyrinth, with a minimum cross

section of 2 by 2 m, to the irradiation room, around the source at

a rate regulated to give the desired dose, and back to the preparation

room.

(MG)
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ORNL-DWG 71-6548

Fig. 1. Ezeiza semi-industrial gamma-irradiation plant.

(1) depot; (2) office; (3) preparation; (4) control

panel; (5) machinery; (6) irradiation chamber.
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AAEC PUBLISHES BIBLIOGRAPHIES ON RADIATION-INDUCED POLYMERIZATION (2)

E. A. Newland of the Australian Atomic Energy Commission (AAEC)
bibliography

has compiled a / "Radiation-Induced Polymerization," in three

parts. Part I, "Wood-Plastic Composites," Australian Report AAEC-LIB-Bib-259,

has over 150 references and was published October 1970. Part II,

"Concrete-Polymers: An Improved Type of Concrete Obtained by Using

Radiation to Combine Conventional Concrete and Plastics," AAEC-LIB-Bib-260,

has 31 references and was published November 1970. Part III, "Formation of

Polymer Coatings on Substrates," AAEC-LIB-Bib-26l, has over 120 references,

many of which are patents, and was also published in November 1970.

Sources of literature for the bibliographies were Applied Science and

Technology Index, Chemical Abstracts, Engineering Index, Nuclear Science

Abstracts, Atomindex (IAEA), and Scientific and Technical Aerospace Reports.

Many of the references include either the Chemical Abstracts or the

Nuclear Science Abstracts volume and abstract number.

(REG)
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RECENT DEVELOPMENTS IN RADIOISOTOPE NEUTRON SOURCES (2)

By R. W. Tolmie*

Supplementary Keywords: source, neutron; review, technical; comparison;

227Ac, 210Po, 228Th, 2Lt2Cm, 2l4lAm, 238Pu.

Abstract. About 20 radioisotopes are used in making neutron

sources. The (a,n) sources like 2I+1Am:Be and 238Pu:Be are widely

used in instruments and in other applications that require low output,

long-lived sources. Actinium-227, 210Po, 228Th, and 21+2Cm:Be are

available for higher outputs. Physically small fast-neutron sources can

be economically made from 252Cf fission sources, whereas the (y»n)

source 12l+Sb:Be is more suitable for physically large very-high-output

thermal-neutron sources. The (y,n) sources and some special (a,n)

source designs provide for switching the neutron output off and on.

Other sources might be used in the future.

(introduction)

Until the last few years, by far the most familiar radioisotopic

neutron sources were those that used the (a,n) reaction, utilizing

226Ra, irradiated radium, 210Po, 227Ac and other alpha-ray emitters
now

with a beryllium target. . These a-ray sources have/been largely

*Atomic Energy of Canada Limited, Commercial Products, Ottawa.

This article (Canadian report CPSR-317) , from Vol. 1 of Neutron Sources

and Applications, Proceedings 0f the American Nuclear Society

Topical Meeting, Augusta, Ga. , April 18-21, 1971, USAEC Report

CONF-710402, is a summary of individual papers on this subject printed in

Vols. 1 to 3 of the proceedings.
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supplanted by some of the transuranium isotopes, particularly 238Pu and

2l+1Am, and (y,n) sources like 124Sb:Be are used when very high outputs

are needed. Californium-252 is used when small, point sources are needed.

This article reviews the current status of these three types of sources.

(q,n) Sources (3)

1 2
Ansell and Hall ' of the British Radiochemical Centre, in reviews

of developments of (a,n) sources, point out that there are now about 20

nuclides to choose from, where once only the isotopes of radium and their

daughters were available. Radium-226:Be was initially used in well

logging but was superseded by 210Po:Be, which was smaller, produced more

neutrons, and presented less of a gamma-ray hazard. Subsequently,
the

239Pu:Be and 2l+1Am:Be were used, followed by/more compact 238Pu:Be sources,

and now 252Cf is coming into use for this application. However, the

earlier sources are not completely obsolete. The gamma radiation from

226Ra:Be is still utilized in some moisture meters for density deter

minations, and other meters similarly use 2ttlAm:Be sources, together

with 137Cs.

Usually (a,n) sources are made by preparing an intimate mixture
metal

of the source with beryllium/to form a powder, pellet, or alloy. The

principal developments in the manufacturing process have been improve-
but

ments in encapsulation materials and sealing techniques,/there have been

some requirements for sources of special shapes. One of these require

ments is for an annular source designed to fit around a BF3 counter in

a soil-moisture meter. The source strength needed is 105 to 106 n/sec,

obtained by adding 50 to 500 mCi of 21+1Am to about 0.7 g of beryllium
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and pouring the powder mixture into a 0.25-in.-high annular ring,

using an annular loading funnel. The capsule is sealed and then is again

encapsulated in stainless steel. To check for possible movement of the

powder, one such source was vibrated for 24 hr and also subjected to

repeated dropping through a 1-in. distance for a similar period. There

was no evidence of a change in or anisotropy of the output.

Somewhat larger sources, with outputs to 108 n/sec, have been used

for neutron activation analysis, particularly for fluorine, utilizing

(n,p), (n,2n), and (n,a) reactions. There is possible

interest in making such sources with central holes large enough to fit

around a human hand or foot for the measurement of calcium in bone.

Another encapsulation problem arises from the need to produce line

sources having uniform activity per unit length for industrial gages and

interstitial and intercavity neutron therapy. The Radiochemical Centre

has developed a rotary swaging technique for producing such sources. A

mixture of 2ttlAm02 and beryllium metal powder is loaded into a ductile

aluminum tube, which is sealed with end plugs and then extended into wire

form in the swaging machine. The wire is cut to the desired length, and

sealed at the cold sheared ends. The enclosed mixture is very

dense and adhesive after being swaged. The variations in neutron output

along the length can be less than ± 10$ between 1-in. segments.

Some preliminary work has been done by Ansell and coworkers on

production of needle sources suitable for clinical therapy. Curium-242

was chosen because of the need for high specific activity. One curie,

as 0.3 mg of the oxide, plus 10 times that mass of beryllium was loaded

into a platinum inner capsule (O.85 mm ID, 1.25 mm 0D, 15 mm long) and
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sealed by gold brazing. This was then inserted into aplatinum-iridium

sheath and sealed by resistance welding. The output was 3x108 n/sec,
out it was estimated that this could be increased to 107 n/sec.

Work has also been carried out on neutron sources capable of with

standing high temperatures. Above 600°C, beryllium will attack stain

less steel, and, if the capsule should be ruptured, the powder

content might cause severe contamination. A development study using

2,+ 1Am02 in ahigh-temperature sintered compact with BeO was undertaken.
The BeO target requires that the activity be doubled, but the yield

per unit volume remains about the same as with the beryllium metal because

densities of around 2.6 g/cm3 can be achieved, as compared to 1.3 g/cm3

for the metal mixture. The sintered pellets did not powder in pressure

tests but ultimately broke into discrete pieces. From pellets con

taining 10 mCi of 2"Am immersed for 8hr in water at 50°C, the amount
leached out was less than 0.05 uCi.

A switchable neutron source was developed to serve as a calibration

standard in a neutron dosimeter. It consists of half shells of an

alpha-emitting foil and of beryllium attached to abutton magnet and

free to rotate within a sealed stainless steel capsule. An external

magnet rotates the half shells to align them with a fixed pair of similar

half shells, so that neutrons are produced when the alpha foils are

opposite the beryllium targets. With 5mCi of 2^Am, an output of

104 n/sec was obtained in the "on" position and 1.5 x102 n/sec in
the "off" position.
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A somewhat similar source, described by Jordan, Carew, and Barkley,3

is designed to produce a continuously variable neutron output by moving

Po-coated and beryllium arrays of plates in apposition to each other.

The 210Po entrapped in ceramic microspheres, is coated on aluminum
held there by **

plates and / a thin epoxy film. Three millicuries was applied to a

source area of 6.25 cm2, using 1-Ci/g microsphere material having a

bulk density of 2 g/cm3. The energy of the alpha particles decreases as

they pass through the ceramic and epoxy materials, especially at

angles other than normal to the support, so that the alpha output is

effectively cut 50$. The output from the test source was 111 n/sec per

square centimeter of source area, and with parameters adjusted to the

optimum, was calculated to be 3 x 103 n/sec per square centimeter. This

output is comparable to what might be obtained with a 210Po metal:Be

assembly in which the source is covered by a thin window to contain

the polonium.

For applications requiring high neutron output per volume e.g.,

for clinical treatment needles it appears likely that 252Cf will

prove more suitable than (a,n) sources. Californium may also be

more suitable for reactor startup because of its low mass and the fact

that it does not require beryllium, which raises problems of helium

production under irradiation. For applications in which these special

features are not important, (a,n) sources will continue to be used,

especially where long-lived sources are needed. Ansell and Hall1'2

note that of the three preferred (a,n) sources, 21+2Cm:Be is not generally

available, and since 238Pu is subject to many restrictions because it

is a fissile material, 21+1Am may continue to be the most important

nuclide, at least for low-intensity sources.
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In the United Kingdom 210Po, 228Th,
9 ix 9

and Cm are preferred for making sources with outputs in excess of

108 n/sec, with the trend being to the latter two. These sources are

produced by reactor irradition of 226Ra and 2l+1Am and are primarily

used in reactors and subcritical assemblies where a long-lived source

is needed. Large power reactors, where a short-half-life source is

acceptable, usually rely on the cheaper 121+Sb:Be (y,n) sources.

Ansell and Hall summarize the properties of 11 types of (a,n)

neutron sources and briefly discuss the choice of targets, theoretical

and practical yields, and properties of the alpha-emitting nuclides

and compare some of the neutron spectrums. Curium-242 and 228Th

present special production problems because of their parents being alpha-

emitters, which results in extra heat from the alpha decay and pressure

build-up from the production of helium and fission product gases in the

reactor. A typical

target for production of 21+2Cm is 400 mg of 21+1Am as oxide homogeneously

dispersed in nickel powder and cold Compacted into pellets. The pellets

are sealed in an inner capsule with a helium atmosphere. Then a second

encapsulation is usedj which also encloses a 226Ra source whose radon

emission is used for leak testing. The neutron

irradiation lasts 3 weeks at a flux of 1011+ n/cm2-sec, producing 150 Ci
9 U 9

of Cnu The capsule is opened, the

contents are dissolved in nitric acid, and the americium and curium

are extracted by a combination of classical chemical methods and ion

exchange. The americium is removed from the curium by oxidation with

persulfate.
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The 228Th is produced by irradiating 3 g of radium carbonate for

9 months at 101I+ n/cm2«sec to produce 40 Ci,-)

VThe 226Th is extracted by ion exchange. When eluted,
99K are required

it is free from its ZZbRa daughter. Several weeks/to reach
thus

maximum neutron emission, /easing the radiological dose problems to the

operators in making the 228Th:Be source.

Considerations in designing the (a,n) source capsules are discussed

in Ref. 2. The 228Th content is measured by determining the gamma

emission from the source once it has grown into equilibrium. The strength

of both types of sources are also measured by determining their heat

output with an adiabatic calorimeter. The containers required

for such sources are very large, and shipping regulations often require

that the source capsules meet the "special form" requirements of the

IAEA.

De Troyer, Droissart, and Poskin have revived the use of 227Ac

for (a,n) neutron sources. Such sources have amodest gamma ray output,

a long (22-year) half-life, and a high output per unit volume. They

report that production of large quantities is underway. The 227Ac is

extracted from irradiated radium in nitrate form and is precipitated as

Ac(0H)3 in a water—alcohol mixture. This gives a mean particle size

of 0.2 y. Then 325-mesh beryllium powder is added in a ratio of 10:1,

and the mixture is ground, pelletized,and loaded into a capsule having

a void volume large enough to cope with the helium build-up. A

small vent is left in the capsule, and it is heated to 900°C for several

hours in an inert atmosphere to degas it and to transform the actinium

hydroxide to oxide. The capsule is then welded, leak tested, and put

into an outer capsule, usually made of type 304L stainless steel. Tests
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on such capsules indicate that they pass the IAEA "special form" require

ments. The neutron yield is 85$ of the theoretical value of 2.62 x 107

n/sec per curie after the 3 months needed to reach equilibrium. The

gamma and bremsstrahlung dose rate is 180 mrad/hr-Ci at 1 m. The cost

of these sources is estimated to be $40 per 106 n/sec for sources

having an emission of 107 n/sec and higher. When such a source is

used in a reactor, the neutron output is increased by conversion of some

of the 227Ac to 2-year 228Th, which is also an alpha emitter.

Wahlgren and Stewart"5 discuss the possible uses of 2l+,4Cm:Be

neutron sources. Within a decade, 2^Cm will become readily available

as a byproduct of power reactor fuel reprocessing. A major attraction

is its 17.6-year half-life. A test source was made up having a volume

sufficient to contain 1 g of 2^Cm in a mixture with a Be:Cm atom ratio

of 10:1. Aluminum was chosen as the capsule material because of its
the

low neutron capture cross section and ease of manufacture, and /capsule

was closed with a powdered aluminum plug, which allows helium to leak

out. The beryllium powder was carried through the curium hydroxide

precipitation step to avoid losses in a grinding and mixing step. Gamma-

ray-spectrum measurements showed only lines of 239Np, produced in the

decay of 243Cm (0.05$ abundance).

For practical evaluation of the 21+'4Cm:Be source, it was mounted in

a variable-configuration moderator and used for neutron activation

analysis of a variety of materials. A 252Cf source was also used for

comparison, normalizing the results to a source output of 108 n/sec.

Sensitivities were greater with 2i+,4Cm:Be, because of the

higher thermal-neutron yield, than with 252Cf when small

solid samples and (n,y) reactions were studied. The difference was
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less significant with solutions and slurries. A factor-of-10 improve

ment is achieved for (n,p) or (n,a) reactions because of the high energy

content of the neutron spectrum as compared to 252Cf. The cost of

^CnuBe sources, when they become available, is estimated at about

$1,800 for a 2 x 108-n/sec source.

Turning to (v,n) sources, it is important to realize that, for

a reasonable neutron yield, such source must use thick beryllium

targets, which may be 20 cm or more in diameter. Tables of comparative

source performance are frequently based on the use of rather thin beryllium

sheaths, so that the indicated yields may be an order of magnitude

less than what may be readily achieved in practice. Physically large

sources are plainly of limited use in some cases, but they are ideal

for activation analysis because they provide large volumes of uniform

fluxes.

O'Brien, and Schillaci have described the potential for production

of a variety of neutron source nuclides in the Los Alamos Meson
which is to start operation in January 1973.

Physics Facility (LAMPF), /The most interesting of these nuclides is

107-day 88Y. The LAMPF is an accelerator that will accelerate protons

to an energy of 800 MeV, with a beam current of 1 mA,

<:--••- - The residual beam reaching the main

beam stop is estimated to be 0.5 mA of 700-MeV protons, and plans are

to utilize this excess beam for the production of radionuclides.

Six target stations will be provided, with target thicknesses up to

2.5 cm being acceptable. The principal mechanism for radionuclide

production is spallation. With a zirconium target, the cross-section for

88Y reactions is 45 mb, and the 88Y gamma-ray energy is 1.836 MeV (99.5$).
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The calculated yield for a 4.5-cm-thick target and a half-life irradiation

is 210 Ci. Data are presented for nine other radionuclides, but

these all have some disadvantage e.g., an inconveniently short

half-life or a low abundance of the high-energy gamma rays. Since

these sources provide a variety of neutron energies, they should be

useful for energy-dependent applications. One LAMPF target station, if

used full time for the production of 88Y, could produce about 240 Ci/month,

which limits the potential to rather low-intensity (107 to 108 n/sec)

sources.

Q

This article and the one by Kull, Schillaci, and Beyster compare

the Y:Be source to 124Sb:Be sources. For the small- to intermediate-size

sources considered, their estimate of the cost of 124Sb is $30 per

curie, at which the 88Y is estimated to be competitive if its longer

half-life is taken into account. In a nuclear-materials assay system,

some advantage derives from the 200-keV neutrons of the 88Y:Be as

compared to the 27-keV neutrons from 121+Sb:Be, resulting in a greater

degree of neutron penetration into the sample. An interesting feature

of most of the (y,n) sources is that the most energetic neutrons produced

have energies less than threshold values of fast-neutron reactions

(n,a), (n,p), or (n,2n). With only (n,y) reactions to consider, the

untangling of spectrums in neutron activation analysis is considerably

simplified. There are circumstances in which it is preferable to use

fast-neutron reactions rather than thermal-neutron, and in such cases

the sample can be surrounded by a thin foil of 235U, which very effectively

shields the sample from thermal neutrons so that a flux of fast neutrons

is produced. The neutron spectrum is a fission spectrum similar to that

obtained with 252Cf.
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One point not generally realized about (y,n) sources is that for

large sources, the shields can be much smaller and lighter than those

for (a,n) or 252Cf sources. This is of course the opposite

of the situation that obtains for small sources and is due to
those

.- —low-energy neutrons, particularly/ from 12l+Sb :Be, being readily

thermalized and absorbed. Thus the shield is primarily composed

of about 35 cm of lead for the gamma rays from the antimony and prompt

gammas produced around the source. Actually, assemblies have been

made that will hold more than 10 thousand Ci. At a yield of 2 x 107 n/sec

per curie, the output is 2 x 10n n/sec, which is

considerably greater than that of any other type of radionuclide neutron

source yet made.

Currently, the greatest interest is centered on the radionuclide

252Cf, from which high-output point sources can be made and which has

a convenient (2.65 years) half-life. McDonell et al.9 describe the

preparation of such sources, about 50 of which have been made to date at

the Savannah River Laboratories. They range in size from 5 yg

to 5 mg or more and emit 2.34 x 109 n/sec per milligram due to spontaneous

fission. The californium oxide sources are encapsulated in a 90$

Pt—10$ Rh alloy inner capsule, which is enclosed in a type 304L

stainless steel or Zircaloy-2 outer capsule. The Zircaloy-2

minimizes interfering gamma emissions in prompt-gamma activation-analysis

applications.

