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July 1, 1974
ARSTRACT

The report presents current data from the HASL Program,
the Swedish National Defence Research Inst:itute, the Air
Resources Lsboratories of NCAA, the Ceophysical Fluid
Dynamics Laboratory of NOAA and the Radiological and
Environmental Research Division of Argonne lational Lab-
oratory. The initial section consists of interpretive re-
ports and notes on radioactivity from nuclear tests in air
and precipitation in Sweden: strontium®® in diet during
1973; surface deposition in the United States; carbon'?
measurements in the stratosphere during 1%71-73; and en-
vironmental radiation measurements in the vicinity of a
boiling water reactor. Subsequent sections include tabu-
lations of radionuclide levels in fallout, surface air,
stratospheric aixr, milk, diet, snd tap water. A bibli-
ography of recent publications related to radicnuclide
studies, is also presented.

Preceding reports in this series:

Year HASL Revort Nos.
1958 42, 51

1959 65

1960 77, 84, 88, 95
1961 165, 111, 113, 115
1962 117, 122, 127, 131
1963 132, 13%. 138, 140
19¢4 142, 144, 146, 149
1965 155, 158, lel, 164
l1oeo le5, 171, 172, 173
1967 174, 181, 182, 183
1968 184, 193, 197, 200
1969 204, 207, 210, 214
197G 217, 224, 227, 237
1972 246, 249, 257, 259
1973 208, 273, 274, 276
1974, 278, 281
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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 in-
formation that became available during the period from March 1,
1974 to June 1, 1974. The next report is scheduled for publication
October 1, 1974. Preceding reports in the series, starting with
HASL-42, "Environmental Contamination from Weapons Tests", and
continuing with HASL-284 (this report), may be purchased from the
Clearinghouse for Federal Scientific and Technical Information,
National Bureau of Standards, U, S. Department of Commerce,
Springfield, Virginia 22151, A complete listing of these Fallout
Program Quarterly Summary Reports is given on the abstract page
of this report.

To give a more complete picture of the current fallout situation
and to provide a medium for rapid publication of radionuclide and
trace element data, these quarterly reports often contain informa-
tion from other laboratories and programs, some of which are not
part of the general AEC program. To assist in developing, as
rapidly as possible, provisiocnal interpretations of the data,
special interpretive reports and notes prepared by scientists
working in the field of fallout are also included from time to
time, Many of these scientists ave associated in some way with

the general AEC program, Information developed outside HASL is
identified as such and is gratefully acknowledged by the Laboratory.
In this report, data from the Swedish National Defence Research
Institute, Air Rescources Laboratories of NOAA, Geophysical Fluid
Dynamics Laboratory of NOAA, and the Radiological and Environmental
Research Division of Argonne National Laboratory, are presented.

A portion of the radiochemical analyses either have been or are
being carried out by commercial laboratories under contract to
the HASL Environmental Studies Division, The results of these
analyses are reported as part of HASL's regular fallout program.
The contractor analytical laboratories which provided data are
Nuclear Science and Engineering Corp., Pittsburgh, Pa.; Isotopes,
Inc.,, Westwood, N. J.; Radiochemistry, Inc., Louisville, Ky.;

LFE Environmental Analysis Labs., Richmond, Calif,; Controls for
Radiation, Inc., Cambridge, Mass.; Hazleton-Nuclear Science Corp.,
Palo Alto, Calif. (now Teledyne Isotopes Palo Alto Labs.); Food,
Chemical & Research Labs., Inc,, Seattle, Wash.; Custom Nuclear
Co., Mountainview, Calif.; Ledoux and Company, Teaneck, N. J.;
and U, S. Testing Co., Richland, Washington.

This report is divided into four main parts:

1. Interpretive Reports and Notes

2, HASL Fallout Program Data

3. Data from Sources other than HASL

4. Recent Publications Related to Radionuclide Studies

- viii -



PART I

INTERPRETIVE REPORTS AND NOTES



Forsvarets Forskningsanstalt FOA 4 rapport

Avdelning 4 C 4570-A1
104 50 Stockholm 80 Mars 1974

RADIOACTIVITY FROM NUCLEAR WEAPONS IN ATR AND PRECIPITATION
IN SWEDEN FROM MID-YEAR 1968 TO MID-YEAR 1972

Brita Bernstrom

Antal blad 32

Summary

The concentrations of various fission products in ground
level air and precipitation from mid-year 1968 to mid-year
1972 are reported. Since 1963 the cesium-137 concentration
in surface air decreases each year to 1967, After a small
increase 1968 the air concentration of cesium-137 remains on
the same level to 1971 and decreases 1972 to the lowest level
reported since the measurements started.

Short-lived barium-140 was detected in ground level air after
the Chinese explosions in December 1968, November 1971, Janu-
ary 1972, and March 1972, After the Chinese tests in Septem-

ber 1969 and October 1970 the concentration of barium~140 was
below the detection level,

Sammanfattning

Koncentrationerna for olika fissionsprodukter i markluft och
nederbdrd rapporteras f£or tiden 1968-07 t o m 1972-06,

Fridn 1963 har koncentrationen av cesium-137 i markluft minskat
varje &r till 1967, Efter en uppgidng 1968 har halten av ce-
8ium-137 forblivit ungefdr densamma till 1971, varefter halten .
minskade 1972 till den ligsta nivi, som uppmitts sedan mitning-
arna startade.

Kortlivad barium-140 forekom i markluft efter de kinesiska
"explosionerna som utfdrdes 68~12-27, 71-11-18, 72-01-07 och
72-03-18. Daremot 1l8g koncentrationen av barium-140 i markluft
efter provspringningarna i september 1969 och oktober 1970 un-
der den nivd som 4r mitbar med nuvarande rutin,

Uppdragsnr: ARS8

Nyckelord: Cesium, globalnedfall, omgivningsradiosktivitet
Cesium, global fallout, environmental radioactivity

Rapporten utsind till: UD (U Ericsson), FoD (J Prawitz)
(3 ex), MVC, SMHI, FHS, MHS, SkyddS, AB Atomenergi (3 exS,
Fysiska inst Uppsala, Lund, Sthlm univ och CTH, Statens strél-
skyddsinst (2 ex), Statens inst f folkhilsan, Radiofys inst
Lund (2 ex), Radiofys inst Gbg och Ume&, Lantbrukshbgskolan

(2 ex), Veterinirh8gskolan (2 ex), FOA 1, FOA P

FOA 4: 410, 42, 43, 46, 4T, 473, 48 (20 ex), 49

T 2
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INTRODUCTION

In this report results of measurements of radioactivity in ground
level air and precipitation from mid-year 1968 to mid-year 1972 are
summarized. Results from previous years are given in reports by
Lindblom (1965, 1969) and Bernstrsm (1969).

During this period atmospheric nuclear tests were made in People's

Republic of China and by France in the South Pacific (table 1), A 1
number of underground nuclear explosions have been undertaken by USA
and USSR and some of these have resulted in atmospheric releases of

radioactivity (table 2).

The fresh radioactive debris sampled at the Swedish stations has

almost exclusively emanated from Chinese tests. Radioactivity from
undergfound explosions have been unequivobcally observed in two cases,
one being the Schooner test in Nevada (8 Dec 1968) (Persson 1971) and
the other an explosion in USSR, presumably on 23rd March 1971 (Eriksen
1972). Debris from the French tests has not been observed over Sweden,
but has been sampled in ground-level air on board a commercial freighter

in the Pacific.

SAMPLING PROGRAM

The sampling stations are situated at Kiruna, Lycksele, Ostersund, Hagfors
Stockholm, Tumba, Gothenburg and Ljungbyhed (cf figure 1 and table 3).

The Lycksele station was temporarily closed in 1968 and started again

in 1971. The Ostersund and Hagfors stations started in 1971.

At Hagfors no precipitation samples are collected.

Radioactive debris in ground level air is sampled by passing air through
a glass-fibre filter by means of a centrifugal air pump. The capacity

of the first samplers was 2880 n’ (~ 3600 kg) per day. They have
successively been rcplaced by samplers with a capacity of 11500 m3

(~ 14400 kg) per day. The filter area is 0.4 X 0.4 n?. The samplers

are run continuously and filtors are changed threce times a week, At

the Tumba station a high-capacity sampler with a filter area of 1 m2
and a capacity of 72000 m3 Qv 90000 kg) per day has been in operation
since 1971,



Radioactive dcbris at higher alt;tudes (normally 8-13 km) is collected

by filtering devices carried by aeroplang, The sampling is performed

by the Royal Swedish Air Force. The acroplam is cquipped with six

filter holders, cach containing a filter (glass-fibre or polystyrene)

of size 0.3 X 0,6 m2. The sampling capacity depends on velocity and
altitude and is of the order 100 kg per hour. Observations of radioactivity
at high altitudes are rcported clsewhere (Pcrsson & Siscfsky, 1969,
Sisefsky & Persson, 1970, Sisofsky & Persson, 1971, Persson & Sisefsky,
1971). '

Radiocactivity in precipitation is collected by stainless steel funnels
with a diameter of 2 m. The funnels arc heated during winter. The

water passcs through a sampling column, consisting of a cellulose filter,
an anion-exchanger and a cation-exchanger. The sampling units arc
changed once a week. The amount of water passing the sampling column

is uscd as a mcasurc of precipitation during the sampling period. A
desoription of the device is given by Lindblom (1967).

MEASUREMENTS

All surface air samples arc checked threc days after the end of the
sampling pcriod by means of a "gross-gamma" Na(Tl)I-counter. When the
count exceeds a pre-set limit, the individual samples are analyzed by
gamma-épectroscopy. A1l samples from the Stockholm station arc, however,
analyzed by gamma-spectroscopy. ’

All surface air samples from the same month and station are collected
in a Marinelli-type containor, and the pooled samples arc measurcd
with a 4" x 4" Na(Tl)I—détector. The monthly samples are measured again
after six months in order to give a better estimatc of the long-lived
nuclides.,

ANALYSIS

The analysis of the y-spectra is performed by a computer program that
makes a least squares fit of the observed spectrum to a sum of standard
spectra from the relcvant nuclides (Rydberg, 1968). When necessary
this analysis is supplemented by data from Go(Li)~spectroscopic
determinations of e.g. tho 958r/95Nb-ratio.



RESULTS

The monthly mcan concentrations and the monthly deposition of long-
lived fission products are givén in table 4. The values arc corrected
for decay to mid-month. Table 5 gives the quarterly deposition of
13709 since cend of 1961.

Figures 2 and 3 summarize the ground-level air observations of 137C§
gince 1957.

The 137Cs-concentration decreased from 1964 to 1967, thereafter it
remained on a slightly higher lecvel to 1971. In 1972 the 13705-
concentration has dropped to the lowest level observed. Fig 4 shows

the variation of the ratios of '°%ru/37cs, 12550/137cs ana 144ce/37ce

in ground level air. Fig 5 shows the same ratios obtained in precipitation.

The data of the two measurements show a fair agrecment.

Figure 6 shows the ratio of 9SZr/137Cs in air and precipitation. The
figure shows that cach China test caused an increasc of the ratio,
The exponential decay that follows after the increase is more regular

after the megaton tests,

Short-lived activities have been observed in surface air in Sweden
during some periods. Table 6 gives the measurements at Stockholm and

in figures T7-8 the concentration of 140Ba is plotted.

After the Chincse tests of megaton yicld in September 1969 and
Octpbcr 1970 no. measurable quantities of 14oBa were observed in

surface air or precipitation.
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Table 1. Tesfs in the atmosphere

Date Country Site Height Yield Reference

680707 France Mururoa Atm Middle Le Monde July 9, 1968

680715 " " " " " July 17, 1968

680803 " " " " " Aug 6, 1968

680824 " Fangataufa 500 m ~ 1 Mt ". Aug 29, 1968

680908 " Mururoa 600 m ~ 2 Mt

681227 China Lop Nor ~ 3 M AEC Release L-294 Dec 27,
1968 '

690929 * " ~ 3 Mt AEC. Release M-229 Sep 29,
1969 i

700515 France Mururoa Low Le Monde Mai 16, 1970

700522 " " " (A series of 8 explosions)

700530 " Fangataufa High?

700624 " Mururoa Low

700703 " " > 1 Mt

700727 " " Low

700802 " Fangataufa "

700806 " Mururoa "

701014 China Lop Nor 3 Mt AEC Release N-184 Oct 14,
1970

710605 France Mururoa 15 kt?

710613 " ~ 500 kt

710704 " " Low

710808 " " "

710814 " " Intermediate

711118 China Lop Nor 20 kt

720107 " " "

720318 " " 20-200 kt

720626 France Mururca Very low

I 8



Table 2. Recorded atmospherie releases from underground tests

Date Country Testname Yield References

680118 USA Hupmobile USAEC Report WASH-1183 (June 1971)

680126 " Cabriolet 2.5 kt Rad. Health Data and Reports 9 (1968)
142

681107 USSR Mamuro T et al., Ann Rep Rad Cent
Osaka 9 (1968) 9 .

681208 TUSA Schooner 35 kt Rad. Health Data and Reports 10 (1969)
45

691029 v Pod USAEC Report WASH-1183 (June 1971)

700421 " Snubber "

700505 " Mint Leaf. "

701218 " Baneberry "’

710323 USSR Eriksen 1972, Kolb W, Nature 232 (1971)

552



Table 3. Sampling stations

Station Latitude . Longitude
Kiruna 67°51' N 20°16' E
Lycksele 64°36' N 18°40' E
Ustersund 63°11' N 14°39' B
Hagfors 60°02' N 13%42' E
Stockholm 59°20' N 18°3' E
Tumba 59°12' N 17°49' E
GSteborg 57°43' N 11958 E
Ljungbyhed 56°4' N 13%12' E

I - 10



Table 4. Activity concentration at liruna

Date Ground level air:.fCi/kg Precipitation: pCi/m2
- 9?&; 106Ru 125Sb 15705 144Ce mm 95§r 13708
6807 2.5 39 211 161
08 1.8 30 79 110
09 1.5 5.6 0.8 1.8 10.2 27 52 65
10 0.6 2.7 0.4 0.7 5.1 43 19 27
11 0.5 1.9 0.4 0.6 3.8 11 6 12
12 0.2 2.4 0.4 0.7 4.5 30 14, N
6901 1.2 2.4 0.4 0.9 4.9 7 6 4
02 2.3 3.2 0.6 1.2 6.5 7 15 6
03 3.8 3.8 0.6 1.5 7.2 13 22 1
04 7.5 4.4 0.7 1.6 9.1 22 82 20
05 16.3 7.9 1.2 2.5 16.3 39 116 23
06 28.5 12.3 1.3 2.7 26.1 14 347 47
07 31.8  14.7 1.5 3.0 32.0 51 1026 156
08 37.3  20.4 2.1 4.3 46.5 42 628 101
09 9.5 6.7 0.6 1.5 14.9 35 198 32
10 3.8 3.1 0.4 0.6 7.0 19 81 11
11 2.5 2.6 0.3 0.5 5.2 20 71 MN
12 2.7 2.9 0.4 0.7 6.8 18 10 <1
7001 2.7 2.6 0.4 0.8  14.9 16 11 <1
02 4.5 3.7 0.5 1.0 16.8 19 29 6
03 7.4 5.2 0.6 1.3 17.7 23 114 16
04 16.8  10.6 1.5 2.6 78.8 26 256 45
05 27.9 17.5 2.6 3.9 149.8 24 457 82
06 36.9 26.3 3.4 5.6 140.1 25 765 188
07 23,8 20.8 2.9 4.7 82.5 87 1019 279
08 16.6 19.0 2.8 4.2 58.2 25 439 148
09 1.6 2.4 0.5 0.6 6.1 57 249 101
10 0.5 0.9 0.2 0.2 .1 46 83 33
11 1.0 1.2 0.3 0.2 8.9 14 12 s 4
12 2.0 3.3 0.6 0.9 22.8 1 16 4

I -11



Table 4. Activity concentration at Kiruna (cont)

Date . Ground level air: f£Ci/kg Precipitation: pCi/m2
95,p 106p, 125g 137, 1440, mm 9ze 1375
7101 1.7 2.5 0.4 0.7 5.6 8 42 13
02 4.1 4.1 0.6 1.2 9.5 15 88 11
03 8.6 6.0 0.9 1.6 12.6 T 32 <1
04 21.4 9.9 1.6 2.4 24.5 42 469 68
05 23.4 12.4 1.8 2.5 28.5 "9 152 29
06  45.4 28.2 4.2 5.8 66.9 24 1500 264
07 22.7 17.6 2.5 3.9 41.2 45 467 147
08 10.8 10.5 1.6 2.4 25.8 67 609 184
09 3,0 3.9 0.5 0.9 8.4 15 85 26
10 0.7 1.4 0.2 0.3 3.1° 32 27 7
11 0.8 2.1 0.3 0.5 4.1 24 <7 <1
12 0.5 1.5 0.2 0.4 3.2 29 12 6
7201 2.+ 3.2 0.3 0.7 6.0 3 33 <1
02 1.3 3.2 0.2 0.8 5.8 2 3 1
03 0.6 2.3 0.4 0.8 4.9 10 30 <3
04 3.5 1.3 0.2 0.4 3.4 20 280 6
05 8.6 2.7 0.4 1.0 T.2 30 521 21
06  11.9 4.1 0.6 1.1 9.7 39 649 78

I -12



Table 4. Activity concentration at Lycksele

Date Ground level air: £Ci/ke Precipitation: pCi/m?
955, 106y 1255, 13755 144, mm 9zr 1374,
7101 1.8 2.3 0.4 0.7 5.7 * *
02 4.0 4.3 0.7 1.2 9.5 22 81 21
03 8.8 5.7 0.8 1.5 12.5 21 94 15
04 28.6 13.0 2.0 3.0 32,0 19 312 54
05 34.4 17.7 2.6 3.7 43.4 14 1135 136
06  42.6 25.7 3.7 5.6 63.7 45 2121 534
o7 31.6  23.5 3.3 5.1 55.7 39 710 229
08 15.4  15.1 2.3 3.5 37.0 46 376 199
09 4.2 5.2 0.9 1.3 12.1 28 80 29
10 1.3 2.3 0.3 0.5 4.8 11 53 36
1 1.0 1.9 0.2 0.5 3.9 32 24 T
12 0.5 1.4 0.2 0.4 3.2 25 24 4
7201 1.3 2.6 0.3 0.7 5.8 4 5 <1
02 1.5 3.0 0.3 0.8 5.8 18 11 <A
03 ' 0.7 3.0 0.4 1.0 5.8 9 26 <1
04 2.4 1.2 0.2 0.5 2.8 17 273 s3
05 9.1 2.5 0.4 1.1 7.3 76 T13 T1
06 13.0 4.6 0.6 1.3 11.2 24 325 39

