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ABSTRACT

I
Health and Safety I

I
FALLOUT PROGRAM I 

QUARTERLY SUMMARY REPORT

October 1, 1964 I

I 

IThis report presents current data from the HASL Fallout Program, 
the New Zealand Department of Scientific and Industrial Research, Argonne 
National Laboratory and the Argentine Comision Nacional de Energia Atomica.   
Radionuclide levels in fallout, world-wide soils collected in 1963-64, milk, | 
tap water, and upper air samples are given in tabular form. Also included 
are interpretive reports and notes dealing with strontium-90 levels in the » 
diets and bones of Argentine children and San Juan, Puerto Rico residents, I 
cesium-137, stable strontium and radium-226 in two human skeletons, latitudinal 
deposition of strontium-90 in the United States, a statistical analyses of 
the 1963-64 soils analytical data, and expected and measured plutonium-238 con- I 
centrations in air from a satellite failure. A bibliography of recent lit- I 
erature pertinent to fallout studies is given at the end of the report.
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Introduction

Every three months, the Health and Safety Laboratory issues a report 
summarizing current information obtained at HASL pertaining to fallout* This 
report, the latest in the series, contains information that became available 
during the period from June 1, 1964 to September 1, 1964. The next report is 
scheduled for publication on January 1, 1965, Preceding reports in the series, 
starting with HASL-42, "Environmental Contamination from Weapon Tests", and 
continuing through HASL-51, -65, -69, -77, -84, -88, -95, -105, -111, -113, -115, 
-117, -122, -127, -131, -132/ -135, -138, -140, -142, -144, -146, and 149 (this 
report); may be purchased from the Office of Technical Service, U.S. Department 
of Commerce, Washington 25, D.C.

To give a more complete picture of the current fallout situation and 
to provide a medium for rapid publication of fallout data, these quarterly 
reports often contain information from other laboratories and programs, some 
of which are not part of the general AEG program. To assist in developing, as 
rapidly as possible, provisional interpretations of the data, special inter 
pretive reports and notes prepared by scientists working in the field of fallout 
are also included from time to time. Many of these scientists are associated 
in some way with the general AEG program. Information developed outside of 
HASL is identified as such and is gratefully acknowledge by the Laboratory. 
In this report, data from the New Zealand Department of Scientific and Industrial 
Research, The Comision Nacional de Energia Atomic in Argentina, The Division 
of Biological and Medical Research at Argonne National Laboratory, and the U.S. 
Department of Agriculture Plant Industry Station at Beltsville, Maryland, are 
included.

A portion of the radiochemical analyses are carried out by commercial 
laboratories under contract to the HASL Environmental Studies and Radiochemistry 
Divisions. The results of these analyses are reported as part of HASL's regular 
fallout program. The contractor analytical laboratories are Nuclear Science and 
Engineering Corporation, Pittsburgh, Pennsylvania; Isotopes, Incorporated, West- 
wood, New Jersey; Radiochemistry, Incorporated, Louisville, Kentucky; Tracerlab, 
Incorporated, Richmond, California; Controls for Radiation, Incorporated, 
Cambridge, Massachusetts; Hazleton-Nuclear Science Corporation, Palo Alto, Calif 
ornia and Food, Chemical & Research Laboratories, Incorporated, Seattle, Washing 
ton.

This report is divided into four main parts:
1. HASL Fallout Program Data,
2. Data from Sources Other Than HASL,
3. Interpretive Reports and Notes, and
4. Recent Publications Related to Fallout.
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FALLOUT PROGRAM 

Quarterly Summary Report 

October 1, 1964
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Part I - HASL Fallout Program Data

1. Fallout Deposition Collections •

1.1 Monthly Precipitation •

1.11 1964 Sr-90 Data for 156 World-Wide Sites

At present, there are 49 monthly monitoring sites in the United State*;; • 
and 107 in foreign countries. A map showing the sites is presented as Figure 1, • 
page 3. These collections are made using either stainless steel pots with 
exposed areas of 0.82 square feet, or plastic funnels with exposed areas of 0.77 • 
square feet to which are attached ion-exchange columns. |

The strontium-90 data presented in tables la and Ib, pages 4 through 24 H 
cover only 1964. Results through 1963 were given in the last quarterly report • 
(HASL- 146). When all of the 1964 samples have been analyzed, these results will 
be included in a complete presentation of data for each site since sampling began. -.

Monthly strontium-90 levels for New York City since 1954 are shown 
in graph form in Figure 2, page 8.
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1.1 Monthly Precipitation - cont'd.

1.12 Fission Product and "Tracer 11 Radionuclides at 6 U.S. Sites 
from July 1963 Through June 1964

It was considered desireable to obtain data on short and long-lived fission 
products and unique tracers in precipitation at sites representing the major 
geographical regions of the United States. Beginning in July 1963, monthly pre 
cipitation collections at six sites have been analyzed for the fission product 
radionuclides: Sr-89, Sr-90, Zr-95, Cs-137, and Ce-144; and the "tracer 11 radio 
nuclides: Mn-54, Fe-55, and Sb-124. The sites are at Westwood, New Jersey, 
Appleton, Wisconsin; Chattanooga, Tennessee; Midwest City, Oklahoma; Palo Alto, 
California; and Seattle, Washington. Available results are reported in the 
following table Ic, page 26. Beginning in July 1964, the same six sites remained 
in operation but Sr-89 and Sb-124 analyses have been discontinued since concen- 
trationsof these radionuclides had reached undetectable levels.
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1.2 Weekly Precipitation

1.21 Sr-89 and Sr-90 at 6 U.S. Sites from July 1963 Through June 1964

In July 1963 weekly precipitation collections were initiated at six sites 
in the United States: Westwood, New Jersey; Appleton, Wisconsin; Chattanooga, 
Tennessee; Midwest City, Oklahoma; Palo Alto, California; and Seattle, Washing 
ton, These collections were analyzed for strontium-89 and strontium-90 only 
and the available results are reported in the following table Id, page 28. These 
weekly collections and analyses were terminated in July 1964.
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1.3 Sr-90 in World-Wide Soils Collected in 1963-1964

To assess the cumulative world-wide deposition of strontium-90 on the 
earth's surface following a period of intense nuclear testing, soil samples 
were collected in 1963 and early 1964 and analyzed for this fission product 
radionuclide,

The sampling was carried out under the direction of Dr. Lyle T. Alexander 
and staff of the Soil Conservation Service, U.S. Department of Agriculture, 
Beltsville, Md. The soils were dried, weighed and blended at Beltsville and 
duplicate blind aliquots were then sent to HASL for analysis, Forty-one (41) 
of the one hundred and eight samples collected were also analyzed at the Soil 
Survey Laboratory at Beltsville. With each set of twenty blind samples sent 
to HASL a check ,and'blank soil were included to serve as time controls on the 
analytical and counting procedures. A statistical analysis of these data is 
in progress to determine the analytical reproducibility at HASL and between 
HASL and Beltsville,

The data are presented in Table le, pages 30 through 39 by site latitude 
from north to south. The cumulative precipitation figures listed cover the 
period January 1, 1953 to the date of sampling. The strontium-90 activity measure 
ments have been calculated for decay to the sampling date. Locations of the 
soil sampling sites are shown on the United States and World maps following the 
table.

An interpretation of these strontium-90 measurements in terms of the 
general features of global fallout and strontium-90 inventory is currently in 
preparation. This will take the form of a TID report similar to those pre 
viously issued which covered the 1960-1961(1) and 1955-1959( 2 ) results.

This is the first public release of the 1963-1964 results.
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(2) TID-6567, Strontium-90 on the Earth's Surface, February 1961.
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TABLE le

Strontium-90 in Soils,

Elev.
Location Lat. Long. ft.

Alaska, Barrow
1. 3 mi. south of A.F. 71.3°N 156. 8°W 20

Field

2. 2 mi. east of A.F. 71.3°N 156. 8°W 20
Field

Norway, Vadso 70.1°N 29.6°E 30

Norway, Ekkeroy 70.1°N 30.1°E 30

Norway, Bardufoss
1. Virgin woodland 69.2°N 18.5°E 80

near weather station

Canada, Inuvik 68.3°N 133. 5°W 124

Norway, Bodo
1. Across road from 67.3°N 14.4°E 70

weather station

Alaska, Fairbanks
1. Agricultural Experi- 64.8°N 147. 9°W 440

ment station

Iceland, Reykjavik
1. Hay field 5 mi. S.E. 64.1°N 22.0°W 60

of Reykjavik

Alaska, Palmer
1. Agricultural Experi- 61.6°N 149. 3°N 150 

ment station

Canada, Whitehorse 60.7°N 135. 1°W 2303

1963-1964

Sampling
Date

7-26-63

7-26-63

6-27-63

6-27-63

6-28-63

8-26-63

6-28-63

7-23-63

8-14-63

7-29-63

8-12-63

Cum.
Precip.

in.

60

60

189

189

286

97

416

115

336

171

105

Strontium- 90
me/ square

mile Avg ,

21.2 21, 0
20.9

27.4 26.3
25.2

51.8 48. d
45.3

53.9 52.4
50.9

93.4 89. S
86.4

40.1 40.6
39.8 
41.2*

87.4 84.6
82.2
84.5*

53.1 51.8
50.4

111 113
115

59.6 58.1 
56.6

43.1 44.4
44.5
45.1*

* Analysis by Beltsville Soil Survey Laboratory, USDA.
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I
I Strontium-90 in Soils, 1963-1964 - cont'd.

• . Elev. Sampling Precip, me/square
Cum.. Strontium-90
recip. me/square

Location Lat. Long. ft. Date in. mile Avg.

I Norway., Bergen 
I. Nygards Park 60.4°N 5.3°E 140 6-25-63 784 134 132

131

• Norway, Oslo
™ 1. Residential Area 59.9°N 10.8°E 320 6-24-63 305 92.2 90.2

85.8
• 91.5*

Norway, Utsira 59.3°N 4.9°E 50 6-30-63 451 110 108
• 105

Canada, Ft. Churchill 58.8°N 94.1°W 75 7-30-63 184 90.2 90.2
_ .. 90.0
• 90.2*

Canada, Calgary 51.1°N 114.0°W 3557 8-2-63 180 117 116

1 114 
117*

France, Longueville 49.8°N 1.1°E 295 4-16-63 280 68.2 67.9
69.6 
66.9*I

I Canada, Vancouver 49.2°N 123.2°W 9 8-2-63 466 114 117 
120 
117*

| France, Paris
1. Residential Area 49.0°N 2.4°E 170 12-11-63 216 83.5 80.2

• 76.8

France, Bretigny 48.6°N 2.3°E 318 4-1-63 200 58.9 58.4
_ 56.9
M ;, 58.9*

Canada, Ft. William 48.4°N 89.3°W 653 7-17-63 292 156 160

1 163 
160*

I Washington, Puynllup 
1. Western Washington 47.2°N 122.3°W 50 8-4-63 451 103 106 

Experiment station 104
107*

• * Analysis hy Beltsville Soil Survey Laboratory, USDA.

I



Strontium-90 in Soils, 1963-1964 - cont'.d.

Elev. Sampling
Location Lat . Long. ft. Date

North Dakota, Mandan
1. Northern Great Plains 46. 8°N 100. 9°W 1750 10-8-63

Field Station

France, St. Laurent 46.3°N 4.9°E 623 10-30-62

Montana, Bozeman
1. Montana State 45.7°N 111.0°W 4860 10-7-63 

College Campus

Canada, Ottawa 
1. Airport 45.4°N 75.7°W 374 8-19-63

Minnesota, St. Paul
1. Univ. of Minnesota 45.0°N 93.1°W 920 10-10-63

Campus

Maine, Orono 
1. Univ. of Maine, 44.9°N 68.7°W 120 9-25-63

Athletic Field

Oregon, Corvallis
I. Oregon State 44.6°N 123 ,2°W 220 8-5-63

College Campus

Vermont, Burlington
1. Univ. of Vermont 44.5°N 73.2°W 330 9-24-63

Campus

Canada, Halifax 44.6°N 63.6°W 104 8-8-63

South Dakota, Rapid City
1. 2.3 mi. south of 44.1°N 103. 2°W 3260 10-9-63

cemetery

* Analysis by Beltsville Soil Survey Laboratory, USDA.
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Cum. 
Precip.

in.

176

304

180

342

278

399

444

361

546

196

Strontium- 90
me/ square
mile

163
158

79.6
79.2
78.7*

164 
171
162*

135
130
128*

161
158
156*

108
111

101
104 
100*

135
128

91.5 
91.7
94.6*

187
191
186*

Avg.

160

79.3

165

130

158

110

101

132

93.1

188

1

I

1

1

1

1

I

1

1

i
i
i
i
i
i
i
i
i
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Strontium-90 in Soils, 1963-1964 - cont'd.

Cum.
Elev. Sampling Precip.

Location Lat. Long. ft. Date in.

Italy, Florence
1. Farm 43.8°N 11.2°E 160 12-9-63 339

France, Laur Is 43.7°N 5.3°E 689 10-29-62 237

Idaho, Boise
1. Veterans Hospital 43.6°N 116. 2°W 2840 8-3-63 121

Japan, Sapporo
1. Experiment Station 43.0°N 141. 3°E 60 8-19-63 488

New York, Ithaca 
1. Univ. of Cornell 42.4°N 76.5°W 950 11-9-63 381

Campus

Massachusetts, Amherst
1. Univ. of Mass, k . 42.4°N 72.5°W 210 9-26-63 457

Campus

Canada, Windsor
1. Airport 42.3°N 83.0°W 622 8-2-63 339

Utah, Logan
1. Utah State Univ. 41.8°N 111.8°W 4610 8-2-63 156

A.H. Farm

Iowa, Des Moines
1. Municipal Airport 4l.5°N 93.6°W 950 7-28^63 311

Rhode Island, Kingston
1. Univ. of Rhode Is., 41.5°N 71.5°W 100 9-26-63 523

Athletic Field

* Analysis by Beltsville Soil Survey Laboratory, USDA.

Strontium-90
me /square

mile

160
170

63.6
65.1
64.7*

115 
119

123
127

113
107

119
117
119*

114 
111
114*

75.5
80.3
82.7*

156 
148
158*

174
168
174*

Avg.

165

64.'

117

125

110

118

113

80.

155

172
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Strontium-90 in Soils, 1963-1964 - cont'

Elev. Sampling
Location Lat. Long. ft. Date

New York City
1. Fordham Univ. 40.8°N 73.9°W 180 10-22-63

Campus

Utah, Salt Lake City ,
1. Univ. of Utah Golf 40.8°N 111.8°W 4730 8-1-63

Course

Ohio, Columbus
1. Ohio State Univ. 40.0°N 83.0°W 720 7-27-63 

Campus

Turkey, Ankara
1. Residential Area 40.0°N 32.9°E 2940 12-5-63

Colorado, Derby
1. Government Reserve 39.8°N 104. 9°W 5290 7-30-63

Delaware, Newark
1. Univ. of Delaware 39.7°N 75.7°W 90 9-27-63

Experiment station

California, Healdsburg 
1. Residential Area 38.6°N 122. 9°W 100 8-6-63

Utah, Cedar City
1. Campus Lawn 37.7°N 113. 1°W 5618 9-23-63

Virginia, Norfolk
1, Experiment Station 36.9°N 76.2°W 26 2-10-64

Oklahoma, Tulsa
1. Municipal Airport 36.2°N 95.9°W 670 9-5-63

* Analysis by Beltsville Soil Survey Laboratory, USDA.
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'd.

Cum. 
Precip.

in.

431

170

343

167

158

456

439

99

523

398

•

Strontium- 90
me /square
mile

146
146

186
189

148 
146
138*

121
125

120
119
127*

133
131

115
116

82.6
83.3
88.4*

149 
146

166
154
164*

Avg.
—ii—ii- iJT»»

146

18£

142

123

124

132

116

85.7

148

162

1

1

1

I

i
i
a
i
i
i
i
i
i
f

i
i
i
i
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Strontium-90 in Soils, 1963-1964 - cont

Kiev. Sampling
Location Lat . Long, ft. Date

Japan, Tokyo
1. Residential-' Area' 35.7°N 139. 8°E 10 8-16-63

2. Botanic Garden 35.7°N 139. 8°E 10 8-16-63

South Carolina, Florence
1. Experiment Station 34.2°N 79*8°W 136 2-11-64

California, Los Angeles
1. Hollywood Park Race 33.9°N 118. 4°W 125 8-8-63

Track

Lebanon, Beirut
1. Residential Area 33.8°N 35.5°E 80 12-3-63

Georgia, Altanta
1. College Park Golf 33.6°N 84.4°W 980 2-21-64

Course

Japan, Fukuoka
1. Experiment Station 33.6°N 130.4°E 10 8-17-63

Syria, Damascus
1. Residential Area 33.5°N 36.2°E 2380 12-2-63

California, El Centro
1. Meloland Field 32.8°N 115. 6°W (-)50 9-2-63

Station

Mississippi^ Newton
1." Coastal Plains 32.3°N 89.1°W 350 2-21-64

Experiment Station

Bermuda, Paget East
1. Botanic Gardens 32.3°N 64.8°W 100 1-24-64

* Analysis by Beltsville Soil Survey Laboratory, USDA.

'd.

Cum*
Precip.

in.

632

632

492

,.
114

360

523

795

88

20

583

726

Strontium- 90
me /square

mile

125
128

128
138
129*

152
152
151*

36.0
35.4

132
133

136
144

129 
130

55.4
54.8

33.0
29.3
32.5*

120
123

150 
153

Ayg.

126

131

152

35.7

132

140

130

55.1

31.8

122

152
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Strontium-90 in Soils, 1963-1964 - cont

Location

Arizona, Tucson
1. Residendial Area

Georgia, Tifton
1. Experiment Station

Florida, Jacksonville
1 . Imeson Airport

Louisiana, New Orleans 
1 . Moisant Airport

India, New Delhi

Florida, So. Miami
1. Univ. of Miami :

Campus Experi 
mental Area

India, Indore

Hawaii, Is. of Oahu
1. Kahuku Golf Course

2. Leilehua Golf Course

3. Kawailoa Girl's
School

Puerto Rico, Fort
Buchanan

British West Indies
1. Barbuda

* Analysis by Beltsville

Elev
Lat. Long, ft.

32.2°N 111.0°W 2410

31.5°N 83.5°W 370

30.4°N 81.6°W 20

30.0°N 90.2°W 33

28.6°N 77.2°E 708

25.8°N 80.3°E 10

22.7°N 75.8°E 1860

21.7°N 158. 0°W 20

21.5°N 158. 0°W 920

21.4°N 157. 8°W 370

18.4°N 66.1°W

17.4°N 61.8°W

Soil Survey Laboratory,

- 36 -

Sampling
Date

9-3-63

2-19-64

2-12-64

2-20-64

3-19-64

2-13-64

3-9-64

8-12-63

8-12-63

8-12-63

1-20-64

1-23-64

USDA.

'd.

Cum. 
Precip.

in.

110

497

563

646

312

688

417

448

580

658

~ 770

~ 410

1
1

Strontium- 90 1
me/ square
mile

48.2
48.4 
50.0*

114 
114

138
133

120
118

87.1
92.5*

101
100

67.3
66.3*

130
127

137
142

151
148

124
119

70.8
69.9

•
£2Li

1
49.2

1
114 •

«
136 £

119 »

1
89.8

i100

I
66.8

I
128 .

§'

140

150

1
122

I
70.4

1
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Strontium-90 in Soils, 1963-1964 - cont'd.

Location

India, Hyderabad

Senegal, Bambey

Philippines, Manila
1. Residential Area

India, Bangalore

Panama Canal Zone
1. Ft. Clayton Golf

Course

2. Ft. Amador Golf
Course

Colombia, Bogota
1. Residential Area

Malaysia, Singapore
1 . Leedon Park

2. Residential Area

Kenya, Muguga
1. Weather Station

Lat.

17.4°N

14.7°N

14.6°N

13.0°N

9.0°N

9.0°N

4.6°N

1.4°N

1.4°N

1.2°S

Elev.
Long . ft .

78.5°E 1788

16.60W 56

121. 0°E 7

77.6°E 3021

79.6°W 110

79.6°W 100

74.1°W 8400

103. 9°E 20

103. 9°E 20

36.6°E 7000

Republic of the Congo, Leopoldville 
1. Residential Area 4.3°S 15.2°E 1210

Peru, Huancayo
1. Institute Geofisico

.* Analysis by Beltsville

12.0°S 75.2°W 10990

Soil Survey Laboratory,

Sampling
Date

3-14-64

11-19-63

8-21-63

3-12-64

11-18-63

11-18-63

11-20-63

8-23-63

8-23-63

11-28-63

11-21-63

11-24-63

USDA.

Cum.
Precip.

In.

338

290

847

396

892

794

~ 420

897

897

416

596

317

Strontium-90
me/ square
mile

56.3
53.2*

20,3
20.1

28.7
28.2

38.9
38.8*

37.2
35.8

29.0
29.8

16.8
16.6

12.4
12.7

12.1
11.3

42.2 
42.4
44.1*

13.3
14.7

11.4
10.8

Avg.

54.8

20.2

28.4

38.8

36.5

29.4

16.7

12.6

11.7

43.2

14.0

11.1

- 37 -



Strontium-90 in Soils,

Location Lat . Long.

Australia, Katherine 
1. Katherine Research 14.3°S 132. 3°E

Station

Southern Rhodesia, Salisbury
1. Experiment Station 17.8°S 31.0°E

2, Botanic Gardens 17.8°S 31.0°E

Australia, Townsville
1. 30 miles south of 19.6°S 146. 8°E

Townsville at Woodstock

Chile, Antofagasta 
1. 11 miles north 23.4°S 70.5°W

Australia, Alice Springs 
1. Experiment Station 23.8°S 133. 9°E

Paraguay, Asuncion
1. Golf Course 25.4°S 57.6 W

Australia, Brisbane
1. Experiment Station 27.5°S 153. 0°E

South Africa, Durban
1. Residential Area 29.8°S 31.0°E

2. Natal University 29.8°S 31.0°E
Campus

Australia, Perth
1 Avondale Research 32.2°S 117. 0°E

Station, Beverley

Chile, Santiago
1. 14 miles west 33.5°S 70.7°W

1963-1964 - cont'd.

Cum.
Elev. Sampling Precip.
ft. Date in.

360 9-25-63 388

4830 11-27-63 333

4830 11-27-63 383

750 10-4-63 415

390 11-27-63 trace

1800 12-5-63 90

300 12-11-63 642

130 10-10-63 474

20 11-25-63 448

20 11-25-63 448

651 10-9-63 165

1710 11-29-63 136

Strontium-90
me /square

mile Ave.

10.5 11.2
11.8

8.8 9.6
9.6 

10.1*

14.0 14.2
14.3

11.2 11.7
12.2

1.3 1.2 
1.2

9.2 8.8
8.4

18.7 20.3
21.9

30.6 30.6
30.7

27.9 25.6
23.4

20.5 22.2
23.9

11.2 12.0
12.8

11.4 11.2
10.9

1

I

1

1

I

i
£

i
t
i
t
i

•
—n

* Analysis by Beltsville Soil Survey Laboratory, USDA.



I
• Strontium-90 in Soils, 1963-1964 - cont'd

Cum. Strontium-90•
1
1
i
I
1
1

1
1
1
I

Elev.
Location Lat. Long. ft.

Argentina, Buenos Aires
1. Residential Area 34.6°S 58.5°W 80

Australia, Adelaide
1. Experiment Station 34.9°S 138. 6°E 140

New Zealand, North Auckland
1. Kakapu Settlement 35.8°S 174. 2°E 400

Block

New Zealand, Wellington 
1. W.H. Lee farm, 41.3°S 174. 8°E 420

Judgeford

2. Taita 41.3°S 174. 8°E 420

New Zealand, Greymouth 42.5°S 171. 2°E

Tasmania, Hobart
1. Experiment Station 42.9°S 147. 3°E 180

New Zealand, South 44.4°S 171. 2°E 200
Canterbury

Chile, Punta Arenas
1. 68 miles north 53.2°S 70.9°W 30

Sampling
Date

12-10-63

8-26-63

2-16-64

1-11-64

1-17-64

12-12-63

9-25-63

11-21-63

12-3-63

Precip .
in.

469

218

787

552

553

1081

302

251

95

me/ square
mile

24.2
22.0

21.0
22.0

26.1
26.3
26.6*

26.6
27.8

23.9
24.8
22.2*

41.2
45.2
43.3*

23.2 
21.5

16.4
16.3

11.8 
13.0

Avg.

