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AB S T RAC T

This report presents current data from the HASL Fallout Prcgram.

the National Radiation Laboratory in New Zealand, the Department
of Scientific and Industrial Research in New Zealand, The EURATOM
Joint Nuclear Research Centre and The Radiological Physics Division
at Argonne National Laboratory. The initial section consists of

Interpretive reports and notes covering the following top~cs:

radium-226 in diet, plutonium-239 anomaly in the troposphere,, and

the quality of radiochem~cal analyses In the HASL surface air samp-

llng program. Subsequent sections ~nclude tabulat~ons c)f rad~o-

nuclide levels in stratospheric air, surface air, fai.lotit.m:.lk~

other diet components, and tap water. A bibliography ~f rec::nz

publications related to radionuclide studies is also presen~~~d
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INTRODUCTION

,., Every three months, the Health and Safety Laboratory issues a report
.’

summarizing current information obtained at HASL pertaining to fallout.

This report, the latest in the series, contains information that be-

came available during the period from December 1, 1969 to March 1, 1970 ~
The next report is scheduled for publication July 1, 1970. Preceding

reports in the series, starting with HASL-42t “Environmental Contamina-

tion from Weapons Tests”, and continuing through HASL-224, (this report)

may be purchased from the Clearinghouse for Federal Scientific and Tech-

nical Information, National Bureau of Standards, U. S. Department of Com-
merce ~ Springfield, Virginia 22151. A complete listing of these Fallout

Program Quarterly Summary Reports is given on the title 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 data, these qua~-

terly reports Often contain information from other laboratories and pro-

grams, some of which are not part of the general AEC program. To assist

in developing, as rapidly as possible, provisional interpretations of
the data, special interpretive reports and notes prepared by SCientis~S
working in the field of fallout are also included from time to time.
Many of these scientists are associated in some way with the general AEC

program. Information developed outside of HASL is identified as such and
is gratefully acknowledged by the Laboratory. In this report, data f~om

the EURATOM Joint Nuclear Research Center at Ispra, the Division of Radio=

logical Physics at Argonne National Laboratory, the National Radiation
Laboratory in New Zealand and the Department of Scientific and Industrial
Research in New Zealand, are given.

A portion of the radiochemical analyses either have been or are being
carried out by commercial laboratories under contract to the HASL En-
vironmental Studies Division. The results of these analyses are repor-

ted as part of HASL’S regular fallout program. The contractor analytical

laboratories which provided data are Nuclear Science and Engineering Cor-
poration, Pittsburgh, Pennsylvania: Isotopes, Inc., Westwood, New Jersey;

Radiochemistry Incorporated, Louisville, Kentucky; Tracerlab, Division of

LFE , Richmond, California (now Trapelo Division/West) ; Controls for Radia-

tion, Inc., Canibridge, Mass.; Hazleton-Nuclear Science Corporation, Pale
Alto, Calif.; Food, Chemical and Research Laboratories, Inc., Seattle,
Washington; Tracerlab, Division of LFE, Waltham, Mass; U. S. Testing co ,
Inc., Richland, Washington, Custom Nuclear Co., Mountainview, California+
and Ledoux and Co., Teaneck, New Jersey.

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

*>ir:/.
- viii -
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INTERPRETIVE REPORTS

AND

NOTES
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RADIUM-226 IN THE DIET OF TWO U. S. CITIES

I. M. Fisenne and H. W. Keller

A revised estimate of the daily radium-226 dietary intake in three

cities (New York City, Chicago and San Francisco) was reported in

,,’,

. ,,.
r .,

April 1969.
(1)

At that time, a comparison of the 1960 and

estimates showed that the 1966 values were from 27% to 50%

the 1960 values. This difference was due to the change in

procedure for radtum-226. To obtain a more

dietary intake, a second food sampling from

San Francisco was analyzed for radium-226.

representative

1966 diet

lower than

the analytical

estimate

the.New York City and

No Chicago diet samples

were available for analysesj since food sampling from this city was

of

term-

inated in 1968. Samples of New York City and San Francisco area tap

water were also analyzed for radium-226.

The HASL food sampling program is described in HASL-200.(2) The

tap water samples from New York City represent an integrated one month

collection. The San Francisco area tap water sample was collected on

a single day.

The radium-226 diet level estimates are shown in Tables 1 and 2.

Duplicate sample analyses are also listed. The yearly consumption

(3)
figures are taken from a U. S. Department of Agriculture report.

The average daily intake of radium-226 in the two cities may be com-

puted from these data.

New York City

1.7 pCi/day

San Francisco

0.8 pCi/day

. . . ,. .,...~ . . ..-..~ ,.- ,.,,



These values do not include the contribution of radium-226 from tap

water. However, the radium-226 content of the water is low and would

not materially increase the daily intake estimate.

New York City San Francisco

0.011 pCi/liter 0.015 pCi/liter

Comparison of the two surveys in Tables 1 and 2 shows that although

individual food types may vary by more than a factor of 2, the average

daily’intake for each city varies by less than 20% or within expected

experimental error. It should also be noted that both the 1966 and 1968

food samplings were collected at mid-year so that possible seasonal

variation was not studied. It seems unlikely that a significant seasonal

variation in dietary radium-226 would exist for a given location.

The California State Department of Health has estimated the daily

radium-226 intake of individuals receiving a hospital diet. The average

daily radium-226 intake for Berkeley, California hospital diets from

November 1967 to June 1968 was 0.4 pCi/day.
(4)

Similar diets collected

from April to December 1968 in San Francisco averaged 1.3 pCi/day.
(5,6,7)

The radium-226 content of human bone from New York City”and

San

the

Francisco is 0.036 pCi/g Ca and 0.031 pCi/g Ca, respectively, Since

dietary radium-226 levels for these cities are different by about

a factor of two, it would be expected that the bone”levels would reflect

this difference. We suggest that a particular dietary component or a

combination of a few components may control the radium-226 level in man.

Little is known about the availability of radium-226 from foodstuffs,

but there is indication that ie is quite variable. We are initiating a

‘ew studies to attempt to correlate radium-226 bone levels with particular

ciietdxyCm.ponen.zs.
I-3 .,.;,
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Ml of the values reported by the contractor are ccrrected f~r a

reagent “b.;..~nk.. sc %hac the blank values ~epnrted here rsfie:i ;he CX2n-

taminat~cn of tPie filter material both dur.in.gmanufacture a~.d during

handling at H.ASL and at. the contractor laboratory.

Table 1 lists the res”l~.ltscf the analyses of the blanks for each

nuclide . In general these data indi~a~e IGW le~~els of contamination

foz most of the n-~cli.des, kowevez it is s:l.qnificant to c~te that the

avezage Pu-238 blank rose fsc’m C.04 dpm in 1’96”7to 0 .22 dpm i~. 1968,

13efc3.usethe a,mctir,tof PI.i-235found in surface air samples is fre-

quently in the range of 1 dpm th~s blank may represent 3. significant

fraction of the total act.i’t~ityo

The results of analyses on standard samples are skcwn in Table 2 ~

These data are .ind.icat:,:~,veof the acmirac:y ~,f the ra&r:’chemL.;ca.lanal-

yses . T%e values shown are the avexage pexcent. dev.iaticns between the

added activities and the results ~e,porced by the contractor. F’Slthcxlcjh

most of the results ars sat~sfactor?zj there appezrs w be a large pcsi-.

tive bias in the R:-238 values fcr mj,ck.of 1968, whjeh cannot be ac-

counted for by t~he increase of the klank ccntami.nation. Samples stib-

mitted to the ~cntractor d~~ri,nq1,969 ~{hj.chwere prepared ~.i,th~.~~.ew

standard solution do not. exh~bit. this b.-ias~and. it is tllsrefoKe pK”’-

bable thak the p~or results reflect a degen~,rati.on.af the Pu.-23~ star-

dard soll~tion used for the preparation of the 1968 q~:al.ity ccnircl

samples .

1-10
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Plutonium-239 Anomaly in the Troposphere

by H. Lo volchok, (HASL)

P. W. Krey, (HASL)

During the period mid-1968 through mid-1969, some unusual be-

havior of Pu-239 relative to Sr-90 has been observed in surface air.

For many months and at many surface air sampling stations in the North-

ern Hemisphere, the ratio Pu-239/Sr-90 exceeded all values in the stra-

tosphere -at comparable times. Although a number of possibilities are

discussed in this paper, this apparent enrichment of Pu-239 is not

readily explainable.

Most of the Pu-239 existing in the world came about by the inter-

action of enormous neutron fluxes in atomic explosions with the U-238

present in such devices (1,2) or from unfissioned Pu-239 from the cores

of the weapons. Much smaller amounts may have been released to the

environment by a variety of accidents and incidents on the earth’s

surface such as airplane crashes at Thule, Greenland, and Palomares,

Spain (3) or the recently publicized contamination in the neighborhood

of Rocky Flats, Colorado (4) . Sr-90 on the other hand has been re-

leased to the atmosphere mainly in nuclear explosions as a prod~ct of

the fission reaction. Since the major production modes of these two

radionuclides are very different, their distribution in the stratos-

phere and surface air have been studied for some time.
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Stratospheric Data

The Pu-239/Sr-90 ratios at 19.2 km and just above the tropopause

the tropopause

are illustrated in Figures 1 and 2 for the period August 1967 through

April 1969. These figures were constructed from data obtained

ject Airstream (5,6,7,8) and represent the minimum and maximum

tudes routinely sampled in this program. Since

varies with latitude, the altitudes in Figure 2

Latitude Altitude

75°N-650N 12.2 km

65°N-360N 13.7 km

36°N-340S 15.2 km

34°s-510s 13.7 km

Figure 1 shows that at the higher altitude

uniformly less than 2Y. in both hemispheres, until the debris from &he

6th Chinese test of June 1967 was intercepted in the last quarter of

the year. At this point the ratio rose to greater than 2 but less

than 3% and essentially remained within this range through all of 1968.