* No sample

I - 13



Table 4. Activity concentration at Ostersund

Date Ground level air: f£Ci/kg Precipitation: pCi/m2
952r 106Ru 1258b 13705 144Ce mm 95§r 13703
7102 4.4 43 0.6 1.3 9.4 19 44 18
03 9.3 6.2 0.8 1.6 12.8 7 51 8
04 26.5 12.4 1.8 2.8 29.5 14 72 20
05 34.2 17.4 2,2 3.6 41.4 24 1701 97
06  42.0 26.2 3.7 5.4 61.9 72 1277 267
o7 28.9 22.7 3.4 4.8 53.5 4 796 195
08 18.6 18.0 2.8 4.0 43.1 52 516 152
09 44 5.7 0.8 1.4 13.6 26 194 75
10 1.5 2.7 0.3 0.6 5.8 2T 24 <1
1 0.8 2.0 0.3 0.4 4.1 18 42 20
12 0.6 1.8 0.2 0.5 3.6 T 19 9
7201 0.7 3.1 0.4 0.8 6,4 1 3 <1
02 1.6 4.1 0.4 1.0 7.6 8 19 5
03 0.8 4.0 0.6 1.5 8,0 3 4 <1
04 4.7 2.0 0.3 0.8 5.3 13 184 3
05 11.4 3.6 0.7 1.3 9.3 30 310 26
06  15.1 5.3 0.7 1.5 12.4 64 442 43

I - 14



Table 4. Acfivity concentration at Hagfors

Date Ground level air: fCi/kg

955, 196p, 1255, 137g, 1444,

7109 3.4 4.3 0.7 1.1 10.1

10 0.8 1.5 0.2 0.3 2.8
1 0.2 0.7 0.1 0.1 1.2
12 0.2 0.7 < 0.03 0.2 1.4
7201 0.7 1.0 < 0.06 0.3 1.6
02 0.6 1.4 0.1 0.4 2.9
03 0.8 3.6 0.5 1.2 7.5
04 5.2 2.3 0.5 0.8 5.5

05 12.3 3.6 0.6 1.2 9.4
06 13.3 4.0 0.6 1.2 10.2
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Table 4. Activity concentration at Stockholm (* Tumba)

Date Ground level air: f£Ci/kg Precipitation*: pCi/m2
955, 106p, 1255, 13To 144c, mn_ 29zr 137gg
6807 8.4 17.7 2.3 4.6 38.5 65 499 441
08 3,3  10.2 1.3 2.7 20.4 41 111 156
09 1.6 5.8 0.7 1.6 11.2 35 85 116
10 0.4 1.9 0.2 0.6 3.7 104 90 142
11 1.0 2.8 0.5 0.9 5.7 30. 43 56
12 0.4 1.9 0.3 0.7 4.0 25 26 s 2
6901 2.2 3.9 0.7 1.5 8.1 29 122 51
02 3.0 4.1 0.8 1.6 8.3 AT T2 55
03 3,8 3.7 0.6 1.5 7.4 11 41 11
04 6.4 3.8 0.6 1.4 1.8 46 367 67
05 19.0 8.4 1.2 2.6 17.1 25 371 77
06  44.7 19.0 2.0 4.2 39.5 14 322 41
07  31.9 14.4 1.5 3.1 32.4 12 226 52
08  44.0 24.7 2.6 5.4 55.7 93 541 124
09 11.4 8.2 0.8 1.7 18.4 56 604 145
10 5.3 4.6 0.6 1.0 11.3 12 93 12
11 2.7 2.5 0.4 0.6 5.7 88 226 76
12 3,0 3.6 0.5 0.8 7.6 17 130 24
7001 2.8 3.3 0.5 0.9 7.8 27 154 38
02 3.3 2.8 0.4 0.8 6.4 5 30 2
03 7.3 4.8 0.6 1.3  10.9 53 34 72
04 9.3 5.3 0.8 1.4 12.6 42 674 118
05 31.5 19.7 2.8 4.4 46.4 5 200 29
06  47.8 34.2 4.6 1.6 81.2 33 1227 253
07 20.6 18.4 2.6 4.1 42.8 42 1433 408
08  15.2 17.4 2.6 3.9 39.8 7 201 48
09 5.6 8.1 1.2 2.0 18.4 55 237 125
10 2.4 4.2 0.6 1.0 9.2 44 80 37
11 1.3 2.2 0.4 0.6 5.0 8% 245 112
12 1.5 2.2 0.3 0.7 4.9 17 35 20



Table 4. Activity concentration at Stockholm (* Tumba) (cont)

Date Ground level air: fCi/kg Precipitation¥: pCi/m2

95Zr 106Ru 125Sb 13705 144Ce mm 95Zr 137Cs

7101 2.4 3.2 0.5 0.8 7.1 25 127 45
02 4.9 4.5 0.8 1.2 10.1 19 220 38
03 9.6 5.6 0.6 1.6 12.4 19 376 62
04 22.2 10.3 1.6 2.4  25.4 4 918 99
05 53.5 27.3 3.8 5.8 66.4 10" 322 43
06  39.5 24.1 3.1 5.0 56.6 31 1275 ° 263
o7 36.5 27.9 4.1 5.8 66.2 64 614 168
08 16.6 16.0 2.4 3.5 38.6 57 771 272
09 3.9 5.1 0.8 1.2 1.7 23 96 44
10 1.8 3.1 0.4 0.7 6.5 ° 30 27 20
11 1.1 2.6 0.3 0.6 5.3 41 42 30
12 0.7 2.2 0.3 0.6 4.3 20 33 8

7201 2.9 5.0 0.5 1.2 9.8 4 26 6
02 1.4 3.4 0.3 0.7 5.7 15 52 22
03 0.9 4.3 0.4 1.3 8.3 3 31 <1
04 5.2 2.3 0.5 0.8 5.5 13 512 21
05 13.6 4.2 0.7 1.7 1.7 36 656 57
06  17.8 5.9 0.7 1.7 13.8 29 254 33
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Table 4. Activity concentration at Gothenburg

Date Ground level air: fCi/kg Precipitation: pCi/m2
95§L 106, 125g, 137, 144, mm Oz 137gg
6807 2.5 84 296 315
08 2.3 49 96 127
09 1.4 37T 55 77
10 0.2 132 124 130
11 0.6 82 54 48
12 0.5 o *
6901 0.4 48 150 96
02 0.9 26 34 15
03 1.5 * *
04 0.9 15 814 130
05 2.5 28 1269 156
06 5.2 29 630 141
07 3.3 43 671 121
08 18.5 10.3 1.0 2.3  23.1 57 449 133
09 11.8 8.2 1.0 1.8 19.2 59 198 33
10 5.5 4.2 0.6 1.0 10.0 19 110 14
11 2.0 2.2 0.3 0.5 7.3 59 120 50
12 2.3 2.7 0.4 0.6 10.0 29 59 13
7001 2.2 2.8 0.3 0.7 13.4 34 86 14
02 2.5 2.5 0.4 0.7 11.0 38 25 27
03 5.4 3.5 0.4 0.9 12.5 54 137 25
04 10,9 6.2 0.9 1.5 52.4 58 663 119
05 26.4 15.5 2.2 3.5 103.5 25 700 179
06 36.5 25.5 3.6 5.7 135.4 108 1331 405
o7 10.7 9.5 1.2 2.1  36.9 79 1162 386
08 * ¥ * 3t % T 553 128
09 5.2 7.2 1.2 1.8 20.4 80 537 256
10 2.6 4.3 0.7 1.0 41.9 70 100 50
11 2.2 3.3 0.6 0.9 20.9 86 133 74
12 1.8 2.4 0.4 0.7 15.7 38 90 33

* No sample
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Table 4. Activity concentration at Gothenburg (cont)

Date Ground level air: fCi/kg Precipitation: pCi/m2

95Zr 106Ru 1258b 13705 144Ce mm 95Zr 13705

7101 3.1 4.0 0.7 1.2 8.6 51 146 66
02 5.2 4.0 0.6 1.1 9.2 38 310 63
03 12.7 7.2 0.9 2.0 16.9 57 659 77
04 38.4 17.0 2.6 3.9 42.7 42 678 84
05 42.0 20.8 3.2 4.4 51.2 22 573 148
06  44.4 27.4 4.2 6.0 66.7 81 1022 242
07  35.8 27.3 4.1 5.8  66.2 64 726 - 163
08 12.4 11.8 1.8 2.8 27.4 142 585 290
09 2,5 3.2 0.5 0.8 T.6 9 152 86
10 1.2 2.1 0.3 0.6 4.5 63 22 s 3
11 0.9 1.9 0.2 0.5 3.9 87 101 80
12 0.4 1.3 0.1 0.4 2.4 44 23 24

7201 2.1 2.5 0.3 0.5 4.5 22 29 12
02 0.9 2.4 0.1 0.6 4.2 28 79 14
03 0.4 2.0 0.2 0.7 4.3 29 11 10
04 1.9 1.3 0.1 0.5 2.9 83 709 44
05 6.7 2.3 0.4 0.9 6.0 112 814 67
06 7.4 1.1 0.3 0.7 5.6 97 632 100



Table 4. Activity concentration at Ljungbyhed

Date Ground level air: fci/keg Precipitation: pCi/m2
95Zr 106Ru 1258b 137Cs 144Ce mm 95Zr 13708
6807 81 255 499
08 4.2 12.5 1.7 3.4 24.8 38 92 145
09 2.6 9.5 1.4 2.5 17.8 30 37 73
10 1.5 3.9 0.5 1.0 6.8 72 68 110
1 0.6 2.1 0.3 0.6 4.0 43 55 60
12 0.8 2.6 0.3 0.9 5.5 24 15 20
6901 1.4 2.2 0.4 0.8 4.7 43 96 66
02 2.7 3.1 0.5 1.2 6.4 34 50 47
03 7.2 6.7 1.1 2.6 13.3 " 44 15
04 8.4 3.8 0.7 1.7 9.7 34 332 56
05 20.9 8.3 1.0 2.4 18.2 53 990 230
06 54.9 22.2 2.4 5.1 47.7 36 1254 186
07  44.3 20.2 2.1 4.2 45.5 8 353 66
08 47.5 26.7 2.6 5.8  60.3 36 266 60
09 18.6  13.1 1.3 2.8  30.1 46 328 89
10 4.4 3.5 0.5 0.8 8.8 17 84 20
11 3.2 2.9 0.4 0.7 7.1 74 176 84
12 3.4 4.0 0.5 0.9 9.3 24 89 24
7001 2.8 3.3 0.5 0.8 17.8 11 59 21
02 3.7 3.2 0.5 1.0 16.2 28 53 17
03 8.4 5.6 0.7 1.5  19.1 54 439 105
04 14.3 7.9 1.2 1.9 69.3 52 423 87
-05 39.6 23.6 3.5 5.6 169.2 5 914 294
06 56.6 40.0 5.6 9.0 209.7 6 234 50
o7 22.4 19.4 2.8 4.3  T7.2 73 1383 469
08 11.5  13.4 2.0 3.0 50.9 23 389 163
09 7.1 10.6 1.6 2.5 28.9 65 299 145
10 2.7 4.0 0.6 1.0  39.6 53 106 60
11 2.6 3.2 0.5 0.9 25.1 91 143 104
12 1.1 1.6 0.3 0.4 9.6 50 108 50
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Table 4. Activity concentration at Ljungbyhed (cont)

Date Ground level air: fCi/kg Precipitation: pCi/m2
95Z5 106Ru 125Sb 1570s 144Ce mm 95Zr 13703
7101 0.2 2.9 0.5 0.8 6.3 47 138 60
02 0.5 .0 0.5 0.9 7.1 24 307 79
03 1.4 6.5 0.9 1.6 15.4 37 863 112
04 26.3 12.0 1.8 2.5 28.5 29 596 86
05 43.0 22.2 3.0 4.6  53.2 27 997 216
06 42.3  26.2 3.8 5.7 33.4 62 1339 ° 385
07 32,8  25.1 3.8 5.1  61.6 64 831 242
08 16.6  16.5 2.5 3.7 38.5 69 639 230
09 5.0 6.3 1.0 1.6  15.1 29 220 89
10 2.3 4.1 0.5 1.1 9.0" 42 79 57
1 1.1 2.4 0.4 0.8 5.8 91 76 74
12 0.9 2.3 0.3 0.6 5.6 33 22 16
7201 2.5 3.8, 0.4 0.8 7.6 6 27 5
02 1.2 2.9 0.3 0.7 5.5 19 52 8
03 0.8 3.6 0.5 1.2 7.7 31 18 15
04 7.8 2.9 0.4 1.0 8.0 56 828 70
05 13.1 4.5 0.8 1.5 10.8 35 436 55
06 12.4 4.1 0.5 1.2 11.1 53 530 90
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Table 5. Quarterly deposition of '2'Cs in mCi/km?
Kiruna Lycksele Tumba Gothenburg Ljungbyhed
1961 4 0.21 0.26 1.06 0.87 -
1962 1 0.14 0.39 1.54 1.40 -
2 2.06 2.45 4.09 3.51 4.54
3 2.38 3.88 4.91 4.02 4.02
4 0.26 0.39 0.92 1.16 1.10
1963 1 0.21 0.24 0.83 1.04 0.92
2 1.75 4.39 8.19 6.50 7.43
3 9.88 7.50 9.95 17.65 12.68
4 1.07 1.22 1.64 5.67 3.42
1964 1 0.39 0.59 0.52 2.02 0.80
2 3.76 4.95 4.89 9.09 5.11
3 6.94 3.29 5.10 5.87 4.74
4 0.60 0.60 1.30 - 2.19 1.04
1965 1 0.66 0.54 0.72 0.94 0.67
2 1.47 1.32 2.09 2.63 2.35
3 1.70 1.54 2.26 2.02" 2.62
4 0.01 0.16 0.50 0.47 0.66
1966 1 - 0.17 0.60 1.22 0.53
2 0.84 0.46 1.13 0.89 1.10
3 0.74 0.93 0.47 0.50 0.90
4 0.08 0.16 0.34 0.27 0.30
1967 1 0.07 0.14 0.23 0.31 0.49
2 0.14 0.37 0. 40 0.26 0.56
3 0.31 0.20 0.39 0.39 0.31
4 0.04 0.06 0.11 0.14 0.17
1968 1 0.01 0.04 0.08 0.10 0.23
2 0.73 0.29 0.53 0.54
3 0.34 0.71 0.51 0.72
4 0.05 0.20 - 0.19
1969 1 0.01 0.12 - 0.13
2 0.09 0.18 0.43 0.47
3 0.29 0.32 0.29 0.22
4 0.02 0.11 0.08 0.13
1970 1 0.02 0.11 0.07 0.14
2 0.32 0.40 0.70 0.43
3 0.53 0.58 0.77 0.78
4 0.04 0.17 0.16 0.21
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Table 5. Quarterly deposition of Y6 in mCi/km2 (cont.)

Kiruna Lycksele Ostersund Tumba Gothenburg Ljungbyhed

1971 1 0.02 0.14 0.21 0.25
2 0.36 0.72 0.40 0.47 0.69
3  0.36 0.46 0.42 0.48 0.54 0.56
4 0.01 0.05 0.03 0.06 0.10 0.15
1972 1 < 0.01 < 0.01 < 0.01 0.03 0.04 0.03
2  0.10 0.11 0.07 0.11 0.21 0.21

I - 23



Table 6. Short-lived fission product activity in air at Stockholm

Sampling date Ground level air: fCi/kg
957r+9%Np 1405, e
690113-15 4.7 3.9 4.6
15-17 4.8 4.8 5.7
17-20 3.0 1.5 2.1
20-22 5.6 2.3 4.9
22-24 6.7 2.9 4.4
24-27 6.6 2.9 5.6
27-29 2.3 1.4 2.2
29-31 3.0 1.4 2.5
31-0203 3.6 0.8 3.2
690203-05 2.3 0.6 1.2
05-07 1.8 <0.4 0.8
07-12 4.3 0.8 2.9
12-14 4.7 0.7 2.5
14-17 5.1 0.7 2.7
17-19 9.0 1.7 6.7
19-24 5.6 1.3 3.8
24-28 13.5 1.3 8.7
28-0303 8.4 0.5 4.3
690303-07 8.8 < 0.6 4.8
711203-06 3.2 1.3 1.7
06-08 2.2 1.6 2.0
08-10 1.6 2.4 1.6
10-13 1.5 1.0 1.6
13-15 2.0 0.3 < 0.5
15=17 2.3 < 0,2 < 0.6
17-20 3.0 < 0.2 0.7
720119-21 4.2 8.1 7.8
21-24 1.5 1.6 1.5
24-26 17.6 17.8 20.8
26-28 14.1 10.9 15.9
28-31 1.9 12.7 15.6
31-0202 9.6 13.6 15.2
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Table 6. Short-lived fission product activity in air at Stockholm (cont.)

Sampling date Ground level air: fCi/kg
95Zr+95Nb 140Ba 141Ce
720202-04 12.8 15.0 17.8
04-07 18.1 19.9 26.3
07-09 4.0 3.4 5.8
09-11 3.9 2.4 3.8
11-14 0.8 0.7 0.4
14-16 1.8 1.2 <1.2
16~-18 3.2 1.2 1.8
18-21 3.4 1.3 2.7
720331-0405 0.9 <0.1 0.9
720405-07 1.2 <0.5 <0.7
07-10 0.4 <0.2 <0.3
10-12 2.8 0.8 2.0
12-14 3.0 < 0.5 2.4
14-17 23.2 3.8 12.4
17-19 9.3 1.8 4.5
19-21 34.0 2.1 9.7
21-24 8.6 1.4 4.1
24-26 13.8 1.8 7.8
26-28 10.8 1.2 4.8
28-0503 42.4 5.7 18.9
720503-05 36.8 4.4 16.8
05-08 15.8 2.2 8.3
08-10 26.6 2.7 9.5
10-15 32.3 2.1 12.5
15-17 42.9 2.7 15.5
17-19 26.4 1.9 10.9
19-24 23.4 2.4 11.5
24-26 28.6 1.3 11.1
26~29 17.4 1.1 6.2
29-31 24.5 1.2 8.1
31-0602 11.2 0.9 5.3
T720602~-05 32.7 1.2 12.0
05-07 66.6 3.1 23.5
07-09 65.8 2.3 24.2
09-12 42.3 < 0.7 15.2
12-14 33.6 . 1.9 15.3
14-16 25.5 < 1.1 8.8
16-19 58.4 1.5 22.1
19-21 29.2 < 1.2 13.4
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Fig 3. Y7Cs in ground level air at Stockholm
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Fig 4. Fission product ratios in ground level air at Stockholm
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Fig 5. Fission product ratios in preciptation
at Tumba
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-Fig 7. 1%%84-concentration in fCi/kg in surface air at Stockholm
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STRONTIUM;90 IN THE DIET
’

RESULTS THROUGH 1973

by B. G. Bennett (HASL)

ABSTRACT

Estimates of Sr-90 intake via the total diet in
New York City and San Francisco have been made
since 1960 from quarterly food samplings and
average consumption statistics. The dietary in-
takes of Sr-90 have decreased from the maximum
levels attained during 1963-64, but the declines
have become more gradual in recent years due to
the continuing small amounts of Sr-90 deposition
and the little-changing cumulative deposit of
Sr-90 in soil. The annual intake in 1973 averaged
9.7 pCi/day in New York and 3.2 pCi/day in San
Francisco, slight decreases from the previous year.
Further gradual reductions in Sr-90 intake are
anticipated during 1974.

Quarterly samplings of representative food items in New York
City and San Francisco have been conducted by the Health and
Safety Laboratory since 1960. Results of Sr-90 analyses and
estimates of average consumption of these food items yield
estimates of the total dietary intakes of Sr-90 for residents of
these cities.(!’ This information has been used to study the
transfer mechanisms of Sr-90 fallout through the food chain to

man and to relate to observed variations in Sr-90 body burdens.
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Results for the fourth quarter of 1973 and a figure illustra-
ting the quarterly results for the entire sampling period are
presented on pages II-4 to II-6 of this report. The average
Sr-90 concentration in each diet item and estimates of Sr-90 and
Ca intakes for the entire year 1973 are listed in Table 1. It is
noted that the calcium intake is estimated to be 370 g per year.
Thus, Sr-90 intakes expressed as pCi/day or pCi/g Ca are almost

equivalent.