The sources are prepared from californium oxalate, precipitated

from 0.1M HN03 solution by addition of excess oxalic acid, onto a

porous type 3l6 stainless steel or platinum alloy disk in the inner
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source capsule. About 500 yg of terbium, in nitrate form, is added as a

carrier for sources weighing less than 500 yg. The precipitation is

complete in 1.5 hr. Another porous metal disk is placed over the source,

and the oxalate is dried for 1 hr at 200°C and calcined for 30 min at

700°C to convert the oxalate to oxide. The inner capsule is then sealed

with TIG-welded end plugs, heated 15 min at 1000°C, pressurized in

300 psi helium for 60 min, and leak tested. The sealed capsule is
with

decontaminated ultrasonically / alternate washings in 1M HN03 and

distilled water until 1 ml contains less than 50 disintegra

tions /min a and 200 counts/min beta-gamma contamination. The outer

capsule is sealed with a welded end plug, helium leak tested, and

ultrasonically decontaminated to a level of less than 9 dpm

alpha and 10 counts/min beta-gamma transferable activity as indicated by

a wipe test. The output is measured with a fission counter.

In a typical series of five 100-yg source preparations, the

yields ranged from 94.0 to 99-7$ with a terbium carrier. For a 1-mg

source prepared without a carrier, the yield is typically 92$. For

the two 5-mg 252Cf sources that have been prepared, the yield was greater than

98$. The 252Cf lost to the filtrate and wash solutions was largely

recovered.

The isotopic purity of the early sources has varied considerably

45$ 252Cf in one series and 86$ in another. The 2l+9Cf content can

range around 24$ and the 250Cf, 25$. The 251Cf varies from 3 to 6$.

A fairly wide variety of chemical impurities typically range 4 to 5 times

the 252Cf content. Objectives set for these impurities are

Organic degradation products: essentially none

Other total solids: maximum of 4 time the californium

concentration
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Actinides—lanthanides other than californium: maximum

equal to californium concentration.

The sources were handled in hot cells through the manufacturing

steps. The 5-mg sources, after fabrication, were each suspended at the

midpoint of a cord held at each end by an operator. The source was

drawn up through an access port in the cell roof slab and deposited

in a "Benelex" cask. The operators, 20 ft away from the source, were

momentarily exposed to a dose rate of up to 1000 mrem/hr, principally

of neutron radiation. At 5 in. from the cask surface, the dose rate

was 100 to 250 mrem/hr.

9
McDonell et al., after examining the question of stability of the

252Cf oxide, predict that there will be no deleterious incompatibility

of the californium sesquioxide with the platinum alloy capsule at
could react

temperatures up to 1000°C. The 252Cf203/with noble-metal

oxides only until the limited amount

of oxygen in the capsule is used up.
produced is

The heat/from alpha decay and fission of 252Cf produces/about

40 W/g. A capsule loaded with 10 mg of 252Cf and losing heat by natural

air convection would rise in temperature to 50°C above ambient in the

inner capsule and to 34°C above ambient for the outer. Enclosed in

a 1-ft thickness of a good insulator, the outer capsule temperature

rise was calculated to be 74°C.

Helium produced by alpha decay is the principal gas generated in

the source, fission gases being less than 1$ of the total. Complete
per

alpha decay would produce about 88 cm3 of He (STP) / gram of 252Cf.

After 10 years' decay, the internal gas pressure in an inner capsule

initially containing 10 mg of 252Cf at 1 atm would be 89 psi at 0°C and



208

4l3 psi at 1000°C. If a leak released the gas to the outer container,

the corresponding gas pressures would be 59 psi at 0°C and 275 at 1000°C.

The calculated wall strengths indicate that the inner platinum—rhodium

capsule should withstand up to 6500 psi and the stainless steel outer capsule

2400 psi for short times at 1000°C, with the Zircaloy-2 capsule

being able to cope with more than double this value. Tests on prototypes

showed that practical sources would realize these calculated figures.

Kok, Artigas, and Ray further investigated the effects of source

encapsulation materials on the thermal neutron flux from 252Cf sources,

using water as the moderator. Two sources were compared one, used

by the Battelle Memorial Institute, encapsulated in stainless steel and

platinum—rhodium alloy; the other, owned by ORNL, encapsulated in

aluminum. Source and capsule dimensions were different for the two sources,
fluxes

The thermal / at various distances from the source in water were
('•'• ,. >

calculated, using DOT-IIW code, which solves the two-dimensional

Boltzmann transport equation with general anisotropic scattering

by using a diamond difference-solution technique. The energy range was

divided into 15 energy groups, of which the fifteenth corresponded to the

thermal-energy range. All runs were normalized to a total source

strength of 1 n/sec.

The fluxes from these sources were measured experimentally,

using dysprosium foils, 0.25 in. in diameter and 0.001 in. thick,

mounted on 0.05-in.-long rods of polystyrene, which does not become

radioactive and has cross-sections closely approximating those of water.

The rods were stacked in a polystyrene tube placed against the source.
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After activation, a 60-min cooling time allowed the 165 Dy to die away

before the 0.0948-MeV decay gamma ray from 165Dy was counted. The

absolute flux was determined by activating gold foil at a distance of

O.563 in. from the surface of the source. The counting system was

calibrated against gold foils activated at the National Bureau of

Standards.

The magnitude and shape of the calculated thermal flux distributions

up to about 1.5 in. from the source were the same as for the experimental

data. At greater distances, the calculated fluxes decrease more rapidly

than the measured ones, apparently because of limitations in the

computer code. The source in the aluminum capsule gave a 25$ higher

value at the peak normalized flux. Consequently it was recommended that

a high-strength low cross-section material such as zirconium be used for

encapsulation to achieve optimum peak thermal flux.

Currie, McCrosson, and Parks have suggested that the simple

moderator might be replaced with a subcritical multiplying system.

They used discrete ordinate codes to calculate neutron fluxes in

233U—H20 and 235U—H20 solutions containing a central 252Cf source.

Spherical solutions with K = 0.98 could enhance the flux by factors of

6.4 and 4.8, respectively. The calculations were extended to cylindrical

multiplying systems more directly like practical systems, but for useful

flux-enhancement factors, the assembly must be so close to criticality that

it might be necessary to carry out safety procedures and meet regulations

little different from those for a full-fledged nuclear reactor. At

least one type of nuclear reactor now in operation, the Slowpoke,

was designed to have an inherent negative temperature coefficient

without the use of electromechanical devices, so that it might be operated

without continuous monitoring, etc.
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For a cost comparison of all these different types of neutron sources,

many factors must be considered, including half-life, encapsulation

and shipping costs, decay during shipment, and interest on investment in

very-long-lived sources. Heinrich has developed expressions that

take these factors into account so that, for a given set of conditions,

a systematic cost comparison can be made of the average annual cost over

a 10-year period. It is assumed that, after 10 years, either deterioration

or obsolescence will be a limiting factor. However, a considerable

degree of caution must be exercised in drawing conclusions from such

calculations. For example, Heinrich's conclusion that 252Cf sources are

the most economical for outputs greater than 7 x 108 n/sec is

true only for point sources. If physically large sources are acceptable

(and they are, in fact, usually preferable for neutron activation analysis).

12^Sb:Be sources are less expensive on an annual cost basis for high-

output systems. The cost per curie drops to less

than $1 for large 124Sb sources, which are very easy to produce, and

( thick beryllium targets can yield up to 2 x 107 n/sec per curie,

which is much higher than the thin-target value chosen for the calculations.

(MG)
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COMPARISON OF RADIOISOTOPE-FUELED ENERGY SOURCES

FOR A PROSTHETIC DEVICE (2)

By Joel D. Hixson*
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Abstract. Cardiac pacemakers fueled with 1Lf7Pm and 238Pu and using

thermoelectric, thermionic, and betavoltaic energy conversion are

compared.

(introduction)

Radioactive decay has long been considered a potential source of energy

for remote-system power requirements. Today the most challenging remote

system being considered is the interior of the human body, and the power

requirement is for an electronic prosthetic device. The cardiac pacemaker

the most common of these prosthetic devices is the first such

device to use a radioisotope for the power supply.

Approximately 50 thousand pacemakers were sold throughout the world

in 1970, and their use increases each year. Currently used devices are

powered by chemical batteries, which deliver an electrical pulse to the

heart when the heart's normal conduction system is blocked. From a

subcutaneously implanted pulse generator, containing the electronics

and power supply, leads are connected to the heart either through a vein

*Medtronic, Inc., 3055 Old Highway Eight, Minneapolis, Minn. 554l8.
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or the chest wall. There are two basic types of cardiac pacemakers

asynchronous devices, which deliver electrical pulses to the heart at

a fixed pre-set rate, and synchronous or demand units (Fig. l), which

sense cardiac activity and pace the heart only when needed. Ten years of

experience with the demand units has shown that the chemical battery

is the limiting factor on life and reliability. It is for this

reason that radioisotope-fueled electrical generators are being considered

for use in implantable pacemakers.

The power requirement for today's pacemakers is approximately

200 yW at 5 V. Radioisotopic generators of the microwatt size are being

developed by many groups throughout the world, some of which were

discussed in Isotopes and Radiation Technology, 7(2) and updated in'8:

360-362. These generators convert the readioisotopic decay heat

to electricity by one of three techniques: (l) thermoelectric, (2) thermionic,
systems using

or (3) betavoltaic. This article compares /the three types of converters and

different isotopic fuels.

Thermoelectric Conversion (3)

Larger electrical generators incorporating thermoelectric energy

conversion were used in space and marine applications as early as i960.

Because of this history, most of the microwatt sized generators today

use thermoelectric energy conversion. The governments of the United

States, United Kingdom, and France have sponsored programs to develop

isotopic power suppliers for pacemakers, all of which utilize thermo

electric energy conversion.

Thermoelectric conversion requires/series connection of a number

of thermocouples heated at one end by radioisotopic decay heat. The

temperature differential across the thermopile results in a voltage
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Fig. 1. Medtronic's Model 5842 pacemaker with
trans-venous endocardial leads.
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generation, from the Seebeck effect, and the efficiency of this conversion

is primarily a function of the temperature differential across the

thermopile and for any given thermocouple material (Fig. 2). For

the higher-output devices used in space or marine applications, where

high ambient temperatures are often encountered, a hot junction temperature

of 500°F or greater ±s needed. For these reasons metal thermoelements

were chosen for the thermopile.

In recent years there has been significant study of semiconductor

materials e.g., Bi-Te, Pb-Te or Si-Ge/for use in thermocouples. These

materials offer a higher theoretical conversion efficiency but have the

2
disadvantage of being degraded at high temperatures. However, in the

prosthetic device, the cold junction or the ambient tempera-

usually
ture is/37°C and will never exceed 50°C. Thus for the

cardiac pacemaker's requirement of 200 yW, the optimum temperature

differential for the semiconductor materials is only about 50°C,

Bi-Te (Fig. 2) appears to be the best - thermocouple material

in this application.

Bismuth-telluride thermoelectric devices are being used in both the

French and British programs to develop an isotopic power supply for

cardiac pacemakers (see p. of this issue). These two devices are

very similar, and both use 238Pu as fuel. The British device,

designed by the Atomic Energy Research Establishment (AERE) at Harwell,

has a single container encapsulating 180 mg of plutonium nitride purchased

from the USAEC. The thermoelectric unit is 17 mm in diameter and 49 mm

long, and it delivers 400 yW of electrical power at 0.4 V (Fig. 3). The

thermal insulation includes a vacuum. This generator, incorporated

into an asynchronous pacemaker manufactured by Devices Implants Ltd., was
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implanted in two patients in the summer of 1970. One device was subsequently

3
removed after a period of about 3 months with power supply malfunction.

It has been said but not reported in the literature that the second

device has also been removed.

The French unit (Fig. 4), manufactured by Societe Alcatel in Paris,

4
is fueled by l42 mg of a plutonium—scandium metal alloy. The fuel is

both

doubly encased in/a tantalum and a platinum capsule. The device,

which is 23 mm in diameter and 40 mm long, delivers 250 yW at ^0.5 V and

utilizes a microporous thermal insulation at atmospheric pressure. This

power supply has been incorporated into a ventricular-programmed-demand

pulse generator (Fig. 5) manufactured by Medtronic, Inc. of Minneapolis.

Thus far, four of these pacemakers have been implanted in patients in France.

The first April 27, 1970. All continue to function normally.

Other Bi-Te thermoelectric power supplies are in the developmental
Technology, a Division of Gulf Energy & Environmental Systems, Inc.,*

stage at Siemens Company in Germany and at .Gulf Radiation / 3M,* D. W.

Douglas Laboratories 3, and Hittman Associates in the United States.

Most of today's interest in developing microwatt-sized radioisotope-

fueled generators is a result of a USAEC contract initiated in 1964 to

develop a power supply for cardiac pacemakers, the prime contractor

for which is NUMEC (Nuclear Materials and Equipment Corporation). The

contract specified the use of metal thermocouples (Cupron special and

Tophel special). The NUMEC design contains 500 mg of 238Pu as an oxide,

triply encapsulated in Ta—10$ W, Hastelloy C, and titanium. Interwoven

in a vacuum-insulated package are 528 thermocouples, each 0.6 by 5 by 2.8 cm

(Fig. 6). This device delivers 240 yW at ^6 V and has been mated to

asynchronous pacemaker circuitry supplied by Cordis Company of Miami, Fla.
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Eight of these have been implanted in eight dogs during the last 18 months,

7

but six of the units were removed due to malfunction of the electronics.

Thermionic Conversion (3)

The second energy-conversion technique suggested for microwatt power

sources is thermionic. Figure 7 is a cross section of a cross section of

a 238Pu fueled thermionic device, the Isomite, built by Donald W. Douglas
o

Laboratories of Richland, Wash.

Thermionic devices have three main parts: (l) the emitter, (2) the

working fluid, and (3) the collector. The emitter is the outer surface

of the encapsulated radioisotopic heat source. The heat input imparts

sufficient energy for electrons to overcome retarding forces at the

surface of the metal and escape. The so-called "working fluid" in this

converter is an electron gas or partially ionized plasma. The electrons

from the emitter pass across the working fluid, overcome retarding

forces, and migrate to the collector where part of their energy is lost in

the form of heat ar.d the remainder drives electrons through an external load

9
back to the emitter. As with thermoelectric conversion, almost all

thermionic design in the past has been on larger power systems. As

output power decreases in the thermionic devices, the optimum emitter
since

temperature decreases, and / the efficiency of this type of conversion

is largely a function of the emitter temperature, thermionic devices in

the low-microwatt power range may be impractical. However, because of

this property, a given thermionic design has the capability of operating

over a wide range of power requirements simply by increasing the fuel

inventory and thus the emitter temperature. For example, a device of

fixed size might supply electrical output ranging from 100 uW to 10 mW.
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Betavoltaic Conversion (3)

The third energy conversion technique is a nonthermal process.

Betavoltaic energy conversion utilizes a beta-emitting fuel and converts
decay heat energy

its /directly to electrical/by use of a semiconducting material that forms
which

n-p junctions, / are coupled to planar sources of fuel material. Each
means of

beta particle striking the semiconductor, by / ionization causes

approximately 10^ electrons to be ripped from their bound states and

produce free electrons. These electrons diffuse to the junction, where

they are accelerated to the terminals by the junction electric field. The

resulting emf drives a current through the load. A betavoltaic

battery is constructed by encapsulating a number of these fuel and semi-

and adding
conductor wafers in a metal / shielding and a ceramic insulation for the

positive electrode.

Betavoltaic devices are practical only at power outputs of less than

1 mW. Therefore there has been less work done on them in the past than

on thermoelectric or thermionic conversion devices. Betavoltaic devices

have been built by various companies e.g., Sandia Labs, Hittman Associates,

and General Electric. Limited betavoltaic studies have also been done by

the Australian Atomic Energy Commission. To the best of the author's

Douglas manufacturing
knowledge, however, only Donald W. / Laboratories is / •?. beta

voltaic devices today. Douglas's Betacel (Fig. 8) is fueled by 1Lf7Rn,

utilizes silicone semiconductor devices, and is encapsulated in stainless

steel.

One advantage of a betavoltaic device is its versatility. For any

particular application, the various characteristics e.g., radiation level,

volume, weight, and voltage can be balanced by manipulating the fuel
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thickness, cross sectional area, and number of wafers without changing

the output power. As an example, a plot of the lt+7Pm layer thickness vs.

maximum efficiency (Fig. 9) shows that an energy source with 10 pairs of

wafers, using a fuel thickness of 2 mg/cm, would have an efficiency of

about 1.6%. A unit with a fuel thickness of 8 mg/cm and only five pair

of wafers would have the same power output but an efficiency of only

about 0.8$. The more efficient of the two systems would have a lower dose

ratejbut the less efficient would be smaller.

Comparison of Fuels (3)

A very important aspect in the comparison of the different generator

types, is the difference in fuel materials. The thermal methods of

thermoelectric and thermionic conversion have primarily used 238Pu an

alpha emitter of very high energy density and a relatively low radiation

dose rate when encapsulated. This dose is due to neutrons resulting

from spontaneous fission of the plutonium and gamma' photons from the

daughter products of the 236Pu impurity. The neutron dose rate in a

given unit can be decreased only by decreasing the amount of fuel or by

processing the fuel. The 236Pu level and consequently the gamma dose

rate can be decreased by neutron irradiation or aging. In the

United States, two purities of 238Pu are readily available, one 80$ pure

238Pu with a 236Pu level of ^2 ppM, and the other 90$ 238Pu with a 236Pu

level of 0.25 ppM or less. These materials are available at $750 and $1,250

O O Q

per gram, respectively. The °°Pu now available in France is about

85$ pure and has a 236Pu level of ^0.6 ppM. The 238Pu expected to be

available in Great Britain will have a 236Pu level between 0.5 and

1.5 ppM.
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Nearly all betavoltaic devices have used lk7Pm, which has a high

energy density and a beta energy ideally suited for this application.

However, its short half-life of 2.6 years makes applications for more than

5 to 7 years questionable. Further, the radiation at the surface of the

lh7Vm fuel capsule is largely gamma radiation, resulting from the daughters

12 1,e"
of the 146Pm impurity, and this impurity can be decreased, /by a factor

of 2 or 3, only by a long re-irradiation process. There are no

current plans to re-irradiate a large quantity of 11+7Pm.

Other beta-emitting fuels that might be applied to betavoltaic

conversion are 3H and 85Kr, with half-lives of 12 and 10 years, respectively.