The contours suggest that this debris at 19.2 km crossed the equator

into the Southern Hemisphere in the spring of 1968 and influenced the

ratio to as far south as the Airstream sampling network extends, 51°S .

also vary as follows:

, the Pu-239/Sr-90 was

in Pro-

alti-

height

_7— .

I-15

-.



,. --- --’. - ,-. . . . . ..4,ALA.&L.ia&”a

,.
Figure 1 further shows that the French thermonuclear test-s in

.

. .
mid-1968 abruptly ended the influence of the 6th Chinese test debris

in the Southern Hemisphere, plunging the ratio to below IYo. The

Chinese 8th test in December of 1968 apparently generated a ratio of

Pu-239/Sr-90 of about 2% since the pattern in the Northern H=’n~s@=~e

was not markedly affected in early 1969.

The Pu-239/Sr-90 in the lower stratosphere, just above the tropo-
.,-:
“,:.:

pause~ is illustrated in Figure 2, and exhibited a similar pattern with

# one striking difference. At this altitude the high ratios generated

by small French tests in the Southern Hemisphere in mid-1967 are clearlY

seen. Most important to note, however, is that in the Northern Hemis-

phere the highest ratios observed in the entire period shown were

greater than 2.5% but less than 3%, and in early 1969 virtually all of

the data were below 2.5%. This observation holds true not only for the

lowest stratosphere but also for altitudes as high as 19.2 km (Fig. 1) .

Surface Air Data

The Pu-239/Sr-90 ratios in surface air for the period 1966 through

mid-1969 are shown in Figure 3. This figure

obtained in the Health and Safety Laboratory

pling Program (9) .

was derived from the data

(HASL) Surface Air Sam-



Since the onset of our surface air analyses for Pu-239, in late

1965 through the beginning of 1968, rarely did any sample from the

Northern Hemisphere indicate a ratio in excess of 2.5%, and the few

that did were

the ratio had

stratosphere c

always analytically suspect. This relative constancy of

been noted by other investigators in earlier studies of

samples (1) . In the Southern Hemisphere, high ratios in

surface air were seen closely following the small French Tests in 1966

and 1967. The peak ratios appear to be displaced poleward relative to

the reported latitude of the Southern

that some debris from these tests did

that these peaks prevailed throughout

Hemisphere tests. Recognizing

enter the lower stratosphere and

the spring of each year, we feel

that the geographical and temporal extent of the highs are not un-

expected.

As a result of the 6th Chinese test (June 1967) most of which was

deposited in

the Northern

a~mOSt 3% by

however, and

the stratosphere, the gradual rise in the Pu-239/Sr-90 in.

Hemisphere surface air from less than 2% in mid-1967 to

mid 1968 was not surprising. Starting with June 1968,

persisting well into 1969, numerous samples were measured

with ratios over 3% and a few even

it seems clear that ratios such as

debris in the stratosphere without

exceeded 47.. From Figures 1 and 2

these could not be derived from the

some fractionation of these two nu-

clides between the tropopause and the earth’s surface.

... . ,.
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,.,
Discussion.’

mere are at least five possible explanations for the anomalously

high Pu-239/Sr-90 ratios observed in surface air since mid-1968. These

are as follows:

1. Systematic analytical bias. The possibility of a systematic

error in the radiochemical analyses seems very remote because

., through the period of anomalous ratios, both the stratospheric and
./..,,.. ;

surface air samples were analyzed by a single contractor laboratory

,
(Trapelo/Wes t) . The performance of the contractor during this period

was monitori.ed by analysis of coded quality control samples and found

to be excellent. Furthermore, the data are seen to be internally

consistent@ allowing for relatively smooth contouring.

2. Non-representative sampling.

samples in both the Airstream and

The representativeness af the

Surface Air programs have always

been considered adequate. The filter media, the particle. size Of

. .
the debris, the face velocities and the general conditions of

sampling were all considered in design of the equipment in these

programs. In this light, erratic bias in the samplers seems highly

,,,
unlikely. In addition the continuing balance in the Sr-90 b-adget in

1-18 ,[ , , “>,’ .’
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all compartments of the earth’s atmosphere ancl on its surface (1OI

suggests that the overall representativeness of the data is good.

3. Transport of debris from

troposphere or stratosphere.

regions of h~gher ratio in either the

Figures 1, 2, and 3 clearly eliminate

this possibility in that from mid-1968 there are no other data in

either the stratosphere or surface air of either hemisphere with

ratios as high as the anomalies under consideration. In view of our

conclusion regarding the

that there are no hidden

representativeness of the data, it appears

compartments cz pockets in the atmosphere

containing unexpected debris.

4. Tropospheric injections of Pu-239. A few major injections of

PU-239 in 1968 could theoretically have produced &he high Pu-239/S:C-90

observed from mid year onward. The actual amwnt of “excess” P2-2.33

in the surface air during the period of

amount not accountable as coming out of

mated by using average rati~s and Sr-90

the anomaly, that is the

the stratosphere, was esti-

con.centraticms . It WaS found

that 22% of the surface air ratio (on !che average) was excess,

is equivalent to about 2 X 10 ‘5 dpm/m3 of unacccmnt.able PU-239

1-19
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An upper and lower limit of the average monthly troposphez.ic

inventory of the excess Pu-239 was then estimated from the above ~e-

sult,, depending upon the assumed distribution with altitude. lf the

excess assumed an altitude profile similar to that of stratospheric

debris, an upper limit of 70 curies of excess Pu-239 in the tropo-

sphere was indicated. If the excess concentration is essentially

constant to an elevation of 1000 meterse with nothing aboveO a lower

limit of about 1 curie was obtained.

There were no reported atmospheric nuclear tests in the NGrth.Exri

Hemisphere from December 1967 to December 1968 (11) f hence the mid-ta-

late-1968 anomalies cannot be explained as due to fresh dekr.is. Otiher

possible surface releases of Pu-239, such as airplane crashes with l~css

of nuclear material? leaks from processing plants or other similar

sources cannot be evaluated with information presently available. ~~;~a

ever ~ since virtually all of the Pu-238 in surface aira ir. the. period C:

the anomaly came out of the stratosphere (either from nuclear tests ,5~

from the burn-up of SNAP-9A) a sharp decrease in the ra~io Pu-238/Pc=23~

would have occurred in the event of signi.f.icantitropospheric releases

of Pu~239. As Figure 4 indicates this sharp decline cannot be sEen,

Some decrease did occur in 19688 much of it reflecting fallout from

1-20
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1 China’s 6th test in June 1967, but this did not closely match the

!
f Pu-239 increase either in magnitude or timing. Further, in the mid,

latitudes in 1968, and in all latitudes in 1969, increases in the

Pu-238/Pu-239 occurred.

On balance, we do not feel that the data support major tropos-

pheric injections of Pu-239 to account for the anomalous Pu-239/Sr-90

ratios in the Northern Hemisphere. There is, however, a good deal of

evidence of global, or at least hemispheric distribution of material

emanating from limited sources at the earth’s surface. As examples:

lead, identifiable as originating in urban environments has been found

in both the Arctic and Antarctic (12) ; dust, derived from the arid

regions of West Africa, has been traced westward across the Atlantic

Ocean to Barbados (13); and pesticide residues found in organs of

Antarctic fauna (14), also must have been transported in the tropos-

phere many thousands of miles. Thus there is not sufficient evidence

at this time to ~le out this possibility.

5. Fractionation in the troposphere. This fifth possible explana-

tion for the observed anomalies in the Pu-239/Sr-90 ratios offers

much to the imagination, but there is little if any real positive

evidence . Negatively, it can be demonstrated from Figure 3, that

this had never happened to any observable extent in the preceding

two years. Also, it seems reasonable to assume that if the surface

1-21
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PART II

HASL FALLOUT PROGm DATA
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1. Fallout Depo sition

h

z

1

f

1.1 Monthly Precipitation

1.11 SrgO and Sr8g in Monthly Deposition at World

Land Sites

Precipitation and dry fallout are collected over

monthly periods at stations in ttileUn:~ted States
and overseas . The samples are analyzed for Sr-9C
and Sr-89 when it is expected to be present. A
description of the sampling network and available
data for each site are given in the Appendix,

section A .

1.12 Other Isotopes at Selected Sites

At a number of stations in the Un~ted Sbates.

monthly deposition collections were analyzed f~x
radiostrontium and other nuclides of interest to
the Atomic Energy Commission. Multinucl,2de ana,l-
yses were discontinued as of July 1967 and the
complete data reported in HASL-193, p. II-4 Lhmugh
II-25 .

Plutonium analyses of monthly deposition are ccm-
tinuing at New York City, Melbcurne, Seattle,
Honolulu, Salisbury, Durban, and Rio de Janeiro.
Available data are given in the APP endix, Section C.—

1.2 Radiostrontium Deposition at Atlantic Ocean Weather Stat.icns

Measurements of radicstrontium in precipitation and dry
fallout collections at four U. So Ccast Guard Stations
in the North Atlantic Ocean are car~ied out for compari-
son with land stations in the same latitude band. A
description of the stations and availabls data are given

in the Appendix, Section B.

2. Surface Air Samplinq Prcqram

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 ~f fission and
activation product radionuclides. A description of the program and
available data are given in the Appendix, Section D.

II-2
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3: Project Airstream

The Health and Safety Laboratory measures radioactivity ~n the

lower stratosphere employing the RB-57F aircraft as a sampling
platform. The aircraft are flown by the 58th Weather Reconnais-
sance Squadron under the direction of the 9th Weather Wing of the
Air Weather Service. The missions are scheduled for early Feb-
ruary, May, August and November and the coverage extends from
75°N to 51°S latitude in the Western Hemisphere. Air filter sam-
ples are collected from 12 to 19 km altitude and analyzed for ten
radionuclides . A more complete description of the program and
available data are given on pages II-9 to II-67.