Results for 1973

In New York City the annual Sr-90 intake during 1973 was
estimated to be 3550 pCi, an average of 9.7 pCi/day. This is a
decrease of 9% from the Sr-90 intake in the previous year. These
changes reflect the continuing declines in Sr-90 deposition and
decay of the accumulated deposit. In New York the annual Sr-90
deposition was .42 mCi/km?® in 1973 compared to .75 mCi/km® in
1972 and 1.41 mCi/km?® in 1971. The contributions to Sr-90 intake
decreased for most food items, however, variations which appear
as slight increases were noted for fresh fruit, canned vegetables,
dry beans, rice, meat, poultry and fish. In terms of food
categories, Sr-90 intake in 1973 via dairy products declined 21%
from the previous year, grain products 18% and vegetables 3%,

while increasing were fruit, 8%, and meat, fish, eggs, 27%. For

I - 35



Table 1

Strontium-90 in the Diet During 1973

New York City San Francisco

9¢

% of % of % of -
yearly yearly yearly
gCa intake ﬁ;&-ﬂ W intake ﬁ%ﬁ_& pCi Sr-90 intake
Diet Category kg/yr vr of Ca q of Sr-90 q .’-—( of Sr-90
Dairy Products 200  216.0 5.5 1090 1.2 246
58 31 21
Fresh Vegetables 48 13.1 627 129
Canned Vegetables 22 8.7 192 95
Root Vegetables 10 7.1 71 31
Potatoes 38 5.5 209 104
Dry Beans 3 _ 16.7 50 44
9 32 35
Fresh Fruit 59 11.0 649 137
Canned Fruit 11 1.2 13 12
Fruit Juices 28 3.0 85 43
3 21 16
'Bakery Products a4 4.2 185 113
Flour 34 5.5 186 96
Whole Grain Products 11 8.5 93 62
Macaroni 3 3.8 11 8
Rice 3 1.7 5 4
20 14 24
Meat 79 0.6 46 19
Poultry 20 0.7 14 8
Eggs 15 1.5 22 13
Fresh Fish 8 0.7 5 3
Shellfish 1 1.2 1 1
10 2 4
Yearly Intake 3554 pCi 1168 pCi
Daily Intake 9.6 pCi/gCa 3.2 pCi/gCa
9.7 pCi/day 3.2 pCi/day



the first time in New York a food category other than dairy products
contributed the greatest fraction of the total Sr-90 intake.
Vegetables accounted for 32% while milk and other dairy products
contributed 31% of the total Sr-90 intake in New York during 1973.
The contribution from fruit increased slightly to 21%. Grain
products contributed 14%, and the combined category of meat, fish,

and eggs 2%.

In San Francisco the Sr-90 intake during 1973 was estimated
to be 1170 pCi, an average of 3.2 pCi/day, compared to 3.6 pCi/day
in 1972. Decreases occurred in contributions from grain products,
meat, poultry, eggs, milk, fresh and root vegetables, fresh fruit,
and fruit juices, while contributions from potatoes, canned
vegetables and fish increased slightly. The relative contributions
to the total Sr-90 intake in San Francisco during 1972 were dairy
products 21%, grain products 24%, vegetables 35%, fruit 16%, and

meat, fish, and eggs 4%.

Table 2 shows how the Sr-90 intake varied during each quarter
in 1973 in New York and San Francisco. The numbers in parentheses

are the results for 1972.
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Table 2

Sr-90 Intake in 1973 (pCi/day)

Quarter New York San Francisco
1 10.9 (12.0) 3.7 (4.4)
2 9.5 (11.4) 3.0 (3.5)
3 8.0 (9.8) 2.8 (2.7)
4 10.5 (9.6) 3.3 (4.0)
Yearly Avg. 9.7 (10.7) 3.2 (3.6)

Sr-90 intake declined throughout the year in all but the last

quarter in New York and San Francisco.

Sr-90 Intake, 1960-1973

The estimates of annual intakes since 1960 of Sr-90 in the
total diet and the major food categories in New York and San
francisco are illustrated in Figure 1. The total diet Sr-90
levels in New York have been consistently higher than in San
Francisco because of less fallout deposition in the San
Francisco food-producing region. The declines in Sr-90 intake
in 1960-61 followed the nuclear testing moratorium in 1959-60.
Maximum levels of Sr-90 in the diet were recorded in 1963-64
following the period of most active nuclear testing from

September 1961 until late 1962, following which the Test Ban
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Figure 1. Strontium-90 intake in New York City and San Francisco.

Treaty was signed. The rapid declines in Sr-90 intake following
the peak values in 1963-64 became more gradual after 1966-67 as
uptake from the little changing cumulative deposit of Sr-90 in
soil became the dominant factor contributing to Sr-90 levels in
food. The resumption of atmospheric testing by the French and
Chinese in 1966, resulting in a relatively constant low fallout
rate of Sr-90, has also been a factor in maintaining the dietary

intakes of Sr-90 at about constant levels since 1968, The



decreased deposition during 1972 and 1973 is reflected by the

slightly lower dietary intakes of Sr-90.

The relative importance of the major food categories to the
total Sr-90 intake can be seen in Figure 1. Milk, including
other dairy products, has been the most important contributor to
Sr-90 intake. Grain products are the second greatest contributors
during periods of heavy deposition, but vegetables and, to a
lesser extent, fruit become more important in later years. Meat,

fish, and eggs are minor contributors.

The variations in the relative contributions of the major
food categories to the total Sr-90 intake are listed in Table 3.
The contribution from dairy products to the total intake in New
York has declined to 31%, it previously being around 40% and even
more during periods of heavier deposition. Grain products
contribute from 30% in periods of heavy deposition to 15% in later
years. For vegetables the range is similar to grain products,
but the greatest relative contribution occurred in more recent
years, due in part to more rapid declines in the other food
categories. In San Francisco, the milk contribution has dropped
to 21% of the total yearly Sr-90 intake, increased contribution
having occurred during periods of heavier deposition. Grain

products have usually accounted for 20 to 30% with a maximum
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Table 3

Contributions of Major Food Categories to Average Daily 8290 Intake

_% Contribution Daily Intake
Dairy Grain Meat pCi Sr
Products Products Vegetables Fruit Fish, Eggs ey
New York City
1960 43 22 2% 7 4 11.3
61 47 19 22 11 3 9.6
62 48 19 20 10 4 12.7
1963 56 22 13 7 2 29.6
64 46 28 16 7 3 30.3
65 42 27 20 7 5 22.9
1966 42 24 21 8 5 17.5
67 35 14 33 14 3 . 16.4
68 37 13 26 20 3 14.3
1969 40 14 28 15 3 12.4
70 39 15 27 15 3 12.1
.7 35 16 30 17 2 12.8
1972 35 15 30 18 .2 10.7
73 31 14 32 21 2 9.7
San Francisco

1960 36 22 21 11 10 4.0
61 31 27 22 14 6 3.5
62 40 29 16 9 6 5.5
1963 &7 30 11 6 6 13.3
64 39 39 10 6 6 12.5
65 46 25 15 9 6 10.8
1966 31 31 20 8 9 6.4
67 28 26 23 15 8 5.7
68 - 27 24 28 15 7 4.3
1969 29 27 23 15 6 4e2
70 28 27 26 13 6 42
71 29 27 21 16 7 4.0
1972 22 27 29 18 5 3.6
73 21 24 35 16 4 3.2

contribution of 39% in 1964, one year after the peak milk contri-
bution. Vegetables have increased their contribution from 10% in
1964 to 35% during 1973. The contributions from fruit in both
New York and San Francisco have behaved similarly to vegetables
but by a factor of 2 less. Meat, fish and eggs have accounted
for 5% or less of the total intake in New York and slightly higher

relative amounts in San Francisco.



Prediction Methods

A useful model for correlating Sr-90 deposition with Sr-90
levels in milk and a procedure for using milk concentrations to
predict total diet Sr-90 intake were discussed in the report
HASL-246. ¢?) The deposition-milk model is given by the following

formula

-m)\
Mn B pan + p2Fn-l + Pj z: Fn-me
m=1

Mn(pCi/g Ca) is the average Sr-90/Ca ratio in milk in the year
n, and Fn(mci/kma) is the Sr-90 fallout deposition during the
year n. The proportionality constant Py includes the rate and
deposit effects of the current year's deposition; p, is the lag
factor for the previous year's deposition; and p3e—mx is the
depcsit factor with exponential removal due to reduced uptake
availability of the deposition in each of the preceding years.
The results of least squares fits to the average yearly Sr-90
concentrations in milk in New York through 1970, 1971, and 1972
were reported previously.(3’4) No parameter changes were required
by the addition of the 1971 and 1972 data. Inclusion of the
1973 fallout and milk data (Figure 2), results in yet the

identical parameter values, which are p, = .69 p, = .21 p, = .20
1 2 3
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Figure 2. Average annual Sr-90 concentration in milk in New York
City.
A = .14, Such stability of the parameter values with fits to

additional data reflects the appropriateness of the model formula-
tion. The mean residence time of Sr-90 in soil inferred from the
exponential removal term is 7.1 years after the initial deposition
year. This corresponds to 11% per year removal of Sr-90 in
addition to the 2.4% radioactive decay. A similar deposition—milk
model has been used previously by Bartlett, Russell and Jenkins, (8’
Their results for the U. K. are in general agreement with the

results reported here.
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1954
55
56
57
58
59

61
62
63
64
65

67
68
€9
70
71
72

73

Deposition
1/}am2

2.76
3.57
4443
bodd
6.16
8.68
1.58
2.43
12.33
23.79
15.85
5.53
2.43
1.64
1.32
1.43
1.48
1.4

0.75

0.42

Table 4

Sr90 Deposition and Contamination of Milk in New York

Sr-90/Ca Ratio in Milk

(pCi/g Ca)

Percentage of Sr

R0

in milk attributable

e
1.4
2.8
xé
4.5
7.6

11.0
8.0
6.7

12.1

25.6

23.2

19.1

12.1

10.0
9.0
9.0
8.4
7.6
6.2

5.4

a
1.9
3.5
4.8
5.6
7.4
10.3
7.0
5.9
12.8
244
24.7
17.6
12.9
10.8
9.5
8.7
8.0
7.4
6.3

5.4

e] ake f
0
13
21
29
30
29
58
66
29
22
36
59
78
85
87
85
84
83
87

92

soil

Table 4 shows the measured annual Sr-90 deposition and the

Sr-90/Ca ratio in milk in New York and the milk Sr-90/Ca ratio

calculated by the above model using the given proportionality

factors. Also shown is the percentage of the Sr-90/Ca ratio

attributable to uptake of Sr-90 from soil.

Since 1965,

contam-

ination of milk has been primarily due to uptake of Sr-90 from

the cumulative deposit in soil.

In 1973 this source accounted

for 92% of the Sr-90 contamination of milk.

I
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The procedure for estimating total diet Sr-90 intake from
milk levels during periods of low fallout deposition is given

by the following formula, ‘2’

Where Di is the quarter}y Sr-90 intake in total diet (pCi), Mi is
the measured Sr-90 intake in milk during the quarter i and 1.4
Mi-l is the estimated intake of Sr-90 in foods other than milk
based on the milk levels during the preceding quarter., The

formula gives 7.9 pCi per day in total diet in New York during

1973, somewhat lower than the measured ratio.

The application of this formula to estimate total diet Sr-90
intake from milk data and comparison with the measured total diet
intake are shown in Figure 3., The proportionality factor was
modified slightly in the few quarters when Sr-90 deposition was
greater than 3 mCi/km® per quarter (see ref, 2). The annual
total diet Sr-90 intakes estimated from the quarterly milk data
are usually within 10% of the observed values. The difference

was just over 10% in 1972 and increased to 20% in 1973,

The more rapid decline of Sr-90 contamination of milk compared

to other foods in recent years indicates the inappropriateness of
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Figure 3. Quarterly intake of Sr-90 in total diet in New York City.

estimating total diet Sr-90 intake based on a constant relationship

with the milk levels. A higher value for the proportionality

factor is now required to more adequately reflect the measured
total diet Sr-90 intake. The value should be increased to 1.6
during 1971 and 1.8 during 1972 and 1973. This modification is

indicated by the dotted line in Figure 3.

Anticipated Sr-90 Intake in 1974

/
Atmospheric nuclear testing activity in recent years in the

Northern Hemisphere has included one Chinese test of estimated
total yiéld of 3 MT in each of 1968, 1969, and 1970, Low yield

tests were conducted by the Chinese in November 1971 and in

I - 46



January 1972 and an intermediate test (20-200 kT) in March 1972.
There were 5 French tests of varying yields in the South Pacific
in 1968, 8 in 1970, 5 in 1971 and 3 of low yield in 1972. During
1973 the Chinese conducted a large test in June, and the French
conducted 5 low yield tests in the South Pacific. These recent
atmospheric tests may cause Sr-90 deposition in 1974 to be
maintained at about the level measured in 1973. Even so, dietary
intake of Sr-90 would be expected to decrease during 1974. The
large contribution to diet attributed to uptake from the
relatively constant cumulative deposit of Sr-90 in soil, however,
precludes large decreases in Sr-90 intake from one year to the
next., Based on variations in recent years and assuming no
increase in atmospheric testing programs, one would qualitatively
estimate Sr-90 intakes in 1974 to be 9.0 % .4 pCi/day in New

York and 3.0 £ .2 pCi/day in San Francisco,
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Abstract

Comparison is made of the surface deposition patterns over
the United States as depicted by obseryations of Strontium 90
in soil, tritium rainout and Strontium 90 in pot and ion-
exchange collectors versus the results generated by the genera:
circulation tracer model from the Geophysical Fluid Dynamics
Laboratory. It is found that the three observed data sets
exhibit certain common characteristics:

1. A general maximum in the Great Plains states.

2. A general minimum in the Southwest.

3. A relatively high value, if not an absolute maximum,

in the Salt Lake City area.

The results of the general circulation tracer model calcula-
tions present a reasonable "first depiction" of the details
of surface deposition and are very encouraging as an indicator

of the transport of such conservative trace substances.
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I. Introduction

During the proceedings of the second conference on
radioactive fallout from nuclear weapons tests, List et al.
(1965) presented the results of a worldwide soil-sampling.
program conducted in late 1963 and early 1964. In particu-
lar, they presented a diagram (reproduced in Fig. 1) of
Strontium 90 in soil in the contiguous United States and
southern Canada. In the overall sense, the pattern of
deposition is mainly influenced by precipitation--with the
lowest 20Sr fallout appearing in the dry southwestern states.
However, there are two obvious exceptions to the above. One
is the maximum in the vicinity of the Great Salt Lake, the
other is the much larger area of high 30gy, deposition in the
central and northern Great Plains states. With respect to
the former, it is now considered that the relatively low
deposition value at Logan, Utah, to the north of Salt Lake
City, may be erroneous--as the soil is calcareous and the
90Sr may have extended below the sampling level (Hardy (HASL),
personal communication). Although several possible causes
for these apparent anomalies have been discussed by List
et al. (1965), Volchok (1972), and Hardy et al. (1972), the
explanations have not been vigorously tested--due principally
to lack of adequate data. In view of this, it was felt that
a comparison of the above results with several additional
estimates of surface deposition would be desirable as well

as comparison against the results generated by the general
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circulation tracer model from the Geophysical Fluid Dynamics
Laboratory (Mahlman 1973).
ITI. Results

The first data set selected for investigation is the
tritium rainout data analyzed by the United States Geological
Survey at about 12 sites throughout the contiguous United
States. The main purpose for collecting and analyzing tri-
tiated water is for tracing water through the hydrologic
cycle. However, because the input of tritium into the cycle
by nuclear testing masks the natural levels completely, it
is also possible to use the tracer as an indication of sur-
face deposition. Tritium is a radioactive isotope of hydrogen
and incorporates in the water molecule to form tritiated
water which is collected in rainwater samples. Tritium con-
centrations are measured in tritium units (TU), where one
tritium unit is equal to one tritium atom in 1018 protium
atoms.

The data for this study is based on the rainwater data
for the period 1963 through 1968 (Stewart and Hoffman 1966
Stewart and Fainsworth 1968; Stewart and Wyerman 1970) when
only an occasional atmospheric nuclear device was tested,
and this only outside the United States. The primary source
of artificial tritium in this period was the stratospheric
reservoir resulting from large-scale nuclear testing in 1962
and earlier years. ’For comparison purposes, tritium data

are integrated over the 6-year period to give the total
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deposition shown in Fig. 2. The unit presented (TU-cm)

is the product of the tritium concentration times the amount
of precipitation during the collection period (1 TU-cm =

3.2 x 10-3 picocuries per cm? of surface area).

Before the comparison is made between tritium and soil
deposition data, one difficulty unique to the tritium data
should be discussed. As seen in Fig., 2, a continentality
effect is quite noticeable that is due more to the nature of
the hydrologic cycle and less to the deposition processes.

For example, stations near the oceans (which get their water
vapor for precipitation from maritime air masses) receive
precipitation with low tritium concentrations because of the
dilution effects of the ocean. In contrast, the precipita-
tion at midcontinent stations has high tritium concentrations
which may involve the precipitation of reevaporated con-
tinental water.

Inasmuch as the continentality effect appears to dominate
the overall deposition pattern within the United States, it
is not fair to utilize these data as a general indication of
the deposition as compared to the soil sample data in Fig. 1.
At the same time, however, we note in Fig. 2 that the broad
maximum over the Great Plains extends toward a secondary
maximum in the area of Salt Lake City, in virtual agreement
with fhe soil sample data. In addition, an area of relatively
low deposition is indicated over the southwest. This pattern,

moreover, is very typical of the individual years and is not
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simply due to a few anomalous periods, thus arguing in favor
of the reality of the Salt Lake City anomaly. Other features
that would be desirable to compare between Figs. 1 and 2 are
effectively masked by the continentality effect and the
sparsity of data.

The third data set available for study is the 80sr deposi-
tion measured monthly at 25 monitoring sites in the contiguous
United States by means of pot and ion-exchange collectors
using either high walled stainless steel pots with exposed
areas of 0.076 square meters or plastic funnels with exposed
areas of 0.072 square meters to which are attached ion-exchange
columns. For comparison with the previous data sets, the
6-year integrals (1963-1968) of deposition (Health and Safety
Laboratory 1973) are presented in Fig. 3.

As in the previous two figures, we see a general maximum
in the Great Plains states extending toward the Salt Lake City
area with a minimum in the Southwest. The maximum in the
Northwest is presumably due to the relatively large amount
of precipitation in that area (Alexander et al. 1964). With
respect to the data in the Southeast, the soil sample and
tritium data are,unfortunately, too sparse in this region to
be able to verify the relatively high values of 90Sr located
over Alabama. The relatively high value of deposition in
the Northeast appears to have its counterpart in the soil
sample data, although in the latter case relatively high

values extend along the major portion of the east coast.
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The remaining discussion will concentrate on the relative
agreement of the above deposition patterns to that predicted
by the general circulation tracer model. Before we discuss
the results, however, it is advisable to give a very brief
summary of the deposition process of the model. A more com-
plete description of the entire tracer model is presented
by Mahlman (1973).