These half-lives would be ideal for isotopic pacemakers, and these

isotopes also offer very low radiation levels when encapsulated. The

chief disadvantages are the low energy densities, compared to ltf7Pm, and the

unattractive beta-particle energies tritium beta energy is too low for

efficient conversion and 85Kr beta energy is high enough to cause

semiconductor damage.

Overall Comparison (3)

The most often compared parameter of the different radioisotope-

fueled generator designs is energy conversion efficiency. Efficiency

is important, but as fuel loadings are decreased to the point where

the material cost is only a small fraction of the fuel encapsulation

cost and acceptable radiation levels are obtained, other parameters will

become more important e.g., reliability, producibility, and cost.

In the future, for example, thermoelectric designs may become the

most widely used because of the reliability statistics and experience

gained in larger-scale applications. On the other hand, because
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thermoelectric principles are highly developed, perhaps only

limited technological advances will be made in the future. In addition,

the large number of thermoelements and their interconnections means

that thermoelectric devices might have inherently higher production costs

and lower reliability than other systems.

Thermionic systems have a simpler design than thermoelectric devices

and could potentially offer an advantage in reliability. Because of the

close tolerances necessary between the emitter and collector, however,
rates

production / might be lower and costs higher than for other systems.

The question of whether a 200-uW thermionic device can attain efficiencies
concerning

comparable to other systems is still unanswered, and doubts/ the market

potential may limit work on these smaller designs. Thermionic conversion

is relatively new, however, and perhaps with time this technique will

prove more applicable than the thermoelectric.

Betavoltaic devices seem to have the simplest design and construction combined

with a high conversion efficiency and high power density. These factors,

together with the low cost of 147Pm ($0.20 per curie) suggest that the

betavoltaic device may be the best of those discussed here for the

implantable cardiac pacemaker.

The only difference between radioisotopic pacemakers and other
is

types that have been used over the last 10 years/ the radioactive
devices

material in the radioisotopic / and the resulting radiation at their

surfaces. In all radioisotope-fueled units designed for pacemakers with

which the author is familiar, safe containment of the radioactive

material has been the prime consideration. In the future, before its

use in any prosthetic device, the fuel capsule will have to be qualified

for safe containment during credible accidents such as crush, impact,
containers

cremation, and gunshot, and many of the fuel / discussed here

have already passed these safety tests.
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There has always been a question of what maximum radiation level is

acceptable at the surface of the radioisotopic pacemaker. There do not seem

to be any data that indicate a maximum tolerable radiation level for this

application. - — __ .. Whatever the

absolute value used in discussing radiation dose rate, two additional

factors should be considered. .... First,

for this application, the rem (roentgen equivelant man) should be used

and not the radiation absorbed dose (rad), since here we are concerned with

the actual effect of these radiations on human tissue. Thus for the 238Pu-

fueled devices, the radiation dose will be due not only to gammas (RBE=l)

but also to neutrons (RBE=7 to 10). Secondly, rather than a maximum dose

rate, an integrated average dose over the pacemaker life should be

specified. This is important because of the use of different fuel

materials. The dose rate from the 238Pu-fueled devices increases with

time as a function of the amount of 236Pu present. The ltt7Pm-fueled units

show a decreasing dose rate with time.

With this consideration as a basis for comparison, the

approximate average dose rates for the power supplies discussed above

13
may be considered. The USAEC-NUMEC device now has a beginning-of-life

mrems/hr.
surface radiation level of 9-5 to 11.5 / The plutonium used

is very "clean," and its average dose over 10 years should be only
mrems/hr.

11 to 12 / The British design reportedly will show an average
mrems/hr.

10-year dose rate of 9 / The French Alcatel unit has used a fuel

containing "several" ppM of 236Pu and shows a beginning-of-life dose rate
mrems/hr,

of 3 / which would average about 9 mrem/hr over 10 years. Currently

available 238Pu in France has 0.6 ppM of 236Pu. The 10-year averaged
mrems/hr.

dose from this clean French plutonium would be 6 to 7 / The
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lt+7Pm-fueled units being designed for pacemakers will have a beginning-of-
mrems/hr,

life radiation level of 1^ / averaging about 9 mrems/hr in 5

years of operation,
Perhaps
/the biggest problem the isotopic pacemaker will have to face in the

or regulatory,
next year or two is not technical / economic but / Current

government regulations for radioisotopes in the body were written for

diagnostic testing, which utilizes radiochemicals in the blood stream. When
they were set up, the
/ concept of a qualified sealed source of radioactive material inside

it is a very new one. The
the body could not have been foreseen, since/USAEC, the ENEA, and the UKAEA

are studying possible regulation changes that would encompass this type

of. application.'
of,

The timing/and the final form of, these regulations might to a
large extent of
/determine the availability / radioisotopic pacemakers —x

C in the future.

(MG)

(Manuscript received April 20,1971)
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SUBMINIATURE PACEMAKER TOTALLY INSIDE HEART (2)

A tiny pacemaker (Fig. l) has been developed which can be inserted

entirely into a chamber of the heart by only minor surgery. The device

was developed at the Cox Heart Institute of the Kettering Medical Center

in Dayton, Ohio. The concept has been shown feasible in several animal

implants, using devices powered by conventional chemical batteries, or

by a BETACEL atomic battery provided by the McDonnell Douglas Corporation

through its Donald W. Douglas Laboratories of Richland, Wash. This

accomplishment, believed to be the first of its kind, was performed

entirely with private funds, including development of both the pacemaker

and the atomic battery. It is the result of a joint effort by medical

scientists and engineers led by Dr. J. W. Spickler, physiologist at the

Institute, and Dr. N. S. Rasor, a consulting physicist for the Douglas

Laboratories and for the Institute.

Space-age developments in solid-state electronics and atomic energy

have permitted the pacemaker and power source to be greatly miniaturized.

The experimental Cox device is a capsule less than 5/l6 in. in diameter and

3/4 in. long about the size of a pencil eraser. This is small

enough that it can be inserted into a vein in the neck by minor surgery

and then passed into a chamber of the heart, where it is attached to

inner wall by a mechanism similar to a safety pin. The insertion device

is then detached and removed, and the incision is permanently closed.

It is estimated that the device may be ready for clinical use in about

2 years.
forms

Alternative / of the atomic battery are being developed by the

Douglas Laboratories, which use longer-life nuclear fuels. Such batteries
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can potentially operate the pacemaker capsule for several decades without

replacement. Therefore, through this development it eventually should

be possible for even a child to have a lifetime "built-in" artificial

pacemaker implanted in its heart by minor surgery.

(MG)
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FRENCH CARDIAC PACEMAKER FUELED WITH 238Pu*

By R. Berger, R. Boucher, B. Jampsin, and M. Hot

Supplementary Keywords: heart; prosthetic device; energy source.

Abstract. The properties of 238Pu which make it suitable for use in
tests on

cardiac pacemakers are discussed, and/the 238Pu-fueled French (Alcatel)
are

pacemaker / described.

(introduction)

Isotopic energy sources are being introduced for powering cardiac

pacemakers in order to increase the safety and the useful lifetimes of

these devices. The mercury cells used at present are involved in

most pacemaker failures, which are due to unforeseeable premature cell

exhaustion. The interval at which pacemakers need to be replaced

averaging 2 years with mercury cells may be increased to at least

10 years by using isotopic power sources. On the other hand, the use of

a radioisotope, e.g., 238Pu, introduces the risks of irradiating the

patient and his surroundings and possibly of contaminating the environment

if the capsule should be ruptured.

This article discusses the use of 238Pu in cardiac pace

makers, with regard to pacemaker construction requirements, radiation

safety of the patient, and integrity of the source capsule.\

\ The specific source on which the

discussion is based was designed and constructed in France as a joint

project of the Commissariat a l'Energie Atomique (CEA), the Socie'te'

Alcatel, and the Broussais Hospital under. — • —

^Somewhat abbreviated, version of a paper presented at the ENEA/Euratom
Seminar on Radiation Protection Problems Relating to Transuranium Elements,
Karlsruhe, Germany, September 1970, as printed in CEA-ENEA Information Bull.
Isotopic Generators, No. 10: 3-21 (November 1970). Authors are affiliated
with Commissariat a l'Energie Atomique Centre d'etudes nucle"aires de
Fontenay-aux-Roses, France.
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the auspices of the Delegation Generale a la Recherche Scientifique

et Technique. The safety criterions for the capsules were drawn up by

the Study Group on Isotopic Batteries of the European Nuclear Energy

Agency.

Construction Requirements (3)

Since cardiac pacemakers are implanted in the body, they must be as

small as possible, and, in particular, their thickness is critical. Their

density must be as close as possible to that of the neighboring tissues

in order to avoid constraints due to gravity, and surgeons insist on

rounded edges to simplify implantation. The surface temperature of the

pacemaker must be as near body temperature as possible.

Pacemaking pulses are usually square waves, lasting from 0.7 to 2 msec

with a frequency of 55 to 80 per minute at a voltage of 3.5 to 7 V and a

current of 3 to 15 mA. The minimum power consumption varies from 10 to

20 uJ per impulse, depending on whether the electrode is myo- or

endocardiac. Precise specification of the minimum power needed is difficult,

but a supply of 50 pW(e) to an asynchronous cardiac pacemaker and

of 240 yW(e) to a relay pacemaker appears possible. Of the isotopic

energy systems available, the best choice at present appears to be

thermoelectric generators using Bi-Te thermocouples and a 238Pu heat

source. Interdependent factors affecting construction are the thermal

power required, size, weight, heat removal, and construction cost.

The minimum thermal power, P , required with a cylindrical generator

2 L .
is given by /p "J^

1 + 2(L-D ,^_
log R/r log R/r R-r DTIE:

lower case

0.2 Z — "L"
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where P = electric power generated

k = thermal conductivity of insulator

R = radial thickness

r = source radius

DTIE:.. ^OWe_______.—=?> 1 = thermal-element length

L = length of thermal-element plus source

Z = thermal-element quality factor

Thus, for fixed values of the other variables, the required power will

decrease with decreasing dimensions of the 238Pu capsule and of the

radius and length of the source itself. Our research has shown that an

energy source suitable for incorporation in a pacemaker casing 27 mm

thick and 71 nim in dia can supply an electric power of 240 uW with a

capsule 9 nim in dia and 10.5 mm long and containing 150 mg of 38Pu.

The materials making up the pacemaker, apart from the electronic

components and the parts of the energy system (not counting the radioisotpic

source and the thermoelements) must be as light as possible so that the

pacemaker may have the same density as the surrounding tissues. Titanium

is preferable to stainless steel, and conventional coating materials are

replaced by an expanded resin. Thus, since the capsule provides the only

effective shielding against gamma radiation, a thick cladding material of

high density must be used. With a double cladding consisting of 1 mm

of tantalum and 1.25 mm of iridized platinum, the capsule weighs 10.615 g.

Since the average specific heat production in human tissues is about

1.33 mW/cm3, the heat supplied by 150 mg of 238Pu can be dissipated in

the body by conduction and convection in the blood without chronic

irritation if the pacemaker volume is 65 cm3. The pacemaker in question
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has a volume of about 100 cm3 and thus provides a large margin of safety.

The temperature gradient between the surface of the pacemaker and that

of the neighboring tissue has been measured and found to be less than

0.1°C. Of course, any decrease in the required thermal power results in

a saving in radioisotope and in shielding material.

Safety Requirements (3)

In the general use of cardiac pacemakers powered by isotopic energy

sources, it is necessary to consider the possible risks run by the

bearers and by the general population during normal operation of the

devices and the possible consequences of foreseeable accidents that

might lead to rupture of the capsule and perhaps to contamination. The

design and test criterions for the capsules must take into account the

fitting of the source into a cardiac pacemaker and the implantation of the

device while it is operating, the likelihood of accidents, and the keeping

of a permanent record of the devices since the recovery of all capsules

may not be feasible. As far as possible, the safety of the energy systems

should be such as to require a minimum amount of checking on the bearers

of cardiac pacemakers.

Radiation (h)

The use of a radioisotopic source in a prosthetic device can be

justified only if the medical advantage to the patient offsets the radiological

disadvantage and there is no risk of cardiological damage. Since ionizing

radiations damage living cells and an implanted cardiac pacemaker is in

intimate contact with living tissue, the equivalent dose rate at the

surface of the device must be as low as possible. The maximum permissible

equivalent dose (30 rems/year to skin and bone) recommended by the
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International Commission on Radiological Protection (ICRP^ and applied

in France for persons who are occupationally exposed to radiation, is

used as a preliminary guide. This dose is conservative there is

no difficulty with equivalent dose rates of 100 mrems/day to the

whole body and is a feasible limit for construction purposes.

Ultimately the permissible value depends on medical advice.

Radiation is sharply attenuated by tissues by a factor of 10

in the first 2.8 cm of tissue (Fig. l). Fragile organs the gonads

and the spinal cord and the whole body of the bearer will receive

a very low equivalent dose, certainly less than 5 rems/year. The

equivalent dose received by other persons, including those who live

with the bearer, will be less than the ICRP limij of 0.5 rem/year for

the whole body dose to the general public.

The equivalent dose rates from the French source were measured by

thermoluminescent dosimeters (Teflon loaded with LiF) for gamma

radiation and by nuclear emulsions for neutrons, both of which are

conventional technqiues. An assembly consisting of three thermoluminescent

detectors and a nuclear emulsion was used for measurements on the skin.

Values for the equivalent dose due to neutrons are based on the quality

factors adopted under French law.

The results (Table l) show an average measured dose rate in contact
mrems/hr

with the pacemaker of about 2 / for gamma radiation and 1 mrem/hr

for neutrons a total of 3 mrems/hr at the "hottest" point. The average

gamma radiation reading on the skin of the bearers at a point as near as

possible to the source (about 2 cm away) was 0.25 mrem/hr, and the

neutron dose was too low to be measured accurately. These few experi

mental values agreed with calculated (Fig. l).
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Fig. 1. 0 Experimental and • calculated equivalent dose
rates from a 150-mg 238Pu energy source in a cardiac
pacemaker as a function of tissue thickness.
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Table 1. Maximum Equivalent Dose Rates

from Implanted Pacemakers

Exposure
time, hr

Tissue

thickness,
mm

Equivalent dose rate, mrem/hr

Y n Total

95 0 1.5 0.8 2.3

360 ^10 0.5 0.18 0.68

311 -v-10 0.4 0.11 0.51

117 0 2.0

3.1

1.7

1.1

0.85
3.2

^200 0 1.92

1-95

1.0

1.3

3.1

451 20 0.28

0.20

0.26

<0.09 <0.34

138 0 2.3 0.43 2.7

284 21 0.23

0.22

0.37

0.17 0.4l

^200 0 1.66

1.69
1.2 2.88

The equivalent dose rates from the pacemakers depend on the purity

of the 238Pu used and on its chemical state. The chief troublesome

impurities are 236Pu and the light elements Be, B, F, Li, Na, Mg, Al,

C, Si, and 0. The gamma contribution from 212Po, 212Bi, and 208T1

daughters of 236Pu 'equals that from initially pure 238Pu
(Fig. 2),'

after 3.5 years /and hence an average dose over the whole mission

life of the pacemaker must be calculated. In practice, a 236Pu concentration

of about 0.3 atom per 106 atoms of 238Pu can be obtained economically.

Fast neutrons resulting from nuclear interactions between the alpha particles

emitted by the 238Pu and the light elements mentioned above may also be
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Fig. 2. Time variation of equivalent gamma dose rate from a
150-mg 238Pu energy source at contact with the outer surface of
a cardiac pacemaker at the midplane of the pellet (l atom of
236Pu per 106 atoms of 238Pu).
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238present. The use of ^dtiPu metal rather than oxide obviates the presence

of large amounts of oxygen.

Calculated equivalent gamma dose rates at points on straight

lines parallel to the source axis, in the plane containing this axis

but normal to the planes of the ends of the pacemaker (Fig. 3), showed

that the gamma emission from isotopes heavier than plutonium is negligible

compared with that from 238Pu. The same applies for 238Pu fission gammas
•7

and fission products. The rates were obtained with the Mercury 3 code

in which propagation of the particles was calculated from a linear attenua

tion model with an accumulation factor, using the CEA library of effective
o

gamma cross sections and accumulation factors.

q

The ANISN code was used to calculate the equivalent neutron dose

rates. This program solves the one-dimension Boltzmann equation by the

method of discrete ordinates in neutron transport and treats anisotropic

diffusion of any order. The calculation uses 99 groups. The multigroup

neutron library used is derived from the ENDF/B valuation. Only the

neutrons emitted in the spontaneous fission of 238Pu were considered.

Thermomechanical Tests (4)

The radioisotope is clad in a sealed, leakproof capsule. Con

tainment must be ensured under normal operating conditions and in fore

seeable accidents during the whole mission life plus a sufficient margin

of time to cover contingencies, and account must be taken of the

increasing internal pressure due to the accumulation of helium in the

capsule. Calculations on the development of the helium pressure and

of the temperature of a capsule containing 155 mg of 238Pu for an

initial temperature of 70°C (Fig. 4a) show that after 1500 years

the internal pressure reaches 360 atm and the temperature, 20°C.
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Fig. 3. Change in equivalent gamma dose rate from a 150-mg 238Pu
energy source in a cardiac pacemaker as a function of tissue thickness.
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After 100 years at 1000°C, internal pressure reaches 830 atm (Fig. 4b).

The latest edition of Vital Statistics of the United States

(1967) shows that the most likely fatal accidents are due to motor vehicles,

firearms, fire and explosion of fuels, cutting and penetrating instruments,

machines, and aircraft. Such data are not currently available for

Europe, but they would probably be different, especially as regards

firearms because of European firearm laws. The CEA (CEN at Fontenay-aux-

Roses) has carried out all tests required by the existing regulations11'12

regarding transport in order to obtain acceptance of the French sources

as "special design." These tests (Table 2) have shown these sources to

be resistant to forces of any expected accident.

