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LEGAL NOTICE

This report was prepared as an account of Government sponsored
work. Neither the United States, nor the Commission, nor any
person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or im-
plied, with respect to the accuracy, completeness, or usefulness
of the information contained in this report, or that the use of
any information, apparatus, method, or process disclosed in this
report may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or
for damages resulting from the use of any information, apparatus,
method, or process disclosed in this report.

As used in the above, 'person acting on behalf of the Com-
mission' includes any employee or contractor of the Commission,
or employee of such contractor, to the extent that such employee
or contractor of the Commission, or employee of such contractor
prepares, disseminates, or provides access to, any information
pursuant to his employment or contract with the Commission, or
his employment with such contractor.

Printed in the United States of America
Available from
Clearinghouse for Federal Scientific and Technical Information
National Bureau of Standards, U. S. Department of Commerce
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ABSTRACT

This report presents current data from the HASL Fallcut Prcgram,
the National Radiation Laboratory in New Zealand, the Depariment
of Scientific and Industrial Research in New Zealand, The EURATOM
Joint Nuclear Research Centre and The Radiological Physics Divisicn
at Argonne National Laboratory. The initial section consists of
interpretive reports and notes covering the fellowing topics:
radium-226 in diet, plutonium-239 anocmaly in the troposphere. and
the quality of radiochemical analyses 1in the HASL surface air samp-
ling program. Subsequent sections include tabulations of radio-
nuclide levels in stratospheric air, surface air, failout. milk,
other diet components, and tap water. A bibliography cf recsnt
publications related to radionuclide studies 1is also presentad .
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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 seriés, starting with HASL-42, "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 quar-
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 interpretaticns 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 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 from
the EURATOM Joint Nuclear Research Center at Ispra, the Division of Radic-
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 Jerseys
Radiochemistry Incorporated, Louisville, Kentucky; Tracerlab, Division of
LFE, Richmond, California (now Trapelo Division/West):; Controls for Radia-
tion, Inc., Cambridge, Mass.; Hazleton-Nuclear Science Corporation, Palc
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
A B

- viii - SN
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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 gurveys 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 Depa;tment 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 diet§ from
November 1967 td June 1968‘was 0.4 pCi/day.(A) 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 Francisco is 0.036 pCi/é Ca and 0.031 pCi/g Ca, respectively, Since
the dietary radium-226 levels for these cities are differemt 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 rédium-226 level in man.
Little is known about the availability of radium-226 from foodstuffs?
but there is indication that it is quite variable. We are initiating a

few studies to attempt to correlate radium-226 bone levels with particular

dietary cemponents. I - 3
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Because the smount of Pu-233 found irn surfacs air samples is fre-

duently in the range of 1 dom this blank may represent a significant
fraction of the total activity.

The results of analyses on standard samples are shown in Tabkle 2.
These data ars indicative ¢of the accuracy cf the radicchemical anal-
yses. The values shown are the average percert deviaticns between the

added activities and the results reported by the contractor. Althocugh

most of the results are satisfactory, there appears tc be a large pesi-

tive bias in the Pu-238 values for much of 19€8, which cannct be ac-
counted for by the increase of the klank ccntamination. Samples sub-

mitted to the contractor during 1969 which were prepared with a new

[N

standard solution do not exhibit this bias, and 1% is tharefors prro-
babkle that the pcor results reflect a degeneration cf the Pu-233 star-

dard sclution used for the preparation of the 1968 guality control

samplies.
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s that the blank values revorted here r=+

reagent biank.,

talinacicn UL vhe I1lter material both during manutacture and aurlng
handling at HASL and at the contractor labocratory.
Table 1 lists the results of the analyses of the blanks for each

nuclide., 1In general these data indicate low levels of contamination

(e
M
ot
by
U]
t
¢
oy
(0]

for mest of the nuclides. however it is significant to not
average Pu-238 biank rose from C.C4 dpm n 1967 to 0.22 dpom in 1968,
Because the amount of Pu-2338 found irn surface air sampies is fre=-
éuently in the range of 1 dom this blank may represent a significant
fraction of the total activity.