Deposition in the model simulates a removal process in
the lower levels given by,

"Sink" = Py {C(dry) + C(wet)]R (1)
where Px is pressure at the earth's surface, R is the tracer
mixing ratio, and C(dry) and C(wet) are coefficients for
dry and rainfall--dependent removal processes. These coef-
ficients are calibrated so as to be roughly compatible with
observed tropospheric residence times of nuclear debris. C(dry)
has a nonzero value only in the lowest 50-60 mb of the atmo-
sphere, while C(wet) is assumed to be zero above about 315 mb
and dependent on the rainfall rate below.

The tracer simulation shows an encouraging correspondence
with the long-term behavior of debris from nuclear detona-
tions. For example, the proper poleward-downward slopes of
mixing-ratio isolines in the stratosphere, seasonal varia-
tions, mean stratospheric residence times (Machta and Telegadas
1973), and the spring deposition peak in midlatitudes are all

successfully simulated by the tracer model.
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For this experiment, the only source is a large injec-
tion of tracer into the midlatitude Northern Hemisphere winter
stratosphere. The center of the initial tracer is at 65 mb
at 36°N and 180°E on model date January 1. The model runs
through the seasons for an elapsed time of 11 months. The
simulated total surface deposition pattern is presented in
Fig. 4 in relative units.

We should point out, however, that the deposition patterns
depicted in Figs. 1-3 are mainly the results of the 1962
U.S.S.R. injections at about 75°N whereas the input of the
model is at 36°N. With this proviso and although computa-
tions have been carried out for slightly less than a l-year
period, the results should be representative of the clima-
tology of the model and hence comparable against our previous
results which are averages over several years.

The most interesting item to note in Fig. 4 is the maximum
deposition in the Nevada region with a tendency of high values
toward the Northwest. This is in relative agreement with the
general pattern of the pot and ion-column data (Fig. 3),
and may provide a model of the Salt Lake City area reliative
maximum. A second relative maximum is obtained in the North-
west by the tracer model with a value of 24 units at about
50°N, 120°W. On the other hand, neither the maximum in the
Plains states nor the minimum in the Southwest is accurately
predicted. However, the relatively low value in the Central

United States agrees with the soil and the pot and the ion-
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column data. Also, the calculated values do decrease toward
the South from the area of simulated maximum in the New
Mexico area. The relatively high values along the east coast
appear to be further south and east of those depicted in

the soil data. With respect the the maximum in Nevada, the
relationship of this maximum to the rate of precipitation
was investigated and it was found that the precipitation
maximum was located off the northwest coast. Hence, the
Nevada maximum is not caused by the precipitation process,
but is a result of total tracer transports simulated by the
model and how they correlate with the parameterized removal
processes.

In summary, comparison of the three observed data sets
suggests that there are several general features common to
all and which, presumably, must be basic aspects of the sur-
face deposition:

1. The general maximum in the Great Plains states.

2. The general mimimum in the Southwest.

3. A relatively high value, if not an absolute maximum,

in the Salt Lake City area.

Certain other features, such as relatively high deposi-
tion values in the Southeast and Northwest, must await further
confirmation from additional data. In addition, the results
of the general circulation tracer model calculations present
a reasonable "first depiction" of the details of surface

deposition and are very encouraging for continual improvement.
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Fiqure 1 - Strontium-97 in soil in 1963 and early 1964 in the
continental Un.ted States and Southern Canada,
millicuries per square miles. Multiply by 0.386
for DL
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Figure 2 - Total tritium deposition (TU-cm) in the continental
United States for the period 1963-1968. Isolines

are 103 TU-cm units.
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POT_AND ION COLUMN %°S: DEPOSITION 1963-1968(mci/km?)

3%
33
29

Figure 3 -

Total 20sr deposition in pot and ion-column
samples for the period 1963-1968, millicuries
per square kilometer. Data in parenthesis rep-
resent samples with several missing months and
have been adjusted upward by about 2 mCi/km2.
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Total tracer deposition at ground predicted by general
circulation tracer model for 11 month period after
stratospheric injection of inert tracer (relative
units). Grid point values are not plotted (as in

Fig. 1-3) because of the closer spacing of points in
the tracer model (about 265 km) compared with obser-
vation.
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Carbon-14 Measurements in the Stratosphere

From a Balloon-Borne Molecular Sieve Sampler
(1971-1973)

by
R.E. Sawl (ANL)
J. Gray, Jr. (ANL)
T.E. Ashenfelter (ARL)
K. Telegadas (ARL)

I. Introduction

The U.S. Government has conducted an extensive atmospheric program
of whole air collection in the troposphere and stratosphere since 1953.
These atmospheric samples were analyzed for C-14 collected in the form
of 002. Excess C-14 (C-14 due to nuclear testing)data have been derived
and the results made available (Hagemann, et al.,1965; ESSA, 1966,
1967, 1969; NOAA, 1971).

The high altitude balloon sampling portion (20 to 30 km) of the
whole air collection program terminated in July 1966 while the aircraft
program, which sampled ih the troposphere and lower stratosphere to
20 km, continued until its termination in July 1969. Beginning in
mid-1970, molecular sieve samples designed to replace the whole air
samplers were flown operationally on the USAEC balloon flights in the
northern and southern hemispheres. The results from mid-1970 to mid-
1971 have been reported (Telegadas et al., 1972). This report contains
the Carbon-14 measurements from the balloon-borne molecular sieve
sampler since mid-1971,

A complete description of the molecular sieve sampler is given
by Ashenfelter et al., (1972).

ANL: Argonne National Laboraotry, Chemistry Division, Argonne,
Illinois  60439.

ARL: Air Resources Laboratories, NOAA, Silver Spring, Maryland
20910.
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II. Sampling Locations

The C-14 sampler can readily be flown on the USAEC balloon-borne
particulate sampling missions. Both samplers (molecular sieve and
particulate sampler) were normally flown together at altitudes of 21,

24, 27, 32, and 37 km at the following locationms:

Location Latitude
Eielson Air Force Base, Alaska 65°N
Hollaman Air Force Base, New Mexico 33°N
Albrook Air Force Base, Panama Canal Zone 9°N
Longreach, Queensland, Australia 23°s
Mildura, Victoria, Australia 34°s

The complete sampling system is lifted to a pre-determined float
altitude where sampling begins for a pre-determined time. Upon comple-
tion of the sampling, the system descends by parachute and is recovered.
The molecular sieve adsorbents are returned to Argonne NationalALabora-

tory (ANL) for quantitative determination of adsorbed CO, and for C-1l4

2
and C-13 analyses.

III. Determination of Excess Carbon-14

The techniques for separating CO, from the molecular sieve pellets

and the C-14 counting techniques are ;iven by Ashenfelter, et al. (1972).
In addition, a small aliquot of C02 is routinely taken for C-13 mass
spectrometric analyses.

In the determination of excess C-14, a known quantity of purified
Co2 is transferred into one of six 2-liter low-background counters, The
data from these counters are reported in '"absolute" disintegrations per
minute per gram of carbon (dpm/gC). The technique employed by carbon
dating laboratories is to avoid absolute calibration by taking the ratio
of the unknown sample to a National Bureau of Standard (NBS) oxalic
acid C-14 standard converted to COZ' The actual value of pre-bomb 002
(modern wood) is considered to be equal to 0.95 NBS oxalic acid standard

or 13.1 dpm/gC.
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The "abse@lute" activity of the ANL standard gas (2000 dpm/1) has
been used to calibrate all counters and the NBS oxalic acid standard.
The ANL counters gave a mean value for 0.95 oxalic acid standard of
13.17 + 0.04 dpm/gC at the 2-sigma confidence level. Thus, ANL confirms
within experimental error the generally accepted value of 13.1 dpm/gC
for the oxalic acid standard.

The numbers reported in this paper as excess specific activity
(Table 1) are the measured dpm/gC minus 13,1 dpm/gC. 1In relating
excess activity to bomb C-14 concentrations (atoms per gram of air) we
have used 74 x 105 atoms/g of air as the pre-bomb background (Hagemann,

et al., 1965) assuming a CO, concentration in air of 313 ppm (by volume).

2

The present day concentration of CO, in the atmosphere is about 325

2
ppmV. If one uses this value instead of 313 ppmV the excess C-14 concen-
trations reported in Table 1 should be increased by about 5%.

IV, Stratospheric Carbon-14 Measurements

The experimental and operational data using molecular sieve
sampler are given in Table 1. An explanation of the table is given:
Column 1., Flight No.
Column 2. Date
The date of collection is given by three two digit groups
of month, day and year.
Column 3. Alt,
The mean pressure altitude of the collection is given
in kilometers.

Column 4, Bed No.
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The data from the two sampling beds are listed as Bed 1
( the primary sampling bed) and Bed 2 ( the back-up bed to detect
any breakthrough of OO2 from Bed 1).

Column 5. Vol. OO2
The volume of 002 in cubic centimeters (cc) collected on each
bed, computed at 1013 mb and 25°C,

Column 6. 8C-13
The measured C-13/C-12 value expressed as the deviation
from Craig's (1957) limestone standard in units of per

mil (0/00).

Sc-13 =[c-13/¢-12  (sample) '
[;-13/0-12 (P.D.B, Standard) ~ 1} X 1000

The standard error of the determination is estimated at 0.27%.

Column 7. Excess Spec. Act.
These numbers are the observed specific activity (dpm/gC)
minus 13.1 dpm/gC. This is therefore the excess specific
activity due to nuclear weapons testing.
The counting error of the observed specific activity at the
957% confidence level is less than 5% in all samples and less
than 37 in 90% of the samples,

Column 8, C-14 Excess,
These numbers are the excess specific activity (dpm/gC)
converted to C-14 excess concentration in units of 105 atoms
per gram of air.

C-14 Excess = (Excess Spec. Act. (dpm/gC) )| 74 x 105 atoms/g air
13,1 dpm/gC

Column 9. C-14 Excess, Wt., Avg.
These values are the weighted average of the excess C-14
determination from Bed 1 and Bed 2 weighted by the volume of
CO, collected on each bed and is defined as;

2
C-14 Excess =(C-14 Excess)1 (Vol COZ)1 + (C-14 Excess)2 (Vol COZ)Z
(Vol C0,), + (Vol CO,),

(Wt. Avg.)

Column 10, Remarks
The meaning of each remark is given at the bottom of each

each page of Table 1.
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STRATOSPHERIC CARBON-14 MEASUREMENTS

ALASKA

ALT

(KM)

21le4

275

20.9

2464

31.9

65N

BED

NO.

—

N =

VOL .
CO0-2

(CC) (PER MIL)(DPM/GC)(10 ATOMS/G AIR)

4450 -
900

3000
1350

8645
2850

5000
1925

850
750

OoN

Jc-la

CONC.

EXCESS
SPEC.
ACT.

C-14

EXCESS WT.AVG.

5

122.0
119.8

114.7
11801

98.9
9403

105.6
101.3

111.3

C-14
EXCESS

121.6

115.8

978

1043

113.3

NAROVP>XXMADO

TABLE 1
EIELSON AFB»
FLIGHT

NO. DATE
108 060471
115 060173
116 060473
117 060473
118 060573
A.

BED 1 AND 2 COMBINED FOR SPECIFIC ACfIVITY ANALYSIS
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TABLE 1

HOLLAMAN AFB»

STRATOSPHERIC CARBON-14 MEASUREMENTS

ALT

(KM)

2T o4

21.8

2448

2744

2404

2743

217

2243

2449

NEW MEXICO 33N

EXCESS C-14
BED VOL. 6C—13 SPEC. C-14 EXCESS
NO. (CO-2 CONCo. ACTe. EXCESS WTeAVGe
5

(CC) (PER MIL)(DPM/GC) (10 ATOMS/G AIR)

1 1500 - 6.9 213 120.3
2 390 - 3.8 19.4 109.6
1 9515 =132 1848 10642
2 2410 - 607 1940 10743
1 5300 - 7.2 19.6 110.7
2 2500 - 6.2 2362 131,.1
2 750 - 64 1849 106.8
1 3800 - 5.4 1842 102.8
2 1000 - 3.5 1862 102.8
2 1150 = 3.7 1947 111.3
1 4200 - 5.6 18.8 10642
2 750 - 4.8 176 994
1 5675 18.1 10262
2 5070 173 977
1 5650 1764 9843
2 2275 18.8 10642

118.1

106¢4

1172

1094

102.8

11201

105.2

100.1

100.6

NWARAOVDPH»XIMADO

- em mm ewm em em e e wm em = e e e o e e e me em em e wm aw e em e wm mm oam em e e

FLIGHT
NO. DATE
5 111971
6 040472
8 040772
9 042072
10 101672
11 102472
12 102772
20 041073
21 041173
A.

SAMPLER DAMAGED

ON IMPACT. POSSIBLE CONTAMINATION.
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TABLF 1

HOLLAMAN AFB>

STRATOSPHERIC CARBON-14 MEASUREMENTS

ALT

(KM)

31.6

37e4

21e2

2441

2646

274

NEW MEXICO

BED

NO«

N = N = —

N =

33N

voL. ¢§c-13
CO-2  CONC.

(CC) (PER MIL)(DPM/GC) (10 ATOMS/G AIR)

1785
950

500
340

6100
1750

3810
1470

2400
900

2080
1475

EXCESS
SPEC.
ACTe

C-14 R
C-14 EXCESS C
EXCESS WTeAVGe M

5

YR O >

l

1135 107.6
9646

10546 10546 A

86e4

94.9 96.3

10040

103.9 106.1
111.9

10344

FLIGHT
NO. PATE
23 041773
25 042773
29 082273
20 082473
31 082873
33 103173
A

Be

BED 1 AND 2 COMBINED FOR SPECIFIC ACTIVITY ANALYS3IS
SPECIFIC ACTIVITY NOT COUNTED FOR BED 2.
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STRATOSPHERIC CARBON-14 MEASUREMENTS

CANAL ZONE
BED
ALT NO.
(KM)
20.6 1
2
2362 1
2
321 1
2
274 1
2

9N

VoL, Jc-13
CO-2  CONC.

(CC) (PER MIL)(DPM/GC) (10 ATOMS/G AIR)

7475
1400

4300
725

900
600

4255
1880

EXCESS
SPEC.
ACT.

10.1
116

13.8
14.9

C-14

EXCESS WT.AVG.

5

571
6545

684
T1le7

88.1

7840
84,2

C-14
EXCESS

58e4

6869

88.1

799

NARDVDP>IMAD

TABLE 1
ALBROOK AFB»
FLIGHT

NO. DATE
131 030873
132 030973
134 031273
137 032473
Ae

BED 1 AND 2 COMBINED FOR SPECIFIC ACTIVITY ANALYSIS
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TABRLF 1 STRATOSPHERIC CARBON-14 MEASUREMENTS

LONGREACHs AUSTRALIA 23S

EXCESS C-14 R
FLIGHT BED VOL. 3C-13 SPEC., C-14 EXCESS £
NO. DATE ALT NOe. CO-2 CONCe. ACT, EXCESS WTsAVGe M
A
) R
(KM) (CC) (PER MIL)(DPM/GCY(10 ATOMS/G AIR) K
A S
523 042971 23.5 1 3100 - 846 22,8 128.8 1274
2 455 - 5,5 2069 118.1
568 111272 20.9 1 4500 - 4,1 149 84,2 8267
2 600 + 245 1247 77
569 111372 23.9 1 1600 - 2.0 17.0 9640 9%5.4
2 150 - 5.9 158 8943
584 051473 21.2 1 9500 1844 103,9 10442
2 650 19.1 107,49
585 051573 2440 1 6200 1667 9443 9449
2 1725 172 9742
586 051573 26.6 1 2950 1762 G7.2 9760
2 1900 1761 966
598 110673 2469 1 4930
2 2200 175 9&99

73

[
1



TABLE 1 -.-
MILDURAs AUSTRALIA
FLIGHT"
NO . PATE  ALT
(KM)
518 .032371 , 20.9
526 060971 2644
527 061071 231
¥ .
528 061671 19.9
530 062571 31le4
551  .:050572 2447
552 050972 2440
5513 051172 2048
565 101472 20.8

STRATOSPHERIC CARBON-14 MFEASUREMENTS

345

BED

NO .

N = - —

N =

(CC) (PER MIL)(DPM/GC)(10 ATOMS/G AIR)

VOL . 8C-13
cO0-2 CONCe
3150
265
2450 - 5.7
345 - 1.5
3600 -12.6
800 - 2.2
4470 - 7.8
630 - 0.9
1000 -10.3
440 -11.3
4850 - 67
1925 - 6.2
7400 = 766
1700 - 1.8
9500 - 8.7
710 + 1.5
10600 - 647
1400 + 1.7

EXCESS
SPEC.
ACTe

232
21e4

2246
2366

C-14

EXCESS WTeAVGe.

5

131.1
120.9

127.7
13343

12645
12443

106.8
100.6

110.7
131.1
115.2
114.7

111.9
110.2

107.3
110.7

105.1
106.8

C-14
EXCFSS

130.3

12844

12641

106.0

11649

115.1

111.6

10745

1053

OWARXRDD>XIMADO

_— e e m ew s e = e e e e e e e e e e e e em e e ey e em e e = e -
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TABLE 1

STRATOSPHERIC CARBON-14 MEASUREMENTS

345

BED

NO «

—

=

voL. d§c-13

(CC)y (PER MIL)(DPM/GCHY(10 ATOMS/G AIR)

1825 -
2730 -

6100
1875

7750
2075

2115
825

600
425

3040
450

5175
1630

3375
1650

50
5

7

EXCESS
SPEC.
ACTe

1869
1862

18a1
1867

1542
1403

19.6
2008

2162

C-14

EXCESS WT.AVG.

5

106.8
102.8

102.2
105.6

10845
142.9

102.8
109.6

103.4
101.1

C-14
EXCESS

10444

103.0

8448

112.6

119.8

112.9

10444

102.6

WXV MADO

MILDURAs AUSTRALIA
FLIGHT
NO o DATE  ALT
(KM)
567 101972 25.3
579 040373 23,7
580 040473 20.9
581 040673 31.2
582 041073 37.1
583 041273 27.0
592 082473 2348
593 090673 2741
Ao

BED 1 AND 2 COMBINED FOR SPECIFIC ACTIVITY ANALYSIS
BEDS APPEARED TO HAVE BEEN RETURNED TO LABORATORY IN REVERSE
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TABLE 1 STRATOSPHERIC CARBON-14 MEASUREMENTS

MILDURAs AUSTRALIA 34S

EXCESS C-14 R
FLIGHT BED VOL. (SC—13 SPEC. C-14 EXCESS E
NO . DATE ALT NO. C(CO-2 CONC. ACTe. EXCESS WT.AVGe M
A
5 R
(KM) (CC) (PER MIL)(DPM/GC) (10 ATOMS/G AIR) K
S
595 100873 20.7 1 8000
2 1100 19.8 111.9
596 101273 2444 1 3300 174 9843 102.7
2 700 21.9 123,7
597 101773 27«1 1 3970
2 625 2049 118.1
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ENVIRONMENTAL RADIATION MEASUREMENTS IN THE VICINITY OF A BOILING WATER REACTOR:
HASL DATA SUMMARY.