(5) Percussion Test. In the United States a careful study has been done13

on the probability that a bullet might destroy the capsule of a radioisotopic

pacemaker. Taking into account the cross-sectional area of the capsules

(about one one-thousandth that of the vital organs), the average age of

pacemaker bearers (about 70 years, which is high compared with that of

persons killed by firearms), and the type of firearms and bullets used

in different circumstances (suicides, accidents, or murders), the

probability of rupture of a pacemaker capsule by a bullet was found to

be 6.3 x 10-5, which is equivalent to 6.3 accidents in 100 thousand years

for a constant population of 20 thousand bearers. This probability may

be decreased to 3.8 x 10"6 by keeping the bearers away from lethal

firearms, and to 1 x 10~6 if the containment of the radioisotope is

required to remain intact only under the direct impact of the maximum

charge of hand guns and shotguns as well as of rimfire .22 caliber bullets.

In the event of the cladding being ruptured by high-powered rifle bullets,

the plutonium released would probably be limited to the body of the

bearer and the blood from the wound.



Table 2. Tests for Sealed Sources

Tests

Shock

resistance

Percussion

Crushing

Impact

Test

temperature,

°C

100

100

25

100

Internal

pressure,

kg/cm2

30

30

Vacuum

30

Internal 1000 840
pressure (810 atm)
resistance

1200 605
(580 atm)

Fire 1000 Vacuum

resistance

Water

immersion

800, then 20 30

30

Nature of test

Free fall through 9 m

Weight of 1.4 kg fall
ing from 1 m onto the

source

Load of 1,500 kg

Source speed of
50 m/sec

Maintained 30 min

Maintained 20 min

Maintained 6 hr in air

Maintained 15 min in

air at 800°C, cooling
to 20°C

pH = 7, one week

Effect on source

Very slight deformation,
no leakage

Very slight deformation,
no leakage

Very noticeable deform

ation, no leakage

Two sources showed leak

age from platinum clad
ding (but not from
tantalum cladding); one
suffered additional

damage during test

No dimensional change,
no leakage

Slight deformation of

cladding, no leakage

Liquid Pu alloy reacts
with the Ta unless Ta

-is carburized; no
damage to external

iridized Pt cladding

No damage

No damage

-p-
M0
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So far, no percussion test has been made on the French capsules,

but the American conclusions clearly show that no capsule of a size

compatible with surgical implantation could resist the impact of

projectiles from all firearms that can be purchased.

(5) Crush Test. The probability of compression of a capsule by the

collapse of a building or by the passage of a rigid wheel of a vehicle

such as a railway wagon is extremely low, although the load applied

to the capsule in such cases would be very high e.g., 1.7 to 10.7 tons

for the wheel of a railway carriage. An overload of 30 to 40% must be

added to these values to take account of the dynamic effect.

The only accident realistically foreseeable for the capsules is

one due to compression by a pneumatic-tired wheel or to being walked upon.

In the case of a truck, the pressure is estimated to be less than

10 kg/cm2, whereas with a walking pressure the load can reach 150 kg/cm2.

It should be noted that the plutonium alloy with face-centered cubic

structure is particularly malleable and may be deformed without cracking

or crumbling.

The CEA has carried out a series of tests on about 10 capsules.

Loads of 150 or 500 kg/cm2 applied to the Pt-Ta capsules on one end or

along the surface of the cylinder caused very little deformation, while

1500 kg/cm2 caused considerable deformation but no rupture or leakage.

Leaktightness was checked by the method of "helium sniffing," using a

mass spectrometer calibrated with helium and having a sensitivity limit

of 10"11 atm*cm3/sec. The results of tests carried out in Spain by

INTA (National Institute for Aerospace Techniques) at 150 and 500 kg/cm2

and 100°C, using an Instrom machine, on two tantalum capsules and two

Pt-Ta capsules were identical to those of the CEA.
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(5) Impact Test. An aircraft accident is a foreseeable instance where

the capsules acquire the"highest speed with respect to fixed obstacles.

The maximum speed has been estimated as 50 m/sec by comparison with the

safety conditions required for flight recorders (100 to 1000 m during

a period of 5 x 10~3 sec) and evaluating the limiting speed of the

capsule in falling. In tests made by INTA, tantalum capsules with an

impact speed of 50 m/sec on an l8-mm-thick steel plate normal to the

direction of travel (internal capsule pressure 30 kg/cm2 and temperature

100°C), did not leak. Of 12 Pt-Ta capsules similarly tested, two showed

leakages 4x 10"8 and 3 x 10"6 atm-cm3/sec, respectively in the external

platinum capsules, the second capsule having been damaged additionally

by a collision with the arm of the apparatus. These leakages were due

to welding defects, and the internal tantalum claddings had kept their

integrity. As forecast by the probability calculation concerning the position

of the capsule on meeting the obstacle, all impact marks were on the

directrixes in the end planes.

(5) Thermal Test. From statistics of the National Fire Protection

Association, the Americans have found a probability of 10~6 that a

cardiac pacemaker would be exposed for 2.63 hr at a maximum temperature

of 1038°C in an ordinary fire. Refuse fires last 15.33 hr at 538°C

on an average, whereas cremations last from 1 to 2 hr, with an ideal

temperature of 870°C a minimum of 735°C, and peaks of up to 1370°C for 10

to 15 min. However, the probability that a capsule would be subjected to

these two kinds of fire is very low. In fact, bodies caught by fire are

usually on the ground, where temperatures are significantly lower than

at higher levels, they are wetted during fire fighting, and are usually

recovered. The NFPA (Fire Service Department) has never recorded a
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case of complete incineration. In 250 deaths by fire, only one case of

incipient incineration has been found.

By comparison with the test for containers of nuclear materials

involving exposure to fire for 30 min at 800°C, and taking account of the

fact that the isotopic energy source is built into a pacemaker which is

itself implanted in a human body, it is very unlikely that the tempera

ture of the source would exceed 500°C in an ordinary fire. Seven

Pt-Ta capsules maintained at 100°C in air successively for 0.5, 2, and

6 hr showed no damage. The capsule materials have a high melting

point 3000°C for tantalum and l820°C for Pt - 20 (wt %) Ir alloy

and capsules maintained at 1000 and 1200°C for 30 and 20 min with

internal pressures of 810 and 580 atm, respectively, showed a slight

deformation of the cladding at 1200°C but no leakage.

Chemical Corrosion Tests (4)

The capsule material must remain compatible with the fuel at its

highest operating temperature, and the containment must not be

compromised by chemical attack on the capsule material either in

normal operation or in the event of any foreseeable accident.

(5) Compatibility. Tantalum and iridized platinum have excellent

compatibility with Pu—Sc alloy. The diffusion of liquid

plutonium between the grains of the tantalum may be completely stopped

by surface carburization of the internal wall of the cladding. The

liquid plutonium forms, with the iridized platinum, metallic compounds

of relatively high metling point, which act as a diffusion barrier.

During 0.5- to 2-hr thermal tests at 1000°C, a significant reaction

zone was observed when the plutonium alloy had been placed directly in
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a platinum capsule, but after that time there was no further development

of the reaction zone. The metallic compounds were identified by micrography

and analyzed with an electron probe.

(5) Chemical Inertness. Chemical agents likely to come into contact

with a capsule are air, fresh or sea water in the event of drowning,

and organic matter from the body and from the earth in the event of

the patient's being buried without recovery of the pacemaker. The

Pt-Ir cladding is particularly resistant to oxidation at high temperatures,

and the Pu-Sc alloy showed no oxidation or variation in weight when kept

20 months in 30°C air at 60% relative humidity. Pure plutonium is

oxidized after being kept 1 hr at 150°C, but Pu-Sc alloy undergoes

successive thermal treatment going from 100 to 400°C over a period of

about 200 hr before being oxidized.

The corrosion resistance of platinum in fresh water, sea water,

saline solution, or organic matter is well known.
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Isotopic Electric Generators (in French), by F. Laveissiere, French report

CEA-BIB-190, January 1971 (English trans: ORNL-tr-2485 by Martha Gerrard).

Supplementary Keywords: energy source; bibliography.

This extensive listing of radioisotopic energy sources, their

characteristics, the isotope used, and the literature sources of the

information given will be useful to persons in this field. The

inevitable typographical errors in a compendium of this length are

unfortunate, but reference to the original source can be made when

data are questionable. The isotopes concerned include 9°Sr, 238Pu,

210Po, 147Pm, 242Cm, 144Ce, 17°Tm, 137Cs, 227Ac, 6°Co, and mixed

fission products.

(MG)
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STATUS OF U.S. RADIOISOTOPIC SPACE POWER SYSTEMS (2)

By R. T. Carpenter*

Supplementary Keywords: energy source; thermoelectric system; °Sr;

2^Cm.

Abstract. Radioisotopic thermoelectric generators developed by U.S.

Government agenciesto power automatic instrumentation in space studies

are discussed.

(introduction)

Nuclear power systems are attractive for use in space under a

number of conditions e.g., in the absence of sunlight; when there are

high radiation fields, extreme temperatures, or dense meteorite fields;

when high power level and long life are needed; and when heat is

required in the payload. Radioisotopic sources are preferred over

reactor sources when low powers are needed, the heat produced in

radioisotope decay being converted to electricity. The heat may be used
and

directly in some cases ,, for higher power levels, reactor sources may be

preferred. This article is limited to a discussion of

nonpropulsive radioisotopic thermoelectric generators (RTGs) for use

both in space and on Earth (DTIE: Do not lower case), and is concerned

only with U.S. developments. Some basic information on all the SNAP

(Systems for Nuclear Auxiliary Power) units and on various other

U.S. government— and industry-developed radioisotopic power sources is

tabulated in an appendix to this article. Information on about 35 U.S.

*AEC/NASA Space Nuclear Systems Office, Washington, D.C. 20545.
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and about 30 non-U.S. sources are listed in a compilation completed

in early 1970, a number of which have been described in Isotopes and

3
Radiation Technology.

Systems in Use (3)

All U.S. power systems launched to date have used Pb—Te thermo

electric converters and 238Pu heat sources. Plutonium-238 was selected

for space use primarily because of its long half-life (87.5 years) and

its low level of radiation emission. As larger heat sources were used,

the philosophy of aerospace nuclear safety changed from one of presumed

burnup in the atmosphere to one of intact reentry, which forced an

evolution of fuel forms and heat-source designs. Plutonium metal was

used in SNAPs -3A and -9A; Pu02 microspheres were used in SNAPs -19

and -27. The oxide emits more neutrons than does the metal,

but it also has a higher melt temperature, offers a lower inhalation

hazard, and is a less soluble and less reactive fuel. All the isotopic

units that have been successfully launched are still operating.

The first use of nuclear power in space was the SNAP-3A, launched

on the Transit 4A Navy Navigation Satellite in June 196l (and still

operating). This 5-lb, 2.7-W unit paved the way for a series of

radioisotopic power systems launched in the subsequent decade. In all

these systems, about 5% of the heat is generated in a central heat

source and is converted to electricity as it passes through the static

thermocouples; the rest of the heat is radiated away into space. The

two SNAP-19S on the Nimbus 3 weather satellite are still supplementing the

main solar cell—battery power system. The SNAP-27s left on the moon

to provide the total power to the Apollo Lunar Surface Experiments Packages
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in the Apollo-12 and -l4 flights are both still working very well.

Because the first SNAP-27 powered station lasted well beyond

its design life of 1 year, we are now getting the added benefits

of two simultaneous stations on the moon.

The external emissions from SNAPs-19 and -27 are neutrons from

spontaneous fission and from the alpha—neutron reactions with the

light elements in the fuel oxygen and impurities and gamma rays.

Measurements made on SNAP-27 after about 2 years show a factor-of-2

increase in gammas, which is due to a buildup of gamma-emitting products

such as 208T1, and may show a factor of 7 or 8 increase after 15 to

20 years.

Systems Under Development (3)

Three near-term missions for which RTGs are being developed are a
navigational satellite (Transit), a Jupiter flyby (Pioneer), and a Mars
soft lander (Viking) (Table l).

The primary reasons for using RTGs on these missions are:

Transit: long life and resistance to radiation levels expected at

this orbital altitude

Pioneer: independence of solar flux and resistance to radiation

to be encountered on the way to Jupiter

Viking: independence of the environment on the surface of Mars.

Fueled ground test units have been built for Transit and Pioneer, and

flight systems will soon be built.

The Transit RTG (Fig. la) is 24 in. in diameter and about 18 in.

high. It is to be mounted directly on the satellite and provide up to

100 W to help maintain fairly constant temperatures in the payload (DTIE* do

electronics as the satellite passes into and out of Earth's shadow.
not lower

case

"Earth")
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Table 1. RTGs Under Development for Specific Missions

Power

Power Launch requirement, Lifetime,
Mission supply Agency schedule W

e
years

Transit, Transit Navy classified 30 5
navigational .RTG (DOD)
satellite

Pioneer, 4 SNAP-19s, NASA 1972, 1973 120 3
Jupiter modified

flyby

Viking, 2 SNAP-19s, NASA 1975 70 2
Mars soft modified

lander

Table 2. Multihundred-Watt RTG Applications

Power

Mission

Power

supply Agency
Launch

schedule

requirement,
W

e

Lifetime,
years

LES, space
communication

2 MHW

RTGs

Air Force

(DOD)
Mid-1970s 220-300 5

Grand Tour,
unmanned

4 MHW

RTGs

NASA 1977, 1979 300-550 >9

outer space
exploration
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The electrical output will be 37 W initially and 30 W after 5 years. Heat

is radiated from the source to the lightweight Pb—Te panels,

which operate between 752 and 288°F. The total weight, including the mounting

cone, is about 30 lb. The heat source (Fig. lb), which is designed to contain

the fuel during reentry and impact, weighs about l4 lb. The fuel 850 W

of 238Pu as a PUO2—Mo cermet is contained in layers of refractory and

noble metals surrounded by graphite for protection from reentry heating,

heating. The assembly is canned in a thin superalloy to prevent deterioration

of the materials in the heat source while exposed to air before launch

and to maintain a back pressure of gas in the gaps to minimize operating

temperatures in space.

The Pioneer RTG is a modified SNAP-19 (Fig. 2). It is 15-8 in.

across the fins, 11.1 in. high, and weighs 29.2 lb. It is fueled with

645 W of 238Pu02—Mo cermet and produces 38 W initially and 30 W after

3 years, i.e., at Jupiter encounter. The thermoelectric converter uses

2n materials operating between 950 and 350°F. The RTG is filled with a

cover gas and welded shut. The heat source, which weighs 11.1 lb, is

made of almost identical materials as that for the Transit. The reentry

protection design is somewhat different because of the size constraints

of the SNAP-19 heat source (3-5 in. across the flats by 6.75 in. long)

and the more severe heating environments of possible Pioneer mission

aborts, which could lead to superorbital reentry. Since the generator

is sealed, no can is used around the heat source.

The generators to be used on the Viking (Fig. 3) are similar to

those for the Pioneer. The fuel loading will be 675 W to give 35 W
Oil C

after 2 years, and the thermal design (fin length and housing thickness)

will be tailored to the Viking mission environment.
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For higher powered applications e.g., for the LES spacecraft for

space communication and for the Grand Tour missions to three outer

planets the Multi-Hundred Watt'(MHW) modular RTG is being developed

(Table 2). The outer-planet missions will require 10 times as much

power and mission lifetimes will be up to twice as long as any other

mission to date. Size and weight constraints are very tight.

The MHW RTG (Fig. 4) will produce at least l45 W initially from

2200 Wth of 238Pu02—Mo cermet. It is 11 in. in diameter by about

21 in. high and weighs about 75 lb. The thermoelectric converter uses

80% Ge—Si Airvac thermocouples operating at l832°F or higher in a

beryllium housing, which is sealed for operation in air. Radiative coupling

between the heat source and the thermocouples allows flexibility in heat

source design. The insulation is refractory metal foils with ceramic

separators. The very high operating temperatures that will occur and the

safety factors needed to withstand the environments of any launch

vehicle and any mission and still remain intact after reentry and impact

require an advanced heat source design. One design being considered is

6.85 in. in diameter by 15.0 in. long, with a weight of more than 40 lb.

It uses graphitic and ceramic materials and various shapes to bring the

fuel through reentry and impact. This design will not be frozen until

late 1971. Pure Pu02 is being considered as a replacement for the

Pu02—Mo cermet fuel. With 2200 wth (66 thousand Ci)of 238Pu per

module, the Grand Tour spacecraft will require an inventory of 8800 W
u n

(264 thousand Ci) of 238Pu a neutron source of about 1.6 x 108 n/sec

to be reckoned with.
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Future Developments (3)

Improvements in these systems can be projected for future systems.

The MHW Si—Ge RTG can be cascaded with the Pb—Te or TAGS Isotec

panels similar to those used on the Transit RTG to provide higher

power, a wider useful power range, and more efficient use of the fuel,
lower

leading to lower cost andAradiation levels per electrical watt. This

cascaded RTG (Fig. 5) would produce more than 200 W at 9 to Wfo

efficiency, or more than 2 Wg/lbwith the same 238Pu heat source as now

in use.

If 241+Cm, another long-lived alpha emitter, should be used in

the MHW, the power/weight ratio would be increased 10 to 15%. Curium-244

has a higher power density than 238Pu because of its shorter half-life

(about 18 years) and a promise of about one-fifth the cost per thermal

watt. The penalty with 21+4Cm is the higher neutron count due to spontaneous

fission (approximately 1000 times that of 238Pu). This could prevent

the use of 2t+l+Cm-fueled systems on radiation-sensitive scientific payloads

and manned missions.

For power levels greater than that which is practical with the MHW,

i.e., greater than 1 kW, more efficient power conversion technologies

are being considered the static thermionic system and the dynamic

Brayton system. Design studies have been completed on a 110-W 244Cm-
e

fueled thermionic module, which was an outgrowth of the SNAP-13

thermionic generator development completed in 1965- These studies show

that thermionic modules in the 200- to 500-W range offer a module

efficiency about twice that of thermoelectric and a specific power of about

4 W /lb also about twice that obtained with thermoelectric generators. The

thermionic generator is also smaller in size because of the high
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Fig. 5. Dual stage MHW-RTG sealed design.
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radiator temperature and thus are attractive for missions close to the

sun or on the surface of the inner planets, where ambient temperatures

are very high. To achieve these advantages, the high-power-density

244Cm fuel must be used and heat-source operating temperatures must

be in excess of 3000°F. Much more development work must be done on

isotopic thermionic generators to demonstrate their operating per

formance and lifetimes.