The results of analyses on standard samples are shcwn in Table 2.
These data are indicative of the accuracy of the radiochem.cal anal-
yses. The wvalues shown are the average percert deviaticns between the
added activities and the results reported by the contractcr. Although
most of the results are satisfactory, there appears tc be a large pcsi-
tive bias in the Pu~-238 wvalues fcr much of 1968, which cannot be ac-
counted for by the increase of the klank ccntamination. Samples sub-
mitted to the contractor during 1969 which were prepared with a new
standard solution do not exhibit this bias, and 1% is tharefore pro-
bable that the pcor results reflect a degenerstion of the Pu-233 star-

dard sclution used for the preparation of the 1968 guality contrcl

samples.
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Plutonium-239 Anomaly in the Troposphere

by H. L. 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 Palcmares,
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 prodact 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.



Stratospheric Data

The Pu-239/Sr-90 ratios at 19.2 km and just above the tropopause
are illustrated in Figures 1 and 2 for the period August 1967 through
April 1969. These figures were constructed from data obtained in Pro-
ject Airstream (5,6,7,8) and represent the minimum and maximum alti-
tudes routinely sampled in this program,’ Since the tropopause height

varies with latitude, the altitudes in Figure 2 also vary as follows:

Latitude Altitude
75°N-65°N 12 .2 km
65°N-36°N 13.7 km
36°N-34%s 15.2 km
34%°5-51%s 13.7 km

Figure 1 shows that at the higher altitude, the Pu-239/Sr-90 was
uniformly less than 2% in both hemispheres, until the debris from the
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.
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expected.

As a result of the 6th Chinese test (June 1967) most of which was
deposited in the stratosphere, the gradual rise in the Pu-239/Sr-90 in
the Northern Hemisphere surface air from less than 2% in mid-1967 to
almost 3% by mid 1968 was not surprising. Starting with June 1968,
however, and persisting well into 1969, numerous samples were measured
with ratios over 3% and a few even exceeded 4%. From Figures 1 and 2
it seems clear that ratios such as these could not be derived frcm the
debris in the stratosphere without some fractionation of these two nu-

clides between the tropopause and the earth's surface.
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An upper and lower limit of the average monthly tropospheric
inventofy of the excess Pu-239 was then estimated from the above re-
sult, depending upon the assumed distribution with altitude. If the
excess assumed an altitude profile similar to that of stratcspheric
debris, an upper limit of 70 curies of excess Pu-239 in the trepe-
sphere was indicated. 1If the excess concentration is essentially
constant to an elevation of 1000 meters, with nothing above, a lower
limit of about 1 curie was obtained.

There were no reported atmospheric nuclear tests in +he Northern
Hemisphere from December 1967 to December 1968 (11): hence the mid-to-
late-1968 anomalies cannot be explained as due to fresh dekric., OCther
possible surface releases of Pu-239, such as airplane crashes with lcse
of nuclear material, leaks frcm processing plants or other similar
sources cannot be evaluated with information presently available. How-
ever, since virtually all of the Pu-238 in surface air, in the period ¢f
the anomaly came out of the stratosphere (either from nuclear “ests v
from the burn-up of SNAP-9A) a sharp decrease in the ratic Pu-238/P:-239
would have occurred in the event of significant tropospheric rele:ses
of Pu-239. As Figure 4 indicates, this sharp decline carnot be secen.

Some decrease did occur in 1968, much of it reflecting fallout from

I - 20



China's 6th test in June 1967, but this did not closely match the
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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:

e . léad, identifiable as originating in urban environments has been found

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

V8s regions of West Africa, has been traced westward across the Atlantic
Ocean to Barbados (13); and pesticide residues found in organs of

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

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

3

at this time to xule out this possibility.

239
5. Fractionation in the troposphere. This fifth possikle 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

s o e <P 1 80 > e @

evidence. Negatively, it can be demonstrated from Figure 3, that
this had never happened to any observable extent in the preceeding

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

PRI S Rt o e 1,

I-21

§ Wi



1o

EER? R P TP

air is enriched in Pu-239 in this particular period, socmewhere in the
atmosphere or on the ground we should cbserve data showing depletion

in that isotope. Fallout data do not support this idea. Althcugh
sparse {only two depositiOn sites in the Northern Hémisphere had sam~
ples routinely analyzed for Pu-239), the fallout zesults indicate tha-
Pu-239/Sr-90 ratios in precipitation are about the same as in the sur-
face air {9, 15, 16, 17, 18, 19, 20, 21, 22, 23}. On the other hard it
certainly would nct be unreaéonable to expect fractionation between twc
such chemically different elements as Pu and Sr. Furthermore., since
their origins differ markedly, they may very likely enter the tropospher-
on particles of different size. We do not prcpose to speculate further
on the possible mechanisms of fracticnation: howewver, it does seem cles:
that an acceptable case for fractionation of these radioruclides, cc:ld
be presented.