Prepared by G. de P. Burke, (HASL) %

ABSTRACT

Environmental radiation measurements were made over a
three year period in the vicinity of a boiling water

power reactor. Contributions to total radiation ex-
posures resulting from the gaseous effluents are cal-
culated from a plume exposure model and compared with
values determined from ionization chamber and TLD measure-
ments. In almost all cases, exposures attributable to the
plant are less than 10 mR/year. Gas sample analyses are
also presented.

In April 1971, a study was begun of the radiation environment in the
vicinity of a 2000 MWy (650 Mwe) boiling water reactor. A chronology

of this study is given in Table I. A history of gaseous effluent releases
during the study is given in Table II. The data accumulated through
September, 1972 has been documented in the correspondence with utility
personnel and in various HASL reports and journal articles. This report
is a summary of the data obtained from October 1972 through March 197k
and analysis of some of the data for determining the exposure in the

vicinity of the plant due to the release of gaseous effluent.

* Based on work by the Radiation Physics Division, Health and Safety
Laboratory, USAEC, New York.
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Table III contains the average total exposure rates for the designated
approximately monthly periods determined by thermoluminescence dosimeters in
the vicinity of the facility. The measurement locations are indicated on the
map in Figure 1. Table IV contains ionization chamber measurements of both
the total exposure and the exposure attributable to the plume at seven of the
locations in Figure 1. The method by which the exposure due to the plume is

(1)
determined is given in a publication by Gogolak and Miller and discussed

3)

(2)
in general by Beck et al. and McLaughlin and Beck(

Techniques for estimating background radiation exposures as a function
of climatic conditions +)5 have enabled the separation of total gxposure
determined from TLD measurements into the background component and that at-
tributable to gaseous effluent. Table V contains estimates of plume exposure
for the designated perist from TLD measuremncnts at four of the locations in
the vicinity from August 1971 until the shutdown for refueling in August 1972.
These estimates are compared with calculations of plume exposure based on
effluent release rates and meteorological copditions. Agreement is within the
expected error for both techniques assuming the calculations are accurate to

(6)

within a factor of two and the estimates based on the TLD measurements,

in this case, are accurate to within * 1 mR per year or about % 0.3 mR per
month(Y). In only one case does the exposure due to the release of effluent
exceed 10 mR per year and in this case, the location is within the site
boundary. A more detailed analysis. of these data is being included in a

(7)

publication now in preparation
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Ionization chamber measurements of total gamma plus cosmic radiation ex-
posure and the gamma exposure attributable to the release of effluent from the
reactor stack are summarized in Table VI for a period totaling 9072 hours
following the shutdown for refueling. Since neither the plant nor the ion
chambers were operating for the full period the plume exposure data are also
normalized to equivalent annual values. The plant and the chambers are assumed
to be in operation for 8760 hours, and the plume exposures actually measured
during the hours of plant operation are assumed to yield mean exposure rates
that are representative of a full year's operation. In this case, the ex-
trapolated plume exposure is always less than 1 mR per year and less than 0.5
mR per year for five out of the seven locations considered. Estimates of
plume exposure from TLD measurements during the period are not included in the
table since these exposures are considerably smaller than the error involved

in the technique used to extract plume ezxposures from the TLD measurements.

Analysis of the exposure data is continuing and efforts are presently
being directed at refining both the application of the plume model and the
techniques for isolating any plume exposure from TLD total exposure measure-

ments.

A comparison of analyses of off-gas samples was undertaken to verify
the composition of the reactor effluent to be used as input to plume exposure
in calculations. Results are in Table VII. We consider the agfeement to be

reasonable, taking into account sampling and measurement errors.
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TABLE I

Chronology of the Nuclear Power Facility Study

Date Event

July 21-22, 1970 Spectral and ionization chamber measurements in the general vicinity
of the facility.

Sept. 28 - Oct. 1, 1970 Spectral and ionization chamber measurements in the general vicinity
of the facility.

April, 1971 Commencement of TLD monitoring at locations* 12,13%,15,20a,20b,21,23.

August 11, 1971 Spectral Measurements in the general vicinity of the facility.
Steam Jet Air Ejector Sample Analysis.

June, 1972 Commencement of ionization chamber monitoring at location 13.

August 3, 1972 Spectral Measurements at locations 11 and 13.

August 30, 1972 through Reactor Shutdown.

March 10, 1973
October, 1972 Commencement of TLD monitoring at all locations indicated in Figure 1.

Commencement of ionization chamber monitoring at locations 2,7,9,10,11,12.

October 11-13, 1972 Spectral measurements at locations 3,5,6,7,10,11,12,13.
November 7-9, 1972 Spectral measurements at locations 2,7,13,14,17,18.
February 27-March 1, 1973 Spectral measurements at locatiomns 1,2,3,5,6,9,10,11,12,13,15,23.

April 22 through July 31,'73 Reactor Shutdown.
July 18 - August 3, 1973 Spectral Measurements at locations 2, 10, 13, 18.
February 28, 1974 Steam Jet Air Ejector Sample Analysis

% See Figure 1 for locations.



TABLE II

Total Monthly Release of Noble Gases

(Curies)
71 191 1975 197k

January 1.75(5)l 3.15(4) 0 2.50(4)
February 3.12(3) 5.08(3) 0 1.46(4)
March 5.72(3) 3.24(4) 4.06(3) 2.37(4)
April 7.16(3) 2.79(4) 1.38(4)

May 1.84(Y4) 7.55(4) 0

June 1.59(4) 2.03(5) 0

July 1.65(k4) 1.78(5) 1.87(3)

August 2.46(L4) 2.39(5) 1.66(4)

September 3.60(4) 0 1.06(L)

October 2.35(4) C 1.18(%)

November 6. bl(h) 0 1.13(k4)

December 5.86(4) 0 8.81(3)

1 () indicates power of 10.
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TABLE IIT

TLD Data {yR/h)

Measurement 10/11/72- 11/6/72- 12/6/12- 1/16/13- 2/27/13- 3/28/13- 4&/24/13- 5/23/13- 6/19/13- T/18/13- 8/14/13- 3/12/13- 10/1C/13- 11/7/73- 12/5/73- 1/30/Th

Period 11/9/72 12/6/72  1/17/13 3/1/13  3/29/7> W/25/13 5/24/13 6/21/73 1/19/73 8/15/73 9/13/13 10/11/73 11/8/73  12/6/13  1/31/Th  3/14/T%

Total Hours 705 708 1015 1057 728 680 730 679 T34 679 729 705 706 705 1374

Location No.
11 8.9 8.3 8.7 8.0 8.6 8.0 8.0 Lost 8.8 8.7 9.1 8.6 8.k 8.5 8.2 8.9
13 10.1 8.8 10.3 9.0 9.5 9.8 8.8 9.7 10.3 9.9 10.3 10.5 9.7 9.4 9.6 9.6
21 8.2 8.1 8.9 7.8 8.4 8.6 7.9 8.4 8.8 9.1 8.5 8.7 8.0 8.8 8.2 8.7
20 8.5 8.3 8.3 7.9 8.0 7.8 7.9 8.2 8.8 8.2 8.7 8.3 8.¢ 8.2 2.C 8.3
15 9.2 9.2 9.7 8.8 Lost 8.9 9.2 9.0 9.9 9.7 9.8 Lost Disc. Disc. Disc. Disc.
12 8.7 8.7 9.3 8.4 8.9 8.3 8.3 8.7 9.7 9.3 9.7 8.9 8.9 2.9 2.8 9.C
23 9.0 8.7 9.4 8.3 8.6 8.4 8.3 8.9 9.1 9.2 8.9 8.1 7.8 8.5 8.¢ 8.9
2 - 8.2 9.0 8.1 8.1 7.6 7.7 8.2 8.6 8.3 Lost 8.2 7.9 8.2 8.3 3.1

Nov. 6 - Jan. 17
22 9.6 10.2 Lost 9.5 9.9 9.6 10.0 10.6 Lost 9.8 9.7 8.9 9.8 7.9 9.0
17 10.3 10.0 9.1 9.6 9.6 10.2 9.2 10.5 9.8 10.4 9.9 9.9 10.3 8.2 9.6
18 9.3 9.3 8.4 9.3 9.4 9.5 9.1 9.5 9.3 9.7 10.4 9.3 10.6 3.7 9.3
3 9.6 8.8 7.8 8.5 8.8 8.4 8.8 8.9 8.6 9.3 9.2 8.8 9.2 7.9 8.4
13 8.3 7.6 7.8 8.2 8.3 8.3 7.6 8.4k 8.3 9.6 9.3 7.9 8.6 6.9 8.4
10 8.8 8.3 7.6 7.9 8.3 8.5 8.1 8.5 8.6 9.5 9.4 8.1 9.3 7.3 8.2
9.5 9.6 8.6 8.7 9.3 8.9 9.2 9.9 9.7 10.0 9.9 9.4 10.2 8.4 9.2
10.6 10.5 9.0 10.3 10.9 10.7 10.3 10.9 10.7 n.1 1.3 10.2 1.k 9.4 10.8

16 9.9 9.9 9.0 9.0 9.4 9.6 8.9 10.0 9.4 10.2 10.0 9.7 10.5 8.7 9.9
9 9.2 8.7 8.1 8.4 8.6 9.1 8.7 - 9.1 8.7 9.0 9.4 8.6 9.8 7.5 9.0
5 9.6 9.0 8.9 94  10.0 9.3 9.0 9.3 91 9.6 10 8.9 0.4 8.4 8.8
14 10.8 11.6 9.9 10.3 10.4 10.8 10.9 n.7 10.8 n.a 1.9 10.6 1.8 10.3 Lost
6 9.7 9.0 8.5 8.8 9.1 9.5 9.5 9.6 9.9 10.k4 9.9 9.3 10.5 8.1 9.1
1 9.9 9.7 8.7 9.0 9.k 8.9 9.0 10.2 9.4 9.6 9.9 9.9 10.3 8.6 8.6

19 9.8 10.0 8.9 8.5 8.7 9.k 9.0 9.8 9.1 9.9 9.k 9.0 9.8 8.2 Disc
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Fig. 1 Area surrounding the Nuclear Power Facility indicating reactor
stack and monitoring locations.
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TABIE IV

Ion Chamber Data (mR)

Madsurement 10/12/72- 11/8/12- 12/6/12- 1/17/73- 2/28/73- 3/29/73- 4/25/73- 5/24/73- 6/20/73- 7/19/73- 8/15/13- 9/13/73- 10/11/73- 11/8/73- 12/6/73- 1/30/7%-
Period 1/8/72  12/6/12 1/17/13 2/28/13 3/24/13 4/25/713 5/24f73  6/20/7T3 7/19/73 8/15 9/13/73 10/11/73 11/8/73 12/6/73 1/30/7%  3/1:/7:
Location No.
j5R hours 326 716 603 38k 496 Lhl 396 633 655 673 673 133C 1008
totall 2.980 6.2h44 5.305 3.360 L.374 L.o27 3.570 6.017 6.154 6.458 6.330 11.233 3.0C5
plume - .008 .030 - - - .028 .098 .025 .07 .0L6 . 060 .097
12 hours 650 306 282 646 654 333 650 630 617 628 676 672 592 546 1001 3g2
total 6.031 2.763 2.586  5.587 5.67L 2.913 5.6 5.519 5.557 5.591 6.152 6.020 5.383 4.827 3.610 ~.7C1
plume - - - - .003 2004 - - - .018 .019 .009 .005 .012 .o17 .ce3
13 hours 640 1011 667 579 650 647 525 526 321 618  System 6722 1276 201
total 5.855 9.113 6.009 5.231 5.843 5.931 5.409 4.831 3.068 5.907 Vandalized  5.868 10.613 2.537
plume - - .00L .002 - - - .015 .008 . 006 .012 .015 Meiosd
9 hours 403 649 620 570 55U 601 520 699 646 676 650 67k 669 1346 877
total 3.493 5.587 5.218 L. 764 4,912 4.988 4343 5.859 5.L27 5.780 5.600 5.90k4 5.977 11.227 7.302
plume - - - . 005 .10k - - - .056 .098 .053 .039 . Obly .122 .CE2
10 hours 659 293 681 599 338 289 218 676 670 674 6L8 1310 o1k
total 5.895 2.610 -5.851 5.202 2.927 2.491 1.939 6.139 6.0U45 6.163 5.849 11.01k4 7.833
plume - - .00k .031 - - .055 .030 .020 .022 . 055 L OLE
7 hours 569 696 869 963 663 624 628 618 629 6L6 654 673 535 673 1345 997
total 5.211 6. k27 8.100 8.845 6.097 5.747 5.800 6.125 6.051 6.208 6.376 6.499 5.2u44 6.500 12.276 2.223
plume - - - - . 006 .05% - - - .027 .039 .013 .011 .011 .051 L0135
2 hours 291 570 950 622 594 337 339 640 648 Skl 294 534 262 1302 997
total 2.602 4.968 8:110 5.330 5.148 2.912 2.980 5.611 5.724 4. 928 2.675 4.990 2.407 11.330 @
plume - - - .003 .052 - - E .006 .022 .008 .03 e .OlL . 065 .026

1 Total includes Cosmic, terrestrial 7, and plume, where cosmic is assumed to contrlbute 3.6 uR/h
2 Location changed
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Period

8/11/71-9/15
9/15 - 10/5
10/5-11/16
11/16-12/1k
12/14-1/13 /72
1/13 - 2/8
2/8-3/9
5/7-4/19
4/19-5/18
5/18-6/28
6/28-8/10
8/10-9/12 .

TOTAL

TOTAL*

Calculated and TLD Estimates of Plume Exposure (mR)

TABLE V

Location 20

Location 15

Location 13

Location 23

Minus 9/15-10/5

*¥Normalized to

1 year

Exposure Time (hours (1.0 km NNW) (1.6 km N) (6.8 km NNE ) (14.% km W)
TLD CAIC TLD CAIC  TLD CAIC  TLD CALC
848.5 - - .509 .08% -.051 .063 356 .015
488.0 - - .151 - 176 - .151 -
1016.5 - - 701 .200 -.081 .069  -.071 .018
699.0 - - -.209 .018 24l .027  -.154 .00%
728.25 481 L4 8 .299 125 364 .066 291 .01¢
631.75 .076 .0%6 .139 .02% -.366 .010 .057 .002
712.5 .029 .025 -.271 .039 -.199 .034 .099 .005
1054.0 221 .187 -.158 131 -.126 .035 -.337 .015
746.0 709 .188 .187 .166 .052 077 .209 .016
1010.67 3.10% 1.971 2.709 1.500 2.628 .873 .768 162
1042.0 2.33h 2.546 3.636 2.571 2.407 73 .531 .085
802.0 1.917 1.625 1.788  1.025 .658  .637 .168 .005
9779.17 8.86(1) 7.086(;> 9.48 - 5.70 - 2.07 -
9291.17 8.86(1) 7.086(1)A 9.3% 5.88 5.53 2.66 1.92 3L
8760 137 9.2 8.8 5.5 5.2 2.5 1.8 .3

1. Total is over 6727 hours.



TABLE VI
Estimated Plume Exposures (5,000 wCi/sec noble gas release)

Jan. 17, 1973 - Jan. 30, 197k

Total Hours - 9072 Hours Plant Operation - ~ 5300

Ton Chamber Operation (hrs) Total Exposure (mR) Plume Exposure (mR)
Location Total Plant Oper. Meas. Extrap? Meas. Extrapb 1 Yr. Cont.C

Identification

11 7003 ~ 5100 63.1 82 0.322 0.33 0.55
(1.6 km NNE)
12 7645 ~ L4600 67.5 80 0.087 0.10 0.17
(5.0 km NNE)
a a a
13 5604(7552) ~ 4000 57.2(73.7) 93(89) 0.059 0.08 0.13
(7.1 km NNE) -
9 7605 ~ 5100 6L.5 77 0.521 0.54 0.89
(2.6 xm NE)
10 6130 ~ 5000 53.6 79 0.217 0.23 0.38
(5.3 km NE)
7 8681 ~ 5200 81.8 86 0.211 0.21 0.36
(7.9 km ENE)
2 7066 ~ L4200 62.1 80 0.180 0.23 0.38
(4.7 km E)

(a) Extrapolation to total 9072 hour period.
(b) Extrapolation to 5300 hours of plant operation.

(¢) Extrapolation to nominal 8760 hour year.

{(d) Tncludes 1948 hours at a nearby site.
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Nuclide
133y

133mxe
135x%e
138Xe
85mKr

87Kr

884

TABLE VII

Gas_Sample Analyses (Steam Jet Air Ejector)

(LCi/ml at sampling time)

8/11/71

HASL Operator
3.05(-2)  L.11(-2)

1.04(-3) -
6.55(-2)  7.11(-2)
- 1.61(-1)
1.74(-2) 2.28(-2)
5.03(-2)  k4.70(-2)
2.82(-2) 3.78(-2)

I - 88

2/28/7k4

HASL
2.46(-2)
3.04(-2)
3.30(-1)
6.81(-3)
2.84(-2)

2.22(-2)

2/21/7h

Qperator
3.04(-2)
2.90(-2)
3.32(-1)
7.27(+3)
2.59(-2)
1.76(-2)
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1.

Fallout Deposition

1.1 Monthly Precipitation

1.11

1.

12

Sr-90 and Sr-89 in Monthly Deposition at World
Land Sites

Precipitation and dry fallout are collected over
monthly periods at stations in the United States
and overseas. The samples are analyzed for Sr-90
and prior to 1971, for Sr-89 whenever possible.

A description of the sampling network and available
data for each site are given in the Appendix,
Section A.

Other Isotopes at Selected Sites

At a number of stations in the United States,
monthly deposition collections were analyzed for
radiostrontium and other nuclides of interest to
the Atomic Energy Commission. Multinuclide
analyses were discontinued as of July 1967 and the
complete data reported in HASL-193, p. II-4 thru
II-25.

Plutonium analyses of monthly deposition were .
carried out at New York City, Melbourne, Seattle,
Honolulu, Salisbury, Durban, and Rio de Janeiro.
This program has been terminated and the complete
data are given in HASL-237 on pages II-4 thru II-13.

1.2 Sr-90 and Sr-89 Deposition at Atlantic Ocean Weather
Stations

Measurements of radiostrontium in precipitation
and dry fallout collections at four U. S. Coast-
Guard Staticns in the North Atlantic Ocean were
carried out for comparison with land stations in
the same latitude band. This program was termi-
nated in the spring of 1972, A description of the
stations and available data are given on pp. II-4
thru II-17 of HASL-274.

Surface Air Sampling Program

The Health and Safety Laboratory has been collecting surface

air particulate samples at stations in the Western Hemisphere
since January 1963. The filters are analyzed for a number of
fission and activation product radionuclides as well as stable

lead.

A description of the program and available data are
given in the Appendix, Section B.
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Project Airstream

The Health and Safety Laboratory measures radioactivity in

the lower stratosphere employing the WB-57F aircraft as a
sampling platform. The aircraft are flown by the 58th Weather
Reconnaissance Squadron under the direction of the 9th Weather
Wing of the Air Weather Service. The missions are scheduled
gquarterly and the coverage extends from 75°N to 51°S latitude

in the Western Hemisphere. Air filter samples are collected
from 12 toc 19 km altitude and analyzed for a number of radio-
nuclides. A more complete description of the program and avail-
able data are given on pages II-7 to II-102 of this report.