The use of the dynamic Brayton cycle, which has been under develop

ment at NASA's Lewis Research Center for several years, allows efficiencies

as high as 2&% at heat-source temperatures comparable to those for

the MHW in the power range 2 to 10 kW. It can use 238Pu or 2t+l+Cm. The

Brayton conversion machinery, an electrically heated system (minus the

radiator), has been tested for more than 2500 hr, and the combined

rotating unit is still undergoing a life test after some 5000 hr, most

of which has been unattended. A joint NASA--AEC program is underway

to conduct an isotope-heated test of the system under simulated space

conditions.

In the isotopic heat source assembly for the Brayton system, an

array of heat sources is carried in a reentry vehicle (Fig. 6), which

provides double protection during reentry mishaps and maximizes the

chances of recovery of the large isotope inventory. A 12.5-kW power

system, which has been studied for use on the manned orbital space

station, would contain 52.8 kWth (1.6 MCi) of 238Pu at the beginning of

life. The reentry vehicle, including the isotopic heat sources, would

be about 8 ft in diameter and would weigh about 3900 lb. The total

12.5-kW system would weigh about 6000 lb, or about 2 w /lb. This

system type is especially attractive for low-orbit, man-tended space

craft which can be launched and recovered by the planned space shuttle.

(MG)
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Appendix (3)

Besides the space radioisotopic electric generators mentioned above,

a number of units have been developed by both U.S. Government and

industry for terrestrial and maritime use. All important electricity-

producing units are listed in Table 3.



Designation

SNAP-1

SNAP-iA

SNAP-3

SNAP-3A

SNAP-9A

SNAP-11

SNAP-13

SNAP-17A

& 17B

SNAP-19A

Table 3. Electric Generators Developed in the United States of America

(DTIE: Use regular
style for isotopes.

Application

Electrical
Pnwpr,

W

Satellite (Air Force)

Satellite (Air Force)

Thermoelectric Demonstration

Device (AEC)

Navigation Satellite (Navy)
(Transit 4A and 4B)

Navigation Satellite
(Navy/Transit 5BN)

Surveyor Lunar Lander
(NASA)

Thermionic Demonstration

Device (AEC)

Communication Satellite

(Air Force)

IMP Satellite (NASA)

By U.S
500

125

2.5

25

25

12.5

30

20

Weisrht,
lb

Design
Life

Fuel

(♦fueled)

Government for Space Use
60 days Ce-l44

Ce-l44

* Po-210

* Pu-238

* Pu-238

* Cm-242

* Cm-242

Sr-90

Pu-238

200

4

4.6

27

30

30

18

1 year

90 days

»* 1 year

•>• 1 year

90 days

90 days

» 1 year

" 1 year

Status in January 1971

Replaced by longer-lived SNAP-1A in 1959

Program cancelled in 1959

Shown to President Eisenhower in January

1959

Units launched in June and November I96I)
June unit still opa-ating at reduced power
level but voltage converter on November
unit shorted out in June IQ62

Units launched in September and December

1963 and still operating at reduced
power levels; third, unit aborted durine
launch in April 19^4
Surveyor requirement cancelled 1965^
electrically heated unit delivered to NASA
and on lite test since 1966; fueled
demonstration at 0RNL in July 1966.

Fueled demonstration at ORNL in November
1965^ program completed in 1966_

Design and component test phase completed
November 1965.. (SNAP-17A thermoelectric
modules still on life tests )

Design and component tests completed in
I963J used on IMP because of radiation
interference with payload instrumentation^

ro



Designation

SNAP-19B1,
2,3 *

SNAP-25

SNAP-27

SNAP-29

Application

Electrical
Pnwe rf

w_

Various Satellites

(AEC)

Surveyor Lunar
Roving Vehicle (NASA)

Extended Apollo
Missions (AEC)

Meteorological Satellite
(NASA) (Nimbus III)

Various Satellites

(AEC)

Apollo Lunar Surface
Experiment Packages
(NASA)

Various Satellite and
Lunar Missions (DOD
and NASA)

Various Missions

(DOD and NASA)

250

40

1,500

30

75

63.5

400-500

250

Wp1 crht.

_lh

22

30

35

68
(includes
24.5 cask)

400-500

Design
Life

*• 1 year

1 year

30-90 days

>• 1 year

r 1 year

1 year

90 days

5 years

Fuel

[*fueled)

Sr-90

Pu-238

Po-210

Pu-238

Pu-238

* Pu-238

Po-210

Pu-238
Sr-90

Status in January 1971

6 different design studies completed in
1964

Design and integration study completed in
1964.

Design and feasibility studies completed in
1964, ,

J and

First NIMBUS launch aborted in 1968./ fuel
recovered from offshore waters; replacement
unitsj launched in April 196°^ operating
continuously at gradually decreasing power
level; electrically h°ated
units on life tests at NASA laboratories

Program cancelled,

First unit placed on lunar surface by
Apollo 12 Astronaut in November 1969 an^- na
continuously powered ALSEPj
Electrically heated units on lire test at
NASA laboratoriesj, second unit landed in
deep Pacific Ocean on Apollo 13 abort.
Additional units planned for use on Apollo s

14 to 17

Program cancelled in 1969 with completion
of component tests

Three design studies completed in lS6jj
controlle'djntact reentry and ground
handling included

ro



Electrical
Pnwpr,

Designation Application W

Thermionic Module

Development (AEC)

1

100

Isotope Brayton
Ground Test (AEC
and NASA)

3,000-
15,000

Transit

RTG

Navigation Satellite
(Navy) Improved
TRANSIT •

30

Pioneer

RTG

Pioneer F&G(Jupiter
Fly-by) (NASA)

30

Viking
RTG

Viking Mars Lander
(NASA)

35

Multi-

hundred

Watt RTG

Various Missions

(DOD and NASA)
100-200

Weishtj

lb

20

30

30

30

Design
Life

> 1 yr.

5 yra.

3 yrs.

> 2 yrs.

5-10 yrs.

(DTIE:Do not
abbreviate

years)

By U.S. Government for Terrestrial and

s

Fuel

Cm-244

Pu-238

Pu-238

Pu-238

Pu-238

Pu-238

Marine Us

Status in January 1971

Program suspended after completion of
preliminary design in 1967 and component
tests in 1970.

Preliminary heat source designs completed
in 1966jl /uel capsule development 1967-7C
NASA completed 250C-r@r life test on
electrically heated system in 1970j fuele
ground test planned for 1973-

Electrically heated generator completed
in 1970J /ueled qualification unit and
flight unit planned for 1971.

Electrically heated system (four generator
delivered to NASA in 1970. Fueled >
prototype system to be delivered in 1971/
Pioneer F launch scheduled for 1972y
Pioneer G for 1973

Electrically heated system (two generator!
to be delivered to NASA in 1971; /£wo
missions scheduled for 1975-

Preliminary design completed in 1970;
Electrically heated tests In 1971J Bfoele<
prototype in 1972 . '



Designation

Sentry

SNAP-7A

SNAP-7B

SNAP-7C

SNAP-7D

SNAP-7E

Application

Arctic Weather

Station - Axel

Heiberg (Weather
Bureau)

Navigation Buoy
(Coast Guard)

Lighthouse (Coast
Guard)
Off-shore Oil
Platform (Phillips)

Antarctic Weather

Station (Navy)

Floating Weather
Station (Navy)

Ocean-bottom

Beacon (Navy)

Electrical

Power

W

10

60

10

60

6.5

Weight,

1,680

1,870

4,600

1,870

4,600

6,000

Design
Life

2 yrs,

2-5 yrs,

2-5 yrs,

2-5 yrs,

2-5 yrs,

2-5 yrs,

\

Fuel

(♦fueled;

* Sr-90

* Sr-90

♦ Sr-90

* Sr-90

* Sr-90

* Sr-90

Status 't January 1971

Successfully powered weather station from Augus
1961 to August 1964_,* Refueled in 1969.

Installeddm"*"1 1961. Power degradation caused
refurbishment in I963. Re?J.nstailed January
1964,' Removed from buoy in 1967 for disassemblj
and Inspection-

Installed in Baltimore Lighthouse in May 1964**
Performed perfectly for 2- years. Relocated
to oil platform in Gulf or Mexico in August
1966c/»A$uccessfully operated navigation aids
until returned to 0RNL in 1969^

Installed in February 1962_,' intermittent
operation of station due to weather equipment
problems until 1968,' Returned to 0RNL in I969

Installed in January 1964 in Gulf of Mexico a~*i
Operated successfully with periodic repairs to
auxiliary equipment,' Xn storage awaiting
redeployment since 1969-

Installed off coast of Bermuda in July 1964 *~«<
Signals ceased November 19683' ^nlt recovcx-ed
'from ocean floor in November 1969 was still
producing 4.4 Wj Returned to 0RNL in Marct
1970*«»-;ghipped to Naval Avionics Facility i^-
Indianapolis

ON



Designation

SNAP-7F

SNAP-15A

SNAP-15B

SNAP-15C

SNAP-19C

SNAP-21A

SNAP-21B

Application

Off-shore Oil

Platform (Phillips)

Demonstration

Device for Deep-Sea
(AEC)

Demonstration Device
(AEC)

Nuclear Weapons
(AEC)

Nuclear Weapons
(AEC)

Communications

Demonstration Device

(AEC)

Remote Telemetry
Station (Navy)

Various Deep Sea
Uses

Various Deep Sea
Uses

Electrical

Power,

60

5-10

0.001

0.001

0.1

30

10

10

Weiehtj
lb

4,600

500

40

500

650

Design
Life

2-5 yrs

>1 yr.

>1 yr.

4 yrs.

4 yrs.

>1 yr.

5 yrs.

5 yrs,

Fuel

(♦fueled)

* Sr-90

.Cs-137

Mixed

Fission

Products

* Pu-238

* Pu-238 .

* Pu-238

* Pu-238

Sr-90

* Sr-90

Status in January 1971

Completed 1-year fueled operation in October 1965,
four months of which were an oil nlatform in Gulf
of Mexico. Sharp drop in power, a-»-&. ^fnit
disassembled and replaced by SNAP-7B_^_

Initiated in i960'•"germinated after completion
of preliminary design and component tests in 1962,

Terminated after electrically heated tests in
1963.

Initiated March 19&3J fueled and put.on life
tests in 1964^ /ueled units continue on test_^

Initiated March 1963,' Terminated in favor of
SNAP-15A in July 1964.^

Initiated July 1963) /ueled generator on test in
June 1965J /dditional units tested through
termination of program in 1969-*-^

Program completed in 1966^*-^

Completed design and component testing in 1965j
terminated in favor of SNAP-21B-*-

Completed design and component testing in 1965«l
/First of four units fueled in December 1968/ pfwo
units still under ocean environment tests*Yiiyfwo
units delivered to Navy in June 1970 for use off
Bermuda^^,-

3



Designation

SNAP-23A

Application

Various Terrestrial
Uses

Various Terrestrial
Uses

Heart Pacemaker

(AEC-NIH)

Deep Ocean Uses

Electrical
Power,

60

0.1-1.0

0.000162

2,000-
10,000

Weizhtj
lb

1100

< 1

Design
Life

10 yrs

2-5 yrs

10 yrs,

2-5 yrs

Fuel

(♦fueled)

* Sr-90

Pu-238
Sr-90
Pm-147

♦ Pu-238

Sr-90
Co-60

Status in January 1971

Design and component testing in 1964-1967j'
Electrically heated in 1968 and I969J /ueled
in February 1970*«i;tfnit on life tests _«—

Design studies completed in June 1966^t_-

Initiated July 1966; Electrically heated tests
in 1967," ^eled units tested in 1968 and im
planted in dogs in 1969^-—

Preliminary design studies underway, tfse date
~ 1976w*—

By U.S. Industry for Terrestrial and Marine Use

ro
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Electrical

Power,
Designation Application

LCG-25A/
Sentinel-25A
(Teledyne-
Isotopes)

Oceanographic
Instruments (Navy) .

25

MW-3000A
(Teiedyne-
Isotopes)

Deep Ocean Program
(Navy)

2.

LCG-25B/
Sentinel-25B
(Teledyne-
Isotopes)

Ocean Engineering
Program (Navy)

25

URIPS PI-1002

(Aerojet-
General)

Ocean Engineering
Program and Acoustic
Range Program (Navy)

1

914E001
(Westinghouse)

Underwater test

Unit (Navy)
5

STEP-1

(Sanders
Nuclear)

Undersea Demonstration

Device

0.

LCG-25C1/
Sentinel-25C
(Teledyne-
Isotopes)

IRLS (NIMBUS) Buoy
and Acoustic Range
Program (Navy)

25

Weiaht

lb

3000

2800

3000

835

4800

90

'POO

Design
Life

Fuel

(♦fueled) Status//v January 1971

5 yrs. ♦ Sr-90 InstalledABering Strait in August 1966_^ Annual
inspections performed#*^bntinues satisfactory
operation.^..

5 yrs. * Sr-90 Delivered to Port Hueneme in February 1967/
,Znstalled in underwater test in May 1967£Lv-<C-
/Continues satisfactory operation,^,.

5 yrs. ♦ Sr-90 Installed in underwater test at Port Hueneme in

June 1967^ Replaced thermoelectric module in
January 1968An^eturned to Martin Company in •
April 1968._<_.

5 yrs. * Sr-90 Installed in underwater test at Port Hueneme in

September 1967«nJ^lBontinues satisfactory operatic

10 yrs. Sr-90 Electrically heated unit put on test at Annapolj
in June 1967,' /Sent to Fort Belvoir Training
Program in August 1968vi—

6 months ♦ Tm-170 Fueled in August 1967~»— —3

5 yrs. ♦ Sr-90 Delivered in November I967,' Returned to Martin
Company in March 1968/wA/mplanted in ocean off
Puerto Rico in April 1968; ^uoy equipment fail<
in May 19680**tfnit recovered and sent to Port
Hueneme in September I968} ^mplanted at San Ju;
Seamount in June 1969a*4-f!ontinues satisfactory
operation_<_ '



Designation

URIPS PI-1001A
(Aerojet-
General)

Isomite A
(Douglas
Labs.)

Sentinel-3
(Teledyne-
Isotopes)

Betacel
(Douglas Labs)

TRACS-25A
(Numec)

Isomite B

(Douglas
Labs )

Isomite C

(Douglas
Labs)

Sentinel-25D
(Teledyne-.
Isotopes)

Application

Ocean Engineering
Program and Acoustic
Range Program (Navy)

Thermionic Demon
stration Device

Oil well controls
(Sinclair)

Pacemakers, chronom
eters

Acoustic Range
Program (Navy)

Pacemaker

Telemetry Devices,
Biomedical Uses

NOMAD Buoy

(Navy)

Electrical
Power,

)

0.02

0.00005-
0.00025

25

0.0002-

0.0008

Weieht, Design Fuel
,b Life (♦fueled)

845

< 1

5 yrs,

2-5 yrs,
10 yrs.

3000 5 yrs,

< 1

:l47o

<i

5-8 yrs.

3 yrs.

10 yrs.

10 yrs.

5 yrs.

♦ Sr-90

♦ Pm-147
* Pu-238

♦ Sr-90

♦ Pm-l47

♦ Sr-90

♦ Pu-238

♦ Pu-238

♦ Sr-90

0.005-0.1 < l

25 3000

Status ,n January 1971

Delivered to Port Hueneme in February 1968>
In storage at San Diego since March 19&9;
^Continues satisfactory operation.*..
First fueled in February I968J ^everal units
on tests _t_

2 units installed in Gulf of Mexico in May
1968^

First four fueled in early 1968^' /arge numbei
of fueled units on testsu-

Delivered in January 1969^ «*sUvl^L 4£°]r ^
day at Andros Island in February 1969t*'£ent
to storagei degradation in power caused
replacement by Sentinel-25C3-«-

First fueled in March 1969J Averal on tests.

First fueled in September 1969} Xu'Ilber of
units on tests.*

3 units delivered in October 1969] /Jjistalled
in buoys in Gulf of Mexico June-August 1970a*
(Continue satisfactory operation-,—

CD
o



Designation

Sentinel-25E
(Teledyne-
Isotopes)

URIPS-P1
(Aerojet-
General)

Milli TRACS-
100A and 101A
(Numec)

Sentinel-8
(Teledyne-
Isotopes )

Sentinel-25C3
(Teledyne-
Isotopes)

URIPS-8
(Aerojet-
General)

Sentinel-25F

(Teledyne-
Isotopes)

STEP-III
(Ganders
Nuclear)

Application

Oceanographic
Instruments in Pacific
Sea Spider Buoy (Navy)

Deep Ocean Transponders
(Navy)

Deep Ocean Engineering
Program (Navy)

Automatic Weather
Station (Navy)

Cosmos Stable
Platform (Navy)

Oceanographic
Instruments (Navy)

Automatic Weather
Station (Navy)

Undersea Demonstration
Device

Electrical
Power,

25

0.1

25

25

25

Weight,
Ik)

4000

850

166

3150

1360

1500

1400

1000

Design Fuel
Life (*fueled)

5 yrs.

5 yrs.

5 yrs.

5 yrs.

5 yrs.

5 yrs,

5 yrs.

5 yrs.

♦ Sr-90

♦ Sr-90

♦ Sr-90

♦ Sr-90

♦ Sr-90

Sr-90

Sr-90

Sr-90

Status *n January 1971

3units delivered in March 19694/^rfnsuccessfui
iK5UK^ic*s attempted in August and October 1970,'
units sent to AEC in August 1970 for use in (
remote seismic stations off Amchitka, Alaska.,
4 more units to be delivered to Navy in Mid-19f-

4 units delivered in May 1970J 3 units i*sk|i*J
at Midway Island in October 197C*>u.f X
returned to Aerojet in December 1970«_i—

Delivered to Port Hueneme in February 1968;
Returned to NlMr*& in March 1968 for disassembly
due to loss of power; Replaced by Milli
TRACS-101A in July 1970J /fn storage at San
Diego since November 19?C—«—

Delivered in March 1970^ /installed on San
Miguel Island in November 1970-*—

Delivered in March 1970J >s-Ull*4u»_attempt
unsuccessful in August 1970*~i2ent to San Diego
in November 19703' /ontinues satisfactory
operation—«_

2 units scheduled for delivery in February
1971} 2 more on order-*-

5 units scheduled for delivery in January 1971
c

To be fueled February 1971 -i to
CP
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60Co USE IN THERMOELECTRIC GENERATORS

Summarized by Martha Gerrard

Supplementary Keywords: energy source; thermoelectric system; conversion,

electric.