4, Hiqh Altitude Balloon Samplinq Proqram

Balloon borne filtering devices are used to collect nuclear de-
bris at altitudes from 24-41 km. Balloon launchings are con-
ducted quarterly at Fairbanks, Alaska, 65°N; San Angelo, Texas,
31°N; Panama C.Z., 9°N; and Mildtira, Australla, 34°S. Filters
are analyzed for ten radionuclides. A more complete description
of the program and available data were presented in HASL-217 Gn
pages 11-148 to 11-206. Corrected sampling dates for three sam-
ples are given in this report beginning on page II-68,

5, Radiostrontium in Milk and Tap Water

Strontiumgo levels in both powdered and 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 sununarized in tabular and graphical form in the3s
Appendix, Section E,

6. Strontiumgo in Diets

ir,L-
Quarterly estimates of the annual dietary intake of Sr90 of New

IT~.? York City, Chicago, and San Francisco residents have been made
based on analyses of foods purchased at these three cities every
three months since 1960. Sampling in Chicago has been discon-
tinued , The program is described and available data reported on

P“ II-4 to II-6 of this report.

7. UNSCEAR - WHO Bone Proqram

Available Sr9° data for human bone samples collected in 1969
from countries in Latin America and Africa are presented on pages
11-7 and II-8 of this report.

II-3
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UNSCEAR-WHO BONE PROGRAM

John H. Harley

In the work of the United Nations Scientific Committee on the

Effects of Atomic Radiation, the major effort in evaluating fallcwt

from weapons tests is directed towards estimating the dose commitment.

A major contributor to bone dose is strontium-90 but there have n~ti

been adequate data for many regions in the world. The Committee de-

cided that it would be useful to have even limited data for portions

of the world not otherwise covered. It was agreed that some estimate

could be made based on a small number of samples of adult bone and

they requested the World Health Organization to assist in procuring

samples.

1

Dr. E. I. Komorov of WHO has been coordinating this program. Sam-=

pies for 1969 have been received from Senegal, Jamaica, Chile and

way to obtain additional material

from A.siao The samples are being

7enezuela ~ Negotiations are under

~rom other countries in Africa and

malyzed by the Health and Safety Laboratory and the results are pre-

;ented here as a tabulation of the available data .

Dr . Eduardo Penna-Franca of Brazil has also supplied samples,

nd they are included in the tabulation for comparison.

II-7

-., .4 . . . . .
- . . . . . .- . . . ... _ - .



,,
‘Y ‘

1969 HU~N BO~ FROM THE WHO

Aqe (Vr.) pCi Sr90
Sex Per q Ca

Aqe (yr.)
pCi Sr90

CHILE
Sex per q Ca

VENEZUEIA
91 M
58 2.0

M 1.7
56

74 M 2.3, 2.()* 41
46 M 1.5 32
33 M 1.1

63
19 M 2.7

60
50 F 2.3

UnknOw
51 M 1.3 42

26

BRAZIL

40
25

M 1.0

40
M 1.0
M

30 1.0
M

31
1.4, 1.4*

F 0.7, O-7*

62
42
34
60
36
67
50
61
57
51
46
57
65
19
54
72
23
28
22
22
21
19
23

F
F
M
F
M
M
M
F
M
M
M
F
F
M
F
M
M
F
M
F
M
M
F

1.2
1.4
1.0
0.6
1.5
1.0
1.3
1.2
0.9

0.8, o.8*
1.1
0.6
1.0
1.6
0.7
1.8

1.3
2.2

1.1
1.8

1.6, 1.6*
0.8
1.0

67
65
50
83
56
70
0.2

23
30
26
30

Unknom

24
25

M
F
M
M
F
M
F
F
M
M
F
F
M
F
F
M
M
F
F
M
F
M

0.5, o.6*
0.4
0.7
0.6
0.8
0.6
0.6
0.8
0.7
0.7
0.7
0.7
0.5
0.7
2.5
0.5
0.7
0.7
1.1
0.7

0.8, o.8*
0.7.

SENEGAL

70
58
60
55
50
41
40
43
34
47
35
80

F 0.5
M 0.9
F 1.0
M 0.8, o.8*
M 0.88
F 0.4
M 1.7
M 1.5
M 1.8
M 1.1
M 0.8
F 0.5

*duplicate analysis

I
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3. PROJECT AIRS TREAM

by Philip W, Krey (HASL)
Michael Kleinman (HASL)

Project Airstream is HASL’S study of radioactivity In the lower

tratosphere employing the RB-57F aircraft as a sampling platform. The

ircraft are flown by the 58th Weather Reconnaissance Squadron under

he direction Of the 9th Weather Wing of the Air Weather Service. This

reject is a continuation

ect Stardust except that

nly one per season.

of the Defense Atomic Support

Airstream’s sampling missions

Agency’s Pro-

are limited to

The data in this report cover the missions flown in April, July

Id October 1969. Previous reports containing results from this pro-

ram are given in references 1 through 8.

LIGHT SCHEDULE

Airstream missions are scheduled for February, May, August and

wember with a ~ one month slippage. However, each mission must be

jmpleted within a nine day interval. The first Airstream mission was

own in August 1967. The flight trajectory and altitude coverage of

] Airstream mission are shown in Figures 3a and 3b, respectively.

ior to February 1969? a large gap in the altitude coverage between 15.2

Id 18.3 km existed in the sensitive polar regions of each hemisphere.

“’.’
.,
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about 35° in both

The coverage

hem~spheres .

in Figure 3b extends almost ~ontinu~ds~y at thE

h indicated altitudes from 75°N to 51°S latitude

2 continuity between 10°S to 16°S. Each mission

1 ducting return flights northward and southward

t Air Force B~s~s Of aperation:

Eielson AFB 64°40 iN 14’7°06’w
Kirtland AFB 35°03 ‘N l(3~~3(j~7

:A~brot2k AFB 08°5~ 8N ‘79~34”w
Mendaza AFB 32049’s 68~471~-

AIR FILTER SAM~LES,

Air filtts~ samples are collected along che fl~gh~ ~~~(~~ ~:- ~~:L_

tude increments of approximately 3 to 4° at each of the p~esc~l-~ed

altitudes using the U-1 foil system. This system perm~ts rhe seq-tien-

tial insertion of up to 1.2 IPC No. 14’78 filter papers [d~amc~~r 16-3/9

into the sampling daact near the bomb bay on the 1’~.ghLs~de of the a.K-

craft . The volume of air sampled by each fiiter is calculated by the

methods devel~ped under Project Stardust and updated by K~ajewskl [~j.

and are reported as standard cubic meters (SCM) under the lCAO s~.andard

atmosphere (760 mm Hg and 15°CJ .

11 - 10
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ward of

I

Upon arrival at HASL, the filters are coded, logged and quartered.

The entire sample (or a representative fraction if the activity is too

high) is folded and placed in a plastic box, 8cmx6.5cmx3.lcm1?2

deep, for gamma Spectrometric analysis on an 8“ x 4“ NaI (T1) crystal.
‘ht dlS-

The total gamma activity is integrated between 100 Kev and 3.0 Mev,
Y cOn-

fcn.lr

t~-

!rl-

3/8”)

i.r-

ie

)@

3rrii

Iand the gamma concentration is reported as counts per minute (cpin) per

I100 SCM cm the counting date. The complex spectrum is then submitted

for compater resolution by least squares fitting into its component

members .
[

RADIOCHEMICAL ANALYSIS

Based upon the gamma measurements, fractions of the filters are

ccunbined into appropriate composites which are sent to contractor lab-

oratories for detailed radiochemical analyses including the following

nuclides:

Fe-55 Zr-95 Pb-210 Pu-238
Sr-139 Ce-141 PO-210 Pu-239,240
Sr-90 Ce-144

At the present time, Trapelo Division/West formerly TracerLab of

Richmond, California is performing these analyses, Nuclide ccmcentra-

tions from radlochemical analyses are reported as picocuries per 100

standard cubic meters of air (pCi/100 SCM) at collection time. Fo 1~OW-

Lng a previously established practicee Fe-55 is decay corrected to

- .- . . . . ,-. -. .-— .- ....*-- . . . . .

.,,



October 15, 1961 which is the average production date of hhi,s nucl

in the 1961 test series, This is not to convey that all the Fe-55

Q currently in the stratosphere originated in the 1961 tests. To COT
.:

vert pCi/100 SCAM to disintegrations per minute per 103 standard CUL

I
,,.:

fee-t multiply by 0.629,

One standard deviation of the counting error for all data in

this report is Iess than &20°~ and usually less than AIC?YOunless annc

tated with the. symbols:

AZ One standard deviation of the counting error is between
*2Q - 50%,

B: One standard deviation of the counting error is between

551 - Iooyo.

*: Activity is not derectiable. This designation is applied
to data wE.en Q;ne standard deviatiorl of the counting

@rrOr is gr’eate~ than 5100%,

9.: The nuclide concentration of a specific sample is man-
sidered suspect because it is inconsistent with the
concentration of the same nu.elide in adjacent samples

in space and time or beca~~se it is inconsistent with
other nuelides in the same sample.

The nuclide activity for each sample is corrected for the normal

radiochemical parameters such as chemical yield and detection qffici-
..

ency, but it is important to note that a blank adjustment is also

made. The value of the adjustment is determined far each nuclide by

analyzing a number of blank samples, that is, samples containing no

11 - 12
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the stratosphere were produced by three separate events as follows.

Latitude Reqion Nuclear Test

90N - 40N Chinese test of September 29, 1969

40N - 10N Chinese test of December 28, 1968

10N - >51s French thermonuclear tests in mid-

1968

The samples in Tables 3b and 3C are grouped according to the

altitude of collection beginning with 19.2 km. Within each altitude

groupg the samples are then listed with decreasing latitude. The

fractions of each individual filter making up the composite are list,

immediately below the composite sample number. The collection para-

meters of the composite sample and the contractor laboratory perform=

ing the analyses are given prior ,to the nuclide concentrations.