23.1

21.5

26.4

27.2

23.3

43.2

22.4

16.4

12.4

£ * Analysis by Beltsville Soil Survey Laboratory, USDA,
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2, Radiostrontium in Milk and Tap Water

I 
1

In 1954 the Health and Safety Laboratory began monitoring liquid whole
milk in New York City for strontium-90 in order to estimate the dietary contribution M 
from the ingestion of this radionuclide in milk. During the same year, tap water • 
sampling was begun on a routine basis at the laboratory which receives its supply 
from one of the main reservoirs servicing New York City* ^

Powdered milk monitoring was intiated at a main processing plant in Perry, W 
New York in 1954 and in 1955, sampling of powdered buttermilk from the Mandan, 
North Dakota area was begun. The powdered buttermilk is used as cattle feed and IF' 
it was of interest to have a continuous record of the strontium-90 levels in this (p 
animal dietary supplement, Liquid milk from two large dairies serving Honolulu has 
been monitored since the summer of 1959. On the island of Oahu the dairy cows «* 
are on pasture throughout the year and it is of interest to know how well the I 
strontium levels in milk in this area reflect changes in deposition rates,

Although a more complete study of the strontium-90 content of the diets W 
in three major U.S. cities has been in process since March 1960, milk and tap water W 
analyses at the above-mentioned sites have been continued in order to provide a 
detailed and continuous history of the contamination levels of these staples, jj|

2.1 Milk

The New York City sample is a monthly composite of pasteurized milk M, 
purchased daily at retail stores. Five main dairies are represented in the 
sample* The Mandan and Perry samples are monthly composites of powdered milk „ 
collected in weekly five-pound lots. The Honolulu samples are monthly composites 9 
of quart samples collected weekly* During appropriate periods strontium-89, as W 
well as strontium-90, has been analyzed in these milk samples. These data have 
been given in the quarterly reports but the monthly results for 1964 only are Jfr 
presented on pages 43 and 44 of this report. The strontium-90 data since the £ 
inception of the sampling programs are graphed in Figures 5, 6, 7, 8, on pages 
46 through 49, «

2.2 Strontium-90 in New York City Tap Water *

Samples of New York City tap water are taken daily at HASL so that by M 
the end of the month, approximately 100 liters have been collected, Strontium-90 W 
and cesium-137 data for monthly samples collected in 1964 are shown on page 46, 
Tap water sampling and analyses were carried out at Richmond, California from || 
1959 through the first half of 1963, These data have been reported in previous Jp 
quarterlies, A graphical presentation of New York City strontiutn-90 data is shown 
in Figure 9, p. 50,

-.42 -
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Year 

fcew York Citv -

1959

1960

1961

1962

1963

1964

•

'Year

Honolulu. Hawaii

8/59-12/59

1960

1961

1962

1963

1964

Table 2a

Strontium-90 and Calcium in Milk

Samp line e Ca ^>*" DC Sr
Month rf^-'liter JLiter

liquid

Average

Average

Average

Average

Average

January 1.04 22.0
February 1.08 25.8
March 1.03 28.1 
April 1.03 26.9
May , 1.04 31.9
June
July . 
August
September
October
November 
December

g Ca/ liter pc Sr90/liter 
Sampling dairy dairy .
Month il #2 il #2

- liauid

Average

Average

Average

Average

Average

January 1.10 1.08 7.6 9.4
February 1.23 1.07 8.8 9.9
March 1.09 1.10 9.1 14.4
April , 1.09 1.06 9.2 11.8 
May 1.08 1.04 9.3 12.4
June
July
August 
September
October
November
December

i *•»

90 per
g Ca

il
8.0

6.7

12

26

21.1
23.9
27.2 
26.1
30.1

pc Sr90/g Ca 
dairy

il #2

5.0

3.2

2.4

3.5 5.0

6.9 9.1

6.9 8.7
7.2 9.2
8.3 13.1
8.4 11.1 
8.6 11.9
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Year

Perrvo

1959

1960

1961

1962

1963

1964

Mandan.

1959

1960

1961

1962

1963

1964

-
Table 2a - cont'd.

Strontium-90 and Calcium in Milk

Sampling g ĉ ^-j^^^ 
Month * ^***K& \ powder

New York - powdered

Average

Average

Average

Average

Average

January 8.63
February 8.78 
March 9-29 
April 8.69
May 8.84
June ; 
July
August
September
October 
November
December

North Dakota - powdered buttermilk

Average

Average

Average

Average

Average

January 10,8
February 10.6
March 11.3 
April 11.5
May 12.1
June
July
'August
September
October
November 
December

• • • .« ;

Bc Sr90
kg powder

174

194 
183
171

738
863
830 
936

1207

^

V ' •" ": -

oer
g Ca

8.0

6.5

6.2

11.1

21.6

20.1
21.7 
20.9 
21.0
19.3

26

15

9.4

25

58

68.3
81.8
73.2 
81.2
100.0

1

1

1

t

1

1

i
i
i
i
ipi
i
i
i
i
i
i
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Table

Radiostrontium in New

Sampling 
Year Month pc Sr90/li

1959 Average 0.40

1960 Average 0.47

1961 Average 0.32

1962 Average 0.72

1963 Average 1.45

1964 January 1.62 
February 1.86
March 1.59
April 1.98 
May 1.96
June 1.98
July 
August 
September
October

• November 
December

(1) • From 100-200 liters per sample -
(2) Sr-89 extrapolated to midpoint of 

discontinued after January 1964.

- 45

2b

York City Tap Water

ter <l) Sr89/Sr90(?> Cs137/Sr90

*0.1 0.20 
0*20
0.24
0.34

sampling began August 1954,
sampling period. Sr-89 analyses
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3. Tri-City Diet Studies - Sixteenth Sampling

The annual dietary intake of Sr-90 in New York City, Chicago and San 
Francisco has been estimated from measurements of the Sr-90 content of foods 
purchased at these cities every three months since March 1960. Details of the 
sampling system and a discussion of the results obtained up to the end of 1963, 
in this continuing program were summarized in HASL-147*

Results of the most recent set of analyses and estimates of the Sr-90/Ca 
ratio of the diet for the three cities are given in Table 3. The average daily 
intakes of Sr-90 at the three cities since the tri-city diet surveys began are 
plotted in Figure 10.

* HASL Contributions to the Study of Fallout in Food Chains, Joseph Rivera and 
John H. Barley-, July 1, 1964 (HASL-147).
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4. High Altitude Balloon Sampling Program

by L, P, Salter (HASL) W

The U. S. Atomic Energy Commission's program for measuring strato- |g 
spheric nuclear debris collected by balloon-borne filtering devices has • 
been in continuous operation since 1956, During 1963 and 1964 monthly 
collections have been made from several altitudes at two sites: ^

Sample Collection Data 

HASL Number

i
Location Latitude Flight Organization

San Angelo, Texas 31°N Detachment 1, 6th Weather
Squadron, Goodfellow Air 
Force Base

Mildura, Australia 34°S Department of Supply, I
Commonwealth of Australia

Additional samples have been collected on special flights from Minnesota • 
at 45°Nj and Eilson Air Force Base, Alaska^ at 65°N by General Mills, w 
Electronic Division^ and Detachment 1, 6th Weather Squadron, respectively*

Filters are shipped to HASL where gross gamma activity measurements J£ 
and gamma spectra have been obtained for all samples collected since 
February 1962. Selected filters are then analyzed for fission products • 
and other pertinent radionuclides at HASL and contractor laboratories* M

The radionuclide assay data for 1963 and early 1964 are reported _ 
herein updating results given in HASL-144, p 0 184 (April 1964)„ Additional fl 
gross gamma activity results through August 1964 also are presented, w 
The tables have been prepared via a data retrieval system using an IBM 
1620 computer, IBM 407 tabulator, and peripheral units. The gamma ac~ III 
tivity results are summarized in Figures lla and lib. Data for samples jp 
collected prior to 1963 have been given previously in HASL-115, p,70 
(October 1961); HASL-127, p.151 (July 1962); and HASL«140, p.166 (October — 
1963).

i
A number is assigned by the Health and Safety Laboratory to each in™ M 

dividual sample. Samples split for radiochemical assay, after gross gamma £ 
measurements were obtained, are designated by a letter suffix to the HASL 
number* a

I 
I
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Altitude

All altitude data are obtained from barometric readings and refer 
to pressure-altitude in the ICAO Standard Atmosphere, The predominant 
sampling altitude is given in kilofeet (KFT)» The entire sample was 
collected within a range of ±2 kilofeet of the predominant altitude ex 
cept as indicated otherwise in NOTES on the bottom of the page.

Flight Date and Number

The date of flight and number assigned to the flight by balloon 
operations organizations are given* Two samples usually are collected 
from each flight,

Unit

Most 1963 and 1964 collections have been made with the "Direct Flow 
Sampler1* which utilizes one square foot of I e P.C, No, 1478 filter paper*, 
This system when routinely used with a Westinghouse motor and Torrington 
704 blower is referred to as "D7 ir e A discussion of this unit was pre 
sented by Rex Wood in HASL-115, p,155 (October 1961). The Direct Flow 
system has been used also with a Westinghouse motor and Torrington A14980 
two-stage blower for a few samples taken above 110 kilofeet at San Angelo* 
This latter unit is referred to as ftD14rr .

A few additional samples have been collected with an experimental 
unit which utilizes an air ejector pump. Two square feet of I^P^C, No. 
1478 filter paper are used with this device« The sampler was developed 
by General Mills Electronic Division under Contract No, AT(11-1)-401 to 
the U. S. Atomic Energy Commission and is described in their Report No, 
2277 (May 15, 1962). This unit is referred to as "AE".

When two samples are obtained on the same flight from similar units 
they are designated as -1 and -2.

Volume

The volume of air sampled is reported in thousands of standard cubic 
feet (KSCF) of air, computed at 1013 mb and 59°F (1 KSCF = 34,6 Kg of air). 
The method of determining the volume is indicated according to the follow 
ing code listed under the reported volumes

F: Flowmeter
T: Radiotelemetry of blower speed
E: Estimated

The method currently preferred is that based on flowmeter measurements* 
In the absence of these data or when such data are suspect, a volume has 
been calculated oh the basis of radiotelemetry of the instantaneous blower
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Standardization

The degree of reproducibility for these gross gamma measurements has 
been studied and a value of about 0.013 found for the coefficient of 
variation (ratio of standard deviation to mean, or per cent standard de 
viation -r 100). This precision value includes the error from all sources

£ The additional digits given for the gross gamma and radionuclide re-

I
speeds Whenever the volume listed is estimated or doubtful, appropriate "
NOTES are given on the bottom of the page and the data are given in
parentheses* V

An evaluation of the volume data by K. Telegadas is presented in 
HASL-144, p.258 (April 1964). M

Gamma Activity Measurements

The measured gamma activity concentration in counts per minute per V 
103 SCF (CPM/KSCF) are reported as of the counting date. These results * 
are valid to three significant digits only—i The standard deviation due 
to counting is less than 5% except for those concentration values annotated • 
according to the system given at the end of the descriptive text. |

Counting Procedure H

The filter samples are received in plastic bags from the collection 
sites and are counted without prior treatment one to two weeks after ^ 
collection. V

The bags containing the one square foot filters are folded into a
plastic box 80 mm x 65 ram x 31 mm deep which is placed in the center of a tt 
heavily shielded 8r* diameter x 4" Nal (Tl) crystal. The pulses from three If 
phototubes, matched for pulse height response, are summed, amplified, and 
fed to a multichannel analyzer to obtain a gamma spectrum. The gross gamma || 
activities are obtained by summing the data between 0,1 and 3.0 Mev and M 
correcting for background.

1
Because of the complexity involved in estimating the disintegration 

rate from the observed gamma counts per minute in a mixture of nuclides • 
such as those present in composited weapons debris, such a conversion has J§ 
not been attempted. The CPM results reported herein, therefore, are of 
significance on a relative basis only. The efficiency of the counting |f 
system has been compared, however, to a standard Cs-137 source counted m 
under the same geometry. This source yields about 0.3 counts per emitted 
photon which is equivalent to about 0.25 counts per disintegration of 
Cs-137. »

Precision

I
suits have no import and are recorded only because of the charac- • 
teristics of the computational facilities upon which these data W 
are processed.
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of variation, exclusive of counting statistics, such as day to day fluc 
tuations in response due to counting and factors relating to sample 
handling processes. The precision data are discussed in more detail in 
HASL-131, p*153 (October 1962)*

Gamma Activity Concentration Figures

The gamma activity concentration data are shown by altitude on a log 
scale as a function of time in Figures lla (31°N) and lib (34°S)* Alti 
tudes are marked by special symbols if the associated concentration value 
or altitude has an abnormally large range or is otherwise in doubt* Lines 
are used to join monthly values for like altitudes* Broken lines are 
used when a concentration or -altitude is in doubt, when predominant alti 
tudes for consecutive months differ by 4 kilofeet or more, or to join 
successive values with a time span of two months or more*

Radiochemical Measurements

At least one sample collected from each successful flight through 
November 1963 has been radiochemically analyzed.

Six medium and longer-lived fission products have been assayed in 
most of these samples: Sr-89, Sr-90, Y-91, Zr-95, Cs-137, and Ce-144* 
When the presence of relatively fresh weapons debris (less than six months 
old) is suspected or background information on such debris is desired, 
the shorter-lived nuclides, Ba-140 and Ce-141, are sought* A quarterly 
profile of Prn-147 also has been obtained*

In addition to fission products, the presence of tracer nuclides 
associated predominatly with a single detonation or series of detonations 
has been investigated* These include Rh-102 from the U. S* high altitude 
Orange shot of August 1958 and Mn-54, Fe-55, Y-88, and Sb-124 produced in 
relatively large quantities in the 1961 and 1962 test series* Results 
for Sb-125, a fission product, have been obtained in conjunction with 
Sb-124 measurements*. Some preliminary data for Pu-238 and Pu-239 are 
presented in Part III of this Quaarterly Report 0 Later reports will in 
clude data for Cd-109 produced in the U0 S 0 high altitude test over 
Johnston Island July 9^ 1962*

The half lives arid dominant radiations of these radionuclides are 
presented on the last page of this report.

Fraction

Some samples have been split prior to analysis to provide information 
on the precision of radionuclide results, analytical differences between 
laboratories, and other supplementary data* Since a precise physical 
division of the sample could not be made, the fraction in each portion was
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determined by comparison of gross gamma measurements taken after splitting. 
Stringent control in obtaining these measurements enabled the fraction to 
be determined with a precision error of about 1%%.

The standard deviation due to counting is less than 5% except for 
those concentrations annotated by the letters. A, B, C, D, E or F appearing 
under the value. The counting errors in these cases and the definitions 
for other symbols used to further characterize the radioassays are listed 
in the notation system given on the following page.

I 
1

Analytical Laboratory ^

i 
i

Samples analyzed under contract to the AEG are so indicated as 
follows:

II: Isotopes, Inc.

Radionuclide Concentrations

3 Results are reported in units of disintegrations per minute per 10
SCF (DPM/KSCF), corrected for fraction analyzed, and are listed in order
of increasing mass number 0 As in the case of the gamma activity concen- •
trations only the first three digits are significant. All fission products w
have been corrected to the collection date. Nuclides marked with an
asterisk (*) have been corrected to the following dates: •

Rh-102 August 12, 1958
Mn-54, Fe-55 October 15, 1961 .
Sb-124 December 31, 1962 •
Y-88 November 15, 1962 *
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Notation System

The following definitions apply to the symbols appearing under the
concentration values:I

I
I
I
I
i
1
I
1
i
I
I
I
I
i

A)

B)

c)

D>

E)

F)

G)

1)

w)

X)

Y)

*)

Results

Standard deviation due to counting 5-10%;

Standard deviation due to counting 10-20%;

Standard deviation due to counting 20-50%;

Standard deviation due to counting 50-100%;

Error value only is given, preceded by "±"; standard 
deviation due to counting 100-200%;

Error value only is given, preceded by "±lt ; standard
deviation due to counting greater than 200%;

Gamma scan suggests presence of nuclide although
radiochemical analysis did not affirm a positive
value ;

Nuclide lost;

Sample had a low counting rate approaching that for
control samples but standard deviation due to
counting was less than 20%;

Value or error limits inconsistent with values
reported for other nuclides in sample;

Chemical recovery less than 30%;

Value corrected by more than 5% from that previously
reported*

obtained using data with suspect volumes, counting errors
between 20-100% (C or D notation above) or questionable because of the
conditions cited under W, X, and Y above are qualified by parentheses.
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Table 4a

SAHLAHGELO. TEXAS (31°N) JAN 1963

HASL A- 
ALT(KFT)

FLT DAY 
FLT NO 
UNIT

VOLUME 
tKSCF)

GR GAMMA 
CPM/KSCF

FRACTION 
ANAL LAB

MN- 54*
DPM/KSCF

FE- 55* 
DPM/KSCF

Y- 88*
DPM/KSCF

SR- 89 
DPM/KSCF

SR- 90
DPM/KSCF

Y- 91 
DPM/KSCF

ZR- 95 
DPM/KSCF

SB-124* 
DPM/KSCF

SB-125 
DPM/KSCF

'CS-137 
DPM/KSCF

BA-140 
DPM/KSCF

CE-141 
DPM/KSCF

CE-144
DPM/KSCF

672A 
64

15 
T736 
D7-1

2.41 
F

JAN27 
114107

*523 
I i

21818

28958

785

56013

2467

•88065

105520

(3631 
C

4855

3102

8092

91239

60059

672B 
64

15 
T736 
D7-1

2.41
F

JAN27 
114107

.217 
II

20078

26000

±784
F

60807

- 1989

87959

(91783) 
Y

(302) 
CY

(2830) 
AY

2830

9867

±8222 
F

63101

672C 673 
64 64

15 15 
T736 T736 
D7-1 D7-2

2.41 2.23 
F F

JAN27 JAN27 
114107 117937

.260 1.000 
II

21400

24300

±3500 
F

3*600 
A

1660

115000

89400

±4500 
F

3420

2840

69700

664A . 664B . 665
79 , 79 79

8 . 8 8 . 
T733 T733 T733 
D7-1 D7-1 D7-2

1.70 1.70 1.68 
T T T

JAN14 JAN14 JAN15 
8294 8294 9047

.496 .504 1.000 
II II

1992
A

3439

508

3475

251

5183

6582

(39) 
C

167
B

318

968

(1648) 
C

4981

658 659 
86 • 86

2 2 
T729 T229 
D7-1 D7-2

2.07 2.00 
F F

JAN 7 JAN 8 
.1855 1940

1.000 1.000
II

450 
A

765

±65
F

1015

86

1845

(1330) 
Y

(14)
C

89
B

113

515

760
B

1055
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Table 4a (cont'd.)

SAN ANGELO. TEXAS (31°N) FEB 1963

HASL A- 
ALT (KFT)

FLT DAY
FLT NO 
UNIT

VOLUME 
(KSCF)

GR GAMMA 
CPM/KSCF

FRACTION 
ANAL LAB

MN- 54*
DPM/KSCF'

FE- 55*
DPM/KSCF

Y- 88*
DPM/KSCF

SR- 89
DPM/KSCF'
SR- 90 

DPM/KSCF

Y- 91 
DPM/KSCF

ZR- 95 
DPM/KSCF

CS-137 
DPM/KSCF

BA-140 
DPM/KSCF

CE-141 
DPM/tCSCF

CE-144
DPM/KSCF

PM-147 
DPM/KSCF

687 
< 65

2 
T741
D7-1

2.09 
F

FEB ^
60287

uooo 
II

18517

(26411) 
Y

L

22775

1742

L

47560

2254

3416

12010 
B

35646

L

688A 688B 
65 65

2 2 
T741 T741 
D7-2 D7-2

2.22 2.22
F F

FEB 5 FEB 5 
'58558 58558

.503 .497 
I I

314 
8

19612

1424

35821

33493

2158

(13791) 
C

34388

6797

703 
76

15 
T748 
D7-1

1.91
F

FEB26 
15392

1.000 
11

5969

(6649)
, Y

L

5864

631

L

12094

942

1874

2901 
B

11780

6597

704A
, 76

15 
T748 
D7-2

1.91 
F

FEB27 
15445

.515 
I I

,

578 
B

5378

569

. (9932)
Y

8235

805

;

±1423 
F

11894

2135

704B 698 
.76 .79

15 8 
T748 T746 

' D7-2 P7-2

1.91 1.64 
F F

FEB27 'FEB14 
15445 15975

.485 1.000

7012

7561

L

4299

659

L

12439

1067

410

±1159 
F

14451

6024

. 693 
88

7 
T745 
D7-1

1.94 . 
F

FEB14 
19329

1.000
II

6804

' (6856) 
Y •

L

6289
B

943

L

15567

1423

342

± 1649

18660

8041

694A 
88

7 
T745 
D7-2

2.03
F

FE614 
18817 •

.448 
II

967
A

6905

.997

12975

13635

1407

(2782) 
D

18803

3684

694B 
88

7 
T745 
D7-2

2.03
F

FEB14 
18817

.552
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Table 4a (cont'd.)

SAN ANGELO. TEXAS (31°N) MAR 1963

HASL A-
ALT(KFT)

FLT DAY
FLT NO
UNIT

VOLU'IE
(KSCF)

GR GAMMA 
CPM/KSCF

FRACTION
ANAL LAB

MN- 54*
DPM/KSCF

FE- 55*
DPM/KSCF

Y- 88*
DPM/KSCF

SR- 89
DPM/KSCF

SR- 90
DPM/KSCF

Y- 91
DPM/KSCF

ZR- 95
DPM/KSCF

SB-124*
DPM/KSCF

SB-125
DPM/KSCF

CS-137
DPM/KSCF

BA-140
DPM/KSCF

CE-141
DPM/KSCF

CE-144
DPM/KSCF

708 709
66 66

1 1
T753 T753
D7-1 D7-2

2*06 2*07
F F

MAR14 MAR14 
66990 65700

1.000 1.000
II

16667

19179

734
A

31159

1565

45266

( 53140)
Y

7826

3329

2362

5942

+ 918
F

43285

716 . 717
80 80

7 7
T756 T756
D7-1 D7-2

1.81 1.65
F F

MAR13 . MAR14 
30662 34303

1.000 1.000
II

23094

15580

2917

13757

1459

20994

(21878)
Y

107
A

1448

1961

359

(3912)
C

29448

737 738
88 88

31 , 31
T765 . T765
D7-1 , D7-2

1.83 . 1.56
F F

APR 4 APR 5 
12568 12756

1.000 1.000
II

4135

4673

487
A

(604)
CX

808

5333

8077

(196)
C

833

987

335
B

±622
F

12436

732 733
(103» a (103)5

27 27
T764 T764
D7-1 D7-2 .

<.7o£ (*60)£
E E

V
APR 3 APR 4 
(5671) (5983)

1.000 1*000
11

(1571) (1487)
A

(1427}
A

(±433)
F

(2500) (2667)
A -

(321) (342)

( 4317)

L

(378)
B

(435)
A

(414) (440)

(298)
A

(±367)
F

(5571) (6083)

728 729
120 120

20 20
T758 T758

D14-l£ D14-2-

• 29 (*29)^
F ; E

MAR28 MAR29 
9034 (4379)

1.000 1.000
II

3724
B

1917
B

±1103
F

3266

'(315)
X

5621

(6966)
•Y

1528
A

448
B

(955)
X

714
B

(2166)
C

7931 .

a 60% of total volume collected at 103 kilofeet, 40% between .93-108 kllofeet; sample doors remained open during
during descent to surface. 

b Volume estimated from flovmeter data. 
jc Special sampling unit; see text. 
A Flowmeter data lost, volume estimated from blower speed and flowmeter data for D14-1 unit.
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Table 4a (cont'd,)

SAN ANGELO, TEXAS (31°N) APR 1963

HASL A- 
ALT(KFT)

• FIT DAY 
FIT NO ,
UNIT

VOLUME 
(KSGF)

GR GAMMA 
CPM/K5CF

FRACTION 
ANAL LAB

MM- 54* 
DPM/KSCF

FE- 55*
DPM/KSCF

Y- 88* 
DPM/KSCF

SR- 89 
DPM/KSCF

SR- 90 
DPM/KSCF

Y~ 91
DPM/KSCF

. ZR- 95
DPM/KSCF

SB-124-* 
DPM/KSCF

SB-125 
DPM/KSCF

CS-137 
DPM/KSCF

BA-140 
DPM/KSCF

CE-141
DPM/KSCF

CE-144 
DPM/KSCF

750 
65

8 
T768 
D7-1

2.06 
F

APR12 
52912

1.000 
II

l'6777

18932

607 
A

-17524

1777

33058

29320

7621

2383

2451

961 
. A

(18155)
c .

36019 .

751 
65

8 
T768 
D7-2

2.01
F

APR12 
53731

1.000 
II

14100

21000

±4100 
F

(±3500) 
FX

1910

76600

' (42600) 
Y

±2000 . 
F

(2640) 
C

(2710) 
Y

45500

. 756 757 
80 80

13 13 . 
T771 T771 
D7-1 D7-2

1.39 1.42 
F F

APR 1.8 APR19 
13812 13028

1.000 1*000 
II

9209

10288

1561

2518

806

7842

9784

,1050 
A

727 ..