High Altitude Balloon Sampling Program

Balloon borne filtering devices are used to collect nuclear
debris at altitudes from 21 - 32 km. Balloon launchings are
conducted annually at Fairbanks, Alaska, 65°N; Sioux City,
Iowa, 42°N; Alamagordo, N.M., 33°N; and Panama C.Z., 9°N and
quarterly at Mildura, Australia, 34°S. Filters are analyzed
for a number of radionuclides. A more complete description
of the program and available data are given on pages II-103
to II-139 of this report.

Radiostrontium in Milk and Tap Water

Strontium®® levels in fresh milk distributed in New York City
and tap water sampled at the Health and Safety Laboratory, have
been measured on a monthly basis since 1954. These data are
summarized in tabular and graphical form in the Appendix,
Section C, of this report.

Strontium®® in Diets

Quarterly estimates of the annual dietary intake of Sr®°° of
New York City and San Francisco residents have been made based
on analyses of foods purchased at these cities every three
months since 1960. Sampling in Chicago was discontinued in
1967. The program is described and available data reported on
page II-4 to II-6 of this report. The 1973 data are evaluated
beginning on p. I-34 of this report.

Strontium®°® in Human Bone

Specimens of human vertebrae from New York City and San Francisco
have been made available for Sr®° analysis since 1961. The re-
sults for 1972 are evaluated beginning on page I-13 of HASL-274.

Human vertebral specimens are also received, through the World
Health Organization, from countries where western-type diets are
not typical. The Sr®°° data for samples received in 1973 are
reported on pages II-7 to II-8 of HASL-28l.
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6. HASL Diet Studies: 4th Quarter 1973

Results of the measurements of the Sr-90 content of foods
purchased in New York City and San Francisco during the fourth
quarter of 1973 are given in the following table. Also listed
are estimates of the total diet intake of Sr-90 based on these
measurements and on recent consumption statistics compiled by the

U. S. Department of Agriculture (l).

The estimates of dietary intake of Sr-90 are a continuation of
the HASL Tri-City diet studies which were started in March of 1960.
Results of the earlier measurements along with those made during
the fourth quarter of 1973 are shown graphically in the figure on
page II-6. More detailed discussion of the results for the entire
sampling program through 1973 is presented in HASL-284 (2). A
description of the sampling methods and philosophy of the HASL diet

studies is given in HASL-147 (3).

REFERENCES

(1) Food consumption of Households in the United States -
Spring 1964
A Preliminary Report, U.S.D.A. ARS 62-16, August 1967

(2) Bennett, B.G.
Strontium-90 in the Diet - Results through 1973
USAEC Report HASL-284, July (1974), p. 1I-34

(3) Rivera, J. and Harley, J. H.

HASL Contributions to the Study of Fallout in Food Chains
USAEC Report HASL-147, July (1964)
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STRONTIUM-90 IN NEW YORK CITY AND SAN FRANCISCO DIETS

+ Fourth Quarter 1973 -

NEW YORX CITY - NOVEMBER SAN FRANCISCO - DECEMBER
% of yearly % of yearlg % of yearlg
Diet Category ka/yr gCa/yr intake of Ca pci sr/ka  pei %r/yr  intake of 99sr pci Vsr/xg pci 908:(_2: intake of 99sg
DAIRY PRODUCTS 200 216 .0 5.1 1023 1.3 262
58 27 22
FRESH VEGETABLES 48 18.7 15.5 745 2.1 99
CANNED VEGETABLES 22 4.4 9.5 209 4.7 103
ROOT VEGETABLES 10 3.8 8.9 89 3.3 33
POTATOES 38 3.8 6.5 249 5.1 193
DRY BEANS 3 2.1 23.0 69 10.9 33
9 35 38
FRESH FRUIT 59 9.4 13.3 787 1.9 110
CANNED FRUIT 11 0.6 1.1 12 0.9 10
FRUIT JUICES 28 2.5 3.1 87 1.7 49
3 23 14
BAKERY PRODUCTS 44 53.7 4.5 196 2.5 111
FLOUR 34 6.5 5.2 176 2.6 87
WHOLE GRAIN PRODUCTS 11 10.3 7.8 86 4.2 46
MACARONI 3 0.6 3.4 10 2.5 7
RICE 3 1.1 1.4 4 1.3 4
20 12 21
MEAT -79 12.6 0.8 63 0.4 35
POULTRY 20 6.0 0.6 12 0.5 10
EGGS 15 8.7 1.5 22 0.9 14
FRESH FISH 8 7.6 0.4 3 0.6 5
SHELL FISH 1 1.6 1.4 1 0.9 1
10 3 5
YEARLY INTAKE 370g 3843 pCi 1212 pCi

DAILY INTAKE 10.4 pCi/gCa 3.3 pCi/gCa
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NOTICE

Project Airstream to Continue

In a recent significant development concerning stratospheric sampling
and research, the National Aeronautics and Space Administration has
agreed to operate a WB-57F for the Atomic Energy Commission and the
Department of Transportation. This aircraft will be used to conduct
a modified version of Project Airstream and the monitoring and experiments
sub-program of the Climatic Impact Assessment Program.

Project Airstream will be conducted three times a year (July, October,
and April) from the Johnson Space Center, Houston, Texas, to provide
samples at four stratospheric altitudes from 75°N latitude to 1008,
approximately along the old Airstream track. The first Airstream cycle
under this new arrangement will be conducted in October 1974.

The balloon borne sampler program (Project Ash Can) will be scheduled
to extend sampling altitudes to 70, 80, and 90K ft three times a year
at Holloman Air Force Base to coincide with the aircraft program, and
annually in Spring at Panama and Alaska.

This notice supersedes the announcements concerning Project Airstream

appearing in HASL-276, October 1, 1973, and HASL-281, April 1, 1974.






3. PROJECT AIRSTREAM
by P. W. Krey, (HASL)

L. E. Toonkel, ({(HASL)

M. Schonkerg, (HASL)
Project Airstream is HASL's study of radioactivity in the lower
stratosphere employing the RB-57F aircraft as a sampling platform.
The aircraft are flown by the 58th Weather Reconnaissance Squadron
under the direction of the 9th Weather Wing of the Air Weather
Service. This project is a continuation of the Defense Atomic
Support Agency's Project Stardust except that Airstream's sampling

missions are limited tc only one per season.

This report contains the radiochemical data from the missions
flown in January, September and November 1973 and in January 1974.
Previous reports containing results from this program are given in

references 1 through 21.

FLIGHT SCHEDULE

Airstream missions are generally scheduled for January, April,

July and October with a * one month slippage. 1In calendar year
1973, however, the missions were flown in January, June, September,
and November. Each mission is usually completed within a nine day

interval. The first Airstream mission was flown in August 1967.



Because of budgeting and other compelling considerations Project
Airstream as it is presently structured will terminate after the
April 1974 mission. The flight trajectory and altitude coverage of
a current Airstream mission are shown in Figures 3a and 3b respec-

tively.

The coverage in Figure 3b extends almost continuously at the indi-
cated altitudes from 75°N to 51°s latitude except for a slight dis-
continuity between 10°s to 16°s. Each mission is accomplished by
conducting return flights northward and southward from each of the

four Air Force Bases of operation:

Eielson AFB 64°40'N 147°%06 'w
Kirtland AFB 35°03'N 106°36'w
Albrock AFB 08°57' N 79°34'w
Mendoza AFB 32°49's 68°%47'w

Because of equipment failure in the September 1973 mission, cover-
age from 11°s to 33°S at 19.2 km and from 9°N to 3295 at 18.3 km

is missing.

AIR FILTER SAMPLES

Air filter samples are collected along the flight tract at iati-
tude increments of approximately 3 to 4° at each of the prescribed
altitudes using the U-1 foil system. This system permits the
sequential insertion of up to 13 IPC No. 1478 filter papers

(diameter 168") into the sampling duct near the bomb bay on the
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right side of the aircraft. The volume of air sampled by each
filter is calculated by the methods developed under Project
Stardust and updated by Krajewski, (22) and are reported as
standard cubic meters (SCM) under the ICAO standard atmosphere

(760 mm Hg and 15°C).

Beginning with the July 1972 mission, a cooperative program was
initiated with the National Center for Atmospheric Research (NCAR)
in which the filters from the Airstream missions are shared. NCAR
is investigating the concentrations of stable tracers in the
stratosphere with emphasis on water soluble stable tracers. To
minimize the background contamination of these tracefs in the fil-
ter material, NCAR washes each filter prior to exposure in the air-
craft and special precautions are then taken in their installation
and recovery. Tests conducted by NCAR aﬁd HASL show no demon-
strable difference in collection efficiency between washed and

unwashed filters. (16)

TOTAL GAMMA AND GAMMA S_EEC_TRUM MEASUREMEN’I‘S

The filters are sent to NCAR where they are cut into sixths under
"clean room" conditions. To minimize the impact of any hetero-
geneity of debris on the filter, opposite sixths are combined

into composite thirds. One third is analyzed by NCAR: one third
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is analyzed by HASL; and one third is reserved for the HASL

library of stratospheric samples.

At HASL the one third fraction intended for analysis is folded
and placed in a plastic box, 8 cm X 6.5 cm X 3.1 cm deep, for a
gross gamma measurement on an 8" X 4" NaI (Tl) crystal. The total
gamma activity is integrated between 100 keV and 2.0 MeV, and the
gamma concentration is reported as counts per minute (cpm} per

100 SCM on the counting date.

Based upcon the gamma measurements, the one-third sections of
each filter are usually combined into appropriate composite
samples which are submitted to gamma spectral analysis at HASL
by lithium drifted germanium diode detectors. The composite
samples are compressed into a 6 cm diameter by 3.5 cm depth
aluminum can. The detectors are closed-end coaxial diodes of
approximately 50 cm3 volume with the following characteristics
for the 1.33 MeV photon of Co-60:

Point source efficiency at diode face: 1.2 - 1.7%

Resolution: 2.1 - 2.6 keVv

Peak-to-Compton: about 30 to 1

The diode responses are stored in 3000 channels of a computer

based pulse height analyzer. A computer program resolves and
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reduces these spectra data by least squares fitting and has a subk-
routine which adjusts for the density of the sample. Presently

the nuclides of interest from the diode spectrometry are Be-7,
Zr-95, Cs-137 and Ce-144. The germanium diode systems have been
calibrated with standard solutions prepared at HASL. An efficiency
versus energy curve has been prepared (shown in Figure 3c¢] which
illustrates the interrelation between standards and which lends

greater reliability to the individual photon energy erfficiencies.

RAD TOCHEMICAL ANALYSIS

After the gamma measurements are completed, the composite sam-
ples are sent to contractor laboratories for detailed radio-
chemical analyses including some of the following nuclides:

Sr-89 Pb-210 Pu-238
Sr-90 Po-210 Pu-239, 240

At the present time, Laboratory for Electronics Environmental
AnalysistLaboratory (formerly Trapelo Division/West), Richmond,
California is performing these analyses. Nuclide concentrations
from radiochemical analyses are reported as picocuries per 1300
standard cubic meters of air (pCi/100 SCM) at collection time.
To convert pCi/100 SCM to disintegrations per minute per 103

standard cubic feet multiply by 0.629.
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One standard deviation of the counting error for all data in
this report is less than +*20% unless annotated with the symbols:

A: One standard deviation of the counting error is
between 20 - 50%.

B: One standard deviation of the counting error is
between +51 - 100%.

*: Activity is not detectable. This designation is
applied to data when one standard deviation of
the counting error is greater than *100%.

)
00

The nuclide concentration of a specific sample is
considered suspect because it is inconsistent with

the concentration of the same nuclide in adjacent
samples in space and time or because it is incon-
sistent with other nuclides in the same sample.

The nuclide activity for each sample is corrected for the normal

radiochemical parameters such as chemical yield and detection

efficiency.

Po-210 is analyzed as rapidly as possible after the samples are
received in the laboratory. The Po-210 data are reported as con-
centrations at collection time, and are corrected for the Po-210
which grew in from Pb-210 during the interval between collection
and analysis of the filter. If the Po-210 at the time of anal-
ysis exceeds the Pb-210, the excess is corrected with a 138 day
half-life to collection and added to the equilibrium value ¢f the
Pb-210. This rarely happens, and the data is likely to be con-

sidered suspect when it does.
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Pb-210 is analyzed by measuring the Po-210 ingrowth during a

four month interval from a purified lead fraction to provide a
greater sensitivity of analysis. Because of this ingrowth in-
terval, the Pb-210 and Po-210 results are reported at a later

time than the other radionuclides.

QUALITY CONTROL

To evaluate HASL's gamma ray spectrometry and the contractor's
radiochemistry, blind blanks, standards and duplicates are rou-
tinely submitted for analysis. Some blanks represent pre-washed
filters exposed at altitudes for 5 seconds in filter position
number 4 or 7 of the U-1 foil system. It has been shown that
these blanks can be contaminated by stratospheric particula tes as
a result of their short exposure time and because of leakage of
sealant gaskets in the U-1 system. (21) To test the degree of
contamination introduced by normal laboratory analyses only,
appropriate sizes of filter material taken from stock are also

submitted as blind blanks.

The duplicates are identical composites of one sixth of each
filter. To reduce the effect of heterogeneity of debris on the
filter and thereby improve the quality of the duplicate, each one

sixth is made up of opposite one twelfths of the original filter.
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Standards for radioachemistry are unwashed and unexposed filters
of IPC-1478 paper on to which calibrated solutions of various
nuclides have been evaporated. These calibrated solutions are
available from a number of sources (i.e., Radiochemistry Center,
IAEA, Nucléar Chicago) and are recalibrated at HASL. Generally,
the agreement between HASL's value and the reported value is

very good.

For gamma ray spectrometry prepared standards are made by mixing
calibrated solutions of gamma emitting radionuclides with a 1%
solution of Agar-Agar. These were found to be a reliable index
of quality control for spectrometry because of the uniform dis-
tribution of radioactivity within the sample can. (15) The Agar
standards are used exclusively to evaluate the quality of the
gamma ray spectrometric analyses. The sample numbers of the
standards are changed after each analysis so that they can be
re-used many times. Because of a reduction in activity in the
current Agar standards due to radioactive decay, a new set was

prepared beginning with the November 1973 mission.

RESULTS
The Pb-210 and Po-210 results from the January 1973 mission are

reported in Table 3a. Radiochemical data for the September 1973
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mission are given in Table 3b, and the gamma spectral results for
the November 1973 flights are presented in Table 3¢. Gross gamms
concentrations and gamma spectrometry results for January 1974 are

reported in Tables 3d and 3e, respectively.

The samples in these tables are grouped according to altitude of
collection beginning with 19.2 km. Within each altitude group, the
samples are then listed with decreasing latitude. The 1/3 fraction
of each individual filter making up the composite are listed
immediately below the composite sample number. In the case of
duplicates, the % fraction reported in the tables is one half of
the 1/3 section and in reality is 1/6 of the exposed filter. The
collection parameters of the composite sample and the contractor
laboratory performing the analyses are given prior to the nuclide

concentrations.

The results of the quality control program for Pb-210 and Po-210
analyses are given in Table 3f. Similar quality control data for
Be-7 and the artificially produced radicnuclides are reported in

Table 3g.

Blanks
Six blanks from the September 1973 mission which had relatively

high gross gamma contamination were autoradiographed and found
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to have uniform activity density.(21) Some of these blank

filters were exposed for a few seconds to the airstream during
stratospheric flights while others remained in the storage
magazine of the U-1 filter system throughout the flight. To

more quantitatively define the activity density of these blank
filters, each of the four 1/6 sections received were gamma counted,

and the data are listed in Table 3h.

The filters are cut at NCAR in a reproducible manner and the
same sections of all filters are reserved for specific analyses.

For example:

NCAR analyzes the 1/6 sections labeled 3-6, HASL analyzes the
2-5 sections, and the 1-4 sections are usually reserved in the

library of samples. Takle 3h verifies the uniform density of the
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autoradiographs and shows only a slight enhancement of activity
in the 2, 3, 4 sections of the exposed blanks. This enhancement
can be due to the off-center placement of the sampling port of
the U~1 filter system and a preferential direction of influent

air by the inlet butterfly valve.

The conclusion of these studies remains as originally proposed.{(21)
The flown blanks are contaminated in the magazine storage compart-
ment of the U~-1l filter system as a result of leakage to the ambient
atmosphere. In addition those blanks which are inserted into the
sampling duct for only a few seconds are contaminated further.

The degree of contamination from either cause is related to the

ambient concentrations and their gradients at flight altitude.

The blank filters analyzed in Tables 3f and 3g were selected frocm
gross gamma measurements as normal blanks in that they reflected
no excessive radioactivity. Some of these blanks were installed
in the aircraft and exposed at altitude for a few secconds, some
were installed in the aircraft and not exposed, and one was taken
from stock and not instalied at all. The analyses of these normal
blanks indicated that the contamination inherent in the filter or
intreduced during normal handling and lakoratory operations is
either not detectable or unimportant to the activities encountered

in the collected samples.
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Standards

The results of the Pb-210 standards given in Table 3f reflect a
positive bias of 10% which has been a consistent but unresolved
pattern for the last 6 missions. The Po-210 data show a negative
bias of 20% which is caused by the inaccuracy of the Pb-210 measure-

ments.

As described earlier, (21) the Po-210 radioassay at the time of
its separation from Pb-210 is adjusted for the quantity of Po-210
which grows in between separation time and the fictitious date
assigned as collection time for the blind standard. An error in
the Pb-210 analysis builds in an error in the reported Po-210
result. The excellent agreement in Table 3f between the Po-210
results at separation time and the added quantities demonstrates

this effect and recommends the accuracy of the Po-210 ‘analysis.

The analyses of the radiochemical standards prepared for the
September 1973 mission in Table 3g demonstrate an accuracy of

within 8% for the nuclides examined.

The data from the gamma spectrometric analyses of the Agar
standards in Table 3g shows agreement for all nuclides to within

+10%. There appears to be a negative bias of about 8% for Zr-95
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and a positive bias of about 10% for Ce-144. These results are
similar to the long term trends observed from the earlier set o¢f
Agar standards (21) and suggests some small defect in the prepara-
tion of these standards or a slight error in the calibration curve

of the lithium diode detector.

Duplicates

The percent deviation between the analyses of duplicate samples
is shown in Tables 3f and 3g. It represents the range between
duplicates divided by the mean and expressed in percent. The
results with few exceptions indicate agreement between duplicates

within the precision of the individual measurements.

Representivity of Aliguots

To test the representivity of analyzing the 1/3 sections of each
filter and the reliability of preparing duplicates from 1/6
sections of some filters, relatively high activity samples from
the September 1973 mission were cut according to the diagram
presented earlier. The 1/6 sections were bisected into "a" and "b’
fractions as indicated which are 1/12 fractions of the original

filters.
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Opposite 1/12 fractions ("a's" or "b's") were then recombined

into 1/6 sections and radioassayed to test for reprodubibility.
For example the identification of the opposite 1/12 "a" fractions
of sections 1 and 4 of sample 7227 which are recombined into a 1/6
section is 7227-1/4-a. The combined 1/12 "b" fractions of the same
two sections is 7227-1,4-b. The gross gamma activity and some
gamma spectrometry results of these 1/6 sections are presented in

Table 3j.

The average percent deviation of the gross gamma measurements
between the 1/6 duplicate sections of each filter defined as the
spread between duplicates divided by the mean is 9.2%. For the
gamma spectroscopy results the average deviation is 4.6%. There-
fore under normal circumstances the precision between the 1/6
duplicates as routinely prepared under the quality control program

of this project should be within 10%.