~

To evaluate the contractor’s performance in ~adicmhem~cal anal-

yses, HASL rouzinely submits blind duplicates, blanks and standards..

The duplicates are identical composites submitted wit% different code

numbers. The blanks are unexposed filters supplied by the Air Force.

Standards are blank filters onto which calibrated solutions of various

nuclides have been evaporated.
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Hiqh Altitude Balloon Sampli.nq Proqram

by P. W. Krey (HASL)

In HASL-217, the analyses o’f all high altitude balloon sam-

ples collected during 1968 were summarized. Unfortunately

three samples collected in October

were reported as having been flown

.
been corrected in the accompanying

Septeniber and October flights made

1968 at San Angelo, Texas

in September. This error has

tables which cover both the

at San Angelo. None of the

radiochemical data has been changed - only the collection dates.
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part III

LJJATA FROM SOURCES OTHER THAN H&

Numerous Fallout studies are conducted by other organizations

in the United States and abroad.
Some cf these are sent to the

editors for dissemination in these HASL Quarterly reports.
sul3-mitted data are reproduced essentially as received and no inter-

pretation by HASL is attempted.

Paqe

1. National Radiation Laboratory, Department of’Health
ChristchI~rch, New Zealand

Environmental Radioactivity in New Zealand

Quarterly Report for April-June 1969: NRL-F35

Quarterly Report for July-Septefier 1969:

NRL-F3G

?
-0 Department of Scientific and Industrial Research

The Insti’ti~te of Nuclear Sciences

Lower Huct, New Zealand

Radioisotopes in Rainwater:

January - April 1968
May - August 19+58

September - December 1968

3. Radiological Physics Dit7ision

Argonne National Laboratory
Cesium-137 in Various Chicago Foods (Coil. Month

January .197@)
byS. S. Brar and D. M. Nelson

4. EURATOM Joint Nuclear Research Centre

Ispra Establi.skent, Protection Service

Site Survey and Meteorology Section, Quarterly

Report

111-24
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SYMBOLS UNITS AND EQUIVALENTS

UNITS OF RADIOACTIVITY

Ci ..
10

.. Curie .. .. .. .. .. .. .. .. 3.7x10 disintegrations per second

mCi .. .. millicurie .. .. 10-3 curies
10-12 Curies .. ..pCi .. .. picocurie .. .. 2.22 disintegrations per minute

UNITS OF’LENGTH, AREA, VOLUME AND MASS
AND THEIR EQUIVALENTS IN THE IMPERIAL SYSTEM

cm.. .. .. .. .. .. centimetre .. .. .. .. 0.394 inches

km2.. .. .. .. .. .. 0.386 square miles

m3 . . . . . . . . . . . . ~%~~em~~~~~t~~ :: :: 35.31CubiCfeet
litre .. .. .. ..... litre .. .. .. .. .. 0.880 quart

~ .. .. .. ● . .. .. gram .. .. .. .. .? .. 0.0353 ounce

NOTES

1. Unless otherwisenoted,all times given in this report are New Zealand
Standardtime i.e. G.M.T.+ 12 hours.

2. Radioactive fallout in rain is expressed as:

(a) Deposition - millicuries per square kilometre (mCi/kmZ)

(b) Concentration - picocuries per litre (pCi/litre)

Concentration (pCi/litre) =
deposition (mCi/km2) ~ loo

rainfall (cm)

MultiplymCi/km2by 2.59 to obtainmCi/sq.mile.

3. The levels of strontium-90contaminationin food and bone are
given in “Strontium Units” i.e. picocuries strontium-90 per gram
ofcalclum .........................................pCi Sr90/g Ca.

Similarly caesium-137 results are given as picocuries of caesium-137
per gram of potassium...............................pCi Cs137/g K.

One litre of whole milk contains approximately:

1.2 g of calcium

1.4 g of potassium.

,.-
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a single location but extending over part of a province or district are shown
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.’, . GENERAL SUMMARY

Reault2 of routine monitoring of falloutin air, rain and udlk samples duringthe
aeoond quarter 1969are tabulated in this Report, These results are summarized on a
quarterly basis andare~rege,lted~r~phicallyinl?l~.2,toget}lerwithresultsfrom
previousQufirterlyReportsduring1966and 1969.

Additional informationorisample collection and evaluation, comparison of levels
of environment~lrfldioactivi?yand hetilthhazard aaaessment is given in the Annual
Sunrmnr,yReport ior 1968 “ENVIRONMENTALRADIOACTIVITY IN NEW ZEALAND, Report No.
NRL.F33° which also includes :he results of extended monitoring of fallout from the
Fre]ichnuclenr tests irlf.hePHoil’ic.

TOTAL BETA ACTrVTTY - INDIVIDUAL STATIONS

During the first qudrter 1969, and also during the two previous quarters, levels
o!’firssionproducts in air findrainwater Increaaed. These higher levels reeulted
l’romthe 19c.8.eries of nuclear testa conducted by France in the Pacific area between
8 July and 9 September. This aeriaa included for the first time the detonation of
two l+ydrogertbomb;.

The expected decrease in levels, which had been evident during the months
following the previous test series of 1966 and 1967 occurred more slowly following the
1?68 nuclear tests. “The total beta activity of air aamplea during the first quarter
1569 had ~,otdecreased significantlyfrom the levels of the previous two quarterly
perj.nds. There tms been, however, a si~ificant”decreaae during the second quarter
1969. The total beta activity of rain samples hsa steadily decreased since the third
qmrter 1968. ‘fileneater delay in the reduction of fission product levels following
the 1~6F?nuclear tests u])douhtedlcy rssults f’romthe injection of fission dbbrie into
lLi@.er U1titurieswhen hydrogen bombs are detonated. The subsequent deposition of the
debris ~e thus extended over tilonger period.

The avera~e levels In air during the second quarter 1969 were 0.09 pCi/m3 at
Auckland and 0.06 pCi/m3 at Wellington and Christchurch. ~ing the corresponding
periods in 1967 and 1968 theyhighestlevels were 0.03 pCi/m (at Auckland and
ch17iStChW’Ch)and 0.01 pC1/m (at Auckland) respectively,

The total deposition2inrain during the second quarter 1969 was lZ.3 mCi/km2 at
Greymouth, and 5.4 mCi/km at Christchurch. The levels have steadily decreaeed since
the third quarter 1968. Euring the second quartere
deposi~ion waa also at Greynrouth:

~f ~9~7 and 1968 the highest
4.7 and 2.3 mCi/km respectively.

SPECIFIC RADIONUCLIDES - COUNTRY-WIDE AVERAGFS

STIiONT~M- O IN RAIN. The average deposition in rain decreaeed slightly from

-- duzinc the first qua.ter 1969 to 0.27 mCi/km2 during the eecond quarter
This level is about one fifth of the highest level pravioualy recorded i.e.

during”the firet quarter 196s.

7 STRONTIUM.89 IN RAIN. The average deposition reached a maximum of 5.1 mCi/km4
;;ring October 1968, about one month after the conclusion of the 1968 nuclear teats.
During2the second quarter 1~69 levels have been steadily falling; 0.$, 0.4 and’O.2
mCi/km during April, May and June respectively. The previous highest lavel was
3,5 rrrCi/km2during November 1966.

3. STRONTIUM-90IN MILK. The average level has increased slightly from 6.9
?3trontium Unzta during the first quarter 1969 to 6.8 Strontium Units during the second
quarter 1969. The highest level pravioualy recorded waa 15,9 Strontium Units during
Jtily-August1964, The average level for the twelve monthe ending June 1969 (6.

?1)Strontiup Units) is about @ of,the “permissible level!!for the whole population .

4. CAESIUM-137IN MILK. The average level hat?decreased slightly from 33 pCi/g K
during the first quartar 1969 to 27 pCi/g K during the seoond quarter 1969. The
higheet level previously recorded was 81 pCi/g K during March-April 196s. ,The
average level for the twelve months ending June,1969 (25 pCi/g K) is lese thano.~
of the !’penrrieaiblelevel” for the whole population (1)0

(1)
SEE POTENTIAL HEALTH HAZARD - PAGE 3,

III - 9



llRSULTSOF ROUTINE II[)NIToKINGOF FALLOUT’DURING SECOND QUAHTIM lye>

TA[3T,E1 TOTAL BETA ACTIVITY OF AIR SAMPLES

In Picocuries per Cubic Metre Four Days after Collection.
Filters changed 3 times each week.