Conclusicns

The anomalous ratios of Pu-239/Sr-90 in Northern Hemisphere sur-
face air in 1968-1969 remain unexplained. Neither of the most plausille
explanations advanced in this report, tropospheric releases of Pu-239
and tropospheric fractionation of the radionuclides, have beern experi-
mentally substantiated. Iﬁ fact both explanations seem to be contra-
indicated by other observations and data. Sampling and anaiysis for
Pu-239 and Sr-90 will be continued in both the stratdspheric and sur-
face air programs, and other studies which may bear on this subject
will be considered to help finally understand this paradox.
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PART II

HASL FALLOUT PROGRAM DATA
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HASL Diet Studies: Fourth Quarter 1969

by J. Rivera, (HASL,

1o

Results of the measurements of the Sr90 content of foods pur-

chased in New York City and San Francisco in the fourth quarter of 1

e given 1n ollowing table. Estimatés of the d&iiy intake of
based on these measurements and on the revised censumption statist:ic
given in a recently available U. S. Department of Agriculture Raport
are also listed.

The estimates of daily sr?0 intake are a continuation of the HAS
Tri-City diet studies which were started in March of‘1960. Results ¢
the earlier measurements along with those made during 1969 are shown
graphically in the figure on page II-6. A complete descripticn of th

sampling methods and philosophy of the HASL diet studies was given in

HASI.-200 (3) |

REFERENCES

(1) Food Consumption of Households in the United States - Spring L9618
A Preliminary Report, U.S.D.A. ARS 62-16, August 1967

(2) Rivera, J. and Harley, J. H.
HASL Contributions to the Study of Fallout in Food Chains
USAEC Report HASL-147, July (1964)

(3) USAEC Report HASL-200, October (1968), p. II-6
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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 fallout
from weapons tests is directed towards estimating the dose commitment.
A major contributor to bone dose is strontium-90 but there have not
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 scme 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.

Dr. E. I. Komorov of WHO has been coordinating this program. Sam-
pPles for 1969 have been received from Senegal, Jamaica, Chile and-
Venezuela. Negotiations are under way to obtain additional material
from other countries in Africa and from Asia. The samples are being
analyzed by the Health and Safety Laboratory énd the results are pre-
sented here as a tabulation of the available data.

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

and they are included in the tabulation for comparison.
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Toidn ui up LU LZ—1FC NO. L478 trlter

into the sampling duct near the bomb bay on the right side of the a:r-
craft. The volume of air sampled by each fiiter is calculated by the
methods developed under Project Stardust and updated by Krajewski (%),
and are reparted as standard cubic meters (SCM) under the ICAO standard

atmesphere (760 mm Hg and 150C)a
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OTAL GAMMA AND GAMMA SPECTRUM MEASUREMENTS

Y closeqd
ward of Upcn arrival at HASL, the filters are coded, logged and quartered.
d o
The entire sample (Oor a representative fraction if the activity is too
e high) 1s folded and placed in a plastic box, 8 cm x 6.5 cm x 3.1 cm
ht a3 deep, for gamma spectrometric analysis on an 8" x 4" NaI (Tl) crystal.
is-
v e The total gamma activity is integrated between 100 Kev and 3.0 Mev,
on-
fo and the gamma concentration is reported as counts per minute (cpm) per
ur
100 SCM on the counting date. The complex spectrum is then submitted
for computer resolution by least squares fitting into its component
members. E
RADIOCHEMICAYL ANALYSIS
Based upon the gamma measurements, fractions of the filters are
ti- ccmbined 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
3/8%) Sr-89 Ce-141 Po-210 Pu-239,240
. Sr-90 Ce-144
Lr-
At the present time, Trapelo Divisicn/West formerly Tracerlab of
1e
Richmond, California is performing these analyses. Nuclide concentra-