1223

512' B

(1158)
C

14892

767 . 768 - 
, ;90 ~ 90 £ '

29 29 
T774 ' T774 
D7-1 D7-2

l'.57 1.38 
F F

MAY 9 MAY10 
5528 6978

1.000 ,1.000 
U

3600 
«

2536

645 ' 

A

1720 
A

739

4362

3978

620 '
b
447 
A

1051

(139) 
C

±1159
F

10942

748 - 749
102 102

8 8 
T767 T767 
D7-1 D7-2

.86
F

• APR18 
3767

1.000 
I I

±337 
F

399

'±233 
F

1260

129

1965

2198

235
B

177
B

171

58
B

(533)
C

2686

a. Blower inoperative, sample invalid, 
b Altitude ranged from 86-90 kilofeet.
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Table 4a (cont'd,)

SAW ANOELCK TEXAS m°H) MAY 1963

HASL A- 
ALTtKFTJ

FLT OAY 
FLT NO 
UNIT

VOLUME 
<KSCF)

GR GAMMA 
CPM/KSCF

FRACTION 
ANAL LAB

MN- 54* 
DPM/KSCF

FE- 55* 
DPM/KSCF

Y- 88* 
DPM/KSCF

SR- 89 
DPM/KSCF

SR- 90 
DPM/KSCF

Y- 91 
DPM/KSCF

ZR- 95 
DPM/KSCF

SB-124* 
DPM/KSCF

SB-125'^ 
DPM/KSCF

CS-137 , 
DPM/KSCF,

BA-140 
DPM/KSCF

CE-141 
DPM/K,SCF

CE-144 
DPM/KSCF

PM-147 
DPM/KSCF

771 772A 
65' 65

7 7 
T778 T778 
D7-1 D7-2

2.00 1.87 
F F

MAY15 MAY15 
42900 43957

1.000 .479 
11

14178

(22886) 
Y

±770 
FG

12057

2065

25566

(26905)
Y

10762 
A

2557

2992

601 
A

(7513) 
C

40861

8060

772B 
65

7 
T778 
D7-2

1.87 
F

MAY15

.521 
11

14966

10983

±616 
FG

12214
A

1735

26276

(38901

13241 
B

2361

3172

44033

7554

777 778 
80 80

11 11 
T780 T780 
D7-1 D7-2

1.59 1.54 
F F

MAY24 MAY25 
15408 15649

1.000 1.000 
II

9416

7336

1643
A

4292

961

8182

(8052) 
Y

6240

1 
955

1584

126 
B

22532

12987

1422

784 785 
69 89

27 27 
T786 T786 
07-1 D7-2

1.42 1.55
F F

JUN 3 JUN 4 
4190 3993

1.000 1.000 
II

2471

3039

±103
FG

(±57)
FX

735

2123

(2155)
Y

±123 
F

±71
F

L

115
B

(4871) 
BY

(7419) 
Y

1665

779 760 
106 * 106

14 i<i 
T78i T781 
07-1 07-2

•79 .72

MAY23 MAY24 
2139 1950

1.000 1.000it II
547
e

539 
B

±917
F

619 528

148' 139

1367 1261

1456 997

±264 
F

785

243
L

229 
B

±528
F

2595 2528

(4903) 
Y

a Altitude ranged from 102 to 106 kilofeet.
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Table 4a (cont'd.)

SAN ANGELO. TEXAS (31^0 / JUN 1963

HASL A- 
ALT(KFT)

FLT DAY 
FLT NO 
UNIT

VOLUME 
(KSCF)

GR GAMMA 
CPM/KSCF

FRACTION
ANAL LAB

MN- 54* 
DPM/KSCF

FE- 55* 
DPM/KSCF

Y- 88* 
OPM/KSCF

SR- 89 
DPM/KSCF

SR- 90 
DPM/KSCF

Y- 91
DPM/KSCF

ZR- 95 
DPM/KSCF

SB-124* 
OPM/KSCF

SB-125 
DPM/KSCF

CS-137 
DPM/KSCF

CE-144 
DPM/KSCF

788 - 789 
62 62

6 6 
T791 T791 
D7-1 D7-2

1.15 1.42
F F

JUN14 JUN14 
26782 27816

1.000 1*000 
II

11130

10000

±191 
F

7278

1557

16000'

23391

10000 
A

1661

2487

(33913) 
Y

786 787 790 
80 80 91

4 4 11 
T790 T790 T792 
D7-1 D7-2 D7-1

1.53 1*52 1*59
F F F

JUN 7 JUN 7 JUN19 
10784 10460 2666

1*000 1*000 1.000 
11

6447

7105

1408 
A

2487 
A

836

6151

(1132) 
XY

(4441) 
C

704 
A

( 1026) 
Y

14474

791 
91

11 
T792 
D7-2

1.72 
F

JUN20 
2540

1.000 
I I

1872

1872

(±640) 
FGY

(327) 
CX

469

(1965) 
Y

1541

(115)
C

206
A

843

6512

801 
106

27 
T796 
D7-1

:- .67 
F

JUL 2 
1970

1.000 
II .

: 352
B

642 l
A

1173
A

515
A

175

1110

(1582) 
AY

±448
F .

236
B

304

329.9

802
1 106

27
T-796 
07 -2

.60 
F

JUL 2 
2260

1.000 
II

•- ±588
: • " F.

• 85 1
B

± 1912
F

-' "771 

B

193

1485

1721 
A

287

3750
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Table 4a (cont'd.)

SAN ANGEtO. TKKAS (31°N) JUL 1963

HASL A- 
ALT(KFT)

FLT DAY 
FLT NO 
UNIT

VOLUME 
(KSCF)

GR GAMMA 
CPM/KSCF

FRACTION 
ANAL LAB

MN- 54* 
DPM/KSCF

FE- 55* 
DPM/KSCF

Y- 88* 
DPM/KSCF

SR- 89 
DPM/KSCF

SR- 90 
DPM/KSCF

Y- 91 
DPM/KSCF

ZR- 95 
DPM/KSCF

RH-102* 
DPM/KSCF

SB-124* 
DPM/KSCF

SB-125 
DPM/KSCF

CS-137 
DPM/KSCF

CE-144 
DPM/KSCF

813 814 
65 65

8 8 
T800 T800 
D7-1 D7-2

1.65 2.05 
F F

JUL12 JUL12 
28484 26975

1*000 1.000 
I!

12848

'11939

1103

(2315) 
BX

1970

13636

27273

90
A

21394 
B

2236

3545

41697

809 810 
80 80

1 1 
T797 T797 
D7-1 D7-2

1.79 1,64 
F F

JUL 8 JUL 9 
13966 .14024

1.000 1.000 
II

9274

(6257) 
Y

1670

(1302)
cx

1251

7486

11397

194
A

12961 
B

1263

1816

22514

811 
91

2
T798 
'D7-1

1.29 
F

JUL 8 
3364

1.000 
II

3798

3442

±698 
FG

984

642

1814

2264

± 171 
F

±302 
F

416 
A

961

9845

812 828 
91 104

2 20 
T798 T805 
D7-2 D7-1

1.34 .87 
F F ,

JUL 8 AUG 6 
3216 1643

1.000 1.000 
II

3300 4437

(4218) 
Y

±644 ' F

761 347 
A B

567 295

1195

1437

±241 
F

(516) 
C

360

• «*•

8130 4609

829 
104

20 
T805 
D7-2

1.16 
F

AUG 7 
1586

1.000

1140

538 
A

'231

3660
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Table 4a (cont'd.)

SAN ANGELO. TEXAS (31°N) AUG 1963

HAS-L A- 
ALT(KFT)

FLT DAY 
PUT NO
UNIT

VOLUME 
(KSCF)

OR GAMMA
CN/KSCF
FRACTION 
ANAL LAfe

MN- 54* 
DPM/KSCF

FE- 55*
DPM/KSCF

V- 88*
DPM/KSCF

SR- 89 
DPM/KSCF

SR- 90 
DPM/KSCF

Y- 91 
DPM/KSCF

ZR- 95 
DPM/KSCF

SB-124* 
DPM/KSCF

SB-125 
DPM/KSCF

CS-137 
DPM/KSCF

CE-144 
DPM/KSCF

PM-147 
DPM/KSCF

839 
66

7 
T811
D7-1

2.16 
T

AUG19 
20879

i*ooo 
II

15000

25000

±2600 
F

(±830)
m

(2760) 
Y

20600

(16000) 
Y

17900 
A

2940 
B

2550

37600

8750

840 
66

7 
T811 
D7-2

2.13
F

AUG20 
20704

1.000 
II

12864

7981

878 
P

4883

1883.

9577

16103

19624 
B

2108

3085

37324

6761

837 838 
80 80

6 » 6 
T810 T810 
D7-1 D7-2

1.67 1.77 
F F

AUG19 AUG20 
11077 10508

1.000 1.000 
II

7966

8757

(±1469)
FGY

2672

966

(2797) 
Y

5164

18927

960

1785

16328

2192

835 836 
90 90

, 1 1 
• T809 T809 

D7-1 D7-2

1.72 1.53 
F F

AUG19 AUG20 
2127 2444

1.000 f.OOO 
I I

3856

3732 ,

±784 
FG

463 
A

560

,908

1529

( 285) 
C

336
A

(869) 
Y

( 8170) 
Y

1569

857 858 
103 103

21 21 
T817 T817 
D7-1 D7-2

.91 .93 
F F

SEP10 SEP10 
1340 1365

1.000 1.000 
II

1770 3172 
A

.(2419) 
Y

±763 
F

587 
A

320 30 f

739 
A

L

(13656) 
C

4355

L

3750 4817

(786) 
Y
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Table 4a (cont'd.)

SAN ANGELO, TEXAS (31°N) SEP 1963

HASL A- 
ALT(KFT)

FLT DAY 
FLT NO
UNIT

VOLUME 
(KSCF)

GR GAMMA 
CPM/KSCF

FRACTION 
ANAL LAB

MN- 54* 
DPM/KSCF

FE- 55* 
DPM/KSCF

Y- 86* 
DPM/KSCF

SR- 89 
DPM/KSCF

SR- 90 
DPM/KSCF

Y- 91 
DPM/KSCF

ZR- 95 
DPM/KSCF

SB-124* 
DPM/KSCF

SB-125 
DPM/KSCF

CS-137 
DPM/KSCF

CE-144 
DPM/KSCF

866 867 
66' 66

9 9 
T823 T823 
D7-1 D7-2

T T

SEP14 SEP14 
(22700) .(24600)

1.000 1.000
II

(14118)

(19679)

(1979)

(4364)
A

(1936)

(13529)

( 14225)

(35615) 
A

(2380)

(3203)

(45561)

863 864 
82 &2

5 5 
T822 T822 
D7-1 D7-2

1*50 1.41 
F T

SEP10 SEP11 
14500 15800

1.000 1.000 
11

(12837)
Y

(14610) 
Y

2099

(1830)
AY

(965)
Y

10638

7660

30709 
B

2092

2929

(29574)
Y

860 861 
91 91

4 4 
T821 T821
D7-1 D7-2

1.49 1.47 
F F

SEP10 SEP11 
3830 3740

1.000 1.000
11

7520 (4925) 
AY

4912 .

1510

(381)
BY

778 (627)
Y

2218
A

1694

(12313)c •

4374

1279

9130 11224

868 869 
105 a 105 J

11 11 
T825 T825 
D7-1 D7-2

*81 .78
F F

SEP24 SEP25 
1710 1590

1.000 1.000 
II

1346 
B

.1769

+ 859
F

322
B

396 '

1172

(1282) 
Y

±1141 
F

236
B

651

5346

a Altitude ranged from 102 to 105 kilofeet. 
t» Flowmeter data appeared Inconsistent; volumes computed from telemetry of blower speeds disagreed 

with flowmeter data by more than 15%,
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Table 4a (cont'd,)

SAN ANGELO. TEXAS (31CN) OCT 1963

HASL A- 
ALT(KFT)

FLT DAY 
FLT NO
UNIT

VOLUME! 
(KSCF)

GR GAMMA 
CPM/KSCF

FRACTION
ANAL LAB
MN- 54* 

DPM/KSCF

FE- 55* 
DPM/KSCF

Y - 88* 
DPM/KSCF

SR- 89 
DPM/KSCF

SR- 90 
DPM/KSCF

Y - 91 
DPM/KSCF

ZR- 95 
DPM/KSCF

RH-102* 
DPM/KSCF

SB-124* 
DPM/KSCF

SB-125 
DPM/KSCF

CS-137 
DPM/KSCF

CE-144 
DPM/KSCF

9L5 
67

15 
T834 
D7-1

1.91 
F

OCT24 
14136

1.000 
11

14346

17749

1314
A

2225
, At

1649 '

5759

8429

148
A

42932

2644
A

2696

31675

906 882 
67 81

15 1 
T834 T828 
D7-2 D7-1

1.99 1.77 
F F

OCT25 OCT 9 
14422 ,9887

1*000 1.000 
II

7797

10904

(±4689) 
GFY

2051 
A

1237

(2910) 
Y

6328

129 
A

31977

1610 
A

1797

(20678) 
Y

883 902 903
81 91 91

1 14 14 
T828 T833 T833 
D7-2 D7-1 D7-2

1.83 1.48 1.49 
F ( F F

i OCT10 OCt24 OCT25 
9890 2101 2120

i.ooo 1*000 a.ooo 
II

3764

4872

±811 
GF

(±57) 
' F XY 

i 
(484) 

Y

650

912

±108 
F

(1257)C '

484 
A

750

7500

690 
103

8
T829 
D7-1

.90
F

OCT16 
880

1*000
, II

1200 
A

1144

±1667
F

166
B

232

431

. *72

±156
F

±1333 
F

238
A

332

2844

891 
103

8 
T829 
D7-2

• 62 
F

OCT17 
862

1*000
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Table 4a
SAN ANGELO,

HASL A- 
ALT(KFT)

FLT DAY 
FLT NO 
UNIT

VOLUME 
(KSCF)

GR GAMMA 
CPM/KSCF

FRACTION 
ANAL LAB

MN- 54* 
DPM/KSCF

FE- 55* 
DPM/KSCF

Y - 88* 
DPM/KSCF

SR- 89 
DPM/KSCF

SR- 90 
DPM/KSCF

Y - 91 
DPM/KSCF

ZR- 95 
DPM/KSCF

SB-124* 
DPM/KSCF

SB-125 
DPM/KSCF

CS-137 
DPM/KSCF

CE-144 
DPM/KSCF

PM-147 
DPM/KSCF

(cont'd.)
TEXAS (3l°Ny NOV 1963

965 966
65 65 '

12 12 
T843 T843 
D7-1 D7-2

2.51 2.69 
F F

NOV19 NOV20 
9442 8921

1.000 1.000 
II

11474

14143 !

(± 797) 
GFY

L

L

(2482)
Y

L

25139 
B

2056 
A

2339

25139

5339

956 957 
83 83

5 5 
T838 T838 
D7-1 D7-2

1.38 1.44 
F F

NOV13 NOV14 
3746 3715

1.000 1.000 
II

5616

5254

±2174 
GP

(199) 
AX

721

; 935

(1659)
Y

9565 
B

942

1065

10580

2326

958 959 
9b 90

6 6 
T839 T639 
D7-1 - D7-2

1.82 1.69 
F F

NOV13 NOV14 
1269 1289

1*000 1*000
II,

1247 
A

1088

±934
F

229
A

304

408

(681) 
Y

± 604
F

324 
A

444

4462

775

969_ 970 a 
101^ 101-^

20 20 
T845 T845 
D7-1 D7-2

1.31 1.09 
F F

NOV27 NOV27 
743 838

1.000 1.000 
II

954
A

1328

±1221 
F

66
B

218 
A

217

258

±992 
F

215 
A

315

2771

707

980 981 
104 104

29 29 
T850 T850 
07*1 D7-2

(1*10)^ C.89J-
F F

DEC11 DEC12 
(^74) (610)

1*000 1.000
II

(552)
A

(545) 
C

(±1685)
F

(52)
B

(99)

' (188)

(307)

(±1910) 
F

(190) 
B

(218)

( 1854)

(433)

Altitude ranged from 95 to 105 kilofeet. 
b Blowers in operation for 57 minutes after sampler doors were closed.

- 70 -

I 
I 
I 
I 
I 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i



i 
i 
i 
i 
i 
i 
i
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i

Table 4a (cont'd.)

SAN ANGELO. TEXAS (31°N) DEC 1963 .

HASL A- 
ALT(KFT)

FLT DAY 
FLT NO
UNIT

VOLUME 
(KSCF)

GR GAMMA 
CPM/KSCF

FRACTION 
ANAL LAB

MM- 54* 
DPM/KSCF

FE- 55* 
DPM/KSCF

Y - 88* 
DPM/KSCF

SR- 89 
DPM/KSCF

SR- 90 
DPM/KSCF

Y - 91 
DPM/KSCF

2R— 95 
DPM/KSCF

SB-124* 
DPM/KSCF

SB-125 
DPM/KSCF

CS-137 
DPM/KSCF

CE-144 
DPM/KSCF

1002
65

26
T659 
D7-1

2.49
F

JAN 2 
5381

l.OflO 
11

9478

11486

±964 
F

478 
A

1201 .

1596

2494

(20643) 
C

1586

1703

18635

1003 992 
65 82

26 3 
T859 T852 
D7-2 D7-1

2*56 1.45 
F F

JAN 3 DEC11 
5507 2331

1.000 1,000 
II

10703 6441

5379

± 2621 
F

668 194 
A B

1172 612

800

1103

(6110) 
C

609

959

14609 7724

993 994 995
82 •• 89 &, 89 **

355 
T852 T654 ' T854 
'D7-2 D7-1 07-2

1.46 ( 1.34) -^ (1*35)^ 
F T T

DEC12 DEC20 DEC19 
2636 (628) (896)

1.000 1.000 1.000 
II

( 940)

(1179)

(±2537) 
' F .

( 129)
8

(258)

( 373)

( 594)

(±1194) 
F

( 181) 
A

(Ul6)

(3881)

1000 
103

23 
T858 
D7-1

.71 
F

JAN 2 
352

1.000 
II

± 1211 
F

414

±2958 , 
F

(±52) 
FY

(77) 
AY

84

112
A*

i 3805
F

±120
F

126

1262

1001 
103

23
T858 
D7-2

.59
F

JAN 3 
472

1.000

a. Altitude ranged from 86 to 90 kilofeet.
]> Flowmeter unite inoperative; blower speeds above normal at beginning of sampling period 

and unsteady thereafter; volumes estimated from telemetered blower speeds.
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Table 4a (cont'd.)

JAN 1?64

HASL A- 
ALT(KFT)

FLT DAY 
FLT NO 
UNIT

VOLUME 
(KSCF)

GR GAMhA 
CPM/KSCF

FRACTION 
ANAL LAB

MN- 54* 
DPM/KSCF

FE- 55* 
DPM/KSCF

Y •* 88* 
DPM/KSCF

SR- 89 
DPM/KSCF

SR- 90 
DPM/KSCF

Y - 91 
DPM/KSCF

ZR- 95 
DPM/KSCF

SB-124* 
DPM/KSCF

SB-125 
DPM/KSCF

CS-137 
DPM/KSCF

CE-144 
DPM/KSCF

1017 
64

7 
T866 
D7-1

2.10 
F

JAN21 
3280 ,

1.000 
II

6524

8143

±1286 
F

271
A

•805

846

1519

(15381)

1086

1190

11610

1018 1013 -. M014 
64 80 80

-7 5 5 
T666 T865 T865 
D7-2 D7-1 D7-2

2*04 1.86 1.48 
F F T

JAN22 JAN15 JAN16 
3.745 1311 1486

1.000 1.000 1.000 
II

3360

4065

±1183 
F

170 
A

486

273

345

(1446)
C

413

688

5753

1019 1020 
92 92

10 10 
T868 T868 
D7-1 , D7-2

1.22 1.42 
F F

JAN21 JAN22 
618 628

1.000 1*000 
II

1221 
A

1164 
A

± 1230 
F

(27) 
C

154

152
A

242

±1721 
F

79 
B

319

2705

1025 
104

16 
T870 
D7-1

.95 'F

JAN28 
332

1.000 
II

649
A

932
A

± 1579 
F -

± 7
-f

90

76

87
A

±1895 
F

131
B

172

1368

1026
.- 104

16 
T870 
D7-2

.96
F

o
JAN29 

327

1.000
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Table 4a (cont'd.)

SAN ANGELO. TEXAS (31°N) FEB 1964

HASL A- 
ALT(KFT)

FLT DAY 
FLT NO 
UNIT

VOLUME . 
( KSCF )

OR GAMMA 
CPM/KSCF

FRACTION
ANAL LAB

MN- 54* 
DPM/KSCF

FE- 55* 
DPM/KSCF

Y - 86*
DPM/KSCF

SR- 89 
DPM/KSCF

SR- 90
DPM/KSCF

Y - 91 
DPM/KSCF

ZR- 95 
DPM/KSCF

SB-124* 
DPM/KSCF

SB-125 
DPM/KSCF

CS-137 
DPM/KSCF

CE-144 
DPM/KSCF

PM-147
DPM/KSCF

1052 1053 
65 65

14 14 
T880 T880 
D7-1 D7-2

2.27 2.33
F F

FEB25 FEB26 
3207 * 3442

1.000 1.000
11

7974

10529

(±2555) 
FY

279
A

• 912

(81-1)
Y

551

2^449 
B

1449

(1529) 
Y

12996

3286

,1044* 

78

6 
T874 
D7-1

1.92
T

FEB13 
760

1.000 
II

2047

2188

±2240
F

37
B

289

146 ' A

153

± 2604 
F

154 .

L

3276

865

1045 1054 
78 89

6 16 
T874 T881 
D7-2 D7,-l

1.83 1.77 
F F

FEB14 FEB25 
748 351

1.000 1.000 
II

319 
A

421
A

±904
F

23
B

105

65

81

2774
B

167

1486 •

531

1055 1049 
89 104

16 11 
T881 T879 
D7-2 D7-1

1.72 .84 
F F

FEB26 FEB18 
366 173 

A 
1.000 1*000 

11

262
B

±115 
F

±3214 
F

±19 
F

54

40

43 
B

± 4524 
F

±73 
F

74

651

226

1050 
104

11 
TB79 
D7-2

.88
F

FEB19 
181

1.000
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Table 4a (cont'd.)

SAN ANGELO, TEXAS (31QN) MAR 1964

HASL A- , 
ALT(KFT)

FLT DAY 
FIT NO 
UNIT

VOLUME 
(KSCF)

GR GAMMA 
CPM/KSCF

FRACTION 
ANAL LAB

MN- 54* 
DPM/KSCF

FE- 55* 
OPM/KSCF

Y - 88* 
DPM/KSCF :

SR- 89 
DPM/KSCF

SR- 90 
DPM/KSCF

Y - 91 
DPM/KSCF

ZR- 95 
DPM/KSCF

SB-124* 
DPM/KSCF

SB-125 
DPM/KSCF

CS-137 
DPM/KSCF

CE-144 
DPM/KSCF

1094
64

11 
T886

. D7-1

2*23
F

MAR18 
2757

1.000 
11

6S/06

9910

:±1749
F

(±21-) 
FX

1108

537

493

11166 
A

1152 
8

1664

11794

1095 
64

11 
T886 

. D7-2

2.20 
F

MAR20 
2581

1.000 
II

7818

10545

868

1414

11318

* 1103 1104 
81 '81

26 26
T894 . T894 
D7-1 D7-2

1.80 1.84 
F F

APR 8 APR 9 
520 506

1.000 1.000
II .

1261

1883

(± 3111) 
FY

(±4) 
FX

245

(79) 
AY

89 
A

±1111 
F

162

341

2544

1092 
93

10 
. T885 
D7-1

1.40
F

MAR18 
284

1.000
11

556
A

857

±1929 
F

± 7
F

101

36 
A

41 
A

163

1393

1093 1097 
93 106

10 17 
T885 T890 
D7-2 D7-1

1.28 .90 
F F

MAR19 MAR24 
322 166

A 
1.000 1.000 

II

± 456 
F

206
B

58

89 .

"L

1098 
106

17
T^90 
D7-2

.89
F

MAR25 
194

1.000
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Table 4a (cont'd.)

SAN ANGELO. TEXAS (31°tft APR 1964

HASL A- 
ALT(KFT)

FLT DAY 
FLT NO 
UNIT

VOLUME 
(KSCF)

GR GAMMA 
CPM/KSCF

FRACTION 
ANAL LAB

MN- 54* 
DPM/K5CF

FE- 55* 
DPM/KSCF

Y - 88* 
DPM/KSCF

SR- 89 
DPM/KSCF

SR- 90 
DPM/KSCF

Y - 91 
DPM/KSCF

ZR- 95 
DPM/KSCF

SB-124* 
DPM/KSCF

' SB-125 
DPM/KSCF

CS-137 
DPM/KSCF

CE-144 
DPM/KSCF

;iil2
67 *

6 
T895 
D7-1

1.94 
F

APR14 
2773

1.000 
II

(5773) 
Y

6804

±5670 
: F

±46 
F

928

794.

(515) 
Y

13144 
A

(1232) 
C

1634

11753

1113 1118 1119 
67 80 80

6 13 13 
T895 T898 T898 
D7-2 D7-1 D7-2

1*99 1.57 U56 
F F F

APR15 APR21 APR22 
2638 319 327

1.000 1.000 1.000 
II

618
- A

790

±2675 
F

(±3) 
FX

143

38

45
A

± 2420 
F

94
A

204

1299

1116 1117 
90 90

10 10 
T897 T897 
07-1 D7-2

(.1.48) Ax 1.46 
E F

APR21 APR21 
(203) 216

1.000 1.000 
II

368
A

420 
A

± 4730 
F

± 16 
F

76

27 
A

30
A

118

905

1127 
108

27 
T902 
D7-1

.71 
F

MAY 5 
180 

A 
1.000 

II

±,592 
F

325
B

73

112

824

1128 
108

27 
T902 
D7-2

.71 
F

MAY 6 
176

1.000

Flowmeter and telemetry data lost; volume estimated from D7-2 unit.
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Table 4a (cont'd.)