AUCKLAND WELLINGTON CHRISTCHURCH

Date Total Beta Date Total Beta Date Total Beta
Filter Activiy

3
Filter Activity Filter Activiy

Removed pCi/m
i

Removed pCi/m3 Removed pCi/m
5

2.4.69 0.11 4.4.69 0.07 2.4.69 0.08
4.4.69 0.16 7.4.69 0.10 8.4.69 0.09
7.4.69 0.12 9.4.69 N.S. 14.4.69 0.07
9.4.69 0.12 11.4.69 0.06 16.4.69 0.09

11.~.69 0.13 14.4.69 0.15 21.4.69 0.05
14.4.69 0.25 16.4.69 0.07 23.4.69 0.03
16.4.69 0.15 18.4.69 0.12 24.4.69 0.05
18.4.69 0.16 21.4.69 0.02 28.4.69 0.04
21.4.69 0.08 23.4.69 0.08 30.4.69 0.08
23.4.69 0.07 25.4.69 0.06
25..4.69 0.10 28.4.69 0.05
28.4.69 0.08 30.4.69 0.11
30.4.69 0.14 .
Average 0.13 q Average 0.08 Average 0.06

2.5.69 O*O7 2.5.69 0.09 2.5.69 0.05
5.5.69 0.07 5.5.69 N.S. 5.5.69 0.05
7.5.69 0.03 7.5.69 0.07 705.69 0.07
9.5.69 0.11 9.5.69 0.04 9.5.69 0.05

12.5.69 0.08 12.5.69 0.06 12.5.69 0.03
14.5.69 0.13 14.5.69 0.11 14.5.69 0.07
16.5.69 0.09 16.5.69 0.13 16.5.69 0.06
19.5.69 0.09 19.5.69 0.06 19.5.69 0.05
21.5.69 0.05 21.5.69 0.10 21.5.69 0.10
23.5.69 <0.01 23.5.69 0.08 23.5.69 0.04
26.5.69 0.08 26.5.69 0.03 26.5.69 <0.01
28.5.69 0.09 28.5.69 0.04 28.5.69 0.02
30.5.69 0.04 i 30.5.69 0,05 30;5.69 0.03
Average 0.07 Average 0.07 Average 0.05

66 0.04 v 66 0.02 3.6.69 0.04
::6:6; 0.02 ::6:6; 0.04 ‘6.6.69 0.06
6.6.69 0.09 6.6.69 0.06 9.6.69 0.04
9.6.69 0.10 9.6.69 0.04 11.6.69 0.03

11.6.69 0.03 11.6.69 0.03 13.6.69 0.05
12.6.69 0.18 13.6.69 0.04 16.6.69 0.02
16.6.69 0.05 16.6.69 0.05 18.6.69 0.04
18.6.69 0.07 18.6.69 0.06 20.6.69 0.03
20.6.69 0.06 20.6.69 0.03 23.6.69 0.02
23.6.69 0.04 23.6.69 0.02 25.6.69 0.05
25.6.69 0.05

I

25.6.69 0.03 27.6.69 0.03
27.6.69 0.08 27.6.69 0.05 30.6.69 0.03
30.6.69 0.08 30.6.69 0.04
Average 0.0’7 Average 0.04 Average 0.04
Quarterly .

0.0$?
Quarterly

0.06
Quarterly

0.06
Average Average Average

111 - 9
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TABLE 2 TOTAL BETA ACTIVITY OF WEEKLY RAINWATER COLLECTIONS

FOUR DAY: AFTER COLLECTION

AT DATE OF COLLECTION

FROM
DEPOSITION

I
TO

RAINFALL CONCENTRATION
mCi/km2 cm pCi/litre-1~~

29.3.69
-L...

5.4.69
504.69

1.5 ‘“ -
12.4.69

6.2

12.4.69
2.2

19.4.69
5.5

19.4.69
1.4

26.4.69 7.8
2.0 7.8

29.3.69 26.4.69 7.1 27.3 26
26.4.69 3.5.69
3.5.69

0.2
10.5.69

1.0
~ 10.5.69

1.3
17.5.69 2.8

B 17.5.69
0.4

24.5.69
1.0

z’

5’
24.5.69

1.6
3L5.69

8.9
0.2 0.9

cl 26.4.59 31.5.69 3.7 14.6 25
31.5.69 7.6.69
7.6.69

0.2
14.6.69

0.7

14.6.69
<Oo1

21.6.69
0.3

21.6.69
0.9

28.6.69 7.0
0.3 1.5

“3 1.5.69 28.6.69 1.5 9.5 16
2nd QUARTER 1969 12.3 51.4 24
28.3.b9 3.4.69
3.4.69

0.2
11.4.69

0.2

11.4.69
1.5

18.4.69
0.8

18.4.69
0.3

24.4.69 1.2
<0.1

24.4.69 2.5.69
3.6

0.3 1.2
28. 3.69 2.5.69 3.5 5.9
2.5.69 9.5.69

59
0.5

5 9.5.69 16.5.69 1.7

E
16. 5.69 23.5.’69

<0.1 <0.1

23.5 .09
0.1 0.7

E 30.5.69 0.3 2.6
2
g

2.5.69 30.5.69 1.0 5.1
30.5 .69 6.6.69

20

6.6.69
0.1

13.6.69
1.0

13.6 .69
<0.1 mn . -m

20.6.69
20.6. 69

0.5
27.6.69 0.2 1.>

30.5. 69 27 .6.69 0.9 3.3 27
2nd QUARTER 1969

5.4 14.3 38
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SYMBOLS UNITS ~ mUIVALENTS

UNITS OF Radioactivity

Ci ,. .. Curie .. .. .. ..
mci .. ..

U* 3.7x lo10 diaintegrationaper secondmillicul; .. .. 10-3 ;;;:s
pci .* .. picocurie .. .. 10-12 Curies .. .. 2.22 disintegration per minute

UNITS OF LENCTH, AREA, VOLUME~ MASS

AND THEIR EQUIVALENTS IN THE ~ERIAL SYSTEM

1.

2.

3.

centimetre.. .. .. ..
;2:: :: :: :: :: ::
m3 .. .. .. .. .. .. ~~%~em~;%~t~~ ::::
litre .. .. .. .. .. litre .. .. .. ,. ..
g .* .. .. .0 .0 .0 gr~ .. ● C .0 .. .. ..

NOTES

0.394 inches
0.386 square miles
35.31 cubic feet
0.880 quart
0.0353 ounce

Unlees otherwise noted, all times @Ven in this report are New Zealand
Standard time i.e. G.M.T, +12 hours.

Radioactive fallout in rain ie expressed as~

(9) Deposition - millicuries per square

(b) Concentration - picocuriesper litre

kilometre (mCi/km2)

Concentration(pCi/litre)=
~

(pCi/litre)

x 100

MultiplymCi/km2 by 2.59 to obtain mCi/sq.mile.

The levels of strontim-90 contamination in food and bone are
given in “Strontiu Units” i.e. picocuries strontium-90 per gram
of calcium .........................................pCi Sr90/gCa.

Similarly caesium-lyp results are given as picocuries of caesium-137

per grc3mof potassim
● .● *● ..● ....● ..................pci Cs137/gK.

One litre of whole milk contains approximate:

1.2 g of calcium

1.4 g of potassium.

III - 15
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POTENTIAL ~&#4LTH HAZARD.—,__._

Thesignificance of the levels of.ra~Oacti~tY in environmental samples
published in this Report may be understood more rea~ly by comparing these
levels with the following “permissible levels for the general population”
which have been adopted for use in NewZealand.

These levels have been set as a guide to limit the contwlled releaee of
radioactive substances into the environment by licensed ueers in New Zealand.

They are levels which individually would not require ~emedial or
preventive action and have been chosen to pntect the ~ost sensitive age

gruup’in the population. It is considered that any risk associated with these
levels is exceedingly small and that levels many times as great would involve
a hazard which is ernallcompared to commonly aucepted risks of life,

“Permissible “levels!!af Radioactivity

These levels were derived so as to ensure that the dose to any member
of the public arising fmm the,controlled uee of radioactive materials does
not exceed the Dose Limit recommended by the International Commission on
Radiological Protection,

Strontium-90

In Milk: 270 Strontium Units - maintained indefinitely in the milk.

In Bone: 67 Strontiwn units.

Caesium-137

In Milk; 7,000 pCi/gK- maintadned indefinitely In the milk,

Iodine-131

In Milk: 200 pCi/litre - as an average intake over one year,

Total Beta Activity of Mixed Fission Product8 Between 10 and 80 Deys Old

In ~ir;
~~o p~i/m3 - for continuous breathing.

In Rainwater~ 6,OOO pCi/litre . for continuous consumption,

!.
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LOCAT(ON OF. COLLECTING STATIONS ESTABLISHED BY THE NATIONAL
RADIATIoN LABORATORY FOR AIR(A), BONE(B), MILK(M), RAINWATER(R),
AND SOIL (S), SAMPLES IN NEW ZEALAND Where more than
one type of collection is

E
erformed (e.g. weekly @ monthiy rainwater COII ect-

ion) the appropriate’ $ym 01 is shown twice. Collection areos not confined to
a single location but extending over part of n province or distric t are shown

thus ~ l=]
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ffeeultsof routiflemonitorin[~of falloutIn air
1969 are tabulatedin this heport.

, rain and milk sumplee (duringt}~ethird querter
These results ore summarized on a quarterly basis and are

presentedgrapl~ic~llyinFig.~,togetherwithresultsfrompreviousQutirterlyReportsduring 1968
and 1969.

Additional information on sample collection and evaluation , comparison of levels of envirorl-
mental radioactivity and health hazard assessment is given in the Annual Summary Report for 1968
“ENVIR(INNENTALRADIOACTIVITYIN NEW ZEALAND,ReportNo.NRL-F33°which also includes the results
of extended monitoring of fallout from the French nucle~r teats in the Pacific.

TOTAL BETA ACTIVITY- INDIVIDUAL $TATIONS

Asalreadynotedintl~ereportsNRL-k”jlto NRL-F35, increased levels.of fiseion producte in
airana rainwater were measured during the third quarter 1968. These levele resulted from the
1968 series of nuclear tests conducted by Phnce in the Pacific Area between 8 July and 9
September. This series included for the first time the detonation of two hydrogen bombe.

‘The expected decrease in levels, which hedlbeen evident during the months following the

previoustast.seriesof 1966 and 1967, occurred nnre siowly following the 1968 nuclear testa.
The greater delay in tt,ereduction of fission prcduct levels following the 1968 nuclear tests
undoubtedly resulted from the injection oi’fis5i& debris into higher altitudes when the
hydrogen bombs were tested, The subsequent d~p&ition of’the debris was thus extended over a
longer pe]iiod.

Uurlng the second and third quarters 1969, however, there were significant decrea~es in the
levels of total beta activity of air and rainwater.