Abstract. The advantages of 60Co as a heat source for use in thermoelectric

generators is discussed, and several conceptual and prototype designs are

described.

(Introduction)

A number of properties of 60Co make it of interest for use in heat

1 2
and power sources. ' Its cost, $7 to $15 per thermal watt produced, is

that of any of

the lowest of*the radionuclides usually considered. It is the only

isotope now being produced in the quantities needed to make large

sources, and it is comparatively' safe since it does not enter into

food chains in the case of an accident. Its half-life is long enough

for use in power systems of several years' life, and its high specific

activity (200 to 450 Ci/g) results in lighter and more compact sources

than are made with other radioisotopes even though shielding requirements

are greater.

Several conceptual and prototype designs for °°Co energy sources

are described here.

U.S. Studies (3)

The major development of 50Co heat source technology in the

U.S. has been centered at the U.S. AEC's Savannah River Laboratory, operated

by E. I. du Pont de Nemours and Co. Primary emphasis has been on providing

data needed to define allowable long-term operating conditions for
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60Co capsules and to evaluate the safety of 6°Co heat sources. With

this aim, the compatibility of cobalt metal with superalloy capsules at

850 to 1000°C and with refractory or noble metal capsules at 1000 to

1200°C and of cobalt compounds with refractory or noble metal capsules at

1200 to 2000°C has been investigated.1 Experiments are still under

way However, a test is planned for the near future to demonstrate

that/large 60Co sources can be easily assembled in ahot cell and safely

transported and used in inhabited areas, (2) operating temperatures are

low enough for practical long-term use, and (3) performance is

predictable as the 60Co decays.

The thermoelectric module for this test (Fig. l) will be fueled

with two 4-in.-long l-in.-dia capsules, each containing about 100 kCi of

Co, with an expected total power output of 100 W . The module
e

is contained in a ductile iron biological shield, 39 in. dia and

48 in. high.

A preliminary design of a larger heat source—30 kW has
2 th

been made at Western Electric Corp. in Pittsburgh, under an AEC contract.

The heat source concept provides operability over a wide range of coolant

inlet and outlet temperatures, which should make it usable with a

variety of conversion systems and applicable for dry terrestrial environ

ment.

The fuel is 0.745-in.-dia by 0.040-in. thick wafers of 60Co, stacked

in a double capsule of superalloy to form a fuel pin. The number of wafers

per pin is determined by the thermal power required (312 kW). The disks

are currently being irradiated at SRL to an activity of 425 Ci/g. The

core is in two parts, an inner part of nickel with holes for the fuel

pins and an outer part of stainless steel. in the core assembly,
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ERMAL INSULATION

TUNG'jrtN PLUG

COLLECTOR RING

TUNGSTEN A5SORBE*

60C0 FUEL

THERMO-ELECTRIC
ELEMENT

FUEL CAPSULES (2)

COLLECTOR RING

Fig. 1- Thermoelectric module for 60Co
test at Savannah River Laboratory.
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shown in Fig. 2, an insulated tungsten heat block surrounds the radiation

source and is connected to the tubular thermoelectric generator

by a sodium-vapor heat pipe. The unit is expected to be tested in 1972.

MAPLE Generators (3)
Canadian

The/MAPLE (Minor Atomic Prolonged Life Equipment) power source

was designed for fueling with the 75- to 100-Ci/g 60Co expected to

be produced in the Canadian hydro reactors, such as those at Pickering.

The MAPLE IA model a laboratory prototype was followed by the

MAPLE IB, a production prototype that is now operating a navigation

light on the St. Lawrence Seaway. Another MAPLE I unit, using uranium

shielding, is being developed to provide heat and electric power for

an Arctic weather-data-collection system.

The MAPLE IB (Fig. 3) unit, described here, was charged with

15.7 kCi of 60Co on Sept. l4, 1970, and is expected to have a useful
43 W

life of 5 years. Its heat output is / and its total weight is

5500 lb. Its transport container classification is International

Class B.

The source is made up of seven 60Co pencils, each with an inner
of

capsule/3l6-L stainless steel and an outer one of Deloro C (Deloro

Stellite equivalent of Hastelloy alloy C). The pencils are
U—8 wt % alloy

surrounded by a / Mo/heat block, which is suspended from the copper
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UPPER ENCLOSURE PRIMARY INSULATION

UPPER PLENUM

HEAT PIPES

OUTER CORE

HEAT PIPE LOADING PAD

OUTLET PLENUM

SHIELD PLUG

ELLIPSOIDAL HEAD

CORE SUPPORT

COOLANT INLET COOLANTOUTLETLINE

Fig. 2. Westinghouse 60Co heat source
core assembly.
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Fuel Cavity Plug

Heat Block Stabilizx^g-

-Source Pencil*

•Thermoelectric Module

Fig. 3. MAPLE IB core assembly.
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closure plate by three heat dump tubes (source temperature stabilizing

units) clamped to three of the six heat-block surface flats.

Thermoelectric modules (Bi-Te alloy) are clamped to the heat block, and

the whole thermoelement region is enclosed in a sealed jacket, which is

filled with inert gas. Voids around the modules are packed with a

microporous insulation. Following tests on the unit to determine

its response to environmental temperatures from +30°C to —30°C and to

demonstrate its compatibility with the navigation-aid system, it

was installed in a navigation aid tower on the Government wharf at

Brockville, Ontario, to provide power for a St. Lawrence Seaway

navigation light.

The module configuration used allows power of 1 Wg and more to

be generated at on-load voltages of more than IT. The basic array

is a 10 by 10 matrix of alternate p- and n-type Bi-Te alloy limbs.

These matrixes, made of polyimide materials, have high radiation and

temperature stability.

Because of the short (5-26-year) half-life of 60Co, stabilization

of the source temperature with declining thermal power is required.

Mercury reflux tubes were selected for this purpose, chiefly because

mercury is stable to radiation, is thermally stable up to 300°C, has

a vapor pressure < 1 atm at 300°C, and has good heat-transfer properties.

Tantalum, despite its cost, was selected for the tube material because

of its outstanding resistance to attack by mercury. These tantalum tubes

have a copper sleeve brazed to the top outer section to improve heat

transfer and are filled with helium gas. Many more tubes are provided

than the minimum needed. In the first few years of operation, when

excess power is available, the electrical power output rises considerably
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as the environmental temperature drops, making the unit ideal for locations

with high winter demands.

A simple two-transistor Royer type circuit is used to step the

generator output voltage up from approximately 4.5 to 13-15 V DC for

charging a set of sealed Ni—Cd batteries. Silicon transistor units

were selected because the initial efficiency of 80 ± 1% had not decreased

after 15 thousand hours. Sintered plate batteries were used as an

intermediate stage for navigation-light systems to allow storage of

power generated during the day.

MAPLE IB has been licensed by the Canadian Atomic Energy Control

Board for (a) transport by surface routes in accordance with the

standards of the IAEA Safety Series No. 6,Regulations for the

Safe Transport of Radioactive Materials, 1967 edition, and ("6) use in

a public area of a well populated region in Canada.

GICODYNE Generator (3)

The GICODYNE (Generator, Isotopic, with CObalt using thermoDYNamic
experimental

conversion), a 400 W radioisotopic generator, went into/operation

March 3, 1971, at Serans in the Oise Province, near Lierville, France.

The purpose of this prototype unit is to demonstrate the feasibility of

supplying a Hertzian relay for transmitting color television between
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for

Serans and Levallois. It is expected to operate/2 to 2.5 years without
It may

external intervention./ also be used to heat underwater structures and
navigation

to supply lighthouses or signal bouys, radio / beams, and under

water petroleum well head controls.

The assembly weighs 4500 kg and is 5-22 m high and 0.9 m dia. The

heat source, which is made up of 580 plaques of 60Co 310 kCi initially and is

encapsulated in stainless steel, releases about 4450 W . The cobalt is
un

kept in a helium atmosphere to ensure thermal homogeneity. The conversion

system is a closed-circuit Rankine cycle with an organic liquid as the

fluid.

The GICODYNE is the first isotopic generator constructed in France

to supply electric energy by thermodynamic conversion in closed circuit.

This technique will allow making autonomous electric generators of

from several tens of watts to several kilowatts, powers that enlarge

the field of utilization of isotopic generators.
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COMPARATIVE EVALUATION OF POWER SYSTEM TYPES FOR

UNDERSEAS APPLICATIONS

By Robert E. Wimmer*

Supplementary Keywords: energy source; comparison; sea.

Abstract. Comparison of possible energy sources for undersea missions
indicates that as the mission time duration increases, batteries give

place to fuel cells and they, in turn, to nuclear systems. Isotopic
systems are preferable to nuclear reactor systems only at low power
levels.

(introduction)
underseas

Various power sources for / application are available or

are being developed and tested. The purpose of this article is to

identify key parameters of likely power systems and of missions and to

suggest methods and criterions for evaluation in the overall

mission context. Power systems considered are batteries, fuel cells,

and both radioisotopic and nuclear-reactor thermoelectric and dynamic

systems.

Power-system Parameters (3)
underseas

In / mission planning, the weight of the power system has

been overemphasized few power systems will sink unless ballasted and

frequently volume and density are more significant than weight. In

some missions, particularly manned stations, by-product heat may be

either a benefit or a detriment, depending on mission conditions. And,

of course, costs of both initial investment and support are always important.

*North American Rockwell Corporation, Atomic International Division,

1700 E. Imperial Highway, El Segundo, Calif. 90245. This is a shortened

version of a paper presented at the 6th Annual Marine Technology Society

Marine Technology Conference, Washington, D.C., June 29 - July 1, 1970,

Preprints Vol. 2, pp. 1289-99-
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The parameters usually examined in an analysis of a nonpropulsive
underseas

power plant for / missions are size, cost, fuel consumption,

density, efficiency, and life, which are compared in Table 1 for battery,

fuel cell, radioisotopic, and nuclear reactor systems. For both batteries

and fuel cells, all parameters vary linearly over the wide power range of

interest—-watts to kilowatts. This is not true of radioisotopic and

nuclear reactor devices. i^

12 *r**^
All the batteries considered are primary, ' although Ag-Zn

batteries (and modern versions of the conventional lead-acid battery)

are attractive as a secondary source in some cases, e.g., propulsion.

In general, however, it is unlikely that these batteries will become
used. ...

widely / The chief merit of the laminated Leclanche battery is its

low cost, but currents are limited to a few milliamperes per cell.

Battery performance may be less satisfactory at temperatures outside the

70 to 80°C for which the ratings are given here.

With regard to fuel cells, the Hydrox cells are not a specific

hardware item but rather are representative of hydrogen-oxygen cells

generally. 5 The Zn-02 cells, although usually referred to as

"batteries, " are classed here as fuel cells because of the nature of

their operation (mechanical recharge).

The radioisotopic power system parameters cited are based principally

on a study of 60Co devices in the multikilowatt region. Figure 1

shows the dependence of cost and size on power level. Extension of the curves

to 20 or 30 kWe (Fig. lb) is not intended to imply that such power levels

are currently deemed feasible, since no attention was given to practical



Table 1. NonpropulsiveO-Power-Plant Parameters

Unit

we ight.

lb/KH**Power plant type

Battery (TO to 80°C)
Leclanche laminated ***

Alkaline ###

Mercury ***

Ag-Zn ***

Fuel cell

Hydrox, pressure storage 100

cryo storage 100

Zn-02, pressure storage 450
cryo storage 450

Unit

volume,
ft3/kW

Unit

cost,
$/kW

Fuel consumption Density,
lb/kW-hr ftJ/kW-hr $/kW-hr lb/ft3

Radioisotopic
Thermoelectric

Dynamic

Nuclear reactor

Thermoelectr ic

Dynamic

•**#

3

3

9-4
9-4

540-1100 1.8-3.6

54o-ll0O 1.8-3.6

700- 35-600
10,000
i6-4ooo 0.5-200

•5HHS-

•5S-5HS-

•X-M-H-

10,000
10,000
10,000
10,000

215,000-

4,000,000
50,000-
150,000

20,000
70,000

700-

20,000

20

21

18

12.5

19
0.94
7-0

3-1

++

0.23
0.18

0.15
0.10

0.32

0.032

0.096
0.032

++

Data for 1969.

All power levels are KW electric.

"Not applicable since batteries are not limited by power density considerations.

Fuel only, packaged.

Not applicable since nuclear fuels are considered a part of the power plant.

6

21

90

-50

0. 10

0. 10

15-•20

15-•20

87
117
120

125

59
29,

97

300

300

20-30

20-30

Thermal

efficiency,

90

90

90

60

60

80

80

5-10

10-20

5-10

10-30

Nominal

life,

hr

-2000

-5000
>5000

10,000

3000

3000

40,000
40,000

40,000

10,000-
20,000

20,000-

80,000
10,000-
20,000
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ana

problems such as source handling /system integration.

also

These latter considerations/appear to limit active interest in isotopic

systems to power levels below about 10 kWe. -—->

The few

7
data points in the low—power region lend credence to

(Radioisotope Thermoelectric Generator)
the extrapolation. Flattening of the RTG/specific cost curve in the

region above 1 kWe is due to the increasing dominance of isotopic source

and converter costs, although this situation may change as

more fully evolved isotopic source packaging cost assessments are

developed. Weights include shielding for shore handling. There is little

dependence of weight and volume on the type of power conversion used,

and the radio- •-y

(lisotope system density about 300 lb/ft3 is nearly independent of

system power level because of the large fraction of system weight

alloted to dense shielding.

The costs, weights, and volumes shown for nuclear reactor power

plants in Fig. 2 do not represent any specific design but are a composite
Various power conversion systems can be use&.___^—.

representing present and anticipated near-future developments./ Compact,

liquid-metal-cooled reactors of the SNAP type have been extensively

proof-tested, and are directly applicable in the lower power region.

At levels greater than several hundred kWe (per single unit),

the larger conventional water reactors become more attractive. ""->

^- Weights given in Fig. 2

include sufficient radiation shielding for post-operational handling

and prevention of neutron activation of the adjacent structures, and volumes

C-are for a highly compacted hardware configuration. Even so, the
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PCWER OUTPUT, kWe

Fig. 1. (a) Cost and (b) size of radioisotopic power plants as a function of
power output.
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densities are only 20 to 30 lb/ft3. This encourages the use of dense

mass external to the pressure hull for the dual functions of ballast

and additional operational radiation shielding.

An umbilical power supply a long extension cord has been used

successfully in anumber of both near-shore and deep-sea missions.8'10

This concept has unique advantages and problems but is mentioned only to

indicate factors that might suggest further consideration. Costs for

nominal surface and bottom conditions are only slightly dependent on
.cable

power level, but / costs and cost of procuring and operating shore or

surface terminus facilities must be reckoned .

Mission Parameters (3)

Since the power system supports specific mission goals, evaluation

must be according to parameters pertinent to the mission at hand. The

cost of pressure hulls, for containing the power system, depends on the

depth at which the system is to operate. Therefore, the deeper the

power source emplacement, the smaller, in general, will be the volume

selected. It is sometimes convenient to balance high-density items

against low-density items of the mission, but it is generally recommended

that neutral bouyancy for the power system as a whole be/specified design

objective.

Charges must also be apportioned to the cost of delivery or resupply

of the power plant and its fuel (if any)-—the'elevator"charge. For

items with a negative or neutral packaged net buoyancy, this is about

$5 per pound a round-trip -^

Ccharge since waste products must be removed from continuing resupplied
and is not greatly dependent on depth.

missions / The cost of delivering or resupplying at a surface point—the
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logistic rate depends strongly on mission conditions and constraints

e.g., Distance from supply port (or air base), prevailing local currents

sea state, weather, special handling procedures, and facilities required,

criticality of delivery schedule, covert operations problems, and enemy

interference. A rate of $500 per pound was recently specified as average

for a U. S. Navy world-wide surface activity, and rates as high as

several thousand dollars per pound have been experienced in difficult

circumstances. For the present and near future, optimistic assumption

of a logistics rate of no less than $10 per pound, is suggested.

An assessment of manpower costs may be necessary where the power

plant operation requires human attention. Estimates range from $20 to

$130 per deep-submergence man-hour, with $75 per hour reasonable for

estimation purposes. Surface manpower will generally be accounted

separately, where appropriate, and is much cheaper.

Temperature and heat balance requirements are important selection

factors in cases when process heat is available and needed. If cooling

is required, costs of insulation and refrigeration due to the power plant

process must be considered.

Naturally, mission duration and total kW-hr requirements must be

considered, but the maximum, minimum, and average power requirements,

and the nature of the time variation must also be taken into account.

Conclusions (3)

The above considerations indicate that batteries are likely to be

preferred as the prime power source for very short missions, where their

relatively low cost overcomes other considerations. Fuel cells gain

advantage over batteries with increasing mission duration because of
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their higher energy density. Nuclear power systems are preferred for

intermediate- to long-duration missions, where extremely high energy

density is of utmost importance. Reactor systems are preferred over

isotopes, except at low power levels, due to the lower fuel and

handling costs.

(MG)
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SNAP-21* (2)

Supplementary Keywords: energy source; ocean; thermoelectric system;

9°Sr.

(introduction)

The SNAP-21 (Systems for Nuclear Auxiliary Power) system (Fig. l)

is a radioisotope-fueled thermoelectric generator designed for deep

sea applications (Fig. 2). It converts the decay heat from a radioisotope

into electrical energy, using semiconductor thermoelectrical materials

maintained in a temperature gradient by means of sea water acting as the

heat sink.

System Description (3)

The radioisotopic heat source, 90SrTiO3, is enclosed in a capsule

designed to contain the fuel under all credible situations. It is

surrounded by a two-piece shield made of U—8 wt %Mo alloy, which

decreases the radiation to a safe level. The shield, in turn, is

*Summary of USAEC Report MMM-3691-62, SNAP-21 Program, Phase II.
Deep Sea Radioisotope-Fueled Thermoelectric Generator Power Supply System,
Final Summary Report 10-Watt System, May 1970, by F. Fox, R. Pannemann,
and R. Wickenberg, Space and Defense Products, Minnesota Mining and
Manufacturing Company, St. Paul, Minn. 55101.
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surrounded by a thermal-insulation system except in the area where the

flat-plate thermoelectric generator receives its heat. The thermal

insulation system is a vacuum container with heat-reflecting foils and

quartz fiber spacers, wrapped around the biological shield.