tions from radiochemical analyses are reported as picocuries per 100
standard cubic meters of air (pCi/100 SCM) at collection time. Follow-

ing a previously established practice, Fe-55 is decay corrected to

R e R - - - - -~
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€ Stratospnere e;;HpruauLeu arat
Latitude Regicn Nuclear Test
D 90N - 40N Chinese test of September 29, 1969
B 40N - 10N Chinese test of December 28, 1968
. 10N - >51s8 ' French thermonﬁclear tests in mid-

1968

o

The samples in Tables 3b and 3c are grouped according to the
altitude of collecticon beginning with 19.2 km. Within each altitude
group, the samples are theﬁ listed with decreaéing latitude. The
fractions of each individual filter making up the composite are liste
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.

QUALITY CONTROL

To evaluate the contractor’s performance in radiochemical anal-
yses, HASL routinely submits blind duplicates, blanks and standards.
The duplicates are identical composites submitted with 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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These calibrated sclutions are available from a number of sources
(i.e., Radiochemistry Center, IAEA, Nuclear Chicago) and are recali-
brated at HASL. Generally, the agreement between HASL's measurement
and the reported value is very good. HASL does not calibrate for szlo
directly, and the supplier's value is accepted. HASL does calibrate
for Po~210, and its evaluation of the Po-210 in a Pb-210 standard is
now adopted rather than the equilibrium value from the Pb-210.

The results of the quality control program for the October 1969
mission are summarized in Table 3d. The standards indicate that the
average accuracy of analysis is within *#10% or less. The blank anal-
yses indicate that the contamination introduced by normal handling

and laboratory procedure is either unmeasurable or insignificant‘for
all the nuclides studied. The duplicate samples show that the preci-
sion error of analyses is generally less than *10% except when-the
counting error of the measurement becomes the major uncertainty.

A serious exception to this general statement on analyticél pJ:;"e(=

cision is the Pu-238 and Pu-239 results from sample 2476 which differ

widely from the results of its duplicate 2458. While plutonium con-
centrations and ratios from sample 2458 appear reasonakle for the

region of the stratosphere from which it was collected, they 4o not

IT - 15
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for sample 2476. The results of the other quality control samp!
in this and earlier reports attest to the overall reliability or
the plutonium analyses. Therefore, it is likely that a sample s
of the plutonium fraction of sample 2476 took place during analy:
although nc positive evidence of such a switch was found. A this
duplicate of this sample will be submitted for Pu analyses to ver

this conclusion.

REFERENCES

(L) Krey, P. W,

Project Airstream

USAEC Report HASL-183, October (1967)
(2) Ibid, USAEC Report HASL-184, January (1968)
(3} Ikid, USAEC Report HASL-193, 2april {1968)
4} ibid, USAEC Report HASL-197, Jaly {1968)
(5} 1Ibid, USAEC Report HASL-204, January (1969)
(6) Ibid, USAEC Report HASL-207, April (1969)
(7) Ibid, USAEC Report HASL-210, July (1969)
(8) 1bid, USAEC Repcrt HASL-217, Januvary (1970)
(9} Krajewski, B.

Calculations of Stratospheric Air Sample Volumes
USAEC Report HASL-211, July (1969)
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High Altitude Balloon Sampling Program

by P. W. Krey (HASL)

In HASL-217, the analyses of all high altitude balloon sam-

Ples collected during 1968 were summarized. Unfortunately

three samples collected in October 1968 at San Angelo, Texas
were reported as having been flown in September. This error has
been cofrected in the accompanying tables which cover both the
September and October flights made at San Angelo. None of the

radiochemical data has been changed - only the collection dates.
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MEASUREMENTS ON SAMPLES FROM FIiJI AND RAROTONGA

NATIONAL RADIATION LABORATORY
P.O.BOX _I456, CHRISTCHURCH,NEW ZEALAND
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SYMBOLS UNITS AND EQUIVALENTS

UNITS OF RADIOACTIVITY

Ci ve oo CUTIE®  v4 oo vv ou vs os oo oo 3.7 X 1010 disintegrations per second
mCi .. .. millicurie .. .. 1072 Curies : :

pCi .. .. picocurie .. .. 10-12 Curies .. .. 2.22 disintegrations per minute

2.