The a erage levels in air during th
3

~ thirdqu 3arter 1969 were.O.08 pCi/m at Aucklend,
0.06 pCi/m at Wellin@on and 0.053pCi/m at Christchurch. During the correa ndiug period ‘
in 1968 the levele were 0.23 pCi/m Yat Auckland and Wellington, and 0.16 pCi/m at Christchurch.

The tota12deposition in rain during the third quarter 1969 wes 9.1 mCi/km2 at Creyuouth,
and 0.4 mCi/& at Christchurch. tiring t~e corresponding period in 1968 the deposition wae
112.8 mCi/km at Greymouth, and 16.4 mCi/km ht Ohristctlurch.

SPECIFIC RADIONUCLIDES .-COUNTRY-WIDE AVERAGES

1. 5TRONTTUM.90 IN RAIN Tileaverage deposition in rain increased slightly from 0.Z7 mCi/km2
during the eecond quarter 1969 to 0.30 mCi/km2 during the third quarter 1969. This level is
leaa then one quarter Of tkle hig}]eetlevel previously recorded, i.e., duxing the first quarter
1965.

2, STRONTIUM-.89IN RAIN The average deposition raached a maximum of 5.1mCi/km2duringOctober
1968, about ona month after the o~nclueion of the 1968 nuclear teata., During the third quarter
1969 levels were about 0.1 mCi/km per month.

3. STON’TIUM.90IN MILK The average level has increased from 6.8 Strontium Units during the
second quarter 1969 to 7.9 Strontium Units during the third quarter 1969. The highest level
previously recorded was 15,9StrontiumUnitsduringJuly-August1$$64. Theaveragelevelfor
the twelvemonthsendingSeptember1969(6.6StrontiumUnits)is about 2,5% of the ‘Ipermiaaible
level” for the whole population(~).

~’~ IN MILK The average”level haa decreaaed slightly fmrn 27 pCi/g K during the
eecond quarter 19 9 to 24 pCi/g K during the third quarter1969.

%~’’’%~~ ~~~~~~~~ber 1969(27PCi/t7K) is ~e~~

The highest level for the

than O.@ of the ‘tpermisaiblelevel”

.

(1)
See “POTENTIAL HEALTH’KAzARIY! - Pege 3.
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RESULTS OF ROUTINE M3NITOIHNC OF FALI.ouTI)~No THIRDQIJAM’~:969

TABLE1 ToTALBE1’AACTIVITY OF AIR SAMPL~

In Picoaurieeper CubioMetreFburDayeafterCollection.
FilterschangedJ timeseachweek.

AUCKLAND

Date TotalBeta
Filter Activity
Removed pci/m3

2.7.69 0.10
4.7.69 0.O8
7.7.69 0.09
9.7.69 0.07
11.7.69 0.03
14.7.69 0.04
16.7.69 0.06
18.7.69 0.04
21.7.69 0.04
23.7.69 0.08
25.7.69 0.07
28.7.69 0.04
30.7.69 0.05
1.8.69 0.09
tverage 0.06

4.8.6g 0.09
6.8.69 0.13
8.8.69 0.04
11.8.69 0.07
13.8.69 0.05
!5.8.69 0.08
,8.8.69 0.13
!0.8.69 0.10
!2.8.69 0.07
!5.8.69 0.03
!7.8.69 O.O8
!9.8.69 0.10
1.9.69 0.08

.verage O.O8

3.9.69 0.09
5.9.69 0.09
8.9.69 0.11
10.9.69 0.03
12,9.69 0.09
15.9.69 0.10
L7,9.69 0.12
L9*9.69 O.OIJ
!2.9.69 0.07

14.9.69 O.(J7
!6.9.69 o*12
?9.9.69 O.cI13
1.1o.69 0.10

Iverage 0.09

)ufmterly

Average
0.08

WELLIN(YIW

Date Total Beta
Filter Activity
Removed pci/m3

2.7.69 0.05
4.7.69 0.04
8,7.69 0.09
9.7.69 0.08
11.7.69 0.03
14.7.69 0.04
16.7.69 0.04
18.7.69 0.04
21.7.69 0.03
23.7.69 0.0?
25.7.69 0.09
28.7.69 0.02
30.7.69 0.09
‘1.8.69 0.0;
Average 0.05

4.8.69
6.8.69
8.8.69
11.8.69
13.8.69
15.8.69
18.8.69
20.8.69
22.8.69
25.8.69
27.8.69
29.8.69
1.9.69

0.05
0.05
0.17
0.05
0.06
0.O8
0.02
0.07
0.07
0.05
0.09
0.06
0.05

Average 0.07

3.9.69 0.03
5,9.69 0.12
8.9.69 0.09

10.9.69 0.05
12.9.69 0.07
15.9.69 0.08
17.9.69 0.09
19.9.69 0.06
22.9.69 0.05

24.9.69 0.04
26.9.69 0.06
29.9.69 0.07

1.10.69 0.08

Average 0.07

Quarterly
Average

0.06

CHRISTCHURCH

Date Total Eeta
yilt~~ Activity

Removed pCi/m3

2.7.69

4.?.49
7.7.69
9.7.59

11.7.69
15.7.b9

18.7.69
21.7.69
2~.T.69
25.7.69
28.7.69
30.7.69
1.8.S9

0.04
0.06
0.05
0.65
0.04
0.04
0.0$
0.05
0.07
0.08
0.03
0.04
0.03

Avemge 0.05

4.8.69 0.03
6.8.69 0.05
8.8.69 0.04

11.8.69 0.05
14.0..9 0.05
15.8.69 0.03
18.8.69 ().01}

20.8.69 ().05
25.8.69 Q.O?

27.8.69 0.12
29.8.69 0.04
1.9.69 0.o6

Avera~e 0.05

3.9.69 0.05
5.9.69 0.08
8.9.69 0.04
10.9.69 0.02
12.9.69 0.0’?
15.9.69 0.05
17.9.69 I),l)fj

19.9.69 0.04
22.9.69 0.04
24.Y.69 \7.06
29.9.69 0.08
1.1o.69 0..o8

I

Average

:7

.61

Quarterly
Averaga

0.05
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Cesium-137 in Various Chicago Foods

(Collection Montll.Tanuary, 1970)

S. S. Brar and D. M. Nelson

Radiological Physics Division
Argonne National Laboratory
Argonne, Illinois 60439

137
Since April, 1961, the Cs and potassium content of the Ch~cago

1-4
portion of Tri-City Diet Sampling Program has been determined in

bulk food samples by gamma ray spectrometry using a 4“ x 4“ NaI (Tl)

crystal. The individual food components were counted for a minimum

of 100 mfnutes, and from these measurements composite daily and yearly

food intakes were obtained. Cesium-137 activity in food, now, is an

order of magnitude lower than it was a few years ago; consequently, a

new procedure for these measurements has been adopted in order to

improve accuracy. The same variety of foods (all fresh vegetables; all

fresh fruits, etc.) are composite before measurement, and the samples

are counted a minimum of 400 minutes. The results of the January,

1970, quarter are tabulated in Tables I and 11.

*
Work performed under the auspices of the U. S. Atomic Energy Connnission.
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White Bread

Whole Wheat Bread
Eggs
Fresh Vegetables
Root Vegetables
Milk
Poultry
Fresh Fish*
Flour
Macaroni
Meat
Dried Beans
Fresh Fruit
Potatoes
Canned Fruits
Canned Fruit Juices
Canned Vegetables

Totallyr

Totallday

*
It is assumed
consumed than

.. . . . .. -- . , . .

Table I

Cesium-137 in Chicago

kglyr

37
11
16
43
17
221
17
8

43
3

73
3

68
45
26
19
20

(Adults)

January, 1970

Potassium

gjkg

1.0
2.6
1.3
3.5
2.9
1.5
2.4
3.7
1.1
2.2
3.3
12.5
2.3
4.2
1.0
1.7
.8

Diets

137CS

pCi/kg

18
39

0’
“o

o
12
11
32
21
28
28

9
0
8

14
18

0

Potassium

gly~

37
29
21

151
49
332
41
30
47

7
241

38
156
189

26
32
16

1442

4.0

in arriving at the average that nine times more ocean
fresh wate~ fish.

,. -
111 - .29

.

137CS

pCi/yr

666
429

0
0
0

2652
187
256
903

84
2044

27
0

360
364
342

0

8314

23

fish iS
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Table II

Cesium-137 in Chicago Diets

*

kgfyr

Evaporated Milk 137
Formula Milk 37
Cereals 8
Fruits 23
Meats 17
Vegetables 23

Totallyr

Totaliday

(Infants)

January, 1970

Potassium

glkg

3.2
‘1.7
6.9
1.3
2.2
2.2

137CS

pci/kg

34
30
26

8
28

0

Potassium

glyr

438
63
55
30
37
51

137CS

pCilyr

4658
1110
208
184
476

0

674

1.8

6636

18
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The Euratom lspra Establishment is locatedin Northern Italy

58 Km NW away from Milan and 14 Km W from ‘Varese.

The activitylevels shown in thisreport represent weapons-

testfallout,and do not reflectany contaminationfrom the site.

SAMPLE COLLECTION-----------------------

a. Air-----

Air is drawn by pumps through paper filtersat the rate of,

3at least, 500 m / day, measured. by g~s meter.

The singledailyfiltersare measured for gross beta radioac-

tivityand then pooled to give monthly samples , for gamma spectrometry:.,

and radiochemical analyses.

b. Wet and dry deposition---------------------

These samples are collectedmonthly by means of four 1 m2

stainless,steelfunnels, having the bottom always covered with deionized

water. The collected water is qaporated and the dry residue analysed.

c. Milk-------

Milk is collectedtwice a week’in four small localdairies to

About six litersdry matter are submittedto gammagive 8 liters/ month. ‘

spectrometry and two litersashed for radiochemical determination of stron-

tium-90.

r----- , . - .
,.. .

111 - 33

-.. . . .