The generator for direct conversion of thermal energy to electrical

energy consists of two different types of semi-conductor thermoelectric

materials arranged in an electrical circuit and maintained in a tempera

ture gradient. An electrical potential is created in the circuit by

the Seebeck effect, and, when the circuit is connected to a resistive

load, a current will flow.

The thermoelectric generator is attached to a mounting plate, which

also supports and locates the thermal-insulation system in the pressure

vessel body. An electric power conditioner mounted in the pressure

vessel cover converts the electrical output of the thermoelectric

generator to the desired voltage. On the cover of a two-piece pressure

vessel enclosing all the components are mounted a recepticle and plug

for electrical leads. A reusable handling, storage, and shipping

container provides thermal and dynamic protection during transportation

and storage.

Primary operating parameters of the system are

Power output 10 W

Design life 5 years

Output voltage, dc 2k ± 1 V

Load resistance 57-6 ohms

Maximum output voltage ripple, peak-to-peak 100 mV

Current at rated load O.U17 A

Performance is based on operation in 28 to hl°Y sea water.



301*.

Safety System (3)

The safety of SNAP-21 is based on complete containment of

the radioactive fuel under a maximum credible accident. The intrinsic

safety of the system has been established through analysis of postulated

situations that might jeopardize the integrity of the fuel capsule and

by tests conducted on development fuel capsules. The results indicate

that, under a maximum credible accident involving an aircraft crash

accompanied by fire, the fuel would be contained. Evaluation of

the consequences of fuel release if the maximum credible accident
should be

condition / exceeded and of the effect of atmospheric and ocean fuel
Report

dispersion is presented in//MMM-3691-i+9, Final System Safety Analysis.

An operational safety analysis was also performed for long-term ocean

implantment tests at San Clemente Island (MMM-3691-^8).

Additional evaluation of specific mission hazards will be made

for future operational systems to ensure that risk is minimized by

identification of unique hazards and incorporation of appropriate

safeguards.

(MG)
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Dynamic Studies with Radioisotopes in Medicine, Proc. Symp., Rotterdam,

Aug. 31-Sept. k, 1970, IAEA, Vienna, 1971. (STI/PUB/263)

Progress in applications of radioisotopes to clinical diagnosis was

discussed at the Rotterdam Conference by 320 participants from 37 countries,

Subjects covered included newly available radioisotopes, new instruments,

new techniques, and new methods of data analysis. The 70 papers

presented include several extensive and interesting reviews all related
to radioisotope usage, of course: theoretical
aspects of dynamic clinical studies and studies in thyroid, renal, lung,

and liver functions; iron metabolism; regional blood flow; and

quantitative radiocardiography.

Both procedures that have come into routine usage and procedures

still under development are discussed. Of special interest in the

latter group are papers on quantitative analysis of scintillation camera

data, the great interest in which is attested to not only by the number
presented

of papers/.but also by the discussion that followed. This book is valuable

as an indication of the present status of this field.

(MG)
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AUTOMATED RADIOMETRIC DETECTION OF MICROORGANISMS (2)

By Frank H. DeLand, M.D.*

Supplementary Keywords: microorganism; chemistry, analytical; medicine;

diagnosis; C-lU.

Abstract. A method is described for detecting the presence of specific

organisms causing infectious diseases, based on the release of C02

from glucose-1LfC.

(introduction)

Despite the decrease in the number of infectious diseases in the

United States, the detection of microbial infections remains a problem

of considerable magnitude. For example, at Johns Hopkins Hospital
each day

alone, Uo to 60 blood cultures/are examined to determine if

bacteria are present in the blood stream. Advances in the diagnosis

of infectious diseases and specific therapy based on bacterial sensitivity

have aggravated the problem.

Despite striking advances in automation of some types of diagnostic

techniques, the recognition of bacterial growth still depends on the

visual characteristics of bacterial colonies. However, the development

of objective methods for detection of bacterial growth has been receiving

appreciable attention recently, and this report describes a new method

for the detection of bacteria by radiometric techniques that are readily

*Division of Nuclear Medicine, The Johns Hopkins Medical Institutions,

Baltimore, Md. Research supported in part by the U.S. Public Health

Service.
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automated. The method, based on metabolism of glucose as an index of

bacterial growth, is an extension of the work of Levin et al.,2 who used

radioisotope-labeled metabolites in an instrument for detecting life

on Mars.

Method (3)

The method consisted in inoculating a glucose-free fluid thioglycolate

medium to which 0.5 uCi (36 pg) of uniformly labeled g-glucose-^C had

been added with 1 ml of blood or urine to be tested. The culture was then

incubated at 37°C, and the rate of 11+C02 released in the bacterial

metabolism of glucose-^C was continuously detected by an ionization

chamber and recorded. Liberation of ^C02 at a rate such that the

counting rate exceeded twice that of background was considered to

indicate the presence of bacteria in the inoculum.

An instrument was constructed that would, at hourly intervals,

sample each of 10 cultures for the release of 11+C02 and automatically

record the results. Samples were taken sequentially through a rotary

selector valve system, the outlet of each cluture vessel being connected

to one valved line. Millipore filters attached to the air inlets of

the culture vessels prevented contamination from room air. The back

ground activity was measured for each culture after the chamber had

been perfused with room air, and the atmosphere in the vessel above the

culture was periodically swept into the ion chamber and its radioactivity

recorded. The position of each culture in the instrument was recorded

during each cycle.

Results (3)

Organisms, in concentrations of 10 to 100 individuals per culture,
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have

which / been detected by this method to date are Aerobacter aerogenes,

Anaerobic diphtheroids, Diplococcus pneumoniae, Escherichia coli,

Hemophilus influenzae, Herellea vaginicola, Proteus vulgaris, Salmonella

typhosa, Shigella flexneri, Staphylococcus aureus and epidermidis, and

beta and alpha hemolytic streptococci* and Streptococcus fecalis.

The method was developed with pure cultures from the Bacteriology

Laboratory of the Johns Hopkins Hospital. The time required for positive

identification of growth was generally 1 to 6 hr from a half to a

twentieth of that required by routine methods (Table l). The amount of

lkC recovered as lltC02 varied from 16 to 18$ of that added as

glucose-11+C.

The solubility of C02 in an aqueous solution at pH 7 is quite high,

and the gas remains in solution until the pH of the culture medium has

decreased to about 5. To identify the production of ll+C02 as early

as possible, the medium was kept in constant agitation with magnetic

stirrers. This facilitated physical exchange between 14C02 in solution

with the stable C02 in the atmosphere above the medium, which occurs even

when the pH of the culture medium is 7. Without agitation, it took 3 to

k times as long to detect bacterial metabolism.

In more than 300 positive cultures of bacteria of 18 different species,
have

we/found that lt+C02 is released by the bacterial metabolism of D-glucose-11+C

in amounts adequate for detection by radiation instrumentation. There
been

have/no false positive results from 600 negative cultures even though

each contained at least 1 ml of whole blood. Release rates are

similar for most organisms (Fig. 2), especially during the first hour.

This suggests that during the early stage of incubation the number of viable

bacteria remains constant. The number of bacteria present at 2 hr,
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Table 1. Time Required for Detection of Microorganisms
by C02 Method Compared with Routine Bacteriological Method

Microorganism

Pjplococcus pneumoniae
"""""" •••••• I ">1l|Mliliilillia "Ht'l»"rawiI*^W.i.«j.».uauwM

Staphy_lococcus aureus

Micrococcus species**

Streptococcus fecalis

Proteus vulgaris

Escherichia Coli

Aerpbacter aerogenes

easily ^btilig**

Caftdlflta albicans

Number of

samples

6*

1

1

3*

1+

3

2

2

1<+CO;

Range Mean

1-5 1.7

1-6 3.3

1 1

1 1

1-2 1.3

1-k 3.0

1-2 1.3

1 1

21-27 2k

Time, hr

Routine bacteriological

Range Mean

2U-1+8 36

2k 2k

2k 2k

2k 2k

2k 2k

2k 2k

2k 2k

2k 2k

kQ kQ

*By routine bacteriological methods Staph, aureus was not recovered from three
blood samples of one patient nor was Proteus vulgaris from one sample from another
patient.

**Probably not of clinical significance.
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Fig. 2. Release of 11+C02 from labeled glucose
by (a) Streptococcus fecalis, (b) Aerobacter aerogenes,

(c) Salmonella typhosa, (d) Escherichia coli, and (e) Staphylococcus aureus,
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is

as determined by colony counts on blood agar culture plates, . •• /essentially

the same as in the inoculum, and the more rapid release of ll+C02 coincides

with multiplication of the bacteria. If the bacteria utilize the glucose

only in a pathway that yields one molecule of glucose, then the recovery

represents 100% of the glucose. However, more than one metabolic pathway

is often involved, e.g., a system in which each molecule of glucose forms

two pyruvate units, each of which may yield C02. On

this basis, recovery should be 50% or less for most bacteria. We found

a rate of l6 to 18% during this lag phase of bacterial multiplication,
both

during which/the average cell size and the metabolic activity

of /cell increases. During the first 2 hr of incubation, an ion chamber

is quite adequate for detecting the metabolism of less than 100 bacteria.

The sensitivity of the system might be increased several-fold by

decreasing the volume of the 1.5-liter system.

The automated bacterial growth detector is now being evaluated in

the hospital bacteriological laboratory. To date, 5 hundred blood

specimens from patients in the Johns Hopkins Hospital have been

studied with this instrument, and the results compared with routine

bacteriological methods. As detected by li+C02 release, 30 of these specimens

were positive for bacterial growth. There were no false negative

results^ although four of the cultures shown to be positive by the

radiometric technique were negative by routine bacteriological methods.

(MG)
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ECONOMICS OF SEED IRRADIATION (2)

The USSR's 1300-Ci 137Cs Kolog (= „Ear Qf Cornt!) ^ ^ ^_

sowing irradiation of seed was described at the Nuclex 69 exhibit.1

Amobile production model unit, 3^70 Ci of 137c has h
whi ch

constructed / can irradiate 1000 kg of seed per hour with a dose of

800 to 1000 rads and a radiation utilization efficiency of 22%.
Preliminary test data2indicate that crop yields are increased from
10% for winter wheat to 25% for sugar beets and carrots. Tentative

cost estimates indicate that irradiation costs will be recovered in
one

/season. Quantity production of the unit is planned.

(MG)

1. Sealed Radioisotopic Sources at Nuclex 69, Isotop. Radiat. Technol.
7: I159-60 (1970).

2. N. S. Prokof'ev, D. A. Kaushanskii, and B. G. Zhukov, Atom. Energ.
(Moscow). 28: 1+53-4 (1970).
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Tracer Probes in Steady-State Systems by Robert Steele (Brookhaven

National Laboratory), Charles C. Thomas, Publisher, Springfield, 111.,

1971 (236 pp.; $17.00).

Although radioisotopic tracers have been widely used to determine

chemical pathways in metabolism, the technique has been less readily

adapted to the measurement of metabolic rates. Rate data are not too

difficult to obtain, but interpretation is not straightforward because

of meager knowledge of the systems and thus the unsuitability of the

mathematical models applied.

Steele's book presents the basic principles on which tracer

measurements of metabolic rates are based. The mathematical

development is designed to be understood by persons specializing in

fields other than mathematics, with practical use of the material as

the final objective. The procedures are illustrated with specific

numerical systems from mammalian metabolism experiments. Well-mixed

metabolic pools, precursor-product relations, one-compartment models,

two-compartment models, complex systems, and continuous infusion of

tracer material are among the concepts considered. The principles

discussed should be applicable to fields other than metabolic rate

determinations, e.g., in tracing elements in a near-steady-state

ecosystem.

(MG)
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RADIOISOTOPIC TECHNIQUE FOR STUDYING

BIOLOGICAL SLIME TREATMENT PROCESSES (2)

By George W. Reid*

Supplementary Keywords: pollution; water and waste treatment;

apparatus; 32P.

Abstract. Apparatus for studying the effect of variables in slime treat

ment of sewage was constructed. Slime is deposited on a drum that rotates

in a medium labeled with 32P, and the activity of the drum is counted to

determine the uptake of phosphorus by the slime.

(introduction)

Before sewage is discharged to natural waterways, it is screened

to remove gross solids, allowed to settle and/or filtered to remove

fine solids, and chlorinated to destroy bacteria. If the organic content

is large, secondary treatment, for example with activated sludge, or even

tertiary treatment to remove N- and P-containing nutrients is necessary to

prevent depletion of dissolved oxygen and eutrophication in the

receiving stream. Any of the compounds or radicals formed from the

organics C02, H20, NH3, SOT;2, or POT;3—may be used to follow the process

and thus determine its effectiveness.^
^^ " "•" ' . -*

Clf material containing 32P is added to the substrate, the uptake of

this material by the slime can be readily detected with a simple counting device

The apparatus described here, in which a slime is alternately
to

exposed to air and/a labeled medium, was based

on studies made, under a USAEC contract, on the possible radiation danger

*Civil Engineering and Environmental Science, 202 West Boyd, Room 33^,
The University of Oklahoma, Norman, Oklahoma 73069.
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3 2

in natural waters

of accumulated 32P in domestic plumbing and on levels of radioactivity

1

Instrument (3)

The apparatus (Fig. l) consists of a s,olid glass or Plexiglas cylinder,

10 cm dia by 5 cm long, whose surface has been frosted by sand blasting.

It is mounted on a central shaft, which is rotated by a geared-down electric

motor (the latest design uses a rotisserie spit and motor) and is partly

submerged in a medium containing 32P. Growth of the slime is started by

initially seeding the substrate nutrient broth or beef extract and sugar

with raw sewage. The pans containing the substrate are changed frequently

until a thick slime is obtained, which usually requires about kQ hr. As

the cylinder rotates, the microorganisms forming the slime take up the 32P,

the slime deposited on its surface is alternately exposed to oxygen and

substrate, and the accumulation of 32P by the slime is measured by a

detector located over the cylinder. The rate of uptake increases

rapidly for the first 10 to 15 min, being due chiefly to absorption

of the medium during this period. Subsequent uptake is a combination

of absorption and assimilation. The radioactivity may be recorded

continuously or at hourly intervals.

The substrate container should be made of a nontoxic material

e.g., glass or aluminum and the best size was 2 by Ik by 23 cm pan.

When the organic concentration is very high, the pan should be fitted with

a larger reservoir, e.g., a 20-liter carboy, and a circulating pump.

The detector, a l+.5-mg/cm2 glass GM tube, was not affected by slime

thickness, but the detector aperture was carefully controlled. A cylinder

rotation speed of 7 to 10 rpm and an initial 32P concentration of
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3 uCi/liter have been found satisfactory. Higher concentrations tend

to overload the detector and smaller ones to introduce statistical

problems.

The rate at which the treatment is progressing is determined from

^- = -k(L-y). from which log L ~ y = -kt
at • ij

where y is the phosphorus uptake at time t, L the ultimate uptake or

impressed load, and k the slope of the straight line obtained when the

logarithm of (L - y)/L is plotted vs. t.

In 12 to l4 hr, equilibrium of the tracer is established, after

which the accumulated activity may decrease. The value of k is then

determined from the plot of (L - y)/L vs. t (Fig. 2), using the highest

uptake value found as L and all others as y. The substrate can have

additional 32P added, and another series can be overlaid on the same

slime. Values of k are reproducible (R2 > 0.98) where similar substrate

concentrations are used, but a decrease in pH is normal throughout

an experiment.

(MG)
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A Training Manual for Nuclear Medicine Technologists, Guy H. Simmons,

Division of Medical Radiation Exposure, Bureau of Radiological Health,

Cincinnati, Ohio, October 1970, report BRH/DMRE 70-3 of U.S. Department

of Health, Education, and Welfare, Public Health Service, Bureau of

Radiological Health, Rockville, Maryland 20852.

This manual was prepared for the training program in Nuclear Medicine

Technology at the University of Cincinnati. Introduced by a basic discussion

of atomic structure and radioactivity, its contents include a discussion

of laboratory counting systems, principles of detection and of in vivo

and in vitro counting, radioactive tracers and pharmaceuticals, and

Clinical diagnostic studies, together with descriptions of scanning

and radiation monitoring instruments. Appendixes include background

material.

(MG)
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Sterile-Male Technique for Control of Fruit Flies (Proceedings of a Panel,

September 1-5, 1969, Organized by the Joint FAO/IAEA Division of Atomic

Energy in Food and Agriculture). IAEA, Vienna, 1970. 175 PPy 28 papers,

$5.00 (STI/PUB/276)

The sterile-male technique of insect control and eradication is

especially effective on the fruit-fly family Tephritidae, because they

can be raised cheaply in large numbers. Thus, the technique chiefly

irradiation with gamma rays from 60Co or 137Cs has been used more extensively

with fruit flies than with any other insect pests. Developing countries

plan to extend the evaluation to other fruit-fly species. Projects in

Central America (site of the largest international investment in research

and development), Italy, and Spain show that much biological and

ecological data are needed before the method can be applied on a large

scale. Some other fruit-fly species (e.g., Mediterranean and Mexican

fruit flies and melon fly) can also be raised inexpensively, but

complete mechanization must be achieved before large-scale eradication

is begun. For several other species, none of the basic data needed are

available.

This publication summarizes a panel meeting of 2k participants from

12 countries; it contains 12 short communications on work done at various

institutions plus 16 formal reports. Papers on the Mediterranean fruit

fly outnumber those on other species and are grouped separately.

Information is given about mass-rearing techniques, fruit-fly physiology

and ecology, comparison of techniques for control and eradication, and

the status of programs in progress. The general conclusion is that the

sterile-male technique will find increasing application, especially since
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it holds no dangers for man.

The recommendations are a very important part of the book. The

panel points out the need for more information on the basic biology,

physiology, and ecology of the fruit fly. It suggests the adoption,

by national and regional organizations, of the methods and approaches

developed by international organization; further, it recommends the

establishment of one or more International Fruit Fly Research and

Training Centers. It gives specific recommendations on research

programs for sterile-male-technique control and eradication of five
a

fruit-fly species. Included is/detailed outline of a proposed large-

scale experiment with this technique to eradicate from Nicaragua the

Mediterranean fruit fly. The tremendous economic losses that could

result if the fruit fly spreads still further from Nicaragua as it might

well do more than justify implementation of the experiment.