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

Clyes o e ce ce e centimetre .. <o .. s 0.394 inches

KM “ee oo oo e o« oo 8Square kilometre .. .. 0.386 square miles
M” ee oo sc oo oo oo cubic metre.. .. .. .. 35.31 cubic feet
1itre v ve ov oe .o litre .. .4 o+ .. oo 0.880 quart

€ ve 4o se oo se os  ETAM 44 se seo oo o5 «» 0.0353 ounce

NOTES

Unless otherwise noted; all times given in this report are New Zealand
Standard time i.e. G.M.T. + 12 hours.

Radioactive fallout in rain is expressed as:
(a) Deposition - millicuries per square kilometre (mCi/kmz)
(b) Concentration - picocuries per litre (pCi/litre)

deposition (mCi/kmz)

rainfall (cm) x 100

Concentration (pCi/litre) =

2
Multiply mCi/km” by 2.59 to obtain mCi/sq. mile.

The levels of strontium-90 contamination in food and bone are
given in "Strontium Units" i,e. picocuries strontium-90 per gram
Of CBLCAUM veeverensasensseecenrsasasssnasonesesssespCl S170/g Ca.

Similarly caesium-137 results are given as picocuries of caesium-137
per gram of potassiumM.ssceceivsescocceesssscscncasasesepCl 08137/g K.

One litre of whole milk contains approximately:
1.2 g of calcium

1.4 g of potassium.
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RESULTS OF ROUTINE MONLTORING OF FALLOUT DURING SECOND QUARTER Lyoy

e

TABLE 1 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 Activity Filter Activity Filter Activi%y

Removed pCi/m Removed pCi/m Removed pCi/m
2.4,69 0.11 Lol 69 0.07 2.4,69 0.08
b.b4,69 0.1¢6 7.4.69 0.10 84,69 0,09
7.4.69 0,12 9.4,69 N.S, 144,69 0.07
94,69 0.12 11.4,69 0.06 16.4,69 0.09

11.4.69 0.13 14,4,69 0.15 21.4,69 0,05

144,69 0.25 16.4,69 0.07 23.4,69 0.03

16.4,69 0.15 18.4,69 0.12 244,69 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

30,4469 0.14 .

Average 0.13 Average 0.08 Average 0.06
2.5.69 0,07 2.5.69 0,09 2.5.69 0.05
545469 0.07 5¢5.,69 N.S. 545469 0.05
7.5.69 0.03 745.69 0.07 7.5.69 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 0.0

26.5.69 0.08 26.5,69 0.03 26,5.69 <0.01

28,5469 0.09 28.5.69 0.04 2845469 0.02

30.5.69 0.0l 3065.69 0.05 3045.69 0.03

Average 0.07 Average 0,07 I Average 0,05
2.6,69 0.04 2.6,69 0,02 3.6.69 0.04
L4,6,69 0.02 4,6,69 0.04 6.6,69 0.06
6,6,69 0.09 646,69 0.06 9,6,69 0.04
9.6.69 0.10 946,69 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 J 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 30,6469 0,0k