SAN ANGELO.

ALT(KFT)

FLT DAY 
FLT NO 
UNIT

VOLUME 
(KSCE)

GR GAMMA 
CPM/KSCF

SAN ANGELO,

ALT(KFT)

FLT DAY
FLT NO 
UNIT

VOLUME 
OKSCF)

GR GAMMA 
CPM/KSCF

SAN ANGELO,

ALT(KFT)

FLT DAY 
FLT NO 
UNIT

VOLUME 
(KSCF)

GR GAMMA 
CPM/KSCF

SAN ANGELO.

ALT(KFT)

FLT DAY 
FLT NO 
UNIT

VOLUME 
(KSCF)

GR GAMMA 
CPM/KSCF

TEXAS (31°N)

80

12 
T904 
D7-1

1.84 
F

MAY19 
449

TEXAS (31°N)

65

15 
T919 
D7-1

2.59 
F

JUN23 
1370

TEXAS (31°N)

65

9 
T931 
D7-1

2.23 
F

JUL14 
1286

TEXAS <31°N}

81

6 
T943 
D7-1

1.70
F

AUG18
745

MAY

80

12 
T904 
D7-2

1.79
F

MAY20 
452

JUN

65

15 
T919 
D7-2

2.46
F

JUN24 
1450

JUL

65

9 
T931
D7-2

2.28
F

JUL15 
1231

AUG

81

6 
T943
D7-2

1.63
F

AUG19 
758

1964

90

14 
T906 
D7-1

1.86
F

MAY20 
219

1964

79

3
T914 
D7-1

1.78
F

JUN 9 
1000

1964

80

6 
T928 
D7-1

1.84
F

JUL14 
886

1964

90

28 
T952 
D7-1

1.41
F

SEP 9 
424

90

14 
T906 
D7-2

1.83 
F

MAY21 
222

79

3 
T914 
D7-2

1.63 
E

JUN10 
1070

,80

6 
T928 
D7-2

1.68
F

JUL15 
902

90

28 
T952 
D7-2

1.75 
F

SEP10
372

106

21 
T911 
D7-1

0.78
F

MAY 26 
159 
A

89

4 
T916 
D7-1

1.65 
F

JUN 9 
272

91

13 
T932 
D7-1

1.47 
F

JUL22 
305

106

19 
T947 
D7-1

0.69
F

AUG25 
187 
A

106

21 
T911
D7-2

0.75 
F

MAY27 
163

89

4 
T916
D7-2

1.66 
F

JUN10 
290

91

13
T932 
D7-2

1.48 
F

JUL23 
323

106

19 
T947 
D7-2

0.70
F

AUG26 
160 
A

103

27 
T925 
D7-1

0.75
F

JUL 7 
175 
A

104

20 
T936 
D7-1

0.85
; F

JUL29 
156 
A

103

27 
T925 
D7-2

0.76
F

JUL 8 
184 
A

104 102

20 27 
T936 T940 
D7-2 AE-1

0.82 0.54
F F

JUL30 SEP 3 
143 109 
A

102

27 
T940
AE-2

0.52 
F

SEP 1 
115
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Table 4b

MILPURA. AUSTRALIA (34°S) JAN 1963

HASL A- 
ALKKFT »

FLT DAY 
FLT NO 
UNIT

VOLUME 
t KSCF)

GR GAMMA 
CPM/KSCF

FRACTION
ANAL 'LAB

MN- 54*
DPM/KSCF

FE- 55* 
DPM/KSCF

5R- 89 
DPM/KSCF

SR- 90 
DPM/KSCF

ZR- 95
DPM/KSCF

CS-137
DPM/KSCF

BA-140 
DPM/KSCF

CE-141 
DPM/KSCF

CE-144 
DPM/KSCF

685 
63

30 
• A 17 5 

D7-1

3.40 
F

FEB 5 
908

1 .000
n

±126
F

179 
A

248
A

134

626

205

+ 174 
F

(121) 
X

686 .660 .681 670 
63 78 78 89

30 24 • 24 17 
• A125 A124 A124 A122 

D7-2 D7-1 D7-2 D7-1

3.27 2.06 2*24 1,41 
F F .F F

. FEB 6 FE& 4 FEB 5 JAN21 
938 800 736 460

1.000 1.000* 1.000 1.000 
I I

229

184
A

271
A

91

597

144

±74
F "

942

671 
69

17 
A122 
D7-2

1.57
F

JAN22 
461

l.OOC
1 1

213 
A

( 141 )
AW

1.32

45

371

90

±89 
F

453
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Table 4b (cont'd.)

MXDURA. AUSTRALIA (34°S) FEB 1963

HASL A- 
ALT(KFT)

FLT DAY 
FLT NO
UNIT

VOLUME 
(KSCF)

6R GAMMA 
CPM/KSCF

FRACTION 
ANAL LAB

MN- 54* 
DPM/KSCF

Y- 88* 
DPM/KSCF

SR- 89 
DPM/KSCF

SR- 90 
DPM/KSCF

Y- 91 
DPM/KSCF

ZR- 95 
DPM/KSCF

CS-137 
DPM/KSCF

CE-141 
DPM/KSCF

CE-144 
DPM/KSCF

PM-147 
DPM/KSCF

699 700 
62 ' 62

12 12 
A128 A128 
D7-1 D7-2

3,48 2*87 
F F

FEB15 FEB15 
1135 1188

1.000 1.000 
II

(±101). 
FY

417

126

(730) 
Y

822

187

±138 
F

1566

(537) 
Y

853^ 691 
78 79

-15* 5
A126 
D7-1

6.91- 2.19 
F

FEB 8 
799

1.000 1.000

164 
A

(237) 
C

81

106

734

692 
79

5 
A126 
D7-2

2.08
F

FEB 8 
793

1.000 
I I

±77 
F

284
A

94

481

625

126

±82 
F

962

400

695 696 
«8 88

7 7 
A127 A127 
D7-1 D7-2

1.46 1.30 
F F

FEB14 FEB15 
324 335

1.000 1.000 
II

± 162 
F

98

45

199

206

74

±45 
F

365

46
A

701
105

14 
A129 
D7-1

*59 
F

FEB20 
3542

1.000 
II

±220 
F

1534

225

2424 
A

3169

283

±288 
F

4288

1419

702 
105

14 
A129 
D7-2

.75
F

FEB21 
4213

1.000

a Samples 681 from January 1963, 691 from February 1963, and 720 from March 1963 combined for analyses; 
results for fission products corrected to February 15, 1963; volume is the sum of volumes for the 
individual samples.
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Table 4b (cont'd.)

MILDDRA. AUSTRALIA (34°S) MAR 1963

HASL A- 724 
ALT(KFT) 67

FLT DAY 21 
FLT NO A133 
UNIT D7-1

VOLUME 2*49 
(KSCF) F

GR GAMMA MAR27 
CPM/KSCF 417

FRACTION 1*000 
ANAL LAB

SR- 89
DPM/KSCF

SR- 90
DPM/KSCF

ZR- 95 
DPM/KSCF

CS-137 
DPM/KSCF

CE-141 
DPM/KSCF

CE-144 
DPM/KSCF

725 720
67 77

21 19 
A133 A132 
D7-2 D7-1

2.28 2.48 
F F

MAR28 MAR28 
429 580

1.000 1.000
1 1

110

76

CC5) 
Y

150

± 66
F

(65) 
X

721
77

19 
A132 
D7-2

2.31' 

F

MAR27 
571

1.000
11

123

(86) 
. X

(244) 
BY

(265) 
X

±35 ' 

F

792

712 - 
90

5 
A130 
D7-1

1.13 
F

MAR13 
675

1.000 
1 I

288

62

502

84 .

,±159 
F

947

713 718 
90 105

5 15 
A130 A131
D7-2 D7-1

1.39 .78 
F F

MAR20 MAR21 , 
582 '1384

1.000 1.000 
11

392

(131) 
X

r*

• 828

(471) 
X

±231 
F

1974

719 • 
105

c 15 
A131 
D7-2

.75
F

MAR20 
1360

1.000
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table 4fe (fccmt'd.)

MLDURA. AUSTRALIA O4°S) APR

46
77

1963

HASL A" 
ALTUFT)

747
77

FtT DAY 
FLT NO 
UNIT

VOLUME 
I KSCF )

GR GAMMA 
CPM/KSCF

FRACTION 
ANAL LAB

MN- 54« 
0PM/ KSCF

FE- 55*
OPM/KSCF

SR- 89 
DPM/KSCF

SR- 90 
DPM/KSCF

ZR- 95 
DPM/KSCF

CS-137 
OPM/KSCF

Ce-144 
OPM/KSCF

4
A135 
07-1

2*07 
F

APR 17 
367

1.000

• 4 
A135 
07«2

2.06 
F

APR 18
368 »

1*00011
, 129 

B

207
A

(±3) 
FX

76

L 

100

635

739
91

2
A134 
D7-1

1.29 
F

APR 10 
1155

1*000
II

037

1380

312

126

1202

152

1922

740
91

2
A134 
Q7-2

1*26 
F

APR 11 
1187

1*000

205 
B

454 
B

110

123

1602

760
104

23
A138 
07-1

*55
F

MAY 1 
1352

1*000

761
164

23
A138 
D7-2

.54 
F

MAY 2 
1237

1*000 '
II

* 463
F

. 1220 
A

(911 
CX

130

1374

178

2241
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Table 4b (cont'd.)

MILDURA. AUSTRALIA (34°S) MAY 1963

HASL A- 
ALT(KFT)

FLT DAY 
FLT NO 
UNIT

VOLUME 
(KSCF)

GR GAMMA 
CPM/KSCF

FRACTION 
ANAL LAB

MN- 54» 
OPM/KSCF

Y - 88* 
OPM/KSCF

SR- 89 
OPM/KSCF

SR- 90 
OPM/KSCF

Y - 91 
OPM/KSCF

ZR- 95 
DPM/KSCF

CS-137 
DPM/KSCF

CE-144 
OPM/KSCF

PM-147 
OPM/KSCF

769 
66

2
A139 
07-1

2.61 
F

MAY 9 
40.9

1.000 
11

±253
F

(±21) 
F *

114

205

226

202

870

195

770 * 775 776 
66 78 78

244 
A139 A140 A140 
D7-2 07-1 07-2

2.47 2.05 2.23 
F F F

MAY10 MAY15 MAY16 
421 590 591

1.000 1.000 1.000 
II

± 234 
-F

(± 24) 
FX

146

311

(590) 
Y

201

(1210) 
. Y

223

773 
104

8 
A141 
07-1'

.82 
F

MAY15 
1096

1.000 
11

±756
F

194 
A

135

599

(1015)
Y

L

1963

(207)
AY

774
104

8 
A141
07-2

.83 
F

MAY16 
1093

1*000

988 
A

127

2036
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Table 4b (cont'd.)

tttLDURA. AUSTRALIA (34°S) JUN 1963

HASL A- 
ALT(KFT)

FLT DAY 
FLT NO 
UNIT

VOLUME 
(KSCF)

GR GAMMA 
CPM/KSCF

FRACTION 
ANAL LAB

MN- 54* 
DPM/KSCF

FE- 55* 
DPM/KSCF

Y- 88* 
DPM/KSCF

SR- 89 
DPM/KSCF

SR- 90 
DPM/KSCF

Y- 91 
DPM/KSCF

ZR- 95 
DPM/KSCF

SB-124* 
DPM/KSCF

SB-125 
DPM/KSCF

CS-137 
DPM/KSCF

CE-144 
DPM/KSCF

799 
67

27 
A146 
D7-1

2*40 
F

JUL 1 
45X)

1.000 
II

692
A

950

±163 
F

128 
B

130

198

L" '

± 171 
F

103 
A

208

1392

800. ' 797 798 
67 77 77

27 24 24 
A146 A143 A143 
D7-2 D7-1 D7-2

2.30 2.17 2.18
F F F

JUL 1 JUN27 JUN28 
452 2884 2848

1.000 1.000 1.000 
II

2986

(3613) 
AY

227 
B

(±74)
FX

618 .

963

1682

±60 
F

,219 
A

903

8756

807 
86

26
A145. 

. 07-1

1.64 
F

JUL 2 
2884

1*000 
II

(1902) 
X

(878C& 
X

±274 
FG

(±85) 
FX

598

1268

L

± 256 
F

456
A

909

8232

808 
. 86

26
A145 
D7-2

1.89. 
T

JUL 3 
2417

1 .000
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Table 4b (cont'd.)

MILDURA. AUSTRALIA (34°S) JUt 1963

HASL A- 
ALTtKFT)

FUT DAY
FLT NO
UNIT

VOLUME 
(KSCF)

OR GAMMA 
CPM/KSCF

FRACTION 
ANAL LAB

MN- 54* 
DPM/KSCF

FE- 55*
DPM/KSCF

Y- 88* 
DPM/KSCF

SRr- 89 
DPM/KSCF

SR- 90 
DPM/KSCF

Y- 91 
DPM/KSCF

ZR- 95 
DPM/KSCF

RH-102* 
DPM/KSCF

SB-124* 
DPM/KSCF

SB-125 
DPM/XSCF

CS-137 
DPM/KSCF

CE-144 
DPM/KSCF

826 827 
85 85

26 26 
A149 A149 
D7-1 D7-2

1.18 1.16 
F F

AUG 6, AUG 7 
1449 1534

1*000 1*000 
II

,1780

2093

±780
' F

202
B

385

810

907

±169
F

±169 
F

311

613

5508

622 
103

24 
A148 
D7-1

.83 
F

AUG 7 
328

1.000 
11

±506
F

1011 
B

±1157 
F

, 175 
A

55

286

467

±241
F

±217 
F

60 
A

102

1078

823
103

24
A148 
D7-2

.89 
F

AUG 7 
313

1.000
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Table 4b (cont'd.)

MILDURA. AUSTRALIA (34°S. 1963

HASL A- 843 
ALT(KFT) 62

FLT DAY 9 
FLT NO A151 
UNIT D7-1

VOLUME 2.83 , 
tKSCF) F

GR GAMMA AUG20 
CPM/KSCF 575

FRACTION 1.006 
ANAL LAB

MN- 54* 
DPM/KSCF

FE- 55* 
DPM/KSCF

Y- 88* 
DPM/KSCF

SR- 89 
DPM/KSCF

SR- 90 
DPM/KSCF

Y- 91 
.DPM/KSCF

ZR- 95 
DPM/KSCF

RH-102* 
DPM/KSCF

S8-124* 
DPM/KSCF

SB-125 
DPM/KSCF

CS-137 
DPM/KSCF

CE-144 . 
DPM/KSCF

PM-147 
DPM/KSCF

844 841 
62 78

9 8 
A151 , A150 
D7-2 D7-1

2.84 2.12 
F F

AUG21 AUG20 
559 1721

1.000 1 .000 
II

585

673

±423 
F

(27) 
DX

201

221

284

±95 
F

±67 
F

107

312

1810

426

842 
78

8. 
A'150 
D7-2

1.96 
F

AUG21 
1750

1.000 
II

2321

1546

±316 
FG

(±35) 
FX

582

617

( 959) 
Y

—

±219
F

196
A

745

6378

1235
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Table 4b (cont'd.)

MILDURA. AUSTRALIA (34*%) SEP 1963

HASL A- 
ALT(KFT)

FLT DAY
FLT NO 
UNIT

VOLUME 
(KSCF)

GR GAMMA 
CPM/KSCF

FRACTION 
ANAL LAB

MN- 54* 
DPM/KSCF

FE- 55* 
DPM/KSCF

Y- 88* 
DPM/KSCF

SR- 89 
DPM/KSCF

SR- 90 
DPM/KSCF

Y- 91 
DPM/KSCF

ZR- 95 
DPM/KSCF

SB-124* 
DPM/KSCF

SB-125 
DPM/KSCF

CS-137 
DPM/KSCF

CE-144 
DPM/KSCF

87.7 878 
68 68

20 20 
A155 A155 
D7-1 D7-2

2*14 2*03 
F F

OCT 1 OCT 2 
1327 1467

1.000 1.000 
II

(1897) 
Y

3112

*701 
FO

241
A

368

467 .

L

±421 
F

344 
A

528

4575

871 372
-.79 . 79

18 18 
A153 A153 
D7-1 D7-2

2.00 2.27 
F F

SEP24 SEP25 
1090 1030

1.000 1.000 
II

(1235) 
Y

1410

±385 
F

102 
. 8

280

. 298
A.

L

± 225
F

220

391

3765

874 
90

19 
A154 
D7-1

, 1.36 
F

SEP24 
372

1.000 
I I

± 301 
F

± 96 
F

+ 559
F

+ 31
F

26
A

56
A

L

—

-I-

35

524

875 879 
90 105

19 27 
A154 A156 
D7-2 D7-1

1.27 .81
F F

SEP25 OCT 3 
365 233

1.000 1.000 
II

1728 
A

1383

L

(51)
cx

183

L

548

—

—

279

(3420) 
Y

880 
105

27
A156
D7-2

(.22)*
E

OCT 3 
(309) 

B 
1.000

Motor burned out during collection; volume estimated from telemetry of blower speed.
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Table 4b (cont'd.)

MILDURA. AUSTRALIA (3405) OCT IQfil

HASL A~ 
ALT(KFT)

FLT DAY 
FLT NO
UNIT

VOLUME 
(KSCF)

GR GAMMA 
CPM/KSCF

FRACTION 
ANAL LAB

MN- 54* 
DPM/KSCF

FE- 55* 
DPM/KSCF

Y - 88* 
DPM/KSCF

SR- 89 
DPM/KSCF

SR- 90 
DPM/KSCF

Y - 91 
DPM/KSCF

ZR- 95 
DPM/KSCF

RH-102* 
DPM/KSCF

SB-124* 
DPM/KSCF

SB-125 
DPM/KSCF

CS-137 
DPM/KSCF

CE-144 
DPM/KSCF

. 900 68'

15 
A159 
D7-1

2.11
F

OCT24
1037

1.000 
II

1725
A

2649

±521 
F

199 - 
A

395

440

461

140 
A

(±900) 
FY

( 324) 
Y

578

4066

901 907 908 
66 80 60

' 15 17 17 
A159 A160 A160 
D7-2 D7-1 D7-2

2.38 1.72 1.84 
IFF

OCT25 OCT24 OCT24 
1029 1081 1054

1.000 1.000 1.000 
II II .

1953

2500

±576 
F

(87)
C

373

288
A

385

(±145) 
FY

(±2442) 
FY

(261) 
AY

515

3576

897 
90

10 
A158 
D7-1

1.27
F

OCT 16 
419

1.000 
II

± 449 
F

383
A

+ 2126
F

( ±79) 
FY

(79) 
AY

76
B

(91)
BY

±94
F

L

L

109

1110

898 910 
• 90 106

10 24 
A158 A161 
07-2 D7-1

1.32 .65 
F F

OCT17 OCT30 
425 232

1.000 1.000
II

±754 
F

147 
6

±2615 
F

( 50) 
C

53

73
A

,135
B

±200
F

±2308 
F

565 
A

75

791

911 
106

24 
A161 
D7-2

• 63 
F

OCT30 
222 

A 
1.000
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Table 4b (cont'd.)

MIUHIRA. AUSTRALIA (34<>S) NOV 1963

rtASL A- 
ALT(KFT)

FLT DAY
FLT NO
UNIT

VOLUME 
(KSCF)

GR GAMMA 
CPM/KSCF

FRACTION 
ANAL LAB

MN- 54* 
DPM/KSCF

FE- 55*
DPM/KSCF

Y - 86*
DPM/KSCF

SR- 69 
DPM/KSCF

SR- 90 
DPM/KSCF

Y - 91 
DPM/KSCF

ZR- 95
DPM/KSCF

56-124* 
DPM/KSCF

SB-125 
DPM/KSCF

CS-137 
DPM/KSCF

CE-144 
DPM/KSCF

PM-147 
DPM/KSCF

963 964 
68 66

12 12 
A163 A163 
D7-1 D7-2

2*20 2*20 
F F

NOV19 NOV20 
963 • 950

1.000 1*000 
II

2800

2336
A

±682 
F

( 42)
cx
406

(228) 
Y

350

±305
F

278

591

3745

1114

954' ' 955 
78 78

8 6 
A162 A162 
D7-1 D7-2

2*10 1.97 
F F

NOV13 NOV14 
914 903

1.000 1.000 
II

1386
A

2224

± 810 
F

90 r 
8

324

(201) 
Y

265

± 667
F

212
A

438

3448

810

961 962 
87 87

14 14 
A164 A164 
D7-1 D7-2

1.38 1.29 
F F

NOV19 NOV20 
380 362

1,000 1.000 
II

812 
A

672

±1232
F

37
B

120

95

112

(±1232) 
FY

(91)
BY

157

1449

340

_ . _ _ »_ j

967 
107

20 
A165
D7-1

.68 
F

NOV26 
445

1.000 
11

± 721 
F

(115)
C

±2647
F

55
, B

90

94

. 218

±1912 
F

129 
6

124

1721

415

i_ _r M_*> ..

966 
107

20 
A165 
D7-2

(.63)^
E

NOV27 
(422)

1.000

«.( *-

to D7-1 unit.
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Table 4b (cont'd.)

MILPURA. AUSTRALIA (34QS) PEC 1963

HASL A~ 
ALT(KFT)

FLT DAY 
FLT NO 
UNIT

VOLUME 
(KSCF)

GR GAMMA 
CPM/KSCF

FRACTION 
ANAL LAB

MN- 54* 
DPM/KSCF

FE- 55* 
DPM/KSCF

Y - 88* 
DPM/KSCF

SR- 89 
DPM/KSCF

SR- 90 
DPM/KSCF

Y - 91 
DPM/KSCF

ZR- 95
DPM/KSCF

SB-124* 
DPM/KSCF

SB-125 
DPM/KSCF

CS-137 
DPM/KSCF

CE-144 
DPM/KSCF

996 
67

12
A169 
D7-1

2.28
F

DEC19 
592

1.000
11

1614

1882

•±921 
F

(38) 
C

262

139

176

±79 
F

197
A

368

2803

997 984 
67 ( 74)^

12 5 
A169 A168 
.D7-2 D7-1

2*27 (2.02)^ 
F T

DEC20 FEB13 
607 (584)

1*000 1.000
11

(1718)A, '

( 2490)

(334)

(564)

(3297)

985 
i 74)^

5 
A168 
D7-2

(1.98)^
T

FEB14 
(611)

1.000

(1662)
A

(2217)

(±1162)
F

(73) 
B

( 312)

( 272)

( 224)

(530)

(3449)

998 
7fi

12
A170 
D7-1

1.88 
F

DEC19 
691

1.000
II ,

1441

1638

±585 
F

52
B

255

122

154

±904 
F

197
A

372

2761

999 988 989 
78 87 87

12 4 4 
A170 A167 A167 
07-2 D7-1 D7-2

2.01 1.64 1.47 
F F F

DEC20 DEC11 DEC12 
651 579 565

1.000 1.000 1.000
II

805 
A

1122
A

± 1280 
F

(±20) 
FY

(181) 
Y

109

103
A

±1585 
F

173
A

280

2268

986
105

3 
A166
D7-1

.66 
F

DEC11 
200 

A
1OOO

II
±727

F

±303 
F

±3182 
F

158
B

65 '

144

107 
A

±3333
F

±109 
F

87

724

987 
105

3 
A166
07-2

' .69 
F

DEC12 
226

1.000

a. Altitude ranged from 64 to 78 kilofeet.
t> Volume estimated from telemetered blower speeds.
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Table 4b (cont'd.)

MILDURA. AUSTRALIA (34°S) JAN 1964

HASL A- 
ALT(KFT)

FLT DAY 
FLT NO 
UNIT

VOLUME 
(KSCF)

GR GAMMA 
CPM/KSCF

FRACTION 
ANAL LAB

MN- 54* 
DPM/KSCF

FE- 5t>* 
DPM/KSCF

Y - 88* 
DPM/KSCF

SR- 89 
DPM/KSCF

SR- 90 
DPM/KSCF

Y - 91 
DPM/KSCF

ZR~ 95 
DPM/KSCF

CS-137 
DPM/KSCF

CE-144 
DPM/KSCF

1029 1030 
6<8 68

22 22 
A173 A173 
07-1 D7-2

2.29 2.16 
F F

JAN28 JAN29 
550 560

1.000 1.000 
11

1493

2017

± 1659 
F

( 37). 
C

272

99

'152

450

2668

1021 
79

16 
A171 
D7-1

2.15 
F

JAN21 
520

1.000 
II

1260

1284

±2140
F

(21) 
C

209

86

86
A

298

2312

1022 1027 
79 I 80)^

16 21 
A171 A172 
D7-2 D7-1

2.14 (2.40) 
F ; E

JAN22 FEB13 
546 (591)

1.000 1.000 
II

(1475)

(1575)

(±958)
F

(±22) 
F

(283)

(92)

(105)

(438)

(2908)

1028 1031 -^ 
( 80)-^ 87

21 23 
A172 A174 
D7-2 D7-1

J£/ 
(2.50)

E

FEB14 
(528)

1.000 1.000 
11

( 1060) 
8Y

(1812)

(268)

(408)

(2660> 
Y

1032 
87

23 
A174 
D7-2

1.68 
F

JAN28 
480

1.000 
II

968

1286

±2262 
F

( 19)
C

193

70 
A

78

297

2292

4 Altitude ranged from 75 to 86 kllofeet; 197, of total volume collected at 75 kllofeet, 78%
~ between 75 and 85 kllofeet, and 3% at 86 kllofeet.
b Blower unit inoperable; no sample obtained.
c Volume estimated from flowmeter data.
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Table 4b (cont'd.)