●

CHEMICAL PROCEDURES AND COUNTING TECHNIQUES------------------------- ------------ ---------------.-

,!

a. Strontium-$10 is separated by the fuming nitricacid precipitation------------

and then purifiedthrough hydroxides and chromates precipitations.

The activityof the finalstrontium carbonate and yttrium oxalate

precipitates is measured in low level anticoincidence beta counters.

b. Cesium-137 is measured by direct gamma spectrometry on the un-----------

processed or dried samples and, whenever itis necessary, by

gamma spectrometry after chemical separation. This is performed

by filtration“ofthe solution, obtained dissolving the sample, through
.

a thinAMP (ammonium molybdophosphate) layer, by which cesium

is retained. Details of this procedure may be found in the paper

by E. Van der .Strichtissued “on“Radiochemical Acts” ~, 193-199

(1964).

c. Gamma emittingnudides are measured by directgamma spectro---------_---- -----------

metry, using, also the spectrum strippingtechnique.

d. Plutonium-23g+240 is separated by anion exchange and electro-------------------

deposition;detailsof the procedure may be found in the paper by

M. C. de Bortoli: “Radiochemical determination of plutonium in

soiland other environmental samples”, Anal. Chem. ~ 37S

(
. . . . - .-
March 196Z.

The activityis measured in a Frish grid ionisationchamber con-

nected to a multichannel analyser.

EXTRAPOLATION OF THE DATA--------.--- ------ ----------------.

Except when otherwise stated,the data presented in thisreport

are extrapolatedto the lastdtiyof the collectingperiod.
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..-----

------

. -----

-. --,

. ..0..

--------.-

------- --------

,-------- ----

m
04

M( MO”

------- .- .,---

-------- -----

Z ?2
m o“ 0“

-----””” “---

------ ------- - -------- s

.- ”----- .ti. -

,. -. -,-. ,., . .,’

III 35

.,



.

‘.1

.--,

---
c

.--,

.,

--------- ---

I=ml,n.
m N“ +“

--------- -s,

ret-t+.
l-l +“ ~“

, --------- ,

--—------ -e

In
I mm

o“ H“

-“---” -- ---,

111 - 36



,
1

d
[

/

u

Jso
i

. T ------ .



PART IV

RECENT PUBLICATIONS RELATED TO WiDIONUCLIDE STUDIES

l-v-l

. . -F.-. “ . .
..



—

“.

Recent Publications Related to Radi.onuclide Studies

Aarkrog, A.

On the Direct Contamination of Rye, Barley, Wheat and Oats
with 85sr, 134cs, 54~ and 141Ce

Radiation Botany, 9, pp 357-366, 1969

Anderson, T.
Small-scale Variations of the Contamination of Rain Caused

by Washout from the Low Layers of the Atmosphere
Tellus, 21, No. 5, 1965

Avramyenko, A.S. and Makhonko, K. P.
Radioactivity of Raindrops
Atmospheric and Oceanic Physics, ~, No. 6, pp 647-648, 1969

Besson, A., Prigent, Y., and Van-Kote, F.
Application of Mercury Cathode Electrolysis to Fission

Product Separation
Rapport CEA-R-3788

Birge, S.J., Berman, M., Peck, W,A. and Whedon, G.D.
Study of Calcium Absorption in Man: A Kinetic Analysis and

Physiologic Model
J. of Clinical Investigation, 48, No. 9, September 1969

Blanchard, R. L. and Moore, J. B.

210Pb and 210Po in Tissues of Scme Alaskan Residents as
Related to Consumption of Caribou or’ Reindeer Meat

Health Physics, ill, No. 2, February 1970

Book, S,, A.
Fallout CS-137 Accumulation in Two Subpopulations of Black-tailed

Deer (Odocoileus Hemionus Columbianus}
N70-13009, UCD-34-P-104-=I4, Avail: CFSTI
California Univ. Radiobiology Lab., Davis, Calif.

Bove, J.L. and Siebenberg, S.

Airborne Lead and Carbon Monoxide at 45th Street, NYC

Science. 167, No. 392(3, February 13, 1970

I’J - 2



-.

Boulenger - X. de Maere
LaRetOmb~e Radio-Active Mesur~e A Mol

Rapport D’Avancement Du Department
“Mesure et Controle Des Radiations”

Anng 1968, Jaar,
144, Avenue E Plasky, Bruxelles 4, Belgique

Cambray, R.S., Fisher, E.M., Br~~ks, WOLQ, and pe~,rscno DOHO
Radioactive Fallout in Air and Rain Results to the Middle

of 1969

AERE R6212, Harwell, Berkshire, 19~9

Cameron, J.R., Jurist, J.M.@ Screnscn, JOAO and MaZess, ROBO
New Methods of Skeletal Status Evaluation in Space Flight.
Aerospace Medicine, 40, No. 10, October 1969

Carach, J. and Csupka, S.
Influence of Fallout on Sr-90 in Wheat, 1963-1965
Biologia, ~, 422-30, (1967)

Carr, T.E.F., Nolan, J. and Durak~vicO A.
Effect of Alginate on the Abosrpticn and Excretion of

203pb in Rats fed Milk and Normal Diets

Nature, ~, December 13, 1969

Chase, H. C.
Infant Mortality and Weight at Birth: ~960 United States

Birth Cohort
American Journal of Public Health, 59, NO. 9, September 1969

Clarke, J. F.
A Meteorological Analysis of Carbon Dioxide Concentrations

Measured at a Rural Location
Atmospheric Environment, July 1969

Commoner, B.
Evaluating the Biosphere
Science Journal, 5A, No. 4, October 1969

Csupka, S., Carach, J., Petrasova, M.
Content of Sr-90 and CS-137 in Leaf and Root Vegetables

in 1964 in and their Ecology
Biologia 21, pp 432-7 (1966)

-——z— -. -. . ...,

IV-3

.



.

,

Csupka, S., Carach, J., Petrasova, M.
Dietary Intake of Radio strontium and Radiocesium in 1965
Bratislavske Lekarske Listy 47, 60 41-8(1967)

Danali, S.D.
On the Radioactivity of Summer Clouds on Mount Olympus
Pure & Applied Geophysics, 75, 1969/IV0 pp 263-267

deBortoli, M. and P. Gaglione
Environmental Radioactivity - Ispra 1968
EUR 4412e, January 197’0

Duggan, M. J. and Howell, D. M.
Relationship Between the Unattached Fraction of Airborne

RaA and the Concentration of Condensation Nuclei
Nature, 224, No. 5225, December 200 1969

.

Earthquakes and Nuclear Detonations

Science, 167, No. 3920, pp 1011-1014

Edwards, A.
An Appraisal of the Correlation Technique Applied to the

Measurement of Low Levels of Rad.ioact.ivity
Int. Journal of Applied Radiation and Isotopes, Augus& 1969

Environmental Radioactivity in New Zealand
Report No. NRL F36
National Radiation Lab., P. 0. Box 1456, Christchurch, No Z.

Giraytys, J.
Symposium on Meteorological Observations and Instrumentations
Bulletin of the American Meteorological Society, 50, Nc. 9,

Septeniber 1969

Gonda, A., Wong, N., Seely, J.F. and Dirks, Jo Ho
The Role of Hemodynamic Factors on Urinary Calcium and

Magnesium Excretion
Canadian J. of Physiology & Pharmacology, 47, No. 7, July 1969

IV-4
,



,

—.

HabereZ, K.

Radionuclides in Water
Verlag Karl Thiemig Kg., Munchen

Harrison, G.E., Carr, T.E.F., Sutton# A- and Humphreys~ E*Ro

Effect of Alginate on the Absorption of Lead in Man
NatUre, 224, No. 5224, December 13, 1969

Holtzman, R.B.
Sources Of 210’Pbin Uranium Miners
Health Physics, 18, No. 2, Febr-~ary 1970.

Hoover, W. L., Reagor, J.C. and Garner, J.C.

Extraction and Atomic Absorption Analysis of Lead and Plant
and Animal Products

J. of the Association of Official Analytical Chemists,
Vol . 52, No. 4, July 1969

Howard, E.B., Clarke, W.J., Karagianes, M.T. and Palmer, R.F.

Strontium-90 Induced Bone Tumors in Miniature Swine
Radiation Research, Vol. 39, No. 3, September 1969

Husdan, H. and Rapoport, A.
Estimation of Calcium, Magnesium and Phosphorus in Diet

and Stool
Clinical Chemistry, ~, No. 8, August 1969

Jones, J.E., Jacobs, W.H., Shane, S.R. and Flink, E.B.
Magnesium Balance Studies in Chronic Alcoholism
Annals of the N. Y. Academy of Sciences, ~, Article 2,

August 15, 1969

Keipert, J.A.

Primary Hypomagnesaemia with Semndary Hypocalcaemia in
an Infant

The Medical J. of Australia, Vol. 2, No. 5, August 2, 1969

Kerns, R. F.
Relationship of Water Fluoridation to Bone Density in

two New York Towns

Public Health Reports, 84, No. 9, September 1969

,,-. .-

IV-5



-,..,,-.. ~ &,A,..bi. .:. l..l. . . ... ...”... .is ; . .. .. S.. J “ . ...,. - ,A1.OAbdAa..Lk.iL~ &&&.”iA:A.. .

. Lalit, B. Y.

Dependence of Strontium-(30 in .LllLk J!-II.LS Concentrations

m A~r and Surface Deposltio?l

Jo of Scientific and Industrial Research, ~, No . 9,

PP 372-375, 1967

Lalit, B. Y. and Chandrasekaran, V R.