Average 0,07 Average 0.04 Average 0.04

Quarterly 0.09 Quarterly 0.06 Quarterly 0.06

Average Average Average
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TABLE 2 TOTAL BETA ACTIVITY OF WEEKLY RAINWATER COLLEGCTIONS
FOUR DAYS AFTER COLLECTION
AT DATE OF COLLECTION DEPOSITION RAINFALL CONCENTRATION
FROM TO mCi/km? em pCi/litre
29,3.69 5.4,69 1.5 6,2
504,69 12,4,69 2.2 5.5
12,4,69 19.4,69 1.4 7.8
19.4,69 26.,4.69 2.0 7.8
29.3.69 26,4,69 7e1 27.3 . 26
26,4,69 3.5.69 0.2 1.0
3.5.69 10.5.69 1.3 2,8
& 10.5.69 [ 17.5.69 0.4 1.0
8 17'5'69 24-5069 106 ) 809
g 24.5.69 | 31,5.69 0.2 0.9
) 6,4, 49 31.5.69 L 3.7 14,6 25
31¢5°69 706-69 0.2 Oo?
706,69 14,6,69 0,1 0.3
14,6,69 21,6.69 0.9 7.0
21,6,69 28,6,69 0.3 1,5
31.5069 28'6'69 1.5 9'5 16
2nd QUARTER 1969 12,3 51,4 24
28.3,69 34,69 0.2 0.2
' 3.4.69 11.4,69 1.5 0.8
11.4,69 18,4.69 0.3 €0,1
18.4,69 24,4, 69 1,2 3.6
2L"'14'¢69 205-69 Oo3 102
28.3.69 2.5,69 3.5 5.9 59
2.5,69 9.5.69 0.5 1.7
= 9.5.69 | 16,5.69 <0.1 <0.1
§ 16.5.69 23.5.69 0.1 0.7
o 23.5.69 30.5,69 0.3 2.6
é’ 2.5.69 | 30.5.69 1.0 5.1 20
o 30.5.69 6.6,69 0.1 1.0
6.6.69 13.6.69 <0,1 TRACE
13,6.69 20,6.69 0.5 0.8
20,6.69 27.6.69 0.2 1,5
30.5.69 [ 27.6.69 0.9 343 27
2nd QUARTER 1969 14,3 38
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" REPORT No.
NRL-F 36

OEPARTMENT OF HEALTH

QUARTERLY REPORT

JULY~SEPTEMBER
1969

ENVIRONMENTAL RADIOACTIVITY
| IN NEW ZEALAND

AND

MEASUREMENTS ON SAMPLES FROM FlJI AND RAROTONGA

 NATIONAL RADIATION LABORATORY
P.0.BOX 1456, CHRISTCHURCH NEW ZEALAND
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SYMBOLS UNITS AND EQUIVALENTS

UNITS OF RADIOACTIVITY

Ci os oo CU.rie ®e ¢4s 20 40 s 06 o8 e 30? X 1010 disintegfatione peI‘ Becond
mCi .. .. millicurie ., ., 10~3 Curies
PCi .. .. picocurie .. ., 10-12 Curies *e e« 2.22 disintegrations per minute

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

Cloes oo ae ee ve os centimetre .. ., .. .. 0.394 inches

< square kilometre .. .. 0,386 square miles
m) “e es te os o5 oo cubic metre.. .. .., .. 35.31 cubic feet
litre .. .. .. .. .. 1litre .. *e s+ oo oo 0,880 quart

B e ve os ee ee ua  grAm .. .. .. ce «s oo 0,0353 ounce

NOTES

1. Unless otherwise noted, all times given in this report are New Zealand
Standard time i.e. G.M.T, + 12 hours.

2. Radioactive fallout in rain is expressed asg:

(. (a) Deposition - millicuries per square kilometre (mCi/kmz)

(b) Concentration - picocuries per litre (pCi/1itre)

deposition (mCi/kmz)
rainfall (cm)

Concentration (pCi/litre) = x 100

Multiply mCi/kmz by 2.59 to obtain mCi/sq, mile.

3. The levels of strontium-90 contamination in food and bone are
&lven in "Strontium Units" i.e. picocuries strontium-90 per gram
of caICium '..-l........'.'...'l......."..‘....l...pci Sr9o/g Ca.

Similarly caesium-137 results are given as picocuries of caesium-137
Per gram of potessiuMesses..eeesesseiseseannnnnesss.pCi cs13?/g k.

One litre of whole milk contains approximately:
1.2 g of calcium

1.4 g of potassium.

IIT - 15
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"Permissible levels! of Radioactivity

These levels were derived so as to ensure that the dose to any member
of the public arising from the controlled use of radicactive materials does
not exceed the Dose Limit recommended by the International Commission on

Radiological Protection,

Strontium-90
i ‘
i In Milk: 270 Strontium Units - maintained indefinitely in the milk.
In Bone: 67 Strontium Units.

Caesium-137

In Milk: 7,000 pCi/g K - maintained indefinitely in the milk,
Todine-131
In Milk: 200 pCi/litre - as an average intake over one year,

 Total Beta Activity of Mixed Fission Products Between 10 and 80 Days 014

In AMr: 300 pCi/m° - for continuous breathing.