FEB

HASL A- , 
ALT(KFT)

FLT DAY
FLT NO •. 
UNIT

VOLUME 
<KSCF)

GR GAMMA 
CPM/KSCF

FRACTION 
ANAL LAB

MN- 54* 
DPM/KSCF

FE- 55* 
DPM/KSCF

Y - 88* 
DPM/KSCF

SR- 89 
DPM/KSCF

SR- 90 
DPM/KSCF

Y - 91 
DPM/KSCF

ZR- 95 
DPM/KSCF

CS-137 
DPM/KSCF

CE-144 
DPM/KSCF

PM-147 
DPM/KSCF

1056 
66

' 18 
A177 
D7-1

2.39 
F

FEB25 
564

1*000 
11

1845

2084

± 1004 
F

37
8

259

68

92

423

2929

1142

1057 1042 
66 78 4*

18 6 
A177 A176 

. D7-2 D7-1

2.39 1.59 
F F

FEB26 FEB12 
556 518

1.000 1.000 
II

1270

1296 
A

±1824 
F

63 
B

260

61

72

355

1969

943

1043 1040 
' 78 ** 91

6 4 
. A176 A175 
D7-2 D7-1

1*45 1*14 
F F

FEB13 FEB11 
518 281

1.000 1*000 
II

336
B

449 
B

± 1228 
F

±10 
F

101

30
A

37
B

130

921

'406

1041 1058 
91 106

4 20 
A175 A178 
D7-2 D7-1

1.06 .68
F F

FEB12 FEB25 
305 128 

A 
1*000 1*000 

11

± 1412 
F

±147 
F

± 1471 
F

±14 
F

32

9 
B

( 14)
C

48

376

171 .

1059 
106

20 
A178 
D7-2

*65 
F

FEB26 
153 

A 
1*000

a. Altitude ranged from 74 to 79 ktlofeet; about 50% of total volume collected from 74 to 79 
"" kllofeet ami 50% at 79 fcilofeet.
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Table 4b (qont'd.)

MILDURA. AUSTRALIA <34°S} MAR

KASL A- 1099 
ALT(KFT) ' 71

FLT DA V 17 
FLT NO • A182 

.UNIT D7-1

VOLUME 1.48 
(KSCF) F

OR GAMMA MAS24 
CPM/KSCF 367

FRACTION 1.000 
ANAL LAB II

MN- 54* 
DPM/KSCF

FE- 55* 
DPM/KSCF

Y - 88# 
OPM/KSCF

SR- 89 
OPM/KSCF

SR- 90 • 
OPM/KSCF

Y - 91 
DPM/KSCF

ZR- 95 
DPM/KSCF

CS-137 
DPM/KSCF

CE-144 
DPM/KSCF

1100 
71

17 
A182 
D7-2

1.63 
F

MAR25 
364

1.000
II

1344

1319

166

242

1589

1964

1064 10,65 
81 '81

6 6 
A180 A180 
D7-1 D7-2

1.51 1.61 
F F

MAR10 MAR11 
390 393

1.000 1.000 
11

1053

1470

±4636 
F

(24)
D

198

65 
A

50

277

1815

1061 1062 
90 90

3 3 
A179 A179 
D7-1 D7-2

1.26 1-36 
F F

MAR10 MAR11 
255 236

1.000 1.000
n

383
A

413 
A

±3810 
F

( 28) 
C

90

37
b

38
6

150

952

1069 
107

11 
A181 
D7-1

.64 
F

MAR17 
231 

A 
1.000 

II

±313 
F

406

85

135

905

1070 
107

11 
A181
D7-2

.77
F

MAR18 
144 

A 
1.000
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Table 4b (cont'd.)

MILDURA. AUSTRALIA (34°S) APR 1964

HASL A- 
ALT(KFT)

FLT DAY 
FLT NO 
UNIT

VOLUME 
(KSCF)

GR GAMMA 
CPM/KSCF

FRACTION 
ANAL LAB

MN- 5*** 
DPM/KSCF

FE- 55* 
DPM/KSCF

Y - 88* 
DPM/KSCF

SR- 89 
DPM/KSCF

SR- 90 
DPM/KSCF

Y - 91 
DPM/KSCF

ZR- 95 
DPM/KSCF

CS-137 
DPM/KSCF

CE-144 
DPM/KSCF

1120 
70

16 
A186 
D7-1

1*69 
F

APR21 
360

1.000 
II

1071

(1308) 
Y

±2308 
F

±25 
F

220

*2

49 
A

,(321) 
Y

2000

1121 1110 
70 ' 81

16 10 
A186 A184 
D7-2 D7-1

1.76 1*53 
F F

APR22 APR14 
362 387

1.000 1.000 
II

1026

1634

± 2208
F

± 29 
F

201

39

42 
A

.296

1706

1111 1108 
81 89

10 7 
A184 A183 
D7-2 D7r l .,

1.70 1.54 
F F

APR15 APR15 
401 281

1.000 1.000 
II

721

1117

± 2208 
F

± 17 
F

151

23 
A

33

219

1221

1109 1114
89 108 ,,

7 15 
A183 A185 
D7-2 D7-1

.91 .65
F * F

APR14 APR21 
301 142

A • 

1.000 1*000
II

± 70S 
F

(106) 
C

44

63

(±20) 
FX

1115 
108

15 
A185 
D7-2

.42
F

APR22 
178 

A 
1.000

- 92 -

I 
I 
I 
I 
I 
I 
i 
I 
I 
I 
I 
I 
I 
I 
i 
I 
I 
I



T
ab

le
 4

b 
(c

o
n
t'd

.)

M
IL

D
U

RA
. 

A
tK

TR
A

LT
A

 
flf

iP
flf

t 
M

AY
 1

96
&

1 VO u> 1

H
A
S
L
 
A-
 

11
76
 

11
77
 

11
74

AL
T 

{ (
CF
T 

1 
63
 

63
 

80

FL
T 

O
A
Y
 

29
 

29
 

28
FL
T 

N
O
 

A 
19
6 

A 
19
6 

A 
19

5 
U
N
I
T
 

0
7
-
1
 

0
7
-
2
 

0
7
-
1

•
V
O
L
U
M
E
 

2
.
3
3
 

2.
26
 

1.
70

(K
SC
Fi
 

F 
F 

F

OR
 
G
A
M
M
A
 

J
U
3
 
3 

J
U
N
 
4 

J
U
N
 
3

C
P
M
/
K
S
C
F
 

32
6 

32
8 

26
2

F
R
A
C
T
I
O
N
 

1.
00
0 

1.
00
0 

1.
00
0

A
N
A
L
 
LA
S 

II

M
N
-
 
54
*

D
P
M
/
K
S
C
F

F
E
-
 
55
*

D
P
M
/
K
S
C
F

S
R
-
 
90

D
P
M
/
K
S
C
F

C
S
-
1
3
7

DP
M/

IC
SC

F

C
E
-
1
4
4

D
P
M
/
K
S
C
F

P
M
-
1
4
7

' 
D
P
M
/
K
S
C
F

11
75
 

1
1
5
0

80
 

82

28
 

18
A
1
9
5
 

A
1
9
1
 

0
7
-
2
 

0
7
-
1

1.
69
 

1
.
5
3

F 
F

J
U
N
 
4 

M
A
Y
2
1

2
4
4
 

27
8

1.
00
0 

1
.
0
0
0 II

71
2 A 86
3

13
5

2
0
3

10
85

. 
36

9

1
1
5
1 82

18
A 
19
1 

0
7
-
2

1.
40
F

M
A
Y
2
2

28
0

1
.
0
0
0

11
37
 

1
1
3
8

88
 

88

5 
5

A
1
8
7
 

A
1
8
7
 

' 
0
7
-
1
 

.0
7-
2

1.
46
 

1.
60

F 
T

M
A
Y
1
2
 

M
A
Y
1
3

18
4 

17
1

1.
00
0 

1.
00
0

II
± 
28
1 F

27
5 A 68 *>

71
2

20
8

11
54 88 20

A
1
9
3
 

0
7
-
1

1.
52 F

M
A
Y
2
6
 

*
20

1

1.
00
0 II

± 
14
5 F

46
3 3 97 14
2

75
7

11
55
 

11
71

88
 

10
6

2
0
 

27
A
1
9
3
 

A
1
9
4
 

0
7
-
2
 

0
7
-
1

1
.
4
7
 

,7
9

F 
F

M
A
Y
2
7
 

J
U
N
 
2

2
0
0
 

20
0

l
.
C
O
O
 

1.
00
0 II

±
7
2
2 F

4
9
4

B 79 12
2

67
2

11
72
 

1
1
3
9

10
6 

10
7

27
 

7
A 
19
4 

* 
A 
18

8 
.0
7-
2 

0
7
-
1

.7
3 

',
75

F 
'• 

F

J
U
N
 
3 

W
A
V
 1-

2
17
2 

11
52

A
 

A
1.
00
0 

i'
.O
pO ii

%3
%b TF 33
7 

.

'5
7

82

4
$
4

i4
4

11
40 10
7

7
A1
88
 

07
--
2

'.
81 F

M
A
Y
i
3

15
8

1.
00
0



Table 4b (cont'd.)

MILDURA, AUSTRALIA (34°S) JUN 1964

ALT(KFT)

FLT DAY 
FLT NO 
UNIT

VOLUME 
(KSCF)

GR GAMMA 
CPM/KSCF

64

5 
A199
D7-1

2.12 
F

JUN10 
398

64

5 
A199
D7-2

2.19
F

JUN11 
384

81"'

2
A197 
D7-1

2.50 
T

•JUN 9 
200

MILDURA, AUSTRALIA (34°S) JUL 1964

ALT(KFT) 65 65 80

81-

2 
A197.
D7-2

2.16
, F

JUN10 
229

80

91

4
A198 
D7-1

1.19
F

JUN 9 
339

92

91

4 
A198
D7-2

1.26
F

JUN10 
328

92

107

10
A200 
D7-1

0.76 
F

JUN19 
113 
A

107

10 
A200
D7-2

0.76 
F

JUN19 
138

(104)^ (104)-

FLT DAY
FLT NO
UNIT

VOLUME
(KSCF)

GR GAMMA
CPM/KSCF

29
A203
D7-1

2.04
F

AUG 4
378

29
A203
D7-2

2.07
F

AUG 5
349 '

9
A201
D7-1

1.57
• F

JUL14
273

9
A201
D7-2

1.56
F

JUL15
266

27
A202
D7-1

1.11
F

AUG 4
196

27
A202 .
D7-2

1,19
T

AUG 5
176

30
A204
D7-1

t
(0,48)~

F

AUG 4
196
A

30
A204
D7-2'

L

' (0.47)-
F

-AUG 5
185
A

MILDURA. AUSTRALIA (34^5) AUG 1964

ALT(KFT) 67 67 82 82 92 92 108 108

FLT DAY
FLT NO
UNIT

VOLUME
(KSCF)

GR GAMMA
CPM/KSCF

19
A206

' D7-1

1.84
F

AUG25
291

19
A206
D7-2

1.73
F

AUG26°
307

21
A207
D7-1

1.28
F

AUG25
305

21
A207
D7-2

1.36
F

AUG26
289

11
A205
D7-1

1.30
F

AUG18
183

11
A205
D7-2

1.05
' F

AUG19
183

26
A208
D7-1

0.62
F

SEP 1
132
A

26
A208
D7-2

0.60
F

SEP 2
137
A

a Altitude ranged from 78-84 kilofeet.

£ 50% of sample collected between 96 and 106 kilofeet., -50% of sample collected 
at 106 kilofeet.
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Table 4c

MINNESOTA (45°N) JUN 1963

HASL A- 
ALTIKFT)

FLT DAY 
FLT NO 
UNIT

VOLUME 
(KSCF)

OR GAMMA 
CPM/KSCF

FRACTION 
ANAL LAB

MN- 54* 
DPM/KSCF

FE- 55* 
DPM/KSCF

Y- -88* 
DPM/KSCF

SR- 89 
DPM/KSCF

SR- 90 
DPM/KSCF

Y- 91 
DPM/KSCF

ZR- 95 
DPM/KSCF

RH-102* 
DPM/KSCF

SB-124* 
DPM/KSCF

SB-125 
DPM/KSCF

CS-137 
DPM/KSCF

CE-144 
DPM/KSCF

PM-147 
DPM/KSCF

794
106

7
2618

• 52 
F

JUN27 
5173

1.000 
II

±962 
F

±2885
F

3096

512

5231

±462 
F

±962
F

340 
B

771

10577

1263

7^5 
106

7
2618

1.08 
F

JUN27 
6120

1.000 
I I

(487) 
AY

320 
B

(±2315) 
FY

3315 
A

449

(4852) 
Y

(5750) 
Y

191
B

839
B

311 
A

750

9056

1361

jt Special sampling unit; see text.
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Table 4d

ALASKA (650} JUL 1963 •

HASL A- 
ALT(KFT)

FLT DAY 
FLT NO 
UNIT

VOLUME 
(KSCFJ

GR GAMMA 
CPM/KSCF

FRACTION 
ANAL LAB

MN- 54* 
DPM/KSCF

FE- 55* 
DPM/KSCF

Y- 88* 
DPM/KSCF

SR- 89 
DPM/KSCF

SR- 90 
DPM/KSCF

Y- 91 
DPM/KSCF

ZR- 95 
DPM/KSCF '

RH-102* 
DPM/KSCF

SB-124* 
DPM/KSCF

SB-125 
DPM/KSCF

CS-137 
DPM/KSCF

CE-144 
DPM/KSCF

PM-147 
DPM/KSCF

832 
" 80

29 
AL-3 
D7-1

1.75
F

AUG 2 
3097 ,

1.000 
11

(2194) 
Y

2291

(±1943) 
FGY

937 
B

562

(1486)
Y

2011.

±109 
F

2806 
A

406 
A

806

6457

1074

833 830 
80 . 88

29 28 
AL-3 AL-2 
D7-2 D7-1

1.71 1.84 
F F

AUG -6 AUG 6 
2918 ' 2597

1.000 1.000 
II

5870

2451

(±1630) 
FGY

587 
A

363

(1016)
. Y

1658

±76 
F

1223 
B

278 
A

620

5652

1196

/ 831 824 
88 106 -

28 25 
AL-2 AL-1 
D7-2 D7-1

1.76 .74 
F F

AUG .7 AUG 6 
2551 6702

1.000 1.000 
II

2297 
B

(777) 
BY

(±3649) 
FY

1797 
A

530

(4446)
Y

(5054) 
Y

±297 
F

1581 
B

391 
A

864

12324

2189

825 
106

25 
AL-1 
D7-2

.80 
F

AUG 7 
6187

1.000

a Altitude ranged from 99 to 106 kllofeet.
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Table 4d (cont'd.)

ALASKA <65°N)

ALT(KFT)

FLT DAY 
FLT NO 
UNIT

VOLUME 
(KSCF)

GR GAMMA 
CPM/KSCF

ALASK^ (65°N)

ALT(KFT)

FLT DAY 
FLT NO
UNIT

VOLUME 
(KSCF)

GR GAMMA 
CPM/KSCF

ALASKA (65°N)

ALT(KFT)

FLT DAY 
FLT NO 
UNIT

VOLUME 
(KSCF)

GR GAMMA 
CPM/KSCF

ALASKA (65°N)

ALT(KFT)

FLT DAY 
FLT NO
tmir
VOLUME 
'(KSCF)

GR GAMMA 
CPM/KSCF

MAY 1964

80 80

23 23 
AL-10 AL-10 
D7-1 ' D7-2

1.52 1.46 
F F

JUN 2 JUN 3 
5/-3 570

JUN 1964

80 60

21 21 
AL-15 AL-15 
D7-1 D7-2

1.61 1.56 
F F

JUN30 JUL 1 
427 408

JUL 1964

78 7ft

14 14 
AL-18 AL-18 
D7-1 D7-2

1.74 1.82 
F F

JUL22 JUL23 
337 320

AUG 1964

78 78

10 10 
AL-19 AL-19 
D7-1 D7-2

1.78 1,87 
F F

AUG18 AUG19 
314 312

81*7

5
AL-6 
D7-1

•-1.57 . 
F

MAY 8 
459

88^

20 
AL-14 
D7-1

'

89

14 
AL-17 
D7-1

1.55
F

JUL22 
204

88

13 
AL-22 
D7-1

1.78 
F

AUG25 
184

81"

' '5 

AL-6
D7-2

1.34 
F

MAY 8 
440

88

20 
AL-14 
D7-2

1.66 
F

JUN30 
247

89

14 
AL-17 
D7-2

1.48
F

JUL23 
2()3

88

13 
AL-22 
D7-2

1.72 
F

AUG26 
191

89^

2 
AL-5 
D7-1

1.49 
F

MAY 7 
490

102

18 
AL-13 
D7-1

0.56 
F

'JUN23 
177 
A

107*'

13 
AL-16 
D7-1

0.56 
F

JUL22 
168 
A

105

12 
AL-21 
D7-1

E

AUG25 
80 
B

89^ 90

2 21 
AL-5 AL-9 
D7-2 D7-1

1.55 1.08 
F F

MAY * MAY28 
459 219

,102

18 
AL-13 
D7-2 .

0.47 
F

JUN24 
191 
A

>> <•* 
107s'

13 
AL-16 
D7-2

0.62

JUL23 
168

105

,12 :
AL-21 
D7-2

0.73 
F

AUG26 
120 
A

90

21 
AL-9 
D7-2

1.64 
F

MAY28 
226

9

Samples landed In show; filter papers wet when recovered. 
b, Sample destroyed on descent of balloon, 
c Altitude ranged from 103-108 kilofeet.
ct Flowneter inoperative; volume estimated from ratio of blqwer speeds for D7-1 

unit to D7-2 unit and flowmeter data for D7-2 unit.
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Part II - Data From Sources Other Than HASL

I 
I

Numerous fallout studies are conducted by other organizations in the United • 
States and abroad. Some of these data are sent to the editors for dissemina- 
tion in these HASL quarterly reports. Submitted data are reproduced essentially 
as received and no interpretation by HASL is attempted. A

1. The New Zealand Department of Scientific and Industrial
Research •
Since November 1958, precipitation collections at Lower Hutt have been ' £

analyzed for strontium-90, barium-140, and cesium-137. Beginning in September
1961, cerium-144 was also determined. Results for April 1964 are reported on «
page 101. •

2. Division of Biological and Medical Research, Argonne National
Laboratory • 
A report on cesium-137 gamma spectrometric measurements in Chicago m 

food from April 1961 through April 1964 was presented in HASL-146, p, 225. 
The following data tabulation up-dates the previous one through July 1964. M 
The report entitled, "Cs»137 in Various Chicago Foods" by S.S. Brar, P 0 F. Gustafson M 
and S.E. Muniak is found on page 102.
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2. Cs-137 in Various Chicago Foods, pc/kg 

(Collection Month July, l^6k)

i
S. S. Brar, P. F. Gustafson, and S. E. Muniak
Division of Biological and Medical Research

Argonne National Laboratory
Argonne, Illinois

Beef 182 
Pork 299

- 102 -

i
White Bread (Dry) 152

Whole Grain Bread (Dry) V/7 ||

Eggs 25 ^

Fresh Vegetables: m

ICabbage 10
Lettuce 10
Onions T
Peas (Frozen) 59 a
Stringbeans 31 •
Tomatoes 18 ™

Root Vegetables: V

Carrots 8

Milk (Fresh) 92 I

Poultry Muscle 77 ^

Fresh Fish (Frozen): W

Fillet 1305 •
Halibut 53 I

Flour (White) 156 «

Macaroni 300 ^

Rice 78 j| 

Meat Muscle:

I
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Shellfish:

Oysters
Shrimps

Dried Beans

Fresh Fruits:

Apples
Bananas
Berries 
Melons 
Oranges

Potatoes

Canned Fruits;

Apple Sauce
Peaches
Pears 
Pineapple

Canned Juices:

Grapefruit
Orange
Pineapple 
Tomato

Canned Vegetables:

Peas
Stringbeans
Tomatoes

Baby Foods:

Canned Milk 
Formula Milk
Cereals
Fruits 
Meats
Vegetables

T means trace (< 5 pc/kg)
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1Part III - Interpretive Reports and Notes

!:'Strontium-90 Levels in the Diets and Bones of Children - Progress Report 9
1962-1963^ by D. Beninson, H. Migliori, and E. Ramos, Argentine Comision
Nacional de Energia Atotnica, M

nStrontium-90 Levels in the Diets and Bones of Children - Progress Report
1964'% by D. Beninson, E tt Ramos, and R. Touzet, Argentine Comision Nacional m
de Energia Atomica. A

"Strontium in Diet and Bone of San Juan, Puerto Rico Residents of Low Income 11 , 
by J. Rivera, Health and Safety Laboratory, USAEC. 1
"Cesium-137, Stable Strontium and Radium-226 in Two Human Skeletons", by
J. Rivera, Health and Safety Laboratory, USAEC. M

"Possible Pu-238 Distribution from a Satellite Failure", by J.H. Harley,
Health and Safety Laboratory, USAEC. «

"Measured Levels of Pu-238 and Pu-239 in the Stratosphere", by L.P. Salter, 9 
Health and Safety Laboratory, USAEC,

"Cumulative Deposition of Strontium-90 Along a Mid-United States Constant J§ 
Precipitation Transect", by L.T 0 Alexander, M. Meyer, and J.S. Alien, Soil 
Conservation Service, U.S. Department of Agriculture, and E.P, Hardy, Jr., B 
Health and Safety Laboratory, USAEC. £

"Reproducibility of Analyses of 1963-1964 Soils for Strontium- 90", by p 
F. Durkan and L.D.Y. Ong, Health and Safety Laboratory, USAEC. •
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Strontium-90 Levels in the Diets and Bones of Children 

PROGRESS REPORT - 1962-1963

by D, Beninson, H. Migliori, and E 0 Ramos 
Argentine CNEA*

Introduction

Since children have a high rate of bone formation their skeleton tends to 
follow readily the changes in levels of Sr-90 in the diet, this being especially 
true during the first year of life. Knowledge of correlating parameters between 
diet and bone in that .period is therefore particularly important to estimate 
children's body burdens resulting from different environmental conditions.,

estimates are complicated by the fact that the diet of very young 
children is composed essentially of specially processed food items based on milk 
with several additions, and these materials cannot be easily correlated with 
adult alimentation which is normally surveyed in fallout programs . An additional 
incentive to study the Sr-90 content of diet and bones of children in Argentina 
was the need for systematic data in a region for which there is only scanty infor 
mation on the subject.

The study was "a priori" facilitated by the fact that Sr-90 fallout in the 
Argentine Litoral Area has remained relatively constant during the last years (1) (2 ' (3) 
(1959 - 1,2 mc/Km2; I960 - 0.9 me/Km2 ; 1961 - 1.2 me/Km2 ; 1962 - 1.3 me/Km2 ); this 
being reflected also in the small variation of Sr»90 levels in several food items, 
The study could therefore be carried out over several years, simplifying the attempt 
to estimate discrimination factors.

The work carried out had two purposes: a) the estimation of representative 
average levels of Sr-90 in children's alimentation, and b) the determination of 
Sr-90 in bones from children whose "diet history11 could be established with some 
reliability.

Sampling and Analytical Procedures

Specially produced baby food (formula and evaporated milks, etc.) were 
sampled at the consumption point, at a rate of about 4 to 6 samples per month 
per brand. The samples of each brand were pooled approximately every month and 
processed. This time scheme was altered when convenient in relation with informa 
tion from the producing companies.

Other food items were already .being sampled by the regular CNEA survey, 
but the emphasis was shifted in connection with the reported work. The sampling 
was also carried out at the consumption point since no time trends of fallout 
food levels correlation studies were planned. The samples were obtained at random 
once a week and pooled and processed every month.

* Gomision Nacional de Energia Atomica

- 105 --



mean.

The estimation of Sr-90/Ca levels in the diet of children of different age

- 106 -

I
Bone samples were obtained when available mainly from four Hospitals • 

(Hospital de Niftos de Buenos Aires, Casa Cuna, Hospital Rawson and Hospital J|. 
Pirovano) 0 Information was obtained from these hospitals on the alimentation 
in each case. In addition the family and the intervening medical practitioner « 
were interviewed on the subject. Since sometimes the information was not avail- • 
able the number of bones with a corresponding "diet history11 is smaller than the ™ 
total number of bones processed.

All samples were processed using HASL radiochemical procedures^ '. Sr-90 • 
was measured by counting its daughter Y-90 in low background (3-counters (backgrounds 
ranging from 0.3 to 0*9 cpm) * The chemical yields were determined by Sir-85 • 
tracer and /-counting; Ga contents were determined by gravimetric techniques. M

Strontium-90 in Diets of Children m
• 

The survey covered different brands of baby foods in addition to diet items 9
which are common to adult alimentation.