From this precision it follows that the 1/6 sections should be
very representative of the entire filter, and indeed ‘they are as
shown by the last column of Table 3j. It also follows that if
these 1/6 sections are representative, then surely the 1/3 sections
prepared from opposite 1/6 sections would also be representative
which is the normal method of aliquoting filters in Project

Airstream.
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Figure 3a - Airstream Flight Trajectory
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TABLE 3A

RADIOCHEMICAL ANALYSIS OF JANUARY 1973 COMPOSITES

19.2 KM
SAMPLE No . 6847 6848 6849 6914 6850
COMPOSED OF: 6636 6625 1/2:6791 1/2:6791 6708
6792 6792 6707
6793 6793
6709 6709
MIDPOINT OF
COLLECTION
DATE 1/23/73 1/17/73 1/26/73 1/26/73 1/24/73
LAT. 68N-65N 64N-62N 43N-31N ‘43N-31N 31N-25N
LONG. 146W-144W 146W-140W 122W-100W 122wW-100W 100W-90W
VOL. OF AIR 0.670 0.820 2.060 2.060 2.730
(100 scM)
PC/100 SCM
LAB: LFE LFE LFE LFE LFE
PB-210 0.428a 0.539A 0.714 0.633 0.694
PO-210 0.568. . * 0.300 . 0.432a 0.693A
19.2 KM
SAMPLE NO. 6852 6853 6854 6855 6856
COMPOSED OF: 6680 6682 6684 6745 6740
6683 6685 6744 6776
6743
6742
MIDPOINT OF
COLLECTION
DATE 1/16/73 1/16/73 1/16/73 1/23/73 1/21/73
LAT. 23N-20N 20N-14N 14N-9N 9N-7S 7s-18s
LONG . 88W-86W 86W-82W 82W-79W 79W-79W 79W-76 W
VOL. OF AIR 1.270 2.130 1.720 4.280 2.280
(100 SCM)
PC/100 SCM
LAB: LFE LFE LFE LFE LFE
PB-210 0.866 1.239 0.854 1.088 0.886
PO-210 0.539B 0.511B 1.033A 0.794A 0.758A
A: COUNTING ERROR IS 20-50 PERCENT *: NOT DETECTABLE

B: COUNTING ERROR IS 51-100 PERCENT
?: DATA SUSPECT



TABLE 3A

RADIOCHEMICAL ANALYSIS OF JANUARY 1973 COMPOSITES
19.2 KM

6915

6857

SAMPLE NO.

POt
[adad o I:0]
[ ned it g
VOO0

COMPOSED OF:1/2

PC/100 SCM
18.9 KM
6860

6859

6858

SAMPLE NO.
COMPOSED OF:

ITI - 26

NN

DETECTABLE

PC/7100 SCM

*:NOT



TABLE 3A

RADIOCHEMICAL ANALYSIS OF JANUARY 1973 COMPOSITES
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TABLE 3A

RADIOCHEMICAL ANALYSIS OF JANUARY 1973 COMPOSITES

16.8 KM
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TABLE 3A

RADIOCHEMICAL ANALYSIS OF JANUARY 1973 COMPOSITES
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TABLE 3A

RADIOCHEMICAL ANALYSIS OF JANUARY 1973 COMPOSITES
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TABLE 3A

RADIOCHEMICAL ANALYSIS OF JANUARY 1973 COMPOSITES
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TABLE 3B
RADIOCHEMICAL ANALYSIS OF SEPTEMBER 1973 COMPOSITES
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RADIOCHEMICAL ANALYSIS OF SEPTEMBER 1973 COMPOSITES
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TABLE 38
RADIOCHEMICAL ANALYSIS OF SEPTEMBER 1973 COMPOSITES
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1973 COMPOSITES

TABLE 38

RADIOCHEMICAL ANALYSIS OFf SEPTEMBER
19.2 KM
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TABLE 38
RADIOCHEMICAL ANALYSIS OF SEPTEMBER 1973 COMPOSITES
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TABLE 38

RADIOCHEMICAL ANALYSIS OF SEPTEMBER
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TABLE 38
RADIOCHEMI CAL ANALYSIS OF SEPTEMBER 1973 COMPOSITES
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TABLE 38
RADIOCHEMICAL ANALYSIS OF SEPTEMBER 1973 COMPOSITES
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TABLE 38
RADIOCHEMICAL ANALYSIS OF SEPTEMBER 1973 COMPOSITES
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TABLE 3B
RADIOCHEMICAL ANALYSIS OF SEPTEMBER 1973 COMPOSITES
16.8 KM
PC/100 SCM
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TABLE 3B
RADIOCHEMICAL ANALYSIS OF SEPTEMBER 1973 COMPOSITES
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TABLE 3B
ANALYSIS OF SEPTEMBER 1973 COMPOSITYES

RADIOCHEMICAL
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TABLE 38
RADIOCHEMICAL ANALYSIS OF SEPTEMBER 1973 COMPOSITES
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VABLE 3B
RADIOCHEMICAL ANALYSIS OF SEPTEMBER 1973 LOMPOSIYES

13.7 KM
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CuMPISITES

TABLE 38

RADIOCCHEMICAL ANALYSIS OF SEPTEMBER 14973
13.7 KM
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RADICCHEMICAL ANALYSIS OF SEPTEMBER 1973 COMPOSITES
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TABLE 3C

GAMMA SPECTRAL ANALYSES OF NOVEMBER 1973 COMPOSITES
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TABLE 3C
OF NOVEMBER 1973 COMPOSIYES

GAMMA SPECTRAL ANALYSES
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TABLE 3C

GAMMA SPECTRAL ANALYSES OF NOVEMBER 1973 COMPOSITES
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TABLE 3C

GAMMA SPECTRAL ANALYSES OF NOVEMBER 1973 COMPOSITES
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COMPOSTITES
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1973 COMPOSITES

TABLE 3C

GAMMA SPECTRAL ANALYSES OF NOVEMBER
18.3 KM
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TABLE 3C

GAMMA SPECTRAL ANALYSES OF NOVEMBER 1973 COMPOSITES
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TABLE 3C

GAMMA SPECTRAL ANALYSES OF NOVEMBER 1973 COMPOSITES
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9¢ - II

TABLE 3C

GAMMA SPECTRAL ANALYSES OF NOVEMBER 1973 COMPOSITES

16 .8 KM
SAMPLE No. 7761 7762 7763
COMPOSED OF: 7616 7682 7680
7615 7681 7678
7614
MIDPOINT OF
COLLECTION
DATE 11/4/73 11/5/73 11/5/73
LAT. 19s-318S 315-41S 41s-518
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VOL. OF AIR 6.650 4,240 3.620
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ZR-95 6 .300 6.109A 132.000
cs-137 6.211 2.677 6 .894
CE-144 22.700 9.232 82.000
COUNTING ERROR IS 20-50 PERCENT *: NOT DETECTABLE

A
B: COUNTING ERROR IS 51-100 PERCENT
?:

DATA SUSPECT



TABLE 3C

GAMMA SPECTRAL ANALYSES OF NOVEMBER 1973 COMPOSITES
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TABLE 3C

GAMMA SPECTRAL ANALYSES OF NOVEMBER 1973 COMPOSITES
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TABLE 3T
GAMMA SPECTRAL ANALYSES OF NOVEMBER 1973 COMPOSITES
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TABLE 3C
OF NOVEMBER 1973 COMPOSITES
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GAMMA SPECTRAL ANALYSES
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TABLE 3C
GAMMA SPECTRAL ANALYSES OF NOVEMBER 1973 COMPOSITES
13.7 KM
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TABLE 3C

GAMMA SPECTRAL ANALYSES OF NOVEMBER 1973 COMPOSITES

12.2 KM
7786

7788

7787

7784 7785

SAMPLE NO.

—~OIN G
nunnn
VOO0
g ad o

7650

COMPOSED OF:

MnZhr~

~000
-0
ni o

O it
3 -
-

AZ
~O~O
N
Cal )
ZX o
~Nono
Lk Ken)
- -

MmZn
~O0~0O
N~
wi |
ZX e
~NOMY
0 0N et
-

MnZn
~OMO
NOei
wilion
ZX o
SONS
O+
- -t

NZNn

~NTO
N O
NN

Nunom
e

PC/100 SCM

LFE

LFE

LFE

LFE

LFE

LAB:

[e]lel o]
oono
Qi
o 0 00
FTOO~
Pt

0000
0000
OO0
e 0 00
AOO~
OO =)
[ d oV ]

oono
QO ~0O
ovnNoO
0 00
O -NO
A N

d &
nmag
[aad =¥ L)
[
W
ONQL

DETECTABLE

*¥INOT

IOV
ZZ2D
et bt )
[y

ZZg
D=
OO0«
LA

0 00 00

<@

IT - 62



TIONS FROM JANUARY 1974 MISSION

D
A
ALTITUDE 19.2 KM

I X <
(A ~
OONMEO o N
—-ON=id O O ™
ON |1} ¢ & O
M NAZIXN & N
NN on N @
N o
-l
O =X <&
~AZN ~
ONDOON o N
~OAN=IN N O ™
ON 1) ¢ = O
O NIFZX~ O N
NE=~O N ¢
~N0 o
L
g N = <
~NZO ~
DONO=OM o N
OO O ™
oN 11|l o~ O
DM NOZIXT~ O N
NOWNO N &
MO (=]
-4 )
30 =X <
~NZS ~
INOANONNO M e N
OO M~SIn O O
ONN | | ) o N e
M~ NOZEZ0 O N
=t ol - OO N ™
oo o
O =
3O = <
Pt Z DO (g
FONOMOD o N
~OMQO~O O O
ONN I 1| o OO
M NNZXO0 ™M N
O O et 2T )
Qe o
O -
~
 «
o0 -~ ¥ W
[(=]=] L= Cad - o )
Zz2Z FTaOa
UL OOWVOD
Wh= U «OOWV
- Xh=Z NO =
AOUWMmaD OO
b b o) ] JODD
< J O~ NO
Lo > w(DEL)

3N X <
~NZO ~
AON— DS [
VONN 0w O -
ANNY 1 ) e O O
M NNZZO N N
ot O b el LV 2
o=t =t OO o

~N
N X <
OZ e |
NN\ ~et OO [
OONN~ O O w4
ONNY| 1 ) o M~ O
M W20 O N
Lalal A ™M <
Qe o

N
I x <5
~NZoN ~
=_WNOFTON [ I S
VONN~ 00 O O
NN ) 1| e O N
e SNNZEO = N\
O3 4
O o

N
g X <
~NOZ S ~
OONOM~OS [N
OOONN= O O O
NN e NN
M SANZTt M~ N
—NO WY N ™M
(e \XaNT. o] o

-l
N X N2
~nZ0 [
WONCODE ¢ N
NN NN O O
NN 1) ¢ N N
N NAZRXet -~ N
Ll b A 34
N® o

-t

~
Y
() - X W
(a]e] L Tt - N
b4 Tauda
[J'NE L 17 [
W= (1) o(OOWV

-t Th=2Z NO
AVUWIO ONOZ
Trtbwbw ) JOOQ~D
a.J<a Omicg N0
Lo b T4 NS )

IT - 63



TIONS FROM JANUARY 1974 MISSION

D
A
ALTITUDE 19.2 KM

[a]-4

A3
~Oon®
O ONONMN~O
AOAONOmird &
N )| e
[ N X7 b 2
ol o O
~

l114.
03/726/74

T~ T
O
O ONOM e
= o~
N | ) o
~ NN
~OMO
® o

. 126.
03726/74

T X
=)
O\ MDIN
Neo~ O
ONA | 1| e
~ N Z X
=)

w o

314.
03/726/74

4o =
~AZo
OOVNOEm®OO
T~ -t
AN § | e
M~ NNZ -
e~ O

o

427.
03726774

i =
~NZO
- ONONOMm
TOON o
NN ) e
M NOZXT
-\ O
o ©

602,
03/26/74

-4

o e bt
oo LT -
zZ FTqOA

MA/
E

RELY [~}

Whk= U e OOWV

-l E2Z Ve l=1
AUMIO OO
Temtbobr ) ) JODD
qJg OmE™~N0
(7 [T S (D Q)

3 o = <+
171 ) L ad
DONCMOLF o N
OOVt M O
oNNTL L e O N
e NN T ~
-\ ONN (2]
WNM- o
-t
T4 X <
[adaal’edaY [
NONOOMe o N
OQONedN mt N N
NN () e M N
> NOWTe ~
- Inm (2]
X o
-4
4O = <
[ad! 2 17% Il r~
WONNSNMND o N
OO = o
NN I ) o O N
M~ NN ~
L lalal d (52
NP o
-
3o = -3
MmN & (g
[TaXVe LN O T XN ) ¢ N
OOt O & N
oL ) o O N
M NONIEO ~
=43 O LN [
O i (=]
-
O X 3
PPN [and
AOAONODOM~O ¢
QOO\Meemirmt O NN N
NN e M~ N
P W™NFNXO ~
- OJOLA [0a)
O =i o
pod
~
&
[ K] - X W
oo o E T
2Z T
ol OOV
Wk U eHOW
Al =z NOK=
AOWmIEO OO
bt o) d SO D
< T (@ 1. & Yw)
.o DwDITO

II - 64



TABLE 3D
TOTAL GAMMA CONCENTRATIONS FROM JANUARY 1974 MISSION

L
E

ALTITUDE 19.2 KM

3N = <+
[t l21ad ~
i ONDOOVE ¢ N
NIV -~ 0 ©
WNN|) | ) o N w
~ SN - N
L laalTa L ()
30 o

-
N2 A <
Il % 10d -
NONONOD o N
N0 O O ™
ONNI | | o N~
M NN N
ot ol ol P [a)
[- I &¥°] o

-~
g = <
OO ~
AONO=0O0 o N\
N0~ ~ N @
ONN I | | o N
~ NIV ~
L Lt ad (2]
MO o

o=
Al -
OO ~
TONOM~OO o N
noNoNMm o I
ONNI I | ¢ O w4
M~ NN ~
-0 ()
oMo Q

o~

-~
o «

(K] - T W
[=]=] qoEX I~
22 Faqua
[T L 17 ]

AVWNIO ONOZ

b)) 1O ~D
< g O~ SNO
mwuo S>wBXTO

ITI - 65



D
A

TABLE 3
TOTAL GAMMA CONCENTRATIONS FROM JANUARY 1974 MISSION

ALTITUDE 18.9 KM

9
2
2
2930.
03/25/74

34N X 4
eAZN P~
AONOONO (S
NN~y O W
NN I ) e O N
~ NOZXd M N
-3 N 0N M
[+ X¥e70)) - ]

- e
3+ O = &
~INZN ™~
AONIVNNSTN 0 N
NOWVNOV~Nn O O
ONNI) | | ¢ O
P N\N=ZZTO M~ N
Lal aaad - N
[FaRoIC 4 o

O -
T X Nz
e ZS ~
NON NN~ [N
NONOV~E O OV
QNN || o 1
N NNZTO N
-t OOV - N
[TaXV2" 4 o

O
g n X <
PONZm P~
-ONINOIFN 0 N
NONOOV=~ O 0
QNN L) o O e~
P Nt ZXO0 O N
~ONY -t N
(T2 adt Q

O

~
o <
) - X W
(e]=] L mE X~
z2Z ZqUda
[ITNEILI =)
Whke W oO0OWV

AL T2 [ l=ld
AU IO OVNOZ
e )} JOO D
g Jd Omar~0
nuwo p LRIL} £8 )

03/25/74

Tt pe ) ) JOO D
T OO
nLo I OXTO

IT - 66



TABLE 3D
TOTAL GAMMA CONCENTRATIONS FROM JANUARY 1974 MISSION

L
E

ALTITUDE 18.6 KM

R Andil 4
N
NONDO =
NONOT~O
ONNY | | o
~ NOZxXO
~OMmm
OF
O

3450.
03/19/74

oo x
~OZ®
NONON -~
NOMOF
ONN | ) o
M NNZXO
o
It An)
o -~

2300.
03/719/74

[ K =3
N~ 2Zn
OO~
MOMOGF~O
ocnN | i e
M SNOZX
OO
[ad "2 Y]
O

1680.
03719774

G~ =
eOZ®n
QNN @ .
NONOMm~ O
ONNLT LT e O
M~ NMZZXO 9
AN M -t

I~
O =

03716774

o
[ K] - X W
(w]m} LSl N
xZ2Z b -84

[JINE L% I~

Wwhk W 0w
- E2Z NOb=
AOWIO OVNOZ

Erabm e ) 3 IJOO~D
o T Q~atS0
.o >wOF Q)

II - 67



D
A

TABLE 3
TOTAL GAMMA CONCENTVTRATIONS FROM JANUARY 1974 MISSION

ALTITUDE 18.3 KM

- =
~NZ O
AONO00DO
e leala Ve T VIR )
ON 1) | o

NN
NN

3O =
~EZO0
~ONOTON
WO NN M
ONN | | o

~OM ¢
N

I =
~MOZ Y
O\ O OMA
NN~ -
NN L e

[alaalealng
~NO

R 4
rOZr~
TONMSOO©
NN~ M
NN L e
~ N2
—F NN
oMo
— ed

N =
~NEZ S
AN ONOO
NONNMN~N
AN || e
M~ NOZX

A We=IO o
Ul o |
< I ]
%] TN >

3980. 2300. 1280.
03727/74 03729774 03729774 04/03/74

3600.

03/716/74

Qo Z
OO~
~alNO
~DF O

- X
~NZO
VONONON~
WO ON (-}
ONN | || o
M~ NPZXO
~Q®WO

CONINN®RO

ON | I o
W NMNNZXO

e o
(=] )
zZ
L) e
Nl E=Z
AOWe<IO o
b ) S d

< < e
(%' >

1130. 1350. 2170. 471.
04703774 04/03/74 03727/174 03720/74

2240.
04/03/74

ooz
OO
-~ N0
L&) 48 )

II - 68



D
A

TABLE 3
TOTAL GAMMA CONCENTRATIONS FROM JANUARY 1974 MISSION

ALTITUDE 18.3 KM

R AndR- N 4 din = <+
o P~ ~Ooneg ~
O\ DA e [ CONDOONN-M- [
4O O et 3+ 0 w0 OO Feirt OO O ot
NN I o O N NN 1) e 0 O
M NNZE- (N N N~ NIV~ ~
~ON-O [3a] —d vt & O <
@ o o [l ad o

~ -t
O X 2 O = a
~ONNO ~ ~3rno r~
FONOMOM ¢ N FONMP I o N\
COON O =t ¥ N O Nttt o & N
WANN| | ) o M N NN | | ) ¢ M N
M~ SNZEed o N ~ SNOWnXN ~
=N =O [a) -0 ()
@ o 0 © Q

) -t
N x < X g <
~NZOo [ and = itN O ~
DONR~DO ¢ N\ ONOT-D ¢ N\
O 00~ ¥ T n OReded O M~ O
NN 1| ¢ O N ONN | | ) o n N
M N2~ N ‘e NN ~
~NNO () -oM~O (2]
@ o o ~ ® (=]

- =
3 = <5 N = <
~NOZO [ aad ~ONNO ~
NONO=iDed o N VONOMSON ¢ N
OO N 4 O O i O OO vd 3 00N
oONNT L o F N NN I o O N
M~ NOZXet N M~ NONXmd e N\
~ONNO (2] - no m
o © (=] ~ o

-t ot
N X < N X L 4
~OZO0 ~ ~nno P~
NONOND - [ NN M OM [N
e~ 0NN M ® Wn COON O =t M O O
NN L e Y N BN LI o O N
M NOZ2- N M N~AAX~ ~
O " —t—t O N
o © o o ® o

- -

~ ~
e X
[ 3K - X W * 0 - F W
0o L g (o] S~ X -
ZZ TIIAS Z2Z TgVA
W.LOND W OO
W ) e(50WN W= W «(HOW

- Xh=2Z NQ = wl E=Z NOh=
AVWIOD ONOZ AVWIO ONOZE
T ) OO~ bl ) ) JOQ~D
< J<I [l T4 Y= 1IN [ =T ¢ OO
AL p DL} 48} Lo b DL} 8 )

II - 69



D
A

TABLE 3
TOTAL GAMMA CONCENTRATIONS FROM JANUARY 1974 MISSION

ALTITUDE 18.3 KM

NN O NPt

7
9
4
2
3
8
61.