In Rainwater: 6,000 pCi/litre - for continuous consumption,




166E_ 170€E _
AREA: 103,000 square miles
(267,000 sq. km.)
POPULATION: 28 mililion " KAITAL
o l‘
36
4 NEW PLYMOUTHIBMR. 1%
‘ S [TARANAKD (M) ‘
. HASTINGS «§ OCK NORTH(R)
RSTON NORTH{BIM: -
o
B /4WELLINGTON] (A.BMRS)
WESTPORT
‘ i
GRE¥YMOUTHA{ BMRRS) |
HOKITIKA £ (M)
/ GHURCH (A.B.MRR) /
a4
SOUTH CANTERBURN] (S) a4
+2DUNEDIN (BM.R) !
GORE- j
INVERCARGILL { B.R) |
> S ST JeE— S ====

LOCATION 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 performed (e.g. weekly gnd monthly rainwater collect-

ion) the appropriate s;ymgol is shown twice. Collection areas not confined to

a single location but extending over part of o province or district are shown
thus ¥ [NAME]
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BESULTS OF ROUTINE MONITORING OF FALLODUT DURING THIRD QUARTER 1969

TABLE 1 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 Deta
Filter Activity - Filter Activity Filter Activity
Removed pCi/m Removed pCi/m3 Removed 1:oCi/m3

2.7.69 0.10 2.7.69 0.05 2.7.69 0.04

4.7.69 0.08 4.7.69 0.04 4.7.59 0.06

7.7.69 0.09 8.7.69 0.09 7.7.69 0.05

9.7.69 0.07 9,7.69 0.08 9.7.59 0.05
11.7.69 0.03 11.7.69 0.03 11.7.69 0.04
14.7.69 0.04 14,7.69 0.04 15.7.69 0.04
16.7.69 0.06 16.7.69 0.04 18.7.69 0.04
18.7.69 0.04 18.7.69 0.04 21.7.69 0.05
21.7.69 0.0k 21.7.69 0.03 23.7.69 0.07
23.7.69 0.08 23.7.69 0.07 25.7.59 0.08
25.7.69 0.07 25.7.69 0.09 28.7.69 0.03
28.7.69 0.04 28.7.69 0.02 30.7.59 0.0k
30.7.69 0.05 30.7.69 0.09 1.8.59 0.03

1.8.69 0.09 1.8.69 0.03

Average 0.06 Average 0.05 Average 0.05
4.8.69 0.09 4.8.69 0.05 4,8.69 0.03

6.8.69 0.13 6.8.69 0.05 6.8.69 0.05

8.8.69 0.04 8.8.69 0.17 8,8.69 0.04
11.8.69 0.07 11.8.69 0.05 11.8.59 0.05
'13.8.69 0.05 13.8.69 0.06 14.8.59 0.05
15.8.69 0.08 15.8.69 0.08 15.8.69 0.03
18.8.69 0.13 18.8.69 0.02 18.8.69 0.0h
20.8.69 0.10 20.8.69 0.07 20.8.69 0.05
22.8.69 0.07 22.8.69 0.07 25.8.69 0.09
25.8.69 0.03 25.8.69 0.05 27.8.49 0.12
27.8.69 0.08 27.8.69 0.09 29,8.6% 0.04
29.8.69 0.10 29.8.69 0.06 1.9.49 0.06
1.9.69 0.08 1.9.69 0.05
Average 0.08 Average 0.07 Average 0.05
3.9.69 0.09 3.9.69 0.03 3.9.69 0.05
5.9.69 0.09 5.9.69 0.12 5.9.69 0.08
8.9.69 0.11 8.9.69 0.09 8.9.69 0.04
10.9.69 0.03 10.9.69 0.05 10.9.69 0.02
12.9.69 0.09 12.9.69 0.07 12.9.69 0.07
15.9.69 0.10 15.9.69 0.08 15.9.69 0.05
17.9.69 0.12 17.9.69 0.09 17.5.69 0.05
19,9.69 0,08 19.9.69 0.06 19.9.69 0.04
22.9.69 0.07 22.9.69 0.05 22.9.69 °'°§
24.9.69 0.07 24.9.69 0-0% A g'gs
26.9.69 0.12 26.9.69 0.06 29.9.69 ’

. 1.10.69 0..08
29.9.69 0.08 29.9.69 0.07
1.10.69 0.10 1.10.69 0.08
Average 0.09 Average 0.07 Average , U. 0\
Quarterly 0.08 Quarterly 0.06 Q:ig::;ty 0.05
Average ‘ Average
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2.