Table I presents averages and standard error of the mean for Sr-90 levels g) 
in baby foods based on milk products. The values are considered to be representa 
tive of the material available in the market in the period 1960 to 1962. m

The scatter of values of individual samples was similar for the different 
brands, with standard deviations ranging from 20 to 40% of the average. ^

As some of the brands are "fortified" with mineral or animal calcium,, and w 
others include cereal products, no correlation can readily be obtained with the 
levels observed in cow milk of the Argentine Literal Area. However, baby foods 8 
having higher calcium proportions in ash tend, as expected, to have lower Sr-90/ £ 
Ca levels.

Values for other food items are shown in Table II. The table includes also • 
prepared foods based on cereals. The scatter of values was higher than those 
of Table I, with standard deviations ranging from 30 to 70%. Potato levels are _ 
particularly variable and not too much significance should be attributed to the W

groups requires information as to the proportions of Ca contributed by the food £ 
components. This information is not available for several regions in Argentina
and could be obtained with a reasonable degree of reliability only for Buenos »
Aires Province(5)(6). Regional*differences are probably of little importance •
in the case of infants as most of the dietary calcium is provided by specially *
prepared milk products (evaporated, formula, etc.) which are mostly of national _
-distribution. I

Table III shows the Sr-90 estimates for several age groups in Buenos Aires 
Province. Some uncertainity is introduced by the contribution of breast feeding, A 
which is of particular importance in the 0-3 month group. The levels in this J| 
case were computed from those of the adult diet using an OR of 0.12. Meat was

i 
i
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not included in the Table in view of its negligible contribution to the Ca 
intake even in the older age group .(9)

The data shows that during the first year of life milk and specially 
prepared formula and evaporated milks contribute about 80% .of fche :calcium 
and 85% of the Sr-90 intake. A similar contribution was estimated elsewhere(7). 
Table III shows that the average level of total diet during the first year of 
life was about 2.5 pc/g Ca, which is also the mean level measured in milk during 
the period of study.(2;(3)

Sr-90 ill Bones of Children

Experimental evidence suggests that the skeleton turn-over is very high 
in the first two years of lifeVS); this means that no differences of Sr-90 
levels should be expected amorig bones in very young children* This is important 
since the results reported corresponded generally to at most a few bones per 
child and the attempted correlations with diet depends on the assumption of 
uniform labeling.

Table IV presents bone level averages and standard errors of the mean for 
four age groups*

A large part (657o) of the samples were obtained from children only recently 
admitted to the supplying hospitals and coming from several regions of the country; 
it was therefore impossible to collect reliable information on their "integrated 11 
diet. For the remaining 35% enough information could be collected, so as to 
estimate their,average diet during different periods of their life (averaged over 
periods of 6 months).

Tables 5a, 5b, 5c and 5d present the information on these bones and the 
estimates bf the past diets. The relevance of the estimates is different for 
the various age groups. While reliable information can be collected from 
mothers and doctors concerning alimentation during the first six months, the 
same does not apply to other age groups. Furthermore in the studied area most 
new born alimentation remain under medical supervision for only a few; months,,

The averages and scatter of Sr-90 levels for the groups presented in 
Tables 5a to 5d do not differ significantly from those obtained including all 
samples and therefore the group does not seem to be biased.

From these data an estimation of discrimination factors has been attempted. 
The Sr-90/Ca level in bone is related to that of the diets by the following 
general expression:

<Sr-90/Ca) Bone = Caf ' ** ' FM
Ca + 1 A
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where Ca£ is the amount of calcium from placental origin,

LM is the Sr-90/Ca ratio in the mothers total diet/ • 
FM is the OR blood/diet in the mother (0,25), m 
F is the placental discrimination factor (0 0 5),
A Ca.£ is the amount of Ga incorporated into the bone in the period i, • 
Lj is Sr-90/Ca ratio in the diet of the child in the period i, and £ 
F- is the average OR bone/diet of the child during the period i.

From the data of Tables 5a to 5d the child discrimination factor (F^) I 
during the period of six months could "a priori11 be calculated. However, it is ™ 
clear that any of these estimations require the knowledge of all F up to F^^; 
the computations are therefore iterative and the uncertainty increases in B 
every step. For this reason and since the "integrated" diet is known with some W 
reliability for the 0-6 months group, the computation child by child has been 
restricted to this age period (Table 5a)„ M

Other information is also needed for the calculation,, The Ca content 
of new born children in the Argentine Literal Area is estimated to be about ^ 
24 g(10). Several calculations performed on published data(H)(12) pointed • 
to the fact that the increase of calcium in the child fits reasonably well • 
the expression:

————Ca retained——— = Constant * 
Ca ingested x Weight

From this relation calcium increment at different ages can be estimated and this £ 
was used in connection with Table 5a 0 Again a new and not readily assessed 
uncertainty is introduced here. a

The approach presented leads to a value of O e 81 ± 0,27 for the OR bone/ ™ 
diet of the 0-6 months children group 0 This value gives the impression of _ 
being quite different from the adult discrimination factor, but all the uncer- • 
tainties introduced here (and also present in the adult value of 0,25) would m 
not allow any clearer conclusion.

Another approach has also been used with the data of Tables 5a to 5d. £ 
Since the skeleton Ca increased during each of the 6 months periods does not 
differ appreciably from linearity 9 the calculations could be carried out with ^ 
an "average" child of each group * This has been done in Table 6 0 M

The uncertainties involved in these calculations are substantially large _ 
and cannot be even estimated c The results should therefore be considered merely A 
as a construction. It is suggestive, however, that the trend of change of the V 
computed discrimination factors is similar to that estimated in other areas(8 ). 
Although the actual values differ for the second year* It is also interesting M 
that the value found for the older groups is the same as the accepted OR for • 
adults.

It is clear that more data are needed to resolve differences of discrimina- V 
tion factors with age, the number required being larger as older age groups are -W 
considered. It seems also of interest to attempt a fractionation of the groups,
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again with more data, since the evidence suggests that discrimination changes 
considerably during the first year of life.

The same type of approach with stable strontium data would help con 
siderably in the interpretation and would make the results clearly independent of 
changes in the contamination levels, which increase the difficulties of estima 
tion.

Several methods of stable Sr measurement have been tried in our laboratory 
with erratic results. A simple method was finally developed and < ; ;?.'! 
diets and bones are being measured. However, the amount of data obtained is 
so far insufficient for attempting the correlation,
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Brands

"Baberlac Compuesto"

"Eledon con fecula"

"Eledon con fecula y glucido"

"Baberlac simple"

"Nestogeno" '

"Casenolfn"

"Secalbum"

"Yogalmina"

"Leche Nido"

"Leche Kasdorf"

"Leche S.M.A."

"Leche Cyndor"

"Osteolact"

+ Values are means and standard

TABLE I . . . .

Baby Foods

Ca Sr 9(»
(%/e ash) pc/E Ca

28.30 1.05 ± 0.10

16.17 ' 1.75 ± 0.14

13.76 3.36 ± 0.25

11.56 3.52 ± 0.40

9.96 3>06 ± 0.25

13.99 1.85 ± 0.16

27.52 0.82 ± 0.07

14.90 2.96 ± 0.24

10.84 2.17 ± 0.10

2.15 5.03 ± 0.38

11.67 2.82 ± 0.22

13.40 2.60 ± 0.21

10.00 3.03 ± 0.32

errors of the mean.
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TABLE II

Other Food Items

Ca
Food Items (mg/100 g food)

Wheat flour 24.2

Semolina 21.0

"Farex" (flour with addition 622.9
of animal bone calcium)

"Maizena" 7.8

"Quaker" 23.7

Fotatoe 6

Calabash 20.8

Onion 5.5

Composite of Vegetables'^ 19.8
Onion
Tomato 
Parsley
Leek
Carrot
Lettuce

Banana 27 . 2

Apple 2.7

+ Values are means and standard errors of the mean. 
•H- Composited according to information on consumption by

- Ill -

Sr90 +
(pc/g Ca)

15.58 ± 1.74

17.93 ± 0.16

5.33 ± 0.48

3.85 ± 1.05

8.18 ± 0.73

14.85 ± 6.72

5.15 ± 0.16

12.80 ± 0.05

6.45 ± 0.26

5.90 ± 0.76

6.36 ± 0.14

children (6 ).



Age 0-3 months

Breafct feeding 

Milk

Formula and other 
special foods

TOTAL

Age 3-6 months 

Breast feeding 

Milk

Formula and other 
special foods

TOTAL

Age 6-9 months

Milk

Milk plus cereals

Potato

Calabash

Banana

Apple

Cereals

TOTAL

TABLE III

Diet of Children

3a g/day Sr-90 level

0.470 0.63
0.280 2.50
0.250 2.68

1.000

0.165 0.63
0.370 2.50

0.003 14.85

0.538

0.400 2.5

0.400 2.79

0.006 14.85

0.003 5.15

0.004 5.90

0.002 6.36

0.004 15.58

0.020 5.25

0.839

••
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Sr-90 pc/day

0.30
0.70
0.67

1.67 
1.67 pc Sr-9,0/g Ca

0.10
0.92

0.04

1.06
2.35 pc Sr-90/g Ca

1.00

1.12

0.09

0.02

0.02

0.01

0.06

0.10

2.42

2.88 pc Sr-90/g Ca

1

1

1

i
i
i
i
i
i
i
i
i
i
i
i
i
i
i



1
1
1
1
1
1
1
I
1
1
1
1
i
1
1
t
1
1

Age 9-12 months

Milk

Formula and other
special foods

Potato

Calabash

Banana

Apple

Cereals

Eggs

10TAL

Age 12-24 months

Milk

Potato

Calabash

Banana

Apple

Cereals

Egg

TOTAL

TABLE III - cont'd.

Diet of Children

Ca g/day Sr-90 level

0.400 2.5

0.400 2.79

0.006 14.85

0.002 5.15

0.006 5.90

0.004 6.36

0.006 15.58

0.040 5.24

0.864

0.650 2.5

0.009 12.85

0.002 5.15

0.006 5.90

0.004 6.36

0.010 15.58

0.040 5.24

0.721

- 113 -

Sr-90 pc/day

1.00

1.12

0.09

0.01

0.04

0.03

0.93

0.21

3.43

3.97 pc Sr-90/g Ca

1.63

0.13

0.01

0.04

0.03

0.16

0.21

2,21

3.07 pc Sr-90/g Ga



TABLE III - cont'd.

Diet of Children

Age 24-36 months Ca g/day Sr-90 level

Milk 0.600 2.5

Potato 0.012 14.85

Calabash 0.002 5.15

Banana 0.006 5.90

Apple 0.004 6.36

Cereals 0.014 15.58

Egg 0.040 5.24

TOTAL 0.678

TABLE IV

Sr-90 in Bone

Age Group No. of samples % Ca in ash

0-6 months 43 33.9

6-12 months 27 35.2

1-2 years 38 34.9

2-3 years 48 36.1

- 114 -
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Sr-90 pc/ day m

1.50 1

0.18

o.oi §
0.04 m

. : 0.05 *

0.22 •

0.21 _

2.21 I

3.26 pc Sr-90/g Ca tt

i
i

Sr 90 H 
pc/g Ca p

0.81 ± 0.04 •

0.68 ± 0,03

0.70 ± 0.04 1

1.20 ± 0.09

1

i
i
i



1 
1
1 
1
1
1
1
1
1
1
1
1
1
I
1
1
1
1

TABLE

Bone Samples with

Age
WWMMMB

15 days

22 days

25 days

33 days

45 days

48 days

60 days

62 days

90 days

90 days

90 days

140 days

180 days

180 days

Average

Date of birth

8-1961

8-1961

7-1961

6-1961

7-1961

9-1961

4-1961

8-1961

3-1961

6-1961

12-1961

7-1961

6-1961

6-1961

diet of mother

5a

Diet Information

Diet 
Bone 0-6 months 
pc/g Ca pc/g Ca

0.72 ±

0.53 ±

0.60 ±

0.84 ±

0.57 ±

0.67 ±

0.96 ±

0.69 ±

0.72 +

0.64 ±

1.00 ±

1.07 ±

0.98 ±

0.97 ±

5.1 pc/g Ca. Ca

- 115

0.08

0.05

0.06

0.08

0.09

0.10

0.12

0.08

0.11

0.11

0.07

0.20

0.10

0.12

at birth 24 grams.

-

1.53

1.00

1.04

0.97

0.63

1.71

2.00

0.93

1.53

1.83

2.14

0.75

2.22

2.56



TABLE 5b

Bone Samples with Diet Information

Age 

6.3 mos.

8.0 mos.

8.0 mos.

8.0 mos.

8 . 8 mos .

10.0 mos. „

10.0 mos.

10.5 mos.

12.0 mos.

12 .0 mos.

Date of birth

2-1962

3-1961

7-1961

3-1961

6-1961

1-1961

4-1961

10-1960

9-1960

7-1960

(6-12

Bone 
pc/g Ca

0.51 ± Oi.09

0.93 ± 0.06

1.10 ± 0.08

0.55 ± 0.10

0.58 ± 0.06

0.54 ± 0.08

0.69 ± 0.09

0.96 ± 0.10

0.60 ± 0.07

0.52 ± 0.07

months)

Diet 
0-6 months 
pc/g Ca

0.97

1.18

1.18

1.23

1.14

0.64

1.22

1.32

1.57

1.01

Diet 
6-12 months 

pc/g Ca

1.82

2.76

2.76

2.50

2.66

2.35

2.90

2.34

2.42

2.61
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1
1 Bone Samples

TABLE 5c

with Diet Information

(12-24 months)

1
Age

™ 14.0 mos.

• 14.0 mos.

15.0 mos.

• 15.0 mos.

16.0 mos.

• 20.0 mos.

• 17.5 mos.

22.5 mos.

• 24.0 mos.

24.0 mos.

li 24.0 mos.

• 24.0 mos.

24.0 mos.

l
1
1 A&i

28.0 mos.

£ 30.0 mos.

30,0 mos .

j| 30.0 mos.

— 36.0 mos .

Q 36.0 mos.

I

Date of birth

8-1960

11-1960

8-1960

12-1960

2-1960

1-1960

12-1960

4-1960

7-1959

8-1959

9-1959

7-1960

7-1960

Bone
pc/g^Ca

0.32 ± 0.09

0.51 ± 0.10

0.87 ± 0.10

0.78 ± 0.07

0.41 ± 0.09

1.28 ± 0.07

0.61 ± 0.04

0.51 ± 0.06

0.65 ± 0.06

0.75 ± 0.04

0.69 ± 0.09

0.80 ± 0.13

1.07 ± 0.07

Bone Samples

Diet
0-6 months
pc/g Ca

0.51

1.20

1.20

1.20

1.20

1.20

1.20

1.20

1.20

1.20

1.20

1.60

0.90

TABLE 5d

Diet Diet
6-12 months 12-24 months
pc/g Ca

1.00

2.13

2.13

2.13

2.13

2.13

2.13

2.13

2.13

2.13

2.13

2.05

1.47

pc/g Ca

2.18

3.62

3.62

3.62

3.68

4.23

3.62

4.08

3.66

3.88

3.29

3.53

3.68

with Diet Information
(24-36 months)

Date of birth

2-1959

3-1959

2-1960

3-1960

8-1958

11-1958

•
Bone 

pc/g Ca

0.53 ± 0.11

1.10 ± 0.09

0.91 ± 0.06

0.61 ± 0.24

0.83 + 0.10

0.55 ± 0.08

Diet
0-6 months 
pc/g Ca

1.15

1.15

1.15

1.15

1.15

1.15

- 117 -

Diet
6-12 months 
pc/g Ca

1.99

1.99

1.99

1.99

1.99

1.99

Diet Diet
12-24 months 24-36 months 
pc/g Ca pc/g Ca

3.59 3.68

3.59 3.68

3.59 3.68

3.59 3.68

3.59 3.68

3.59 3.68
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Strontium-90 Levels in the Diets and Bones of Children 

PROGRESS REPORT ~ 1964

by D. Beninson, E. Ramos, and R, Touzet 
Argentine CNEA*

Introduction

The 1962-1963 Progress Report summarized data on Sr-90 levels in bones and 
diets of children in Argentina and attempted an estimation of strontium to calcium 
discrimination factors as a function of age.

This report gives emphasis to subjects for which little or no information 
was included in the former report, namely:

a) Stable strontium levels in bones and diets and discrimination factors 
worked out from these data.

(With stable strontium,, equilibrium conditions are insured.)

b) Up-dating information on Sr-90 in children's diet and estimation of 
changes in the 1962-1963 period.

c) Strontium-90 levels in stillbirth bones.

New data on bone from children having lived in then controlled environment" are 
not included in the report, as they are at present being processed together with 
the corresponding individual dietary information, and only the raw results from 
measurements are available.

Detailed discussion and references on the material presented in the report 
can be found in a CoN tf E y A. report now in publication. This paper, which gives 
due acknowledgement to A.E 0 C. support, will be shortly submitted as a complement 
of the present Progress Report.

Natural Strontium in Bones and Diets 

a) Experimental Procedures 

lo Measurements

Measurements were carried out with a modified Philips PW-1051 spectro 
meter, using a LiF monochromator, a W anticathoda and a thin X-ray Nal detector 
with the corresponding electronics. The work was performed with an evacuated 
difraction chamber and a primary beam produced by 40 Kvolt and 20 mA.

Samples were placed on holders with a 30 mm diameter window. The primary 
beam definition was excellent, with an area of 240 mm2 . The goniometer was auto 
matically driven and counting recorded between 20 and 30°. In our conditions 
strontium amounts are proportional to the 25 0 10° peak intensity, background 
subtracted,

* Comision Kacional de Energia Atomica
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2. Standards

c) Natural Strontium in Diets and Discrimination Factors

I 
I

The matrix was P04HCa purified in our laboratory, to which Sr was added ^ 
as PO^HSr in variable concentrations (from 10 to 5000 ppm)* Powders were reduced • 
to 100-150 mesh and homogenized during 4 hours in a rotating blender. Several ™ 
checks showed that measurements of different portions of the mixture were within 
the counting standard deviation, •

3, Sample Preparation and Measurement

Samples were ashed and dissolved in nitric acid, and then insoluble • 
phosphates were precipitated and dried and a graded powder prepared.

Strontium content in the phosphate powder is determined with the technique • 
described; then the sample is redissolved, a calibrated amount of Sr is added and • 
after reprecipitation the measurement is carried out again,, This internal standard 
procedure has proved to be of importance in reducing interfering effects (blank 
effect, auto-absorption, etc.)*

b) Natural Strontium in Bone

The results correspond to samples obtained in the Sr-90 survey during 1963.

i

i
Table I shows the stable strontium levels in stillbirths; standard deviation • 

in the Sr/Ca results is estimated to range from 10 to 15/o e W

The average and standard error of the mean of the values are 0.23 ± 0.02 ft 
rag Sr/g Ca. The value is similar to others found in the literature D It is always J| 
puzzling to see that the scatter agrees well with that of parameters found for 
most environmental biological samples (standard error ~ 40%/Vn). w

Table II presents results for children from 0 to 3 years of age. Values ^ 
shown in Table II are means and standard errors for each age group.

Determinations in different bones from the same child show no significant 9 
variations within the skeleton. (Consistent with information available elsewhere.) 
The level of stable strontium appears to increase slightly with age 0 •

Adult bones (ribs) were collected from several places in the country. 
The results are shown in Table III, w

Although the corresponding diets are quite different, values do not show * 
important scatter. No information is available at present on the Sr/Ca ratio 
in- specific diets, but the average adult bone level (0 0 37 ± 0.01 mg Sr/g Ca) • 
is in excellent agreement with the Buenos Aires diet value (~ 1.7 mg Sr/g Ca), • 
assuming a discrimination factor of 0,23,

t
Samples analyzed are suplicates of those used for the Sr-90 survey., The ^

milk survey is quite extensive and the values are representative of the Buenos Aires •
milk-shed area. The coverage of formula milk and other preparations important in ™
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diets of children is also adequate.

Table IV shows the results for baby foods (means and standard errors).

We do not have at present good data on other individual food items; a 
large number of samples are under process. However, several composite diets have 
been analyzed. The composition of these samples were based on dietary information 
presented in the 1962-1963 Progress Report and results are shown in Table V.

The Sr/Ca ratio of bones can be related to those of diet with a crude model 
implied in the following expression:

<Sr/C*>b<,ns ' C"f ' R" ' ft

Ca £ + U Ca i

where Ca^ is the amount of fetal calcium (from placental origin) , 
R* is the Sr/Ca ratio in the mother's diet,
f fc is the total discrimination-mother's diet to
Ca£ is the amount of calcium incorporated during period i,
R! is the Sr/Ca ratio in the child's diet during period i,
f.j_ is the child's discrimination factor (diet-bone) during period i.

Data of Tables I, II, and V, together with information on the amounts of 
calcium involved, allows an estimation of the discrimination factors, as shown 
in Table VI. Calcium increments are those estimated in the 1962-1963 Report 
(based on 24 grams at birth and retention fitting the expressions

———— Ca retained ———— tt Constant 

Ca ingested x Weight

which is fairly good in childhood) .

Results agree quite well with those of the 1962-1963 Progress Report, 
derived from Sr-90 data. It should be pointed out that the calculation of dis 
crimination factors shown above is iterative and that uncertainties pile up 
along the way. More significance, therefore, can be attached to values of D.F 0 
for the younger age groups .

The total discrimination(iaotherfe diet-fetal bone) is comparable to that 
observed in other species and to some published values for man.

Strontium- 90 in Diet

Since the last Progress Report a considerable number of new data have become 
available. The principal aim pursued was to observe time-trends. Sampling and 
analytical procedures were those described in the 1962-1963 Progress Report.
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I
a) Milk and Baby Foods Based on Milk Products

The milk survey is representative of thg Argentine Littoral<,Area, Table VII • 
the levels erotmed bv 6 month oeriods^ together with fallout data. ™

I
gives the levels grouped by 6 month periods,, together with fallout data* 

Milk and fallout Sr-90 are believed to be related by the expression:

C = a D + b d,

where C is the average level of Sr-90 in milk (pc/g Ca), . • 
D is the cumulative deposition ^ ™
d is the average Sr-90 fallout rate in the period (mc/Km2/year), 

and a, and b are proportionality factors. . •

Using the data of Table VII, these proportionality factors, computed by 
multiple regression, are, •

a = 0.27 and b = 0,42,

Using the expression shown above milk levels can be computed, the standard • 
deviation of the estimate being ± 0.37 pc/g Ca. ^

Table VIII summarizes the results for special baby foods based on milk. B 
As some brands are "fortified11 with mineral or animal calcium and others contain • 
cereal products, correlations with the levels of milk cannot easily be obtained. 
The scatter of individual samples was similar for the various brands, with ft 
standard deviations of 15 to 40% of the average. M

b) Other Food Items ^

Values for other food items, including commercial preparations based on ^ 
cereals, are shown in Table IX 0

standard deviations range from 20 to about 70%o Each entry corresponds to 10-50
samples » * •

Data of Tables VII, VIII, and IX, together with dietary information included 
in the last Progress Report, show that from 1961 to 1963 Sr-90/ Ca in total children's ^ 
diet has increased about 40% for all age groups. •

At present a detailed calculation of Sr-90 daily intakes in different age 
s (in the line of Table III of the last Report) is being 

and 1963, attempting a classification by regional diet types.

Strontium-90 in Stillborns

groups (in the line of Table III of the last Report) is being prepared for 1962 •
•

g

During 1963, 23 samples from stillbirths were analyzed for Sr-90. The group,
which contained a few samples from subjects having lived up to 7 days, is well ^
spread in time over the year* Table X summarizes the data. •
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The average level and its standard error are 0.77 ± 0.04 pc/g Ca. As the 
average Sr-90/Ca ratio in total adult diet in 1962-1963 was 7.1 pc/g Ca, a total 
discrimination (jnother's diet-fetal bone) of 0.11 is computed. This value is in 
excellent agreement with the one derived from natural strontium measurements.
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Sample code

S/Sr-1963 4

23

25

27

30

31

34

35

39

40

41

56

57

58

59

69

70

Stable

Ca %
(in ash)

27.5

31.8

34.1

32.0

34.6

34.2

35.7

32.0

34.4

33.2

32.3

21.7

31.7

33.0

24.9

35.7

32.7

TABLE I

Strontium in Stillbirths

Sr ppm mg Sr^^^-
(in ash) ^~^gCa

70 0.25

30 0.10

40 0.12

60 0.19

30 0.23

70 0.21

70 0.20

50 0.17

70 0.20

70 0.21

50 0.16

100 0.46

70 0.22

70 0.21

120 0.48

82 0.23

83 0.25
———

MEAN ± S.D. 0.23 ± 0.10
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TABLE II

Age group
i

0-3 mos.

3-6 mos.

6-9 mos.

9-12 mos.

12-24 mos.

24-36 mos.

Stable

Number of
samples

19

16

12

15

3

5

Strontium in

Mean of
age

30 days

114 days

243 days

349 days

18 mos.

34 mos .