Radiostrontium in the Air and Surface Deposition
J. of Scientific and Industrial Research, ~, No. 9,

pp 335-338, 1968

Lindop, P. J. and Rotblat, J.
Sr-90 and Infant Mortality
Nature, 224, No. 5226, December 27, 1969

.
Lutwak, L., Whedon, G.D., Lachance, P.A., Reid~ J~M’ and

Lipscomb, H.S.
Mineral Electrolyte and Nitrogen Balance Studies of the

Gemini-VII Fourteen–day Orbital Space Flight
The J. of Clinical Endocrinology & Metabolism, 29, NO. 9,

September 1969, pp 1140-1156

Marshall, J. H., Rundo, J. and Harrison, G.E.
Retention of Radium in Man
Radiation Research, 39, No. 2, August 1969

Murtalen, C. A., Cabrejas, M. L., SotO, R. J.
Isotopic Determination of Intestinal Calcium Absorption

in Normal Subjects
Metabolism, ~, No. 5, May 1969

Mejdahl, V.
Measurement of Environmental Radiation Intensity with

Thermoluminescent CaS04: Dy

Health Physics, ~, No. 2, February 1970

Mishra, U.C., Kerala Varma, R. and Kamath, P.G.
Cesium-137 and Potassium in Indian Whole Milk
Journal of Scientific and Industrial Research, 28, NO. 9,

pp 354-358, 1969

I\’ - 6
.,

..- - . .- . . ... -. .—



Mitchell, N. T.
Radioactivity in Surface and Coastal Waters of the

British Isles - 1968

Technical Report FRL-5
Ministry of Agriculture, Fisheries & Food
Hamilton Dock Lowestoft, Suffolk, November 1969

Miyake, y. and Kanazawa, T.

Atmospheric Ozone and Radioacti-re Fallout
Papers in Meteorology & Geophysics, Vol . XVII, No. 4~ 1967

Meteorological Research Institute, Japan

Miyake, Y., Katsuragi, Y. and Sugimura, Y.

Deposition of Plutonium in Tckyo through the end of 1966

Papers in Meteorology & Geophysics, Vol. XIX, No. 2, 1968
Meteorological Research Institute. Japan

Murozumi, M., Chow, T. J. and patterson~ c“
Chemical Concentrations of Pollutant Lead Aerosols,

Terrestrial Dusts and. Sea Saits in Greenland and
Antarctic Snow Strata

Geochimica et Cosmochimica Act.a, Volume 33, 1969

National Institute of Radiological Sciences
Annual Report 1968-L969
NIRS-8 , October 1969

Science & Technology Agency, Japan

Neave, M.
The Nutrition of Polynesian Ch.lldren
Tropical and Geographical Medicine. ~, No. 3, September 1969

Newell, R., Vincents, D.G., and Kidson# JOWO
Inter’hemispheric Mass Exchange from Meteorol~gical and

Trace Substance Observations
Tellus, 21, No. 5, 1969—

Oliver, V. J.
Circulation in the Tropics as Revealed by SatelliLe Data

Bulletin of the American Meteorological Society,
Volume SO, No. 9, September 1969

Iv - 7

-y .-. --- -, . - . ... .



-!

Osborne, R. V.
Performance of an Automatic Analyser for Tritium in Urine
Health Physics, 18, No. 1, January 1970

Page, A. L., and Ganje, T. J.
Accumulations of Lead in Soils for Regions of High and Low

Motor Vehicle Traffic Density
Environmental Science & Technology, 4_, No. 2, February 19’70

Palma, R.J., Reinhold, P.E. and Pearson, K.H.
Determination of Calcium, Sbrontium, Barium, and Yttrium

by Spectropolarimetric Analysis
Analytical Letters 2(10), 553-564 (1969)

Peakall, D. B.
Effect of DDT on Calcium Uptake and Vitamin D Metabolism

in Birds
Nature, ~, No. 5225, December 20, 1969

PrigentO Y. and Van Kote, F.
Radiochemical Determination of Beryllium-7 in a Fission

Product Mixture Containing many Inorganic Salts
Rapport CEA-R-3877

Prospero, J. M. and Carlson, T. N.
Radon-222 in the North Atlantic Trade Winds: Its Relationship

to Dust Transport from Africa
Science, ~, No. 3920, February 13, 1970

Radioactivity Ambiante Dans Les Pays De La Communaute

Bulletin Trimestriel, NO 2/69
October 1969

Radioactive Contamination of Foodstuffs in the Countries
of the Community in 1967

EUR 4383 d/f/i/n, December 1969

Radioactivity Survey Data in Japan

NIRS RSD-22, February 1969
National Institute of Radiological Sciences, Chiba, Japan

. .



RappOrt D’Activite
September, October, November and December, 1969

SCP’RI B.P. n035, 78 Le Vesinet

Annexe Au Rapport Mensuel
Detail Des Resultats de Mesure, September, October, November and

December 1969

SCPRI B.P. n035, 78 Le Vesinet

Rice, B.F., Schneider, G. and Weed, J.

Serum Calcium and Magnesium Concentration during Early
Labor and the Postpartum Period

Obstetrics and Gynecology, Vol. 104, No. 8, Aug 15, 1969

Roy, Jo K., and Roy, B.C.

Food Sources, Dietary Habits and Nutrients Intake of the Nico-
barese of Great Nicobar

Indian J. of Medical Research, ~, No. 5, 1969

Sanders, C. L.
239Pu02 ParticleMaintenance of Phagocytic Function Following

Administration
Health Physics, ~, No. It January 1970

Sanders, C. L. and Bair, W. J.

The Effect of DTPA and Calcium on the Translocation of
239Pu02 ParticlesIntraperitoneally Administered

Health Physics, ~, No. 2, February 1970

Schell, W. R.
Investigation and Comparison of Radiogenic Argon, Tritium,

and C-14 in Atmospheric Reservoirs
.

N70-13966, LRL, Livermore

Somayajulu, B.L.K. and Lal, D.

Man-made Carbon-14 in Deep Pacific Waters: Transport by
Biological Skeletal Material

Science, 166, No. 3911, December 12, 1969

IV-9

.- -7-X-.. ,. . . . . . . . . . . .



w

Sotobayashi, T., Suzuki, T. and Furusawa, A.

Inter-hemispheric Transfer of Fresh Debris from French
Nuclear Tests in 1968

Nature, 224, NO. 5224, December 13, 1969

Stather, J. W.
An Analysis of the Whole-body Retention of Caesium-137

in Rats of Various Ages
Health Physics. 18, No. 1, January 1970

Stein, F.

The Shape of Atmospheric Particles in Pittsburgh Air
Atmospheric Environment, July 1969

Sternglass, E. J.
A Reply

*
Bulletin of the Atomic Scientists
Vol . XXV, No. 10, December 1969

StevellSo w., Stov,er, Ba Je,’ Bruenger, Fe w and Taylor, ~aN

o 0

Some Observations on the Deposition of Americi~m-241 in the

Thyroid Gland of The Beagle
Radiation Research, Vol. 39, No. 1, 1969

stout, G.E.

Study of Rainout of Radioactivity in Illinois
8th Progress Report

COntraCt No. AT(ll-1)-1199, November 1969
COO-1199-18, sponsored by USAEC, DBM

Strohal, PO, Lulic, So and Jelisavc~cO 00

The Loss of Cerium, Cobalt, Manganese, ProtactiumO Ruthenium
and Zinc during Dry Ashing of Biological Material

The Analyst. ~, Nc. 1121, August 1969

Surveillance De La Radioactivity de L’Atmosphere et

Des Eaux
Canm.issariat a L’Energie Atomique

3°Trimestre 1969, F~NCE



surveillance De La Rad.ioactivite De La Chaine
Alimentaire

commissariats a L’Energie Atomique
0 Trimestre 1969, FRANCE2° and 3

Tamplin~ A. R.
Fetal and Infant Mortality and the Environment
Bulletin of the Atomic Scientists - Science s pub~i~ Affa~~s
VOIUme XXV, No. 10, December 1969

Ter Haar, G., Dedolph, R.R., Holtzman, R.B. and L“Jcas, H.F.
The Lead Uptake by Perennial Rye grass and Radishes from

Air, Water and Soil

Environmental Research, T701. 2, No. 40 1969

Thomas, J. W. and LeClare, P.C.
A Study of the Two-filter Method for Radon-222
Health Physics, 18, No. 2, February 1970

ThomasSon, W.N., Belch, W.E., Gamble. J.F.
Uptake and Translocation of 134CS, 59Fe, 85Sr, and 1~5W by

Banana Plants and a Coconut Plant Following Foliar Application
Bio-Science, ~, No. 7, July 1969

Trotter? M. and Peterson, R. R.
Weight of Bone During the Fetal Period
Growth, Volume 33, No. 2, 1969 ‘

Umweltradioaktivitat un Strahlenbelastung
Jahresbericht 1968
Herausgegeben vom Bundesminister fur Wissenschaftliche

Forschung
Bonn, Germany, Septertiber 1, 1969

Vaughan, B. E. and Strand, J. A.
Biological Implications of a Marine Release of

90
Sr

Health Physics, 18, No. 1, January 1970

. ..



Volchok, H. L., Feiner, M., Simpson, H.J., Broecker, W. S.,
Noshkin, V.E., Bowen, V.T. and Willis, E.-

Ocean Fallout - The Crater Lake Experiment

J. Geophysical Research, ~, No. 6, pp 1084-1091, Feb. 20, 1970

Weaver, C. L., Harward, E. D. and Peterson, H. T.
Tritium in the Environment from Nuclear Power Plants<. Bureau

of Radiological Health
Public Health Reports, 84(4) , pp 363-371, April 1969

Weaver, L. E . (Editor)
Education for Peaceful Uses of Nuclear Explosives
The University of Arizona Press, Tucson, Arizona

Wolkonsky, P. M.
Pulmonary Effects of Air Pollution
Archives of Environmental Health, ~, No. 4, October 1969

Woodard, H. Q.
A Comparison of the Chemistry of Blood from Bone and
Peripheral Veins
Clinical Orthopedics & Related Research
September-October 1969

Iv - 12
,,

.. . . .