9

2

2
444,

o =

M- O
oNN I | ) e
~ NN

50.
04/01/74

7
9
4
1
2
1
64.

04/01/74

04/01/74

04/01/74

AT ThZ Ok
AalW=aO 10Nz

Tt | ) JOODmD
o g O~ESsNO
ne.o PRSI} X

ITI - 70



4250.
03/19/74

3350.
03/16/74

3830.
03716774

D
A

TABLE 3
TOTAL GAMMA CONCENTRATIONS FROM JANUARY 1974 MISSION

ALTITUDE 16.8 KM

O\ OO <N

4740.
03/16/74

03/16/74

AOWmRIO ONOZ
et o)) JOO D

g X

 adaa Ve
NONVO~N
OO (N ot P ol AN\
NN | ) o

8 9 9
2 2 2
2 2 2
4610. 2770. 4630. 2840.
03725774 03725774 03/725/74

03719774

Q3719774

AU 1ONOZ

Lot ) OO =D
qIdg O~ ™0
(7T =) TL) JX)

II - 71



TABLE 3D
TOTAL GAMMA CONCENTRATIONS FROM JANUARY 1974 MISSION

ALTITUDE 16.8 KM

ol okl s IS

AT
~NZON
FTONRNTOM™M

77.
04702774

PN L) e
~ NOZxXm
—t O\ O

WWNO

do =
Nt 22N
NONODON
OV=iNON O
o) L e
~ NN Z2TN
~O\—~ O
[e X2 ]e]
P

T&4.
04702774

g =
~NZO
DO\ et O PN~
O =N ed ()
[eaXa T 0 I T I
~ NooZxm
ot L\ N

795.
04/02/74

8
3
2
2050.
03/16/74

N X
~OZ o
—-_ONONOm™M
O CO (N med OO =i LY
NN e
N N—tZX -
e laaler ]
[Tal ]
- -t

4460.
03/25/74

(-4
* 0 — L
(e]e) LonT T
zZ TaqOA

LA
Whk= W eHOW
AL X2 NO b=
BLOUWIID +ONOZ
b ) ) JOOD~D
< J< [ _Jo4 Nus]
.0 PwOEQ

MA/

3o = s
~32Z0 ~
- ONOPRDOSE o N
[TaYeXe 0] L I I
NN | 1) ¢ O N
~ NDOZX~ ~
ot O\ et ed ()
[« X1 o] o
=1
o I - N2
~—ZzN ~
O ONO =40t [ N
ORNN~ M~ 0 ™M
ONNI | | ¢ N O
® NANZ Tt ~
b £aY 4
O\ = o
-
N = <+
~T2ZN ~
NONOTOD o N
OOCNmed 1N O ™M
ONNI 1) ¢~ O
W N\NMNZT~ ~
ot ol N 3 <
[e X -] o
-t
g = <+
e ZS N~
FONOIN~OS e N
OCNNeded O N ™M
oNnNnt Il e O O
O NOZXe ~
-t OO 3
N o
—
g = R4
~Z 0 g
NONDOOON e N
QON~N O O ™
Ot | ) o &+ O
©® NOZXIN N N
-nFO <3
N~ o
)
~
¢ <«
) - T W
oo LT T~
z2Z Faudg
W OOOVMAO
Wk W o200V
AL T2 NO
AOWIO +ONOZ>
Eetpmbie ) JJOO~D
< T O~ ND
Lo D DTV

IT - 72



45.
03726774

86.
03726774

220.
03/726/74

D
A

TABLE 3
TOTAL GAMMA CONCENTRATIONS FROM JANUARY 1974 MISSION

ALTITUDE 16.8 KM

44.
03/27/74

51.
03727774

E

ol YOV

AQWsIO ONOZE
Xt pe )} JOO D

Tt T <+
g ~
OO ¢ N
OOfemitN O =~ O
NN || ¢ & N
N~ NN ~
Ll aleal 2 ()
3 o

-
O = <
=N eN ~
ONONO MNP [ S
MO~ O O O
QNN | | | o M ot
~ NN X ~
Ll AR 3 ()
Tale ]l o

)
3O = =&
PN ~
NONOO-N ¢ N\
O\ rird =~ ® O
NN 1| e 0 N
N~ NN ~
AN )
U\ =t - o

-~
g0 = N2
(23] 7 XN o ~
OONVONP-N [ BN
OO DNt O & O
OANNI Il ¢« ™ N
~ NoOnIEN ~
e lad’al’a) (2]
Nl o

o
I T <
~NOWV® -
WO A0 ¢
OROmimd O VO O
oONMI 1) o N N
N~ NOWWVMZXN ~
rod et N O [5a]
O ®© o

-4

-~
& <«

° e - ¥ W
(@]w] LT -
Z2Z TaUd
W.OLBWVD

W= 4} e(AOWV

LT El=2® O
AOWeaIO «ONOZ
bt ) ) JOO=D
<. O=~eY'SNO
o >eOXQ

IT - 73



TABLE 3D
TOTAL GAMMA CONCENTRATIONS FROM JANUARY 1974 MISSION

ALTITUDE 16.8 KM

40 = &
~OWMO M~
NONOOOM ¢ N
JToOONMNM F N O
ONN) I L &« M ~
M~ NOWMERN ~
O\ =4O (3]
oMo o
-t
N = <3
~ANDVO ~
OO T it N
OOy N & O
ONN | |t ¢ & N
N~ NOWMIXN ~
s daald'] ()
[aaYaV o
-
g <
Moo ~
M ONN -~ ¢ N
NN N O O
ONN Y| | ¢ &
M~ NANAXN ~
Lalat nda"] (2l
O o
oud
gn = <
NN ~
OOVN N0 e N
OO0\t M~ O O
NN T o In N
N~ NN - ~
~ONN G (321
SN~ o
-t
M N4
M~ AN ~
WONNPCNO [ S
POV =t O O
DBNNT || o & =
N~ O NINNVMEN ~
-OmMmem [5a)
mno~ (o]
—
~
o
[ - 3 W
oo S T -
zZ TqOA
WLV
Ul L] eOOOWV
T T2 NO=
AOWeIO OVNO2Z
Sttt ) ) JOTI~=D
g Jg Cimie NO
7] Tl ) DTV

T~ X
~nnns
WO\ =~ 0M
MOV~ N
NN ) e
~ NOnxEN
-~O 0O
~3 0

-l

4
9
6
1
4
2
85. 85.
03/16/74 03/16/74

4
9
6
1
4
3
69.
03/716/74

K
o0 ST T -
zZ TgqOda

W= W ed0Own
- k=22

AOWSIO OVOZZ
b b ) I JOD~D
<A< O~ENO
N0 S>—-OTO

IT - 74



TABLE 3D
TOTAL GAMMA CONCENTRATIONS FROM JANUARY 1974 MISSION

L
E

ALTITUDE 15.2 KM

N A =3
~OoZo
AN MmoNn
VO ONN~O
CONNY| | | o
M~ NOZTN

et O

5580.
03/719/74

8

2

2
3660.

03719/74

8
2
2
5180.
03716774

3¢ x

OON\ND N
~S DN O et O
ONN | 1) o
M~ NNZ2XT
ot 01 e LN

3400.
03/16/74

03716774

b= | JOD~D
< J<I O~NO
nweo DD EQ

e NMZXEN

8 8
3 3
2 2
2620. 513.
03/20/74

03/720/74

8
3
2
4230.
03720774

+~_x

N =N O
DO O NN~ F
ONN L 1| e
~ N Z=EN
~NWN
QounanN
N -

3730.
03/19/74

o =
M~ Z 3
NN NN - J
VRONN=N~ O
ONNI |1 o O
o
X

—-no
—uney
N e

03719/74

~
& <«
[ 3K - X W
[on]en) CmEX -
zZ TAO
wWw.OOvVQ
Whe LW e HDOW
wbd T2 NO =
ALOWICO ONOZZ
b ) JJOD~D
g QO~ar™0
Lo PO

II - 75



D
A

TABLE 3
TOTAL GAMMA CONCENTRATIONS FROM JANUARY 1974 MISSION

ALTITUDE 15.2 KM

T~ X
Pord 2 3
OO0
OO~ ™
NN} | o
>~ NNZ2XTN
~ONOO

Nel )0,

174.
04/03/74

M X
~NZO
OONOVON
PONN~M N
NN || o
M NO0ZxZM
il g
nMmo
- -

Tée.
04/03/74

JOo_Xx
~NZs
VINS oMo N
NONmM=~=O
OMNI || o
~ NOZxXN

380.
03716774

8

3

2
2500.

03716774

8
3
2
136.
03720/174

AWML ONOZ
Eomtbmpe )} 1O ~D
g Jg O~'SNO
Lo DTV

98
29
31
-1
-1
o4
Te
04/02/74

9
9
i
1
1
2 <96
13. 15.
04/02/74

04/02/74

9
9
1
1
2
8
29.
04/02/74

0
2
2
192.
04703774

/

o0 [ I 1]
0o AT
P-4 TG
[I'NE]L 17 =]
W= W othOW
-t E=2 NO =
AW 1 ONOZ
Ertbmte ) ) 100 ~D
g O~d™~N0
Lo P OEQ

IT - 76



D
A

. TABLE 3
TOTAL GAMMA CONCENTRATIONS FROM JANUARY 1974 MISSION

ALTITUDE 15.2 KM

7
9
4
1
4
21.
04/01/74

18.
04/01774

4

9

9

1

4

Te
03/727/174

4
9
9
1
2
17.
03727/74

4
9
9
1
2
14.
03727774

(K]
oo <~EX -
zz Faquda

wh W OO WV
- =22

AW~ OO
Eotbmbe J I JO0~ND
O~ SN0
213} 48 )

< T
v

TN X
~ne
OO ONMNO
O Feded O
NN ) o

8.
04/01/74

7
9
4
1
5
4.
04/02/74

P~ONOMNMSDON
Nelo XX ) ®
NN 1) e
M~ NN
~NNO
w o

l4.
04/01/74

- X
~FnNO
M~ONIN MO0
PO et g
oNN L) e
N~ NOZXRN
O =0

0w

T.
04702774

N X
VONINMHO

6
9
4
1
8
10.
04/01/74

AOW~IDO +OVNOZ
Eetbmbe Jod JOO D
g Jd Ol NG
NLO - 14 ) A8 ]

IT - 77



3D
RA

TABLE
TOTAL GAMMA CONCENTRATIONS FROM JANUARY 1974 MISSION

ALTITUDE 15.2 KM

NONOON-

i X
N
NOS N~ ¢
~RO~-N O
NN || e
M NSV IEN
Lalanialla]

[Tt 1o

10.
03725774

o =
O
NONR NN
CORSET~N O
NN | || e
~ NNV
~eAON S

0 =

. 16.
04/02/74

N =
AN
OVNDONO
OO e P
NN L) e
~ NHOZN
~A N

N~

l4.
04702774

4O =
DN

O\ OO d d O

oONNIT || e

~ NAVEN
AN
Nt~

11.
03/725/74

3o =
Nt NN
AONNMNN~N
| abS Mo Lo TN
NN L L e
M~ NTONZE™M
-t O\ O

0 @©

8.
04/02/74

~
o <
) - F W
oo LT -
z22Z TqVA

°w. VOO’

Whk=s W e300V

T =22 NO=
O OWIO OO
b ) ) JOO~D
T.Jg C YN0
[%]1 N e EQ

T NOWVZEN

g =
NN
MONOMON
JToOoNN N~
ONN | | | o
M NONX e
~O e~

oMo

34.
03718/74

o =
[adaaUz]=]
OO T e~ 0
OO~ N
NN | L | o
M NN
L "2l daY]

AN

17.
03722774

O X
~OWnVN
D ONOONNS
OO NN T
NN || o
~ NOWw=EN
~eOnN MM
NN~

8.
04/02/174

R T
P~
-0 NN
—~ND~N O
ONNT )
M~ NoOoOnNIXmM
-~ 00O

O~

13.
03/25/74

O =
~anm
MO~ O
VT~ O
NN | | e

10.
04/02/74

~ONS.
NN

/
o <
LK) - W
o0 AmZET -
zZ T

L QOLBWVIO
Wit L 500
-l Ep=Z NO =
AW ONOZ
ot ) ) JOD~D
< AT (B 1. A V]
Lo - TIL 3 {8 )

IT - 78



D
A

TABLE 3
TOTAL GAMMA CONCENTRATIONS FROM JANUARY 1974 MISSION
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TABLE 3D
TOTAL GAMMA CONCENTRATIONS FROM JANUARY 1974 MISSION
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TABLE 3
TOTAL GAMMA CONCENTRATIONS FROM JANUARY 1974 MISSION

ALTITUDE 13.7 KM
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TABLE 3 )
TOTAL GAMMA CONCENTRATICNS FROM JANUARY 1974 MISSION

ALTITUDE 12.2 KM
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TABLE 3E

GAMMA SPECTRAL ANALYSES OF JANUARY 1974 COMPOSITES
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TABLE 3E

1974 COMPQSITES

JANUARY

or

SPLCTRAL ANALYSES
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TABLE 3E

AMALYSES CF

1974 COMPOSTTFS

JANUADY
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TABLE 3E

GAMMA SPECTRAL ANALYSES OF JANUARY 1974 COMPOSITES
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TABLE 3E

GAMMA SPECTRAL ANALYSES OF JANUARY 1974 COMPOSITES
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TABLE 3E

GAMMA SPECTRAL ANALYSES OF JANUARY 1974 COMPOSITES
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TABLE 3E

GAMMA SPECTRAL ANALYSES OF JANUARY 1974 COMPOSITES
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TABLE 3E

GAMMA SPECTRAL ANALYSES OF JANUARY 1974 COMPOSITES
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8058

8060

8059

8057

8056

SAMPLE NO.

COMPOSED OF:

<+ O
N0

NI IO
ZX o

\N=~O g

N ®

+Z0
~®OO

N~
NZX o
SN
—t i 00

Z 0N
~Fo0O
et N
ni 1o
NZX o
Naowno
OO

o g~

Zh- ollc)
—_OW e O0OW
Ok =2

QdIIO e O
QL0 J410

QO S

PC/100 SCM

LFE

LFE

LFE

LFE

LFE

LAB

onNo
oNCO
oVIN

[
nonpr-

oVNO
o0™mO
O~O
® 000
ocomMmm
@ -

oowno
QOO
O~
* e 00
NN~
N <

[elolt =]
QO MmO
omMoN
o0 000
M~
AN 0

~3
Falal
N O ed et
U
W
DNV

DETECTABLE

®SNOT

PERCENT
0 PERCENT

0
0



TABLE 3E
OF JANUARY 1974 COMPOSITES

GAMMA SPECTRAL ANALYSES

16.8 KM
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TABLE 3E

GAMMA SPECTRAL ANALYSES OF JANUARY 1974 COMPOSITES
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TABLE 3E

GAMMA SPECTRAL ANALYSES OF JANUARY 1974 COMPOSITES
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TABLE 3E

GAMMA SPECTRAL ANALYSES OF JANUARY 1974 COMPOSITES
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TABLE 3E

GAMMA SPECTRAL ANALYSES OF JANUARY 1974 COMPOSITES
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TABLE 3E

GAMMA SPECTRAL ANALYSES OF JANUARY 1974 COMPOSITES
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Table 3f

Pb-210, Po-210 QUALITY CONTROL RESULTS

dpm .+ % Standard Deviation

Sample No. '‘Referencé Date Pb-210 : Po-210

Exposed Blanks

ey
Q-

“e916 1/21/73 31264 *
6917 “1/21773 ' * *
| Po-210 at
Standards Separation time
6922 1/21/73 added 5.23 5.23
found 5.76x7 4.,20+30 5.20+6
% deviation +10 =20
6923 1/21/73 added 4.61 4.61
found 5.13 3.53 4.56+6
% deviation +11 -23

pCi/100 SCM *+ % Standard Deviation

Duplicates
6849 1/26/73 .714x9 .300+68
6914 " , .633+9 .432+39
% deviation between duplicates 12 36
6857 1/19/73 .774+8 .731+32
6915 " .756+8 .538+38

% deviation between duplicates 24 30
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Sample No.

Exposed Blanks

7457
7458

7795
7796

8062
8078

Unexposed Blanks

7471
7472

7797
7798

8088
8089

Standards

7465

7466

‘7789

7790

7791

7792

(not on
aircraft)

(carried
on aircraft)

(carried
on aircraft)

Reference date

9/12/73
9/12/73

11/4/73
11/4/73

1/27/74
1/27/74

9/12/73
9/12/73

11/4/73
11/4/73

1/27/74
1/27/74

9/12/73 added
found
% deviation

9712/73 added
found
% deviation

11/4/73 added
found
% deviation

11/4/73 added
found
% deviation

11/4/73 added
found
% deviation

11/4/73 added
found
% deviation

Table 3g

QUALITY CONTROL RESULTS FOR Be-7 AND THE ARTIFICIAL RADIONUCLIDES

108+82
17078

*
*

*

*
*

30871
*

1.65x10°%
1.62x106+1
~1.9

1.89x10°
1.98x106+2
+5.2

1.59x108
1.58x10%8+1
-0.5

1.66x108
1.65x105+1
-0.6

dpm + % Standard Deviation
Sr-89 Sr-90 Zr-95 Cs-137 Ce-144
2815 2.0+16 37430 * 16+25
26+16 .4+80 57+63 8+88 *
24171 6+50 *
14+50 * *
* * *
* * *
* .7£25°
* *
* * 28+47
15+50 * 19+43
* * *
* 2+50 *
2980 188
2815+2 17412
-5.5 -7.4
3120 218
303323 2043
-2.7 -6 .7
38700 515 3880
351002 488+10 3900+8
-9.2 -5.2 +0.6
37100 589 2710
34400+2 619+6 3160+10
-7.2 +5.1 +16
36800 405 2560
33400+2 39418 2790
-9.3 -2.6 +9.0
34000 578 2360
31200+3 539+9 2640+13
-8.1 -8.2 +12

Pu-238 Pu-239

* .05x43

* . 06456

* *

* *
10.2 11.4
9.77+3 11.7+3
-4.6 +2 .4
6.98 9.00
7.103 9.12:3
+1.8 +1.3
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Sample No.

Table 3g (cont'd)

QUALITY CONTROL RESULTS FOR Be-7 AND THE ARTIFICIAL RADIONUCLIDES

Reference Date

Agar-Agar Standards

7789

% dev.

7790

% dev.

7791

% dev.

7792

% <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>