Department of Scientific and Industrial Research
The Institute of Nuclear Sciences
Lower Hutt, New Zealand

RADIOISOTOPES IN RAINWATER:

Results for

January-April 1968 report No. 72
May - August 1968 report No. 73
September-December 1968 report No. 74
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e

Cesium-137 in Various Chicago Foods
(Collection Month January, 1970)

S. S. Brar and D. M. Nelson

Radiological Physics Division
Argonne National Laboratory
Argonne, Illinois 60439

Since April, 1961, the 137Cs and potassium content of the Chicago

portion of Tri-City Diet Sampling Program has bgen determinéd1~4 in
bulk food samples by gamma ray spectrometry using a 4" x 4" Nal (T1)
crystal. The individual food components were counted for a minimum

of 100 minutes, and from these measurements composite daily gnd 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 aécuracy. The same variety of foods (all fresh vegetables; all
fresh fruits, etc.) are composited 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 IT.

%*
Work performed under the auspices of the U. S. Atomic Energy Commission.
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Table 1

Cesium~137 in Chicago Diets
(Adults)

January, 1970

137 137

Potassium Cs Potassium Cs
kg/yr g/ks pCi/kg g/yr pCi/yr

White Bread 37 1.0 18 37 666
Whole Wheat Bread 11 2.6 39 29 429

Eggs 16 1.3 o 21 0
Fresh Vegetables 43 3.5 -0 151 0

: Root Vegetables 17 2.9 0 49 0
: Milk 221 1.5 12 332 2652
E Poultry 17 2.4 11 41 187
Fresh Fish 8 3.7 32 30 256
Flour 43 1.1 21 47 903
Macaroni 3 2.2 28 7 84

Meat 73 . 3.3 28 241 2044
Dried Beans 3 12.5 9 38 27
Fresh Fruit 68 2.3 0 156 0
Potatoes 45 4,2 8 189 360
Canned Fruits 26 1.0 14 26 364
Canned Fruit Juices 19 1.7 18 32 342
Canned Vegetables 20 .8 0 16 0
Total/yr : 1442 8314
Total/day 4,0 23

*
It is assumed in arriving at the average that nine times more ocean fish is
consumed than fresh water fish,




Table II

Cesium-137 in Chicago Diets

(Infants)

January, 1970

137 137

Potassium Cs Potassium Cs

kg/yr g/kg pCi/kg g/yr pCil/yr
Evaporated Milk 137 3.2 34 438 4658
Formula Milk 37 1.7 30 63 1110
Cereals 8 6.9 26 55 208
Fruits 23 1.3 8 30 184
Meats 17 2,2 28 37 476
Vegetables 23 2.2 0 51 0
Total/yr 674 6636
Total/day 1.8 18
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EURATOM JOINT NUCLEAR RESEARCH CENTRE

ISPRA ESTABLISHMENT

Protection Service

Site Survey and Meteorology Section

QUARTERLY REPORT
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The Euratom Ispra Establishment is located in Northern ltaly
58 Km NW away from Milan and 14 Km W from Varese. '
The activity levels shown in this report represent weapons-

test fallout, and do not reflect any contamination from the site.

SAMPLE COLLECTION

e o e o n - e e e v e o - - o = -

A1r is drawn by pumps through paper filters at the rate of,
at least, 500 m / day, measured by gis meter,

The single daily filters are measured for gross beta radioac-
tivity and then pooled to give ‘monthly _Samples, for gamma spectr:ometry

and radiochemical analyses.

b. Wet and dry deposition

These samples are collected monthly by means of four 1m
stainless. steel funnels, having the bottom always covered with deionized

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

c. Milk

Milk is collected twice a week in four small local dairies to
give 8 liters / month., About six liters dry matter are submitted to gamma
spectrometry and two liters ashed for radiochemical determination of stron-

tium-90,
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