Children's Bones

Ca % Sr ppm
(in ash) (in ash)

28.5 77

30.0 87

35.7 85

31.9 71

36.0 110

34.7 142

mg Sr
-"-""""i

0.25 ±

0.29 ±

0.24 ±

0.31 ±

0.32 ±

0.41 ±

-*--•
; Ca

0.02

0.04

0.02

0.02

0.05

0.07

TABLE III

Sample Code

S/Sr-1963
10
11 
12
13
14 
15
16
18
19
20
42
43 
44
45
46 
47
49
50
52
72
74
75 
77
81
83 
84

Age

37
48 
47
65
37 
62
49
51
72
29
37
51 
69
68
67 
54
42
57
58
20
34
72 
57
23
58 
60

Adults Bones

(Age 20 and

Ca %
(in ash)

32.0
34.2 
31.8
33.0
31.2 
34.0
33.7
30.9
32.8
30.2
34.3
35.3 
36.0
34.0
35.0 
34.0
34.0
30.4
35.0
33.1
33.5
32.5 
34.2
33.1
34.1 
32.5

_ 1 1C _

(Ribs)

Up)

Sr ppm mg
(in ash) ^

130
160 
110
120
140 
180
150
120
100
100
130
100 
130
130
140 
140
130
80

140
70

110
100 
170
120
150 
80

MEAN ± S.D.

Sr ^_^-
--~gCa

0.41
0.47 
0.35
0.36
0.45 
0.53
0.44
0.39
0.31
0.33
0.38
0.28 
0.36
0.38
0.40 
0.41
0.38
0.27
0.40
0.21
0.33
0.31 
0.50
0.36
0.44 
0.25

0.37 ± 0.08



Milk

Baberlac comp.

Milk Nido

Eledon con fecula 
y glucidos

Baberlac simple

Biberol

Yogalmina

Levulosa

Osteolact

Secalbum

Nestogeno

Nestun

Eledon con fecula

Quaker

Far ex

Mean Stable

Number of 
samples

24

10

10 

10

10

9

10 

10

10 

10

10

10 

10

7 

10

TABLE IV

Strontium in Baby Foods '

Ca % Sr ppm 
(in ash) (in ash)

15.0 140

11.8 123

11.3 140 

15.6 116

11.3 171

14.2 70

15.2 90 

17.4 200

15.3 110 

25.2 551

13.7 140

6.4 170 

14.6 100

3.13 310 

25.0 200

•VAX

1 
1 
1

mg Sr ^ •

0.95 ± 0.08 £

0.85 ± 0.09 ™

1.26 ± 0.21 • 

0.92 ± 0.06

1.50 ± 0.20

0.48 ± 0.08 1

0.59 + 0.09 

1.15 ± 0.05 |

0.72 ± 0.06 m 

2.28 ± 0.38

1.02 ± 0.15 •

2.65 ± 0.40 

0.69 ± 0.05 |

9.91 ± 1,10 m 

0.80 ± 0.06

1

i
i
i
i- 126 -
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TABLE V

Stable Strontium in Total Diet^1 )

Calcium intake 
Age Group mg Sr/g Ca (g/day)

0-3 mos. 0.69 (2) 1.00

3-6 mos. 0.97 (3 > 0 0 99

6-9 mos. 1.21 0,84

9-12 mos* 1.24 0.86

12-24 mos. 1.31 0.72

24-36 mos. 1.35 0.68

Adults 1 C 75 0.70

(1) Diet composition based on Table III of 1962-1963 Progress
(2) The value is computed from measured diet and 47% of breast 

contribution, assuming an OR (diet mother-milk) of 0.12.
(3) The value includes breast feeding (17% of calcium intake)

above.

TABLE VI

Discrimination Factors

Age Group D 0 F.

stillbirth 0.13*

0-3 months 0.81

3-6 months 0.49

6-9 months 0«50

9-12 months 0*28

12-24 months 0.30

24-36 months 0 0 22

Strontium intake 
(mg/day)

0.69

0.96

1.02

1.07

0.94

0.92

1.22

Report *
feeding calcium

in the way shown

* This is the total discrimination mother's diet-fetal bone*

I
I
l - 127 -



TABLE VII 

Fallout and Sr-90 in Milk

Period

1st semester 1960 
2nd semester 1960 
1st semester 1961 
2nd semester 1961 
1st semester 1962 
2nd semester 1962 
1st semester 1963 
2nd semester 1963

Cummulative deposition 
_____(me/Km2)______

6.8
7.1
7.7
8.0
8.8
9.4

10.6
11.5

TABLE VIII

Baby Foods (pc Sr^O/g Ca)

Average 
Fallout Rate 
(me/Km2 year)

0.60
1.02
0.96
1.40
0.70
2.68
1.15
2.21

Brand 

Baberlac compuesto
/ /

Eledon con fecula
Eledon con fecula y glucido
Baberlac simple
Nestogeno
Casenolin
Secalbum
Yogalmina
Leche Nido
Leche Kasdorf
Leche S.M.A.
Leche Cundor
Osteolack

1961

1.05
0.85
4, 
3, 
3. 
1,

02
52
19
85

0.82

1962

1.47
2.65
2.37
3.48
3.68
0.49
0.51

,96 
.17 
,03 
.14 
,60

2. 
1, 
4, 
3, 
2,

98
88
61
13
60

3.03 3.79

Average 
level in milk 
(pc/g Ca)

1963

2.32
2.37
2.41
3.72
3.00
1.51
0.26
2.23
2.37
.20 
.82 
.83

3.32

.63

.14

.85
,22
.05

3.54
3.31
4.17

1.
2. 
1. 
3, 
3,
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TABLE IX 

Other Foods (pc Sr90/g Ca)

Flour
Semolina
Farex
Maizena
Quaker
Potato
Calabash
Onion
Tomato
Pool of vegetables**
Banana
Apple
Eggs

1961

15.58
17.93
0.80*
3.85
8.18

14.85
3.15

12.80
23.95
6.45
5.90
6.26
5.24

1962

19.91
22.41
0.95
2.75
8.18

18.47
8.44

16.07
28.94
8.06
6.42
7.77
6.55

1963

18.20
20.11
0.64

10.26
18.24
5.31

14.63
25.95
8.60
6.04
7.40
7.01

* The 1962-1963 Progress Report has an incorrect value for the 1961 level. 
** Pooled according to consumption (1962-1963 Progress Report).

TABLE X

Strontium-90 in Stillborn

Sample Code

213
215
216
233
240
241
244
246
248
249
254 
254A
255 
218 
245 
258 
26 6A
266
267
268 
268A
275
276

pc/g Ca

0.58
0.62
0.62
0.55
0.59
0.50
0.46
0.61
0.57
0.88
0.71
0.62
0.86
0.33
0.55
0.74
.04
.19
.15

0.83
1.12
1.30
1.21

Ca in ash

45, 
27. 
34, 
34,

1, 
1, 
1,

35.0
34.0
31.8
34.0
34.0
29.4
34.6
34.0
34.2
32.8
33.8
35.7
34.4
36.0
33.2
32.2
32.3
21.7
31.7

Month of death

2
5
5
6
6
8
6
8
8
8
8
8
8
6
8
8
9
9
9

10
10
10
11
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IStrontium- 90 In Diet and Bone of San Juan, Puerto Rico Residents

Of Low Income

by J. Rivera - (HASL) ™

•
The results of the Sr-90 analyses of specimens of human vertebrae from • 

New York City, Chicago, and San Francisco for 1962 and 1963 were presented in 
HASL- 146^'. The relations between the observed Sr-90/Ca levels in the specimens • 
and the estimated dietary intakes of Sr-90 and Ca at the three cities tvas des- • 
cribed .

In addition to obtaining vertebrae at the above mentioned cities, HASL • 
has also been obtaining specimens from accident victims who resided in San Juan, 
Puerto Rico prior to death. Results of the analyses of these samples are pre 
sented in Table 1* A comparison of average Sr-90/Ca ratios found in specimens • 
from New York City and those from San Juan is shown below: •

Average pc Sr-90/g Ca in Human Vertebrae IB

_____ 1961 1962 1963 _____ 
Age NYC SJ NYC SJ NYC SJ m

4-20 U24(35 ) ia4(23) 1.64(37) i.4 "

>20 0.83 (7 > 0.82(33) 0.9o(14 ) 1.33<12 > 1.55< 23 > 1.62 (26) |

( ) = number of samples * —

It is evident that the concentrations of Sr-90 in bones obtained in " 
Puerto Rico have been about the same as those from New York City. Based on the 
considerations discussed in HASL-146, the Sr-90/Ca ratio of the diet in San Juan • 
can therefore be assumed to have been about the same as that in New York City | 
i.e., 10, 13, and 30 pc/g Ca for 1961, 1962 and 1963 respectively ( 3) .

To verify the similarity of Sr-90/Ca ratios in the New York City and • 
San Juan diets, an estimate of the intake of Sr-90 and Ca by San Juan residents 
of low income was made in June 196l(2), It was found that although Sr-90 intake 
was about half that in New York City at that time, Ca intake was also half as • 
great and, therefore, the Sr-90/Ca ratio of the diet was close to that estimated ™ 
for New York City*

To further substantiate these findings, another sampling and analyses || 
of foods from San Juan was done in August 1962. The results of the two surveys 
are presented in Table 2 C Once again it was found that on a pc/day basis the g 
intake of Sr-90 for the low income San Juan residents was lower than that for • 
the New York City population, but the Ca intake was correspondingly lower- so that 
the Sr-90/Ca ratio of the diets from the two cities were again about the same.
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The food samples listed in Table 2 have also been analyzed for stable 
strontium. The estimated Sr/Ca ratio of the diet based on.these analyses is 1.71 
mg/g(3). Stable strontium determinations have been also made on 12 adult bone 
specimens from San Juan* The average Sr/Ca ratio found is 0.42 ± 0.24 tng/g. The 
diet-bone observed ratio calculated from these results is 0.25. This result is 
in excellent agreement with the accepted value of the diet-bone Observed Ratio(4) 
and suggests therefore that the actual diet composition of the population studied 
is similar to that estimated*

The results presented here, emphasize the importance of obtaining
information on Ca intake as well as Sr-90 intake to estimate the potential hazards 
of fallout to a given population.

References

(1) USAEC Report No. HASL-146, p. 236, July 1, 1964.
(2) USAEC RejKxrJ: No* HASL-122, p.^183, April 1 I/ 1962.
(3) USAEC-Repor^ No. HASL-147> HASL Contributions; to the Study of Fallout in 

Food Chains, Joseph Rivera and John H. Harley, July 1, 1964.
(4) Report of the United Nations Scientific Committee on the Effects of Atomic 

Radiation (UNSCEAR), Supplement No. 16, (A/5216), p. 312, (1962).
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TABLE 1

I 
I 
I 
I

(2) • 

(10)

I 

I(12) •

I 

I 

I 

I

0-4 — — — I

4-20 1.14(23) 1.47 (33 ^ 2.18^69)

> 20 0.82(33) 1.33(12) 1.62(26 > I

( ) = number of samples. •

I 

I 

I
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Age

4-6

6-8

8-10

10-12

12-14

14-16

16-18

18-20

20-40

40-60

> 60

pc Sr^ /g Ca in Human Vertebrae of Low Income
Of San Juan, Puerto Rico

1961 1962

0.93 1.80(2 )

1.38

0.80 1.54(3)

1.06(5 > 1.19

1.12(2 > 1.42(2 )

1.69 1.45(9 )

1.4l(3) 1.20^5 ^

1 07 (9 > 1 Sfi(U >J. • U/ i. « DO

0>93 (12) 1.33^12 ^

0.69(16 >

0.96(5)

Weighted Averages

Residents

1963

2.85

1.75

2.61

2.26

2.39

2.30

1.89

1.84

1.61

1.68

--
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Cesium-137, Stable Strontium and Radium-226 in 
Two Human Skeletons

the skeletal components are summarized in Table 1. 

Cesium-137

I 
I 
I

by J. .Rivera - (HASL)

To estimate the total amount of a given nuclide in the whole skeleton • 
from its concentration in a single bone, the intraskeletal distribution of — 
the nuclide must be known. For bone seeking nuclides present in the diet at 
the same levels since birth, it is reasonable to assume that the concentra- • 
tions in every bone of the skeleton per gram of calcium will be the same. On V 
the other hand for nuclides whose level in the diet has not been constant, the 
concentrations in different bones within the skeleton can be expected to be • 
different due to differences in the rates of metabolic processes taking place J' 
in each bone.

In HASL- 144 (!) the distribution of Sr-90 in the skeletons of two adult • 
Milwaukee, Wisconsin residents who died in 1960 and 1961 were reported^). • 
It was found that Sr-90 was present in higher concentrations in spongy bone 
such as vertebrae or ribs, than in cortical bone such as the skull or the I 
shafts of long bones. These findings were as expected, since spongy bone • 
has a higher turnover rate than cortical bone and therefore is closer to 
equilibrium with mineral levels in the current diet than is cortical bone. •

Portions of the ashed components of the two skeletons previously analyzed 
for Sr-90 and Ca were also analyzed for Cs-137, stable strontium and Ra-226. 
The results of these analyses and the estimated amounts of these nuclides in •
f~li» clr^a I f* f~ Q 1 r»rvmnrvr» oirftfr- c **-irc* oiiTTrnmaT* "irT-orl in T'sal^lo 1 ^^

I
The intraskeletal distribution of Cs-137 was quite variable in each of 

the two skeletons. In skeleton #1 the highest Cs-137 concentrations were « 
found in the rib and "other bones" components. This might have been due to • 
the higher metabolic activity of these bones ss compared to that of the other 
skeletal components with more cortical bone 0 Skeleton #2 also had a relatively 
high Cs-137 concentration in the rib component but the skull also had a .high con- • 
centration* Since the skull presumably consists of primarily cortical bone ™ 
this result was surprising. One possible explanation is that the entire skull 
was not obtained and a non-representative part may have been ashed and analyzed, •

Anderson and Gustafson(3) have reported Cs-137 concentrations in human
rib of the order of 0 0 5 pc/g ash for Chicago residents who died during the • 
period from April to August 1961* The observed concentration of 0,32 pc/g ash • 
in the rib component of skeleton #2 is in good agreement with their results.

From whole body counting measurements the average Cs-137 body burdens of • 
eight Chicago residents in July 1960 and April 1961 were about 6000 and 4000_pc • 
respectively^) . If these values are assumed to have been the body burdens of 
subjects #1 and #2 prior to death, then the fraction of the burden in their •
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skeleton was about 2 and 5% respectively. The latter estimate is probably on 
the high side since as has been mentioned the observed concentration in the 
skull of this subject was anamolously high. From these results and taking 
into account the possibility that some Cs-137 may have been lost due to 
volatilization, the fractional Cs-137 content of the skeleton is estimated to 
be about 3%Y

Nay, Stahlhofen, and Kaul have reported preliminary results indicating 
that in the spring of 1964 the relative fraction of Cs-137 in the skeleton was 
about I7o. This estimate is probably a little on the low side since they assume 
that the Cs-137 concentration in the skeleton as a whole is the same as that 
found in femur shafts. Their findings are therefore also consistent with an 
estimate of a skeletal Cs-137 content of from 1 to 5% of the whole body burden.

Stable Strontium and Radium-226

The intraskeletal distribution of stable strontium in the two skeletons 
was fairly constant. Skeleton #2 had concentrations of stable strontium similar 
to those previously reported (6, 7)^ but skeleton #1 had much higher concentra 
tions,

Radium-226 was also fairly uniformly distributed within the two skeletons, 
with levels similar to those previously found in adult vertebrae (8 ) .

It has been shown that the Sr/Ca discrimination factor from diet to bone 
is about 4(9) while the Ra/Ca discrimination factor is about 64^'-. The average 
diet Sr/Ca ratio in the United States is probably about 1.8 mg/g and the average 
Ra-226/Ca ratio in the diet is about 1.9 pc/g(10), hence expected skeletal ratios 
for these nuclides are 0*45 mg Sr/g Ca and 0.03 pc Ra-226/g Ca.

The observed skeletal ratios in skeleton #1 were 2327/937 = 2.48 mg Sr/g 
Ca, and 70.3/937 = 0.075 pc Ra-226/Ca e Skeleton #2 had ratios of 575/1225 = 
0.47 mg Sr/g Ca and 49.0/1225 = 0.04 pc Ra-226/g Ca. These data suggest that 
subject #2 probably had a diet similar to the estimated United States average 
diet while subject #1 had a diet probably below average in Ca and above average 
in stable strontium and Ra-226,

It would be improper to overestimate the validity of conclusions drawn 
from the analyses of only two skeletons. The data presented here, however, 
support the following beliefs:

1. There are not large (> than a factor of 2) differences in the concen- 
centrations of stable strontium or radiurn-226 from one bone to another 
within an individual skeleton.

2. For nuclides whose concentration in the diet has varied considerably 
during the life of the subject, such as Sr-90 or Cs-137 differences 
in concentrations from bone to bone within the skeleton greater than 
a factor of two are likely to exist.
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I
3. The skeletal content of Cs-137 was probably about 3% of the whole H 

body burden, during the period 1960 to 1964.

l
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Table 1

Cesium-137, Stable Strontium, and Radium-226

Distribution in Two Adult Human Skeletons

C8 137

1

1

1

1

|

1

1

1

1

1

1

1

1

1

1. 60 Year Old Male.

Hands & Feet

Skull

Vertebrae

Ribs

Long Bone - shafts

Long Bone •*• ends

Other Bones
(Sternum, Pelvis, etc

TOTAL SKELETON

2. . 40 Year Old Male,

Hands & Feet

Skull

Vertebrae

Ribs

Long Bone - shafts

Long Bone - ends

Other Bones
(Sternum, Pelvis, etc,

TOTAL SKELETON

g/ash

Died 7/60.

216

J75

:,'46

159

338

766

357
• }

2457

Died 4/61,

285

499* .

327*

187

453

1012

490
'>

3253

pc/g PC
Sr

mg/g mg
Ra226

PC/g PC

Wisconsin

0.037

0;036

0.046

0.077

0.032

0.023

0,082
; • '

0.042

Wisconsin

0.041

•0.234

0.004

0.320

0.023

0.009

0.022

0.068

7.9

13.6

11.2

12.3

10.7

17.4

29.2

102

11.6

117

1.5

59.8

10.2

9.1

11.0

220

1.00

0.77

« 1.34

0.89,

0.82

0.80

1.23

0.95

^ . ,

0.19

0.20

0.14

0.15

0.21

0.18

0.14

0.18,

216

289

330

141

278

611

462

2327
'

t

54.9

97,9

44.5

28.8

94.6

185

69.3

575

0.034

0.030

0.023

0.024

0.028

0.032

0.023

0.029

0.019

0.013

0.018

0.017

. 0.012

0.014

0.018

0.015

7.24

11.3

5.58

3.74

9.57

24.5

8.35

70.3

•

5,42

6.37

5.85

3.24

5.53

13.7

8.92

49.0

*Estimated by comparison with I.

•
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Possible Pu2^° Distribution from a Satellite Failure •

- -• -by- John H, Harley (HASL) •

In April of 1964, an isotope-powered satellite failed to orbit and • 

apparently re-entered the atmosphere over the Southern Indian Ocean. The 

power unit contained about 17,000 curies of plutonium-238 and therefore had I 

a mass of about a kilogram. It is apparent that the tracing of this material

fallout studies.

Possible Fate of the Debris

The complete burnup of the capsule could result in conversion of the I 

isotope fuel to submicron particles of plutonium oxide, possibly mixed with 

material from other parts of the satellite. If burnup did not occur, the • | 

capsule would have disappeared into the Indian Ocean. Intermediate cases', „ 

such as partial burnup and formation of large particles would most likely re- ™ 

suit in rapid fallout over a limited area. •

Considering only the problems of tracing the debris, the best conditions 

would be the complete burnup to submicron particles at an altitude of perhaps • 

150,000 feet. Our experience with the rhodium-102 released in 1958 and the 

cadmium-109 released in 1962 would then allow us to make some estimates of • • 

the possible fate of the debris 0 •

If we assume that the material is distributed uniformly throughout the 

entire atmosphere, the resulting concentration would be about 0.2 dpir/1000 . I 

standard cubic feet. If, however, the material is pictured as mixing down 

ward from an altitude of 150^000 feet to the tropopause so as to give a • 

uniform concentration per unit mass of air, we can make an estimate of the •
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concentrations at various altitudes in the stratosphere. Then if the past 

data on strontium-90 and other nuclides are indicative we can assume that

I the concentration in the troposphere is about 1/200 to 1/500 the concentration 

in the lower stratosphere. Based on our experience with high altitude nuclear

| tests y it is possible to estimate the arrival time of the debris. These

_ predictions of concentrations and arrival times at different altitudes are

™ given in Table 1.

• Preliminary cadmium-109 data from balloon and aircraft sampling confirm 

the order of magnitude of the estimated concentrations given in Table 1. The

• total cadmium-109 radioactivity produced in 1962 was about ten times as great 

as the Pu- radioactivity from the satellite. Cadmium-109 appeared in

• balloon samples taken at 105,000 feet over Mildura, Australia about five

• months after injection and remained at the level of about 100 dpn/1000 stand 

ard cubic feet for a few months. It appeared later at lower altitudes over

I Mildura and at lower concentrations over San Angelo, Texas. The first de 

tection by aircraft was indicated to be about one year after the injection.

• If the altitude of burnup was below 150,000 feet, the debris should be

• detected earlier, perhaps as soon as two months after injection. Non- 

uniformity of distribution would give increased concentrations in the .region

I containing the debris but would also mean that the plutonium would be harder 

to detect outside this particular region.

I Sampling Systems

• The AEG balloon sampling program is designed to make collections up to 

105,000 feet.at San Angelo, Texas and Mildura, Australia* Experimental

• flights have been carried out to almost 130,000 feet but they are not fully 

operational. Sampling at Mildura was doubled at the higher altitudes in
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May to assist in detection. Balloon samplers collect duplicate filters of _ 

500 to 1000 standard cubic feet at 105,000 feet and larger volumes at lower • 

altitudes. Thus, one to two dpm of Pu ^ per thousand standard cubic feet • 

would be readily detectable.

Stardust, the aircraft sampling conducted by the Defense Atomic Support I 

Agency, collects filter samples up to about 70,000 feet. The volume sampled 

ranges from 10,000 to 100,000 standard cubic feet and as little as 0.01 • 

dpn/1000 standard cubic feet should be detectable. A special series of daily • 

flights was conducted for one week following the loss of the satellite* 

Sampling was carried out from Australia to about 10° South latitude to increase I 

the probability of detection of larger particles resulting from partial burnup. 

No significant levels above background were found. Sampling flights are • 

continuing. •

Ground level sampling along the 80th Meridian West is carried out under 

HASL. Weekly filter samples of about 10,000 cubic meters (250,000 cubic feet) I 

are taken. The predicted level of Pu238 which will eventually appear at 

ground level should be detectable. Other laboratories have ground level air • 

filters which collect up to ten times as much sample. •
poc£ I

The possibility of detecting Pu ^ in deposition collectors is much more 

doubtful. It is possible that some measurements on composites or large area I 

samples will be made. 

Background Levels I

There is no widespread network that has been collecting data on • 

plutonium-238 in the atmosphere from past weapons tests. There are, however, 

some measurements which allow us to calculate the possible Pu ^ concentra- • 

tions that existed before the satellite loss. First we have the widespread
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I
• data on strontium-90 which is " the basis for most fallout studies. Many

measurements of Pu ^ concentrations indicate that this nuclide is present

• at about two percent of the level of strontium-90 in the atmosphere* A 

smaller number of measurements indicate the Pu2^ concentrations'to be a

I 239few percent of the Pu ^ levels. These data allow us to make the estimates

• of inventories and concentrations given in Table 2.

Conclusions

| If the burnup conditions occurred as described here, it is very likely 

_ that the Pu from the satellite failure will be detected by existing sampling

systems. It is intended that a sufficient number of measurements be made to 

I allow a broad evaluation of the transfer of this material from the place of

burnup to*the surface of the earth.
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Table 1

Estimates of Pu2^8 Distribution

Concentration 
Altitude (feet) dWlOOO scf

:r 150,000 100

100,000 10

70,000 4

40,000 (Mean Tropopause) 1

Ground Level 0.01

Table 2

Background Levels - Earlv 19 6 A

Total. .'atmospheric inventory (curies) 5 x 10°

Stratospheric Concentrations
(dpm/1000 scf):

Northern Hemisphere 200-1500 
Southern Hemisphere 50-500

Ground Level air concentration 
(dpn/1000 scf):

Northern Hemisphere 1-2 
Southern Hemisphere 0.1-0.3

_ i y, o -

1
1

Approximate | 
Arrival Time

i
Late 1964

Early 1965 1

Late 1965 to m 
Early 1966 |

Early 1966

I

1

1

1

1 x 105 ; 1 to 7 x 1C 3

1
4-30 0,04 - 2 I 
1-10 0.01 - 0.5 •

1
0.02-0.04 2 to 30 x 10~4_ 
0.002-0.006 0.2 to 4 x lO'l

1

1

1
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Measured Levels of Plutonium-238 and Plutonium-239 In the Stratosphere

by L.P. Salter - (HASL)

Since the failure of a satellite device containing about 17 kilocuries 
of plutonium-238 in April 1964(1), samples collected under the High Altitude 
Balloon Sampling Program have been analyzed for Pu-238 and Pu-239 + Pu-240. 
Additional samples collected before the incident also have been analyzed to 
obtain background information on the concentrations in the atmosphere due to 
past weapons testing.