The publication is an excellent source book for those engaged in

programs to control or eradicate fruit flies or other insects.

(HPR)
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VIII. MISCELLANEOUS

AVAILABILITY OF ISOTOPES AND SERVICES C^

3
SUPPLIERS OF ISOTOPES AND SERVICES QT)

The Isotopes Information Center is frequently asked to suggest

commercial suppliers of isotopes and allied products. To meet these

requests the attached list of suppliers in the United States and

Canada has been compiled. The editor would welcome suggestions for

additions to the list.*

*A broader list was issued by the American Nuclear Society as a

supplement ot Nuclear News for December 1970. Additional copies are

available for $3.00 each from American Nuclear Society, 244 East Ogden

Ave., Hinsdale, IL 60521.



ABBOTT LABORATORIES

Radio-Pharmaceutical Division

Abbott Park

North Chicago, IL 60064
Tel: 800-323-9100

(radiopharmaceuticals;
encapsulated sources)

AMERICAN ATOMICS CORPORATION

425 South Plumer Avenue

Tucson, AZ 85719
Tel: 602-622-4881

(isotope-luminescent devices;
encapsulated sources)

AMERSHAM/SEARLE CORPORATION
2636 S. Clearbrook Drive

Arlington Heights, IL 60005
Tel: 312-593-6300

(radioisotopes; radiochemicals;
radiopharmaceuticals; encapsulated
sources; neutron sources; health
physics equipment; counting
equipment)

ATOMIC ENERGY OF CANADA LIMITED

Commercial Products Division

P. 0. Box 93

Ottawa, Canada
Tel: 613-836-2790

(radioisotopes; encapsulated
sources; irradiators; tele
therapy units; neutron sources)

BABCOCK $ WILCOX COMPANY

Power Generation Division

P. 0. Box 1260

Lynchburg, VA 24505
Tel: 703-384-5111

(reactor irradiations)

BAIRD-AT0MIC, INCORPORATED
125 Middlesex Turnpike
Bedford, MA 01730
Tel: 617-276-6000

(counting equipment; encapsulated
sources; neutron sources; health
physics equipment)

32U

BIONUCLEAR

A Division of American

Biomedical Corporation
P. 0. Box 12634

Houston, TX 77017
Tel: 713-644-6281

(radioisotopes; radiopharmaceuticals;
encapsulated sources; radiochemicals)

BIO-RAD LABORATORIES

32nd and Griffin Avenue

Richmond, CA 94804
Tel: 415-234-4130

(enriched stable isotopes)

CALATOMIC

A Division of Calbiochem

3625 Medford Street

Los Angeles, CA 90063
Tel: 213-269-0271

(radioisotopes; radiochemicals)

CAPINTEC, INCORPORATED
63 E. Sanford Boulevard

Mount Vernon, NY 10550
Tel: 914-664-6600

(radioisotopes; counting equipment)

CYCLOTRON CORPORATION

950 Gilman Street

Berkeley, CA 94710
Tel: 415-524-8670

(accelerators)

GAMMA INDUSTRIES

A Division of Nuclear Systems, Inc.
P. 0. Box 2543

2255 Ted Dunham Avenue

Baton Rouge, LA 70821
Tel: 504-342-7791

(radiography equipment;
encapsulated sources)



ISOTOPES

A Teledyne Company
Palo Alto Laboratories

4062 Fabian Street

Palo Alto, CA 94303
Tel: 415-326-7500

(health physics equipment;
encapsulated sources;
irradiators; counting
equipment)

ISOTOPES

A Teledyne Company
Westwood Laboratories

50 Van Buren Avenue

Westwood, NJ 07675
Tel: 201-664-7070

(health physics equipment;
encapsulated sources; counting
equipment)

KAMAN NUCLEAR

1700 Garden of the Gods Road

Colorado Springs, CO 80907
Tel: 303-473-5880

(accelerators; neutron
radiography; activation
analyses)

KEVEX CORPORATION

Analytical Instrument Division
898 Mahler Road

Burlingame, CA 94011
Tel: 415-697-6901

(encapsulated sources; counting
equipment; radioisotope
measuring equipment)

MALLINCKRODT/NUCLEAR
P. 0. Box 5439

St. Louis, M0 63160

Tel: 314-731-4141

(radioisotopes; radiochemicals;
radiopharmaceuticals; enriched
stable isotopes)

MILES LABORATORIES, INCORPORATED
Research Products Division

P. 0. Box 272

Kankakee, IL 60901
Tel: 815-939-3513

(enriched stable isotopes;
radiochemicals)
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UNIVERSITY OF MISSOURI
Research Reactor Facility
Research Park

Columbia, MO 65201
Tel: 314-449-9515

(reactor irradiations)

MONSANTO RESEARCH CORPORATION
Mound Laboratory
P. 0. Box 32

Miamisburg, OH 45342
Tel: 513-866-7444

(encapsulated sources;
enriched stable isotopes;
radioisotope thermoelectric
generators; neutron sources)

MONSANTO RESEARCH CORPORATION
Nuclear Products Department
P. 0. Box 8, Station B
Dayton, OH 45405
Tel: 513-268-6769

(encapsulated sources; neutron
sources; consulting services)

NEUTRON PRODUCTS, INCORPORATED
Dickerson, Maryland 20753
Tel: 301-349-5001

(encapsulated sources; gamma
irradiations; irradiators)

NEW ENGLAND NUCLEAR CORPORATION
575 Albany Street
Boston, MA 02118
Tel: 617-426-7311

(encapsulated sources;
radioisotopes; radiochemicals;
radiopharmaceuticals)

NUCLEAR-CHICAGO CORPORATION
(a subsidary of G. D. Searle

§ Co.)
333 E. Howard Avenue
Des Plaines, IL 60018
Tel: 312-927-4456

(counting equipment; radioisotope
measuring equipment; health physics
equipment; see also items listed
under AMERSHAM/SEARLE CORPORATION)

NUCLEAR CORPORATION OF AMERICA
Nuclear Division
2 Richwood Place
Denville, NJ 07834
Tel: 201-627-4200

(counting equipment)
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GAMMA PROCESS COMPANY, INCORPORATED
P. 0. Box 307

Ballston Spa, NY 12020
Tel: 518-899-2911

(irradiators; encapsulated
sources)

GENERAL ELECTRIC COMPANY

Nuclear Energy Division
Vallecitos Nuclear Center

P. 0. Box 846

Pleasanton, CA 94566
Tel: 415-862-2211

(radioisotopes; encapsulated
sources; neutron sources;

neutron radiography)

GENERAL NUCLEAR, INCORPORATED
P. 0. Box 34526

Houston, TX 77034
Tel: 713-944-7676

(encapsulated sources; neutron
sources; radioisotopes;
radiography equipment;
health physics equipment)

GEORGIA INSTITUTE OF TECHNOLOGY

Atlanta, GA 30332

Tel: 404-873-4211

(activation analyses; reactor
irradiations; neutron
radiography)

GULF ENERGY AND ENVIRONMENTAL

SYSTEMS, INCORPORATED
P. 0. Box 608

San Diego, CA 92112
Tel: 714-453-1000

(activation analyses;
reactor irradiations;
neutron radiography)

INDUSTRIAL NUCLEONICS CORPORATION

650 Ackerman Road

Columbus, OH 43202
Tel: 614-267-6351

(radioisotope measuring
equipment)

INTERNATIONAL CHEMICAL § NUCLEAR

CORPORATION

Chemical and Radioisotopes Division
2727 Campus Drive
Irvine, CA 92664

Tel: 714-833-2500

and 1601 Trapelo Road
Waltham, MA 02145

Tel: 617-891-0550

(radioisotopes, radiochemicals;
encapsulated sources; irradiators;
counting equipment; health
physics equipment)

ISO-MED, INCORPORATED
P. 0. Box 2014

La Jolla, CA 92037
Tel: 714-459-8257

(radiopharmaceuticals)

ISOMET CORPORATION

103 Bauer Drive

Oakland, NJ 07436

Tel: 201-337-3811

(enriched stable isotopes)

ISO NUCLEAR CORPORATION

(Subsidary of Gamma Process Co.)
P. 0. Box 307

Ballston Spa, NY 12020
Tel: 518-899-2911

(gamma irradiation)

ISOLAB INCORPORATED

Drawer 4350

Akron, OH 44321
Tel: 216-825-4528

(radioisotopes; radiochemicals)

ISOTOPE PRODUCTS LABORATORIES

404 South Lake Street

Burbank, CA 91502
Tel: 213-843-7000

(encapsulated sources)

ISOTOPES

A Teledyne Company
110 W. Timonium Road

Timonium, MD 21093
Tel: 301-252-8220

(radioisotope thermoelectric
generators)
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NUCLEAR DYNAMICS, INCORPORATED

2614 Seaman Avenue

El Monte, CA 91733

Tel: 213-444-2633

(radiochemicals;
radiopharmaceuticals)

NUCLEAR ENTERPRISES, INCORPORATED

935 Terminal Way
San Carlos, CA 94070
Tel: 415-593-1455

(counting equipment;
healph physics equipment;
radioisotope measuring
equipment)

NUCLEAR MATERIALS AND

EQUIPMENT CORPORATION
Apollo, PA 15613
Tel: 412-842-0111

(neutron sources;
encapsulated sources)

NUCLEAR RADIATION DEVELOPMENTS,

INCORPORATED

2937 Alt Boulevard, North
Grand Island, NY 14072
Tel: 716-773-7634

(encapsulated sources;
static eliminators;

isotope-luminescent devices)

NUCLEAR SUPPLIES, INCORPORATED

P. 0. Box 312

Encino, CA 91316
Tel: 213-985-6190

(encapsulated sources;
counting equipment)

NUCLEAR TECHNOLOGY CORPORATION

333 Old Tarrytown Road
White Plains, NY 10603
Tel: 914-949-5660

(irradiators)

OAK RIDGE NATIONAL LABORATORY

P. 0. Box X

Oak Ridge, TN 37830
Tel: 615-483-8611

(enriched stable isotopes;
radioisotopes not
commercially available)

OHMART CORPORATION

4241 Allendorf Drive

Cincinnati, OH 45209

Tel: 513-272-0131

(radioisotope measuring equipment)

RADIATION MACHINERY CORPORATION

25 Eastmans Road

P. 0. Box 177

Parsippany, NJ 07054
Tel: 201-887-4700

(irradiators; gamma irradiations;
encapsulated sources)

RADIATION MATERIALS CORPORATION

124 Calvary Street
Waltham, MA 02154
Tel: 617-899-6350

(encapsulated sources; counting
equipment; radioisotopes)

RAY BURNER COMPANY

1301 San Jose Avenue

San Francisco, CA 94112
Tel: 415-333-5800

(radioactive preionizer)

RIDGE INSTRUMENT COMPANY

7220 Governors Drive West

Huntsville, AL 35806
Tel: 205-837-3211

(health physics equipment;
counting equipment; radiography
equipment; encapsulated sources)

SANDERS NUCLEAR CORPORATION

95 Canal Street

Nashua, NH 03060
Tel: 603-885-2230

(encapsulated sources;
radioiostope thermoelectric generators)

SCHWARZ/MANN

Division of Becton, Dickinson
and Company

Mountain View Avenue

Orangeburg, NY 10962
Tel: 914-359-2700

(radioisotopes; radiochemicals)
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THE SQUIBB INSTITUTE FOR MEDICAL
RESEARCH

Georges Road
New Brunswick, NJ 08903
Tel: 201-545-1300

(radiopharmaceuticals)

3M COMPANY

3M Center

St. Paul, MN 55101
Tel: 612-633-9420

(encapsulated sources;
static eliminators;
irradiators; isotope-
luminescent devices)

TRAPELO DIVISION OF LFE CORPORATION

2030 Wright Avenue
Richmond, CA 94804
Tel: 415-235-2633

(activation analyses;
consulting services)

UNION CARBIDE CORPORATION

Sterling Forest Research Center
P. 0. Box 324

Tuxedo, NY 10987
Tel: 914-351-2131

(radioisotopes; reactor
irradiations; activation
analyses)

UNIT PROCESS ASSEMBLIES, INC.

P. 0. Box 1011

Woodside, NY 11377
Tel: 212-899-9090

(radioisotope measuring
equipment)

UNITED STATES RADIUM CORPORATION

Lighting Products Division
1259 Route 46

Parsippany, NJ 07054
Tel: 201-335-9636

(isotope-luminescent devices;
encapsulated sources)

UNIVERSAL RADIOISOTOPES, INCORPORATED

635 S. 31st Street

Richmond, CA 94804
Tel: 415-237-2363

(radioisotopes; encapsulated
sources; neutron sources)

(RHL)
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Neutron Source Shipping Container (3)

The availability of shielded shipping containers that meet U.S.

Department of Transportation shipping regulations for neutron sources is

announced by NuTex Corporation (P. 0. Box 13121+, Capitol Station,

Austin, Tex. 787H). This steel-encased Cal-Shield is made of a

boron-impregnated water-extended polyester resin and is less expensive

than containers made from solid hydrocarbons, such as paraffin.

These containers can be used for 252Cf as well as for Po-Be, Pu-Be, or

Am-Be neutron sources. The basic price for a container to be used with

a 1-mg 252Cf source (2.3 x 109 n/sec) is $725.

Californium-252 Now Available (3)

Neutron sources fabricated from 252Cf are now available from
Nuclear Products, together with

Monsanto / a complete line of shipping containers suitable

for safely transporting up to several milligrams of this radioisotope.

Gamma Industries, Inc., has a complete 252Cf encapsulation program

and can provide commercially encapsulated sources. They plan to have a

neutron products development laboratory and a 252Cf facility at their

Baton Rouge plant site.
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DTIE: This may be

updated in proof. AEC ACTIVITIES (2)

Exemption for Static Elimination Devices

and Ion Generating Tubes (3)

The Atomic Energy Commission is proposing to exempt from licensing

the use of static elimination devices and ion-generating tubes containing

3H, 85Kr, or 210POj) ~.
cz
^~ items now used under general licenses. The

proposed amendments also establish requirements for specific licenses

to manufacture, distribute, import, or incorporate such devices into

products for commercial distribution. Under the new regulations, a

manufacturer seeking a specific license for such products would be

required to submit information about the design, manufacture, prototype

testing, quality-control procedures, and labeling that WOuld
not release

demonstrate that the product would / the radioactive material or -
either

its radiation under / normal or severe conditions of handling,

storage, use, and disposal.

Further information may be obtained from the Secretary of the

Commission, U. S. Atomic Energy Commission, Washington, D.C. 2051+5,

Attention: Chief, Public Proceedings Branch.

Contracts for Artificial Heart Systems (3)

The USAEC is negotiating contracts with TRW Systems of Redondo

Beach, Calif., and with Westinghouse Astronuclear Laboratory,

to evaluate the practicability of a

radioisotopic thermal converter for an artifical heart device. TRW

will continue the project with development of a 238Pu heat source.



231 DTIE: This item will be changed when
the Paris meeting report is

GENERAL (2) available.

Isotopic Cardiac Pacemakers Approved in Europe (3)

Seven European countries France, West Germany, Spain, Sweden,

Switzerland, Austria, and Denmark have signed an agreement allowing free

cardiac

travel of persons wearing radioisotopic/pacemakers. At an ENEA

(European Nuclear Energy Agency) meeting in Paris in May, which will

include delegates from Britain, Canada, and the United States, broadening

of the agreement and legal and medical aspects of pacemaker-patient travel

will be discussed.

The third Frenchman to receive a nuclear pacemaker implant1 is doing

well, and 25 to 50 more such implants are expected before the end of 1971-

Activation of Lunar Fertilizer (3)

In an attempt, at Texas A & M, to discover why lunar material

enhances growth of some plants, 5 g of reactor-irradiated lunar

substance is being added to the soil in which lettuce is growing.

After 2 weeks of growth, the plants will be examined to find out which

elements from the moon have been incorporated in the plant substance.
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New Australian Irradiation Plant (3)

Australia's first gamma-irradiation plant designed specially

for medical purposes is being built at Dandenong, Victoria, by Tasman

Vaccine Laboratory (Australia) Pty. Ltd. The $1 million undertaking will

sterilize medical packs for hospitals throughout Australia. Equipment

is being installed by Atomic Energy of Canada Ltd.

The complex is designed to meet the most stringent safety standards.

It has walls 6 ft thick and a roof 1+.5 ft thick. More than 1000 tons

of special concrete were poured continuously to ensure a perfect,

fault-free bond. Start up was scheduled for >

duly 1971 with the fully

automated and electronically controlled plant - operating 2l+ hr/day,

7 days/week.

Heutron Source Conference (3)

The American Nuclear Society National Topical Meeting, Neutron Sources and

Applications, in Augusta, Ga., April 19-21, 1971, attracted some 250 persons

from the U. S. and abroad. The program consisted of 19 invited papers, largely

the rapporteurs' summaries of the contributed papers, which had been sent to

them in advance, and one panel discussion. These, together with comments from

the floor and the -70 contributed papers on reactor, accelerator, and isotopic

neutron sources, are printed in vols. 1-3 of the proceedings (CONF-7101+02).
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Genetic Improvement of Industrial Microorganisms (3)

Genetic alterations in and selections of

microorganisms that are or may be valuable in the large-scale

production of medicinal compounds such as antibiotics and of food

stuffs were reviewed at an IAEA symposium in Vienna in March. The

approximately 100 participants from 27 countries and six inter

national or regional organizations included microbiologists,

biochemists, and geneticists.

Screwworm Barrier (3)

In "Facts About the Screwworm Barrier Program" (report No.
ARS 91-61+-1, October 1969), the U.S. Dept. of Agriculture (Animal
Health Division, Agricultural Research Service, Federal Center
Building, Hyattsville, Md.r 20782) describes screwworm content

in a300- to 500-mile-wide zone along the 2000-mile-long U.S.-Mexico
border. The pest has been eradicated in the U.S., and periodic
release of sterile males in or near this barrier zone prevents
-establishment of the problem. The sterile flies are produced at
arate of 135 million (50* males) per week by 60Cc. irradiation of
5-5-day-old pupae.
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