Partial results of analyses from samples collected at 65°N, 31 N, and 
34°S are now available and are summarized in Table 1. Pu-238 concentrations £ 
the ratios of Pu-238/Pu-239 + Pu-240 and Pu-239 + Pu-240/Sr-90 are presented.

Radiochemical separations for plutonium isotopes and other radionuclides 
are performed by Isotopes, Inc. A small quantity of Pu-236 is added to determine 
the recovery on the plated plutonium sources. Alpha spectra are obtained by 
counting with a 450 mrn^ silicon surface barrier detector in conjunction with a 
multi-channel analyzer for pulse height analysis. The counts under the peaks 
at 5.14 Mev from Pu-239 + Pu-240, 5.48 Mev from Pu-238, and 5.75 Mev from Pu-236 
are summed, normalized for 100% recovery of Pu-236 and corrected for counting 
efficiency.

Plutonium results reported in Table 1 for samples collected prior to the 
satellite failure were obtained by counting at Isotopes, Inc.; results for those 
collected after the incident, by counting at HASL, Intercalibration results given 
below indicate that little bias exists between the two laboratories:

Pu-238 (dpm)_____ Pu-239 + Pu-240 (dpm) 
HASL II HASL

0.92C

0.38C 0.28B 

0.31B 0 0 34B 

0 ± 0.1 0.08C 

0 ± 0.1 0.05C 

0 ± 0.1 0 U 05G 0.16C 0.06B 

Standard deviations due to counting less than 10% except as follows:

B: 10-20% 
C: 20-50%
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In view of the activity levels observed in these control samples, many of the 
Pu-238 and Pu-238/Pu-239 + Pu-240 ratios presented in Tab: 
sidered upper limits, especially at the higher altitudes.

I
Data from several blank filters interspersed among the samples give an • 

analysis background with a sample standard deviation of 0,05 ± 0.05 dpm for 
Pu-238 and 0.10 ± 0.10 dpm for Pu-239 + Pu-240. The following table presents • 
the analysis background in concentration units for samples with typical volumes I 
from 65, 80, 90, and 105 kilofeet:

Altitude Typical Volume Pu- 238 Pu" 239 * Pu- 240 " 
(kilofeet) (103 SCF) (dpm/103 SCF) (dpm/103 SCF)

65 2.50 0.02 ± 0.02 0.04 ± 0.04

80 1.67 0.03 ± 0.03 0.06 ± 0.06

90 1.25 0.04 ± 0.04 0.08 ± 0.08

105 0.62 0.08 ± 0.08 0.16 + 0.16 I

I

Pu-238 and Pu-238/Pu-239 + Pu-240 ratios presented in Table 1 should be con- •

The data for March and April indicate that measured levels of Pu-238 • 
from weapons debris are at least a factor of 10-100 below those calculated on J 
the assumption of complete burn-up of the satellite capsule at 150 kilofeet'!'. 
For May, June, and July, the data show that there have been no significant ^ 
increases in the Pu-238 concentrations or Pu-238/Pu-239 + Pu-240 ratios since I 
the early spring. This suggests that through July no material from the device ~ 
had arrived below 110 kilofeet at any of the three latitudes sampled*

Analyses for the plutonium isotopes will continue since the High Altitude • 
Balloon network presents one of the best opportunities for early detection of 
the satellite fuel if complete burn-up did occur in the stratosphere. •

Reference

(1) Harley, J.H., "Possible Pu-238 Distribution from a Satellite Failure 11 , I 
USAEC Report No. HASL-149, p. 138, October 1, 1964. ™
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Table 1

Isotopic Plutonium Levels JIL High Altitude Balloon Samples

1963 1964
May

Dec ^r__ Apr 1-15

65°N

105

90

80

31 o_N

105

90

80

65

34°S

105

90

80

65

Pu-238 (dptn/10 SCF) 
Pu-238/Pu-239a/
Pu-239/Sr-90

Pu-238 (dpm/103SCF)
Pu-238/Pu-239
Pu-239/Sr-90

Pu-238 (dpm/103 SCF)
Pu-238/Pu-239
Pu-239/Sr-90

Pu-238 (dpm/103SCF)
Pu-238/Pu-239
Pu-239/Sr-90

Pu-238 (dpm/103SCF)
Pu-238/Pu-239
Pu-239/Sr-90

Pu-238 (dpm/103SCF)
Pu-238/Pu-239
Pu-239/Sr-90

Pu-238 (dpm/103SCF)
Pu-238/Pu-239
Pu-239/Sr-90

*

Pu-238 (dpm/103SCF)
Pu-238/Pu-239
Pu-239/Sr-90

Pu-238 (dpm/103SCF)
Pu-238/Pu-239
Pu-239/Sr-90

Pu-238 (dpm/103SCF)
Pu-238/Pu-239
Pu-239/Sr-90

Pu-238 (dpm/103SCF)
Pu-238/Pu-239
Pu-239/Sr-90

(0,

0.

0.

0.
0.
0.

0.

(0.

0.

o.

-
022)^

019

024

56B
02B
020

021B

b010)-'

013

013

0.3D
0.5D
0.012B

0.18C
0.01C
0.015

0±0,2
0±0.3
0,0080

OtO.l
0±0.08
0.008

0.11C
0.08B
0.009

0.13C
0.06C

0,19C
0,07C

0±0.5
0±0.6
0.013B

0±0.2 0.02C
0±0.2 0.02C
0.016B 0.008

(0±0,3)£/ 0.22B
(0±0,2)~£ 0.12B
(0.014C)-' 0,010

0.16C
0.02C

0.019

0.02D
0.011C

0±0,1
0±0.08 0.07C
0.008B

OiO.l
0±0.05 0.07C
0.009

0.15C
0.07C
0.010

a Pu-239 + Pu-240 is referred to as Pu-239 throughout, 
b Chemical recovery is less than 30%. 
c Peak at -5.4 Mev indicates a contaminating radionuclide in the

based on the total count under the Pu-238 peak are given.

May
16-31

0.09C
o.ioc
0.012

0.28B
0,08
0.016

(0.180)^
(0.14D)~£
(0.0208)-^

0.07C <
0.09C <
0.010

0.05C
0.07C
0.007B

0.07C
0.07C

0.09B
0.04B

Pu-238 region

Jun

0 
0
0

0
0
0

0
0
0

0
0

0
0
0

0
0
0

0
0

0
o
0

0
0
0

0
0
0

0
0
0

.

• 

•

•

.

•

.

•

•

*

.

.

«

,
*

.

.

•

•

t

•

.

.

•

•

*

•

•

•

•

06D 
05D
014

14C
10C
012B

25B
10B
014B

09C
08C

09C
07C
010B

27
04
012

25B
02B

I*
3^
008

11B
07B
008

05B
06B
008

14B
05B
010

Upper

Jul

0.12C 
0.19C

0.
0.

0.
0.

0.
0.

0.
0.
0.

0.
0.

0.
0.

(0.
0.

0.
0.

0.
0.

0.
0.

08C
09C

15B
09B

15C
09C

13C
08C
010

33B
05B

32C
02B

10B)-
08B

05C
04C

10C
07C

11B
04B

limits

d Volume uncertain.

Standard deviations due to counting

B
C
D

are less

10-20%
20-50%
50-100%

than 10% except as Indicated below:
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I
Cumulative Deposition of Strontium-90 Along a Mid-United States B

Constant Precipitation Transect

L.T. Alexander, M. Meyer, J.S.,Alien
Soil Conservation Service, U^S. Department of Agriculture •

E.P. Hardy Jr.
Health and Safety Laboratory, UoS.AoE.C,

Since precipitation is the most important single parameter responsible for
the deposition of tropospheric nuclear debris, it was considered desirable to • 
study strontium-90 fallout along a latitudinal transect where the variation in | 
mean annual rainfall was minimal. In 1958, Dr* Lester Machta and staff of the 
U.S. Weather Bureau, Office of Special Projects, provided a list of precipitation _ 
measurement stations extending from the Gulf of Mexico, south of Houston, Texas • 
to the south shore of Lake Superior in Michigan that could serve as suitable soil - 
sampling sites for this investigation . During the spring of that year soil 
samples were taken at eighteen of the sites by Dr* Lyle T. Alexander. The samples I 
were analyzed for strontium-90 at the Health and Safety Laboratory, Locations of • 
the sampling sites are shown in Figure 1. Two additional samplings were carried 
out in 1961 and 1962, just prior to and during a period of intense nuclear testing. •

The site locations, sampling dates and the results of cumulative strontium- 
90 deposition measurements are given in Table 1. The cumulative precipitation ^ 
from January 1, 1953,to the sampling date for each site is also listed. Variability I 
in mean annual rainfall along the latitudinal transect is shown in Figure 2 for ™ 
three periods, namely, long term, during the period of sampling, and over the ten 
year period from 1953 through 1962. On the average, precipitation was slightly • 
higher during the sample collection period but for the purposes of this study, m 
variations between the three measurement intervals and along the transect were 
considered to exert a negligible effect upon the cumulative strontium-90 deposi- • 
tion values. I

The cumulative strontium-90 levels for each sampling period are graphed as _ 
a function of latitude in Figure 3. The shaded areas encompass all of the analytical • 
results for each sampling and were drawn to reflect as well as possible the deposi- * 
tion trend„ It is at once clear that the heaviest fallout of strontium-90 has 
occurred in the mid-latitudes of the United States with the maximum at about 37°. • 
There is a tapering off toward the northern and southern boundaries with the m 
lowest deposition of strontium-90 occurring in the southern latitudes.

An attempt to relate incremental deposition with latitude quantitatively, I 
proved inconclusive. It is anticipated that further sampling along this transect 
will be carried out during the testing moratorium. It should then be possible to 
see whether the strontium-90 fallout increment between 1962 and 1965 will show • 
the same latitudinal pattern. This would yield information on the sources of the • 
debris causing the observed increased fallout in the mid latitudes. For the 
time being, however, definitive conclusions from the available soil measurements • 
cannot be drawn as to whether the debris from Nevada or from testing outside the | 
continental United States has made the more significant contribution to the pre 
ferential deposition of strontium-90 in the mid-latitudes, «

- 146 -



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I

Figure 1 - Locations of Soil Sampling Sites Along a
Mid-Uinited States Const-ant Preiipitatti'OB Transect
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TABLE 1

Cumulative Deposition of Strontium-90 Along a Mid-United States

Constant

Site Lat.°N

Ontonagon 46.9
(Mich.)

Antigo 45.2 
(Wise.)

Portage 43,.5 
(Wise.)

Marengo 42.2
(111.)

Galva 41.2
(111.)

Springfield 39.8
(111.)

Columbia 39.0
(Mo.)

Bolivar 37.6 
(Mo.)

Tulsa 36.2
(Okla.)

Chandler 35.7
(Okla.)

* From 1-1-53 to sampling date.

: Precipitation Transect

Sampling
Date

6-5-58
5-16-61 
10-8-62

6-5-58 
5-16-61
10-9-62

6-4-58 
5-15-61
10-9-62

6-3-58
5-15-61
10-10-62

6-3-58
5-15-61
10-10-62

6-3-58
5-14-61
10-11-62

6-2-58
5-13-61
10-11-62

6-2-58 
5-13-61
10-12-62

5-29-58
5-12-61
10-12-62

5-28-58
5-12-61
10-13-62
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^Z&

33
59 
89

32 
55
75

35 
71

100

37
62
85

39
67
81

59
77

100

47
84
96

42 
90

106

49
87

102

50
84

114

Precip.*
in inches

166
270 
310

152 
257
310

153 
247
301

165
267
319

171
274
331

167
277
329

166
269
324

178 
310
360

177
296
368

172
275
335

1
1
1
I
I
1
i
i
i
i
i
i
i
i
i
i



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Site Lat.°N

Mar low 34.6
(Okla.)

Slidell 33.4 
(Tex.)

Sanger 33 .4
(Tex.)

Ferris 32.6
(Tex.)

Thornton 31.4
(Tex.)

Dime Box 30.3
(Tex.)

Brenham 30.2 
(Tex.)

Danevang 29.0
(Tex.)

* From 1-1-53 to sampling date.

Table 1 - cont'd.

Sampling 
Date

5-28-58
5-12-61
10-13-62

5-28-58 
5-11-61
10-14-62

5-27-58
5-11-61
10-14-62

5-27-58
5-11-61
10-15-62

5-27-58
5-11-61 
10-15-62

5-26-58
5-10-61 
10-15-62

5-26-58 
5-10-61
10-15-62

5-26-58
5-10-61
10-16-62
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46
80

112

47 
64
88

58
64

101

44
62
86

33
61
75

31
60 
73

23 
59
63

27
43
66

Precip.* 
in inches

176
272
332

179 
268
319

170
254
300

189
307
360

176
296 
343

170S
295 
363

172 
310
369

182
335
404
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Reproducibility of Analyses of 1963-1964 Soils for Sr-90

by Fo Durkan and L.D.Y. Ong - (HASL)

= y + b (1)

I

I
Introduction

Statistical evaluations of the reproducibility of analyses of soils for • 
Sr-90 by the Health and Safety Laboratory were presented in previous quarterly 
reports(lj 2). The present study provides additional information on this subject • 
obtained using the results of the analyses of soils collected in 1963-1964. mj

Of the 108 soil samples collected, 103 were analyzed in duplicate. The ^ 
206 samples were analyzed "blind 11 by the chemist, that is the samples were • 
identified only by code numbers. With each set of 20 samples, at least one * 
unidentified standard or blank sample was also included to serve as a check of

^Htime quality control. Aliquots from 37 of the soil samples were also analyzed by • 
the Beltsville Soil Laboratory for comparison purposes. I

Time Independence Tests •

Two standards and a blank sample served to check the time quality control 
of the radiochemical measurements made during the period August 9, 1963 through ^ 
July 2, 1964. The blank soil standard was analyzed 14 times, the red soil standard • 
was analyzed 10 times and the blank sample was analyzed 10 times during this • 
period. Graphs of the results of the analyses of each sample versus time suggested 
the relationship; •

y = a + b t

1
where y = activity of standard and t = time of analysis. A sign test for
linearity described by Crow, et al.(^), was applied to the data and the validity m
of eq. 1 was established. A least squares fit to eq. 1 was then found for each •
standard (Figures 1, 2, 3). This study indicated that there were no variations
with time in the results of analyses of a given sample, A statistical test ^
verified that in each case the coefficient 'b' was not significantly different •
from zeroO) and that therefore y(t) was constant (y(t) = y). ™

Precision •

The pair differences (D.^) and the pair averages (x^) for each of the 103 
samples analyzed in duplicate at HASL were calculated. The range of x^ was from M 
1.25 to 189 me/mi 2 with a 12th percentile of 14, a 33rd percentile of 40, a I 
median value of 86 and a 67th percentile of 118. The range of D^ was from 0 to 
33 me/mi2 with a 12th percentile of 0.3, a 33rd percentile of 1.4, a median of 3 
and a 67th percentile of 4. ^The pair differences were distributed normally about • 
the average pair difference 15. W

The standard deviation of a single measurement can be estimated from the • 
pair difference using the following relations: &* 5) £
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a i = * = 0.8862 D± (2)

Using this relation, confidence ranges for a single measurement or for the mean 
of a pair of measurements can be calculated at any desired confidence level, e,g., 
the 95 per cent confidence range for a single measurement is x ± 1.96 a and the 
95 per cent confidence range for the mean of a pair of measurements is x ± 1.96 a.

/2
A scatter plot of a^ and x-^ was drawn (Figure 4) . A straight line fit to 

the data yielded the following equation:

v^ = 0.8862 Di = 0.064 + 0.041 x± (3) 

The computed standard error of the estimate for this fit (Sa , -) was 3.7.

HUsing eq. 3 a graph of the relative error ^t • 100 vs xj was constructed, 
and is shown by the dashed curve of Figure 5. At levels greater than 10 mc/mi^ 
a relative error or precision of about 4% is predicted.

Inter-Laboratory Comparison

An indication of the precision between two different laboratories is 
given by comparing HASL measurements with those obtained by the Beltsville Soil 
Laboratory (BSL) on aliquots from the same soil samples.

The Wilcoxon 'Paired 1 Replicate Rank test^ ' was employed to determine 
if the analytical results obtained by BSL on aliquots from 37 of the soil samples, 
were significantly different from those obtained by HASL. This test takes into 
account the frequency with which the results from Beltsville were greater or 
less than the HASL results, weighted by the magnitudes of these differences. The 
result of the test was that there was no significant difference between HASL 
and BSL measurements.

A quantitative confirmation of this conclusion can be seen by stuyding 
Figure 5. The dashed curve in this figure is the relative error of pairs of 
samples analysed at HASL versus the pair average. The solid curve in the figure 
is the relative error between BSL and HASL results, versus the HASL average. 
Since the solid curve is always below the dashed curve, this suggests that the 
relative error in analyses between laboratories is smaller than between HASL 
duplicate measurements, i.e., about 4%.

Conclusions

Statistical analyses of the data obtained in the 1963-1964 Sr-90 in 
soil measurements indicated the following:

1. From measurements of standards and blank samples it is concluded 
that results of analyses did not depend on when the analyses were 
performed.
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I
2. From the results of the 103 measurements made in duplicate, it is m

concluded that the precision of the analyses was about 4%. I

3. An intercomparison of results of measurements made on 37 samples —
at HASL and the Beltsville Soil Laboratory showed no significant •
difference between the laboratories, suggesting that the precision * 
of the inter-laboratory analyses was also about 47o.

References •

(1) USAEC Report HASL-113, p. 75, July 1, 1961. •
(2) USAEC Report HASL-117, p. 217, December 30, 1961. •
(3) Crow, E., et al., Statistics Manual, New York, p/56, (I960).
(4) Snedecor G«W., Statistical Methods, Iowa, p. 97, (1950), _
(5) Volk, W., Applied Statistics for Engineers, New York, p. 113-115, (1958). •
<6 > Ibid., p. 329, •
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TABLE OF CONVERSION FACTORS

The following abbreviation listing and conversion table involve units of measurement used in 
the HASL fallout and air sampling programs.

ABBREVIATIONS; .
i 

in. - inches mm - millimeters . pc *• picocuries (micro-microcuries - Hue) 
ft. - feet cm - centimeters nc - nanocuries (milli-microcuries - njic) 
mi. - miles m - meters , \ic - microcurie . 
Ib. - pounds km - kilometers me •* millicurie 
liq.qt. -liquid quarts kg - kilograms ' d/m - disintegrations per minute, 

1 - liters

SCF - standard cubic feet at 1 atmosphere (1013 mb) and 15°C (59°F) 
SCM - standard cubic meters at 1 atmosphere (1013 mb) and 15°C (59°F) 
kg air - kilograms air at 1 atmosphere (1013 mb) and 15°C (59°F)

CONVERSION TABLE

Multiply

in.
in.
ft;
mi.

Ib.
liq.qt. -U

mi. 2

me/mi v 2

by
•fs. 

25.4
2.54
0.305
1.61

0.4536
.S. 0,946 i

2.59

0.386
me/mi. 2/in. 15.2

pc/1

d/m 
nc

d/m/1

d/m/ft. 2

103 SCF
103 SCF

SCM

0.01

0.450 
1 x 103

0.45 x

0.01256

28.3
34.7

1.226

, to obtain

mm
cm
m
km

kg
1

lon2

me/km2 (nc/ra2 )
pc/1

me/ km2/ cm*

PC 
PC

10*9 nc/cc

me/mi. 2

SCM
kg air

kg air

Multiply

mm
cm
m
km

kg
1

kn2

me/km2
pc/1

me/ km2/ cm

pc 
pc

M.C/CC
i 

mc/Ji. 2

SCM
kg air

kg air

AREA OF THE EARTH

Area

land

ocean

total

mi2

• t

57.470 x 106

139,480 x 106

196.950 x 106

km2
latitude 
band

0-10
148.847 x 106 10-20 

20-30
30-40

361.254 x 106 40-50
50-60 
60-70

510.101 x 106 70-80
80-90

•

by

0.0394
0.394
3.28
0.621

2.205
1.057

0.386

2.59
0.0657

100
2.22 ' 

1 x 10- 3

2.22.x

79.6

0.0353
0.0288

0.816

10'

to obtain

in.
in.
ft.
mi.

Ib.
Hq.qt. -U.S,

mi. 2

tnc/mi;2
me/mi, 2/ in.

pc/1

d/m 
nc

d/m/1

d/m/ft. 2

103 SCF
103 SCF

SCM

Area
mi2

17.142 x
16.621 x 
15.595 x
14.096 x
12,167 x
9.870 x 
7.271 x
4.454 x
1.258 x

106
106 
106
106
106
106
106
106
106

km2

44.398 x 106
43.048 x lOf 
40.392 x 10°
36.508 x 106
31.512 x 106
25.565 x 106 
18.833 x 106
11.536 x 106
3.257 x 106

1
1 
1 
1 
1
1
1
1
i
i
i
i
i
i
i
i
i
i
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TABtB 0? RABIQfflJCLIDES

The following table M a li«£iag of radlonucltd.es of tpter£9t in the HASL fallout program. The half-life 
values are those qurrenjtiy in use at HASL and are subject to change as new data become available. The 
energy values for each nu.ciJ.de are listed In order of decreasing abundance and include the most prominent 
radiations observed. Radiationa which occur in less than 10 per cent of the disintegrations are given in 
parentheses» X-rays are Hated only if electron capture or internal conversion are an important feature 
of the decay scheme. Data which differ.significantly from that listed in previous reports Of this series 
are marked with an asterisk,

Abbreviations:
CEi conversion electron 
EC: electron capture

1 Nuclide

Fission Products

• 38 Sr-89

1 38.Sr-9Q -^__^

39 Y-91

1 40Zr-95-^_

44 Ru-103— ̂___^

1 44 Ru-106— ̂_^^

48 Cd-115m

|
51Sb-125^m_

53 t-131

55 Cs-136

I ce p.^m 92% 
^

56 Ba-140^_^

58 Ce-141

59 Pr-143

58 Ce-144 ̂ __^

60 Nd-147^^^^

Radioactive 
Daughter

- 39 Y-90

-41 Nb-95

"45 Rh-I03m

"45 Rh-106

-52 Te-125m

56 Ba-137a

57 La-140

'59 fr-144

•61 Pm-147

HALF-LIFE 
days other units

50.5

10120.
2.675

57.5

65
35

39.8

365

43

985*
58

8.08

12.9

11150

12.8
1.675

33.1

13.8

285

U.I
964

27. 7y
64, 2h

57m

l.OOy
0.50m

2.7y*

30«5y
2.6m

40. 2h

17.3m

2.64y

electrons

1.46

0.54
2.27

1.54

0.40,0.36
0.16

0.21,0.12, (0.70)
0.037 CE

0.039
3.55,2.4, 3. l,<2.0)

1.63

0.30,0.12,0,61,0.44
0.078 CE, 0.105 CE

0,. 61, 0.34X0. 25)

0.34, (0.66)

0.51, (1.18)
0.62 CE

1.02,0.48,0.6, (0.9)
1.38,1. 10,0. 83, 1.71, (2. 20)

0.44,0.58, (0,10 CE)

0.93

0.32,0.19,(0,24,0.09 CE,0.04' CE)
2.98, (2.29,0,80)

0.81,0. 38, (0.23, 0.046 CE)
0.22

•--Emitted Radiations <Mev.) ———————————— r ——— 
photons

U.2)

0.72, 0,76
0.77

0.50, (0.61)

0.51,0.62, <l, 04,1, 55,0. 87,1. 13 sum)

(0.94,1.3,0,49)

0,43,0. 60, 0.46,0. ,64,0, 18

«,364,<0.64,0.28,0.72)

0,83,1.07,0.34,1.25,0.17,0.15,0.27, other sum

0.662

0.54, (0.16, 0.43, 0.30)
1.60,0.49,0. 82,0,33,0,92, (0.44,2. 5)

0.145

(0.134,0.081)
(0.69,2.18,1.48)

0.091,0.53, (0.28-0.44)

X-rays

0.003

Q.027, 0,004 ,

0.032

0.032 :

0.036

0,036

0.039

Other Radionuclldes

1 H-3

4 6e- 7

6 C-14

25 Mn-54

26 Pe-55

30 Zn-65

39 V-88

45 Rh-102 
45 Rh-102m

48 Cd-109-^^^^
f *

48 Cd-113m

51 Sb-124

74 W-181

74 W-185

81 ri-204

9 Ag- 109m

4480

33.6

2.0 X 106

310

966

245

104

210

470

-5000

60

145

74

1416

12. 3y

5500y

2.70y

~2%y

1.65y
0.65m

-14y

3.88y

0.018

EC

0.155

EC

EC

(0.32), EC

EC

1.15,1. 28, (0.81),EC
EC

EC
0.062 CE, 0.084 :CE

0.57

0.61,2. 3,0.25, (1.6,0.9)

EC

0.43

0.7 6, (EC)

0.48

l.ll,-0.51 Annihilation Rid.

I. 85,0. 91, (2. 76 sum)

j 0.48,1. 08, 0.63,,0..72, 0.77^(0.42)

(0.088)

0.60,1,69,0.72^2,09,1,0,1,3-1.5)

;0.005 i

rO.006

O.,008 !

0.0(14

•P.,02,1 j

|o^022,0.003 !

.

l;

j

— i
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I 
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I 
I 
I 
I 
